Supplementary Materials of
Unveiling the Efficacy of Sesquiterpenes from Marine Sponge Dactylospongia elegans in
Inhibiting Dihydrofolate Reductase Using Docking and Molecular Dynamic Studies

Table S1. In-silico docking results of sesquiterpene metabolites with hDHFR (PDB: 1IKMV) compared to the

reference inhibitor SRI-9662.

Compounds PubChem docking score | XP gscore glide gscore | glide emodel | Prime MMGBSA
CID/ChemSpider Energy dG Bind
ID

34 11744241 -11.807 -12.431 -12.431 -68.92 -7441.3 -51.53
28 50994611 -11.004 -11.502 -11.502 -64.955 -7452.5 -44.26
44 31130045* -10.251 -10.62 -10.62 -51.02 -7460.7 -43.66

Ref_ SRI-9662 -10.214 -10.432 -10.432 -102.709 -7788.8 -83.27
51 21681043 -8.951 -9.874 -9.874 -56.408 -7489.4 -16.2
61 71726095 -7.325 -9.71 -9.71 -56.467 -7448.6 -18.07
50 - -9.592 -9.598 -9.598 -60.439 -7483.7 -46.47
84 10369050* -9.341 -9.341 -9.341 -8.803 -7458.4 -37.3
65 50994610 -6.677 -8.932 -8.932 -48.904 -7475 -22.39
36 - -8.517 -8.884 -8.884 -57.331 -7459.1 -45.18
30 101245402 -8.29 -8.755 -8.755 -34.919 -7453.3 -54.19
15 10361056 -6.056 -8.705 -8.705 10000 -7455.7 -32.47
3 30770979* -5.933 -8.592 -8.592 -51.274 -7465.9 -47.45
14 495021 -5.823 -8.494 -8.494 -47.558 -7475.6 -42.99
52 21589795 -8.418 -8.42 -8.42 -54.895 -7522.7 -53.18
41 457734 -8.064 -8.407 -8.407 10000 -7399.1 5.27
85 64063250* -8.358 -8.358 -8.358 -19.161 -7467.9 -45.94
56 - -6.027 -8.288 -8.288 -54.217 -7546.5 -40.42
2 21727418 -5.596 -8.256 -8.256 -38.853 -7465.1 -48.2
42 10071409 -5.716 -8.154 -8.154 10000 -7385.6 36.95
18 24691897 -7.946 -7.953 -7.953 -46.528 -7447.5 -32.91
82 132498497 -7.949 -7.949 -7.949 13.145 -7431.7 -10.54
80 - -7.881 -7.881 -7.881 -49.789 -7569.4 -51.5
64 10067895 -7.873 -7.876 -7.876 -38.79 -7478.7 -45.06
60 10316629* -7.72 -7.867 -7.867 10000 -7472.2 -2.27
16 24905924 -5.195 -7.836 -7.836 10000 -7444.7 -19.05
55 - -7.825 -7.825 -7.825 -29.941 -7459.6 -38.15
35 14286425 -7.357 -7.816 -7.816 -66.176 -7435.1 -37.36
17 27023531 -5.153 -7.794 -7.794 10000 -7421.4 9.21
13 14526059 -5.057 -7.711 -7.711 -58.895 -7477.8 -54.46
31 - -7.351 -7.711 -7.711 -51.505 -7426.8 -38.31
43 24710044* -6.985 -7.59 -7.59 10000 -7373.1 37.75
57 - -7.567 -7.58 -7.58 -63.822 -7511.6 -45.15
48 101605919 -7.554 -7.56 -7.56 -60.403 -7499.8 -61.21
49 9885835 -7.554 -7.56 -7.56 -60.403 -7499.8 -61.21



https://pubchem.ncbi.nlm.nih.gov/compound/11744241
https://pubchem.ncbi.nlm.nih.gov/compound/50994611
https://pubchem.ncbi.nlm.nih.gov/compound/21681043
https://pubchem.ncbi.nlm.nih.gov/compound/71726095
https://pubchem.ncbi.nlm.nih.gov/compound/50994610
https://pubchem.ncbi.nlm.nih.gov/compound/101245402
https://pubchem.ncbi.nlm.nih.gov/compound/10361056
https://pubchem.ncbi.nlm.nih.gov/compound/495021
https://pubchem.ncbi.nlm.nih.gov/compound/21589795
https://pubchem.ncbi.nlm.nih.gov/compound/457734
https://pubchem.ncbi.nlm.nih.gov/compound/10071409
https://pubchem.ncbi.nlm.nih.gov/compound/132498497
https://pubchem.ncbi.nlm.nih.gov/compound/10067895
https://pubchem.ncbi.nlm.nih.gov/compound/24905924
https://pubchem.ncbi.nlm.nih.gov/compound/14286425
https://pubchem.ncbi.nlm.nih.gov/compound/14526059
https://pubchem.ncbi.nlm.nih.gov/compound/101605919
https://pubchem.ncbi.nlm.nih.gov/compound/9885835

1 72291 -4.84 -7.5 -7.5 -39.647 -7460.7 -39.14
40 457733 -6.867 -7.368 -7.368 10000 -7374.2 35.37
63 102015226 -7.335 -7.335 -7.335 -18.066 -7514 -37.31
38 44188455 -4.968 -7.31 -7.31 10000 -7446.5 -16.24
39 - -4.867 -7.211 -7.211 10000 -7435.4 -5.98
33 21727419 -6.688 -7.208 -7.208 -54.349 -7445.6 -53.16
23 - -4.497 -7.147 -7.147 -51.868 -7460.2 -40.92
62 189164 -7.136 -7.136 -7.136 -36.092 -7520.3 -42.42
79 - -7.116 -7.116 -7.116 -51.089 -7556.1 -40.72
22 23424798 -7.071 -7.071 -7.071 -46.028 -7443 -46.62
21 25211413 -7.062 -7.062 -7.062 -44.952 -7463.5 -47.24

6 - -6.942 -6.942 -6.942 -30.646 -7423.3 -39
83 132498496 -6.719 -6.719 -6.719 -38.209 -7459.3 -46.43
25 3081931 -4.243 -6.583 -6.583 -42.443 -7467.6 -39.68
26 10617363 -4.227 -6.567 -6.567 -46.155 -7469.5 -43.08
77 - -6.54 -6.54 -6.54 -40.615 -7545.1 -42.72
78 - -6.316 -6.316 -6.316 -46.19 -7553.1 -50.78
76 11811553 -6.303 -6.303 -6.303 32.222 -7523.8 -2.37
54 - -6.274 -6.274 -6.274 -33.472 -7479.5 -36.45

5 10915278 -6.194 -6.194 -6.194 -44.94 -7435.8 -45.67
53 9977451 -6.142 -6.145 -6.145 -56.425 -7486.6 -50.67
9 12972982 -6.101 -6.101 -6.101 -37.967 -7439 -27.51
70 65790999* -6.055 -6.055 -6.055 10000 -7459.8 -25.46
29 50994612 -5.92 -5.927 -5.927 -62.149 -7442 -24.51
32 10313302* -5.184 -5.704 -5.704 -38.98 -7450.8 -52.23
4 11035675 -5.579 -5.579 -5.579 -30.213 -7423.7 -33.24
20 27023533* -5.371 -5.371 -5.371 10000 -7440.4 -33.59
24 - -5.314 -5.314 -5.314 -38.684 -7422.7 -36.9
75 11090757 -5.228 -5.228 -5.228 31.957 -7534.9 -14.8

7 12972980 -5.134 -5.134 -5.134 -37.68 -7462.2 -42.3
81 102284910 -5.034 -5.034 -5.034 -12.742 -7436.4 -15.93
10 637868 -4.462 -4.462 -4.462 8.549 -7442.6 -7.43
37 73930387* -3.517 -4.239 -4.239 -52.624 -7446.9 -28.66
45 132606991 -3.682 -3.689 -3.689 -26.361 -7417.7 -23.59
12 10066979 -3.669 -3.676 -3.676 10000 -7363 45.32
46 132606990 -3.422 -3.433 -3.433 -3.475 -7414.9 -18.52
47 107805883* -3.299 -3.308 -3.308 -36.305 -7429.9 -26.82
27 132578684 -3.134 -3.139 -3.139 -41.051 -7406.7 -28.4
8 12972981 -3.13 -3.13 -3.13 -18.899 -7439.4 -27.38
58 10316627* -2.607 -2.619 -2.619 10000 -7455.7 -17.83
73 10873154 -2.199 -2.199 -2.199 -19.672 -7530 -24.74
74 11014966 -0.852 -0.852 -0.852 8.353 -7471.3 23.94



https://pubchem.ncbi.nlm.nih.gov/compound/457733
https://pubchem.ncbi.nlm.nih.gov/compound/102015226
https://pubchem.ncbi.nlm.nih.gov/compound/44188455
https://pubchem.ncbi.nlm.nih.gov/compound/21727419
https://pubchem.ncbi.nlm.nih.gov/compound/189164
https://pubchem.ncbi.nlm.nih.gov/compound/23424798
https://pubchem.ncbi.nlm.nih.gov/compound/25211413
https://pubchem.ncbi.nlm.nih.gov/compound/132498496
https://pubchem.ncbi.nlm.nih.gov/compound/3081931
https://pubchem.ncbi.nlm.nih.gov/compound/10617363
https://pubchem.ncbi.nlm.nih.gov/compound/11811553
https://pubchem.ncbi.nlm.nih.gov/compound/9977451
https://pubchem.ncbi.nlm.nih.gov/compound/12972982
https://pubchem.ncbi.nlm.nih.gov/compound/50994612
https://pubchem.ncbi.nlm.nih.gov/compound/11090757
https://pubchem.ncbi.nlm.nih.gov/compound/102284910
https://pubchem.ncbi.nlm.nih.gov/compound/132606991
https://pubchem.ncbi.nlm.nih.gov/compound/10066979
https://pubchem.ncbi.nlm.nih.gov/compound/132606990
https://pubchem.ncbi.nlm.nih.gov/compound/132578684
https://pubchem.ncbi.nlm.nih.gov/compound/10873154
https://pubchem.ncbi.nlm.nih.gov/compound/11014966
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https://pubchem.ncbi.nlm.nih.gov/compound/54729714

SCHRODINGER.

Simulation Interactions Diagram Report

Simulation Details

Jobname: desmond_md_job_1KMV_Ref 1KMV
Entry title: 1IKMV_Ref_1KMV - minimized

CPU # Job Type Ensemble Temp. [K] Sim. Time [ns] # Atoms # Waters Charge
1 mdsim NPT 300.0 100.102 23535 6811 0

Protein Information

Tot. Residues Prot. Chain(s) Res. in Chain(s) # Atoms # Heavy Atoms Charge

185 ‘Al ict_values([185] 3002 1493 +4

5 10 15 20 25 30 35 40 45 50 55 60 (3]
- A 1 NGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQNLVIMGKKTWFSIPEKNRPLKGR 70
f....8SA _— — I . ———————————

75 &80 85 90 95 100 105 1140 115 120 125 130 135
- A 71 INLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHPGHLELFVTRIMQ 140
i SSA e s S e —

145 150 155 160 165 170 175 180
T A 141 DFESDTFFPEIDLEKYKLLPEYPGVLSDVQEEKGIKYKFEVYERN 135
b GSA — - > — —-—

Ligand Information

SMILES COc(c1)cec(OC)cl/C=C\c(c2C)cnc(c23)nc(N)nc3N
PDB Name ‘LI

@)
Num. of Atoms 44 (total) 25 (heavy)
Atomic Mass 337.384 au

~ N N NH.
Charge 0 O = = Y
Mol. Formula C18H19N502
X X . N

Num. of Fragments 2
Num. of Rot. Bonds 6 NH-

Counter lon/Salt Information

Type Num. Concentration [mM] Total Charge

H4N 1 2.669 +1
Cl 24 64.067 -24
Na 19 50.720 +19

Schrodinger Inc. Report generated 07-12-2022 15:01 Page 1 of 10



SCHRODINGER.

Protein-Ligand RMSD
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The Root Mean Square Deviation (RMSD) is used to measure the average change in displacement of a
selection of atoms for a particular frame with respect to a reference frame. It is calculated for all frames in the
trajectory. The RMSD for frame x is:

N
1
RMSD, = \| 7 > _(ri(t) = ri{trer))?
i=1
where N is the number of atoms in the atom selection; te is the reference time, (typically the first frame is
used as the reference and it is regarded as time t=0); anc] r' is the position of the selected atoms in frame x
after superimposing on the reference frame, where frame x is recorded at time L. The procedure is repeated
for every frame in the simulation trajectory.

Protein RMSD: The above plot shows the RMSD evolution of a protein (left Y-axis). All protein frames are first
aligned on the reference frame backbone, and then the RMSD is calculated based on the atom selection.
Monitoring the RMSD of the protein can give insights into its structural conformation throughout the
simulation. RMSD analysis can indicate if the simulation has equilibrated — its fluctuations towards the end of
the simulation are around some thermal average structure. Changes of the order of 1-3 A are perfectly
acceptable for small, globular proteins. Changes much larger than that, however, indicate that the protein is
undergoing a large conformational change during the simulation. It is also important that your simulation
converges — the RMSD values stabilize around a fixed value. If the RMSD of the protein is still increasing or
decreasing on average at the end of the simulation, then your system has not equilibrated, and your
simulation may not be long enough for rigorous analysis.

Ligand RMSD: Ligand RMSD (right Y-axis) indicates how stable the ligand is with respect to the protein and
its binding pocket. In the above plot, 'Lig fit Prot' shows the RMSD of a ligand when the protein-ligand complex
is first aligned on the protein backbone of the reference and then the RMSD of the ligand heavy atoms is
measured. If the values observed are significantly larger than the RMSD of the protein, then it is likely that the
ligand has diffused away from its initial binding site.
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SCHRODINGER.

Protein RMSF
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The Root Mean Square Fluctuation (RMSF) is useful for characterizing local changes along the protein chain.
The RMSF for residue i is:

:
RMSF, = lTZ < (1(0) = r{ten)? >

where T is the trajectory time over which the RMSF is calculated, te is the reference time, r is the position of
residue i; r' is the position of atoms in residue i after superposition on the reference, and the' angle brackets
indicate that the average of the square distance is taken over the selection of atoms in the residue.

On this plot, peaks indicate areas of the protein that fluctuate the most during the simulation. Typically you will
observe that the tails (N- and C-terminal) fluctuate more than any other part of the protein. Secondary
structure elements like alpha helices and beta strands are usually more rigid than the unstructured part of the
protein, and thus fluctuate less than the loop regions.

Ligand Contacts: Protein residues that interact with the ligand are marked with green-colored vertical bars.

Schrodinger Inc. Report generated 07-12-2022 15:01 Page 3 of 10
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Protein Secondary Structure
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Protein secondary structure elements (SSE) like alpha-helices and beta-strands are monitored throughout the
simulation. The plot above reports SSE distribution by residue index throughout the protein structure. The plot
below summarizes the SSE composition for each trajectory frame over the course of the simulation, and the
plot at the bottom monitors each residue and its SSE assianment over time.
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Ligand RMSF
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The Ligand Root Mean Square Fluctuation (L-RMSF) is useful for characterizing changes in the ligand atom
positions. The RMSF for atom i is:

-
RMSF; = lTZ(I’,'(t)) - ri(tref))z
t=1

where T is the trajectory time over which the RMSF is calculated, te is the reference time (usually for the first
frame, and is regarded as the zero of time); r is the position of atom’i in the reference at time tref, and r'is the
position of atom i at time t after superposition on the reference frame.

Ligand RMSF shows the ligand's fluctuations broken down by atom, corresponding to the 2D structure in the
top panel. The ligand RMSF may give you insights on how ligand fragments interact with the protein and their
entropic role in the binding event. In the bottom panel, the 'Fit Ligand on Protein' line shows the ligand
fluctuations, with respect to the protein. The protein-ligand complex is first aligned on the protein backbone
and then the ligand RMSF is measured on the ligand heavy atoms.
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Protein-Ligand Contacts
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Protein interactions with the ligand can be monitored throughout the simulation. These interactions can be
categorized by type and summarized, as shown in the plot above. Protein-ligand interactions (or ‘contacts’)
are categorized into four types: Hydrogen Bonds, Hydrophobic, lonic and Water Bridges. Each interaction
type contains more specific subtypes, which can be explored through the 'Simulation Interactions Diagram’
panel. The stacked bar charts are normalized over the course of the trajectory: for example, a value of 0.7
suggests that 70% of the simulation time the specific interaction is maintained. Values over 1.0 are possible
as some protein residue may make multiple contacts of same subtype with the ligand.

Hydrogen Bonds: (H-bonds) play a significant role in ligand binding. Consideration of hydrogen-bonding properties in
drug design is important because of their strong influence on drug specificity, metabolization and adsorption. Hydrogen
bonds between a protein and a ligand can be further broken down into four subtypes: backbone acceptor; backbone
donor; side-chain acceptor; side-chain donor.

The current geometric criteria for protein-ligand H-bond is: distance of 2.5 A between the donor and acceptor atoms
(D—H---A); a donor angle of =2120° between the donor-hydrogen-acceptor atoms (D—H-:-A); and an acceptor angle of
>90° between the hydrogen-acceptor-bonded_atom atoms (H---A—X).

Hydrophobic contacts: fall into three subtypes: t=Cation; 115, and Other, non-specific interactions. Generally these type
of interactions involve a hydrophobic amino acid and an aromatic or aliphatic group on the ligand, but we have extended
this category to also include t-Cation interactions.

The current geometric criteria for hydrophobic interactions is as follows: T-Cation — Aromatic and charged groups within
4.5 A; Tert— Two aromatic groups stacked face-to-face or face-to-edge; Other — A non-specific hydrophobic sidechain
within 3.6 A of a ligand's aromatic or aliphatic carbons.

lonic interactions: or polar interactions, are between two oppositely charged atoms that are within 3.7 A of each other
and do not involve a hydrogen bond. We also monitor Protein-Metal-Ligand interactions, which are defined by a metal ion
coordinated within 3.4 A of protein's and ligand's heavy atoms (except carbon). All ionic interactions are broken down
into two subtypes: those mediated by a protein backbone or side chains.

Water Bridges: are hydrogen-bonded protein-ligand interactions mediated by a water molecule. The hydrogen-bond
geometry is slightly relaxed from the standard H-bond definition.

The current geometric criteria for a protein-water or water-ligand H-bond are: a distance of 2.8 A between the donor and
acceptor atoms (D—H---A); a donor angle of 2110° between the donor-hydrogen-acceptor atoms (D—H---A); and an
acceptor angle of 290° between the hydrogen-acceptor-bonded_atom atoms (H:--A—X).
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Protein-Ligand Contacts (cont.)

[any
N
1

Total contacts

» (o]
1

T T T T 1
0 20 40 60 80 100

ILE_7 -
VAL_8 -
ALA 9 -

GLY 20

ASP_21 -

oz 1L LI Ll

TRP_24 - ‘

PRO_26 -

ARG_28 -

gl |11 1 1 AR RO 6 TR ‘ i q-

PHE_31 -

w

PHE_34 -
THR_56 -
SER_59 -

ILE_60 -

N
$1023U0D JO #

=

PRO_61 -
LYS_63 -
ASN_64 - 0
LEU 67 -

VAL 115 -

TYR_121 -

PHE_134 -

THR_136 -

0 2IO 4IO 6IO 8IO 100
Time (nsec)

A timeline representation of the interactions and contacts (H-bonds, Hydrophaobic, lonic, Water bridges)
summarized in the previous page. The top panel shows the total number of specific contacts the protein
makes with the ligand over the course of the trajectory. The bottom panel shows which residues interact with
the ligand in each trajectory frame. Some residues make more than one specific contact with the ligand, which
is represented by a darker shade of orange, according to the scale to the right of the plot.

Schrodinger Inc. Report generated 07-12-2022 15:01 Page 7 of 10



SCHRODINGER.

Ligand-Protein Contacts
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A schematic of detailed ligand atom interactions with the protein residues. Interactions that occur more than
30.0% of the simulation time in the selected trajectory ( 0.00 through 100.00 nsec), are shown.
Note: it is possible to have interactions with >100% as some residues may have multiple interactions of a

single type with the same ligand atom. For example, the ARG side chain has four H-bond donors that can alll
hydrogen-bond to a single H-bond acceptor.
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Ligand Torsion Profile
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The ligand torsions plot summarizes the conformational evolution of every rotatable bond (RB) in the ligand
throughout the simulation trajectory ( 0.00 through 100.00 nsec). The top panel shows the 2d schematic of a
ligand with color-coded rotatable bonds. Each rotatable bond torsion is accompanied by a dial plot and bar
plots of the same color.

Dial (or radial) plots describe the conformation of the torsion throughout the course of the simulation. The
beginning of the simulation is in the center of the radial plot and the time evolution is plotted radially outwards.

The bar plots summarize the data on the dial plots, by showing the probability density of the torsion. If
torsional potential information is available, the plot also shows the potential of the rotatable bond (by summing
the potential of the related torsions). The values of the potential are on the left Y-axis of the chart, and are
expressed in kcal/mol. Looking at the histogram and torsion potential relationships may give insights into the
conformational strain the ligand undergoes to maintain a protein-bound conformation.
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Ligand Properties
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Ligand RMSD: Root mean square deviation of a ligand with respect to the reference conformation (typically
the first frame is used as the reference and it is regarded as time t=0).

Radius of Gyration (rGyr): Measures the 'extendedness' of a ligand, and is equivalent to its principal moment

of inertia.

Intramolecular Hydrogen Bonds (intraHB): Number of internal hydrogen bonds (HB) within a ligand molecule.

Molecular Surface Area (MolSA): Molecular surface calculation with 1.4 A probe radius. This value is

equivalent to a van der Waals surface area.

Solvent Accessible Surface Area (SASA): Surface area of a molecule accessible by a water molecule.

Polar Surface Area (PSA): Solvent accessible surface area in a molecule contributed only by oxygen and

nitrogen atoms.
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Simulation Interactions Diagram Report

Simulation Details

Jobname: desmond_md_job_1KMV_34
Entry title: 1KMV_34 - minimized

CPU # Job Type Ensemble Temp. [K] Sim. Time [ns] # Atoms # Waters Charge
1 mdsim NPT 300.0 100.102 23687 6856 0

Protein Information

Tot. Residues Prot. Chain(s) Res. in Chain(s) # Atoms # Heavy Atoms Charge

185 ‘Al ict_values([185] 3001 1493 +3

5 10 15 20 25 30 35 40 45 50 55 60 (3]
- A 1 NGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQNLVIMGKKTWFSIPEKNRPLKGR 70
f....8SA _— — I . ———————————
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Ligand Information

C[C@@H](0)[C@H](C([O-]))=O)NC(=CC(=0)C1=0)C([O-]))=CIC[C@](C)([C@@H]

SMILES (C)cCcocC@@H]([C@]23Cc)ccees=C

PDB Name 'UNK'

Num. of Atoms 65 (total) 32 (heavy)

Atomic Mass 443.545 au

Charge -2

Mol. Formula C25H33N0O6

Num. of Fragments 4 O
Num. of Rot. Bonds 7 HO

Counter lon/Salt Information

Type Num. Concentration [mM] Total Charge

H4N 1 2.652 +1
Cl 21 55.691 -21
Na 19 50.387 +19
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The Root Mean Square Deviation (RMSD) is used to measure the average change in displacement of a
selection of atoms for a particular frame with respect to a reference frame. It is calculated for all frames in the
trajectory. The RMSD for frame x is:

N
1
RMSD, = \| 7 > _(ri(t) = ri{trer))?
i=1
where N is the number of atoms in the atom selection; te is the reference time, (typically the first frame is
used as the reference and it is regarded as time t=0); anc] r' is the position of the selected atoms in frame x
after superimposing on the reference frame, where frame x is recorded at time L. The procedure is repeated
for every frame in the simulation trajectory.

Protein RMSD: The above plot shows the RMSD evolution of a protein (left Y-axis). All protein frames are first
aligned on the reference frame backbone, and then the RMSD is calculated based on the atom selection.
Monitoring the RMSD of the protein can give insights into its structural conformation throughout the
simulation. RMSD analysis can indicate if the simulation has equilibrated — its fluctuations towards the end of
the simulation are around some thermal average structure. Changes of the order of 1-3 A are perfectly
acceptable for small, globular proteins. Changes much larger than that, however, indicate that the protein is
undergoing a large conformational change during the simulation. It is also important that your simulation
converges — the RMSD values stabilize around a fixed value. If the RMSD of the protein is still increasing or
decreasing on average at the end of the simulation, then your system has not equilibrated, and your
simulation may not be long enough for rigorous analysis.

Ligand RMSD: Ligand RMSD (right Y-axis) indicates how stable the ligand is with respect to the protein and
its binding pocket. In the above plot, 'Lig fit Prot' shows the RMSD of a ligand when the protein-ligand complex
is first aligned on the protein backbone of the reference and then the RMSD of the ligand heavy atoms is
measured. If the values observed are significantly larger than the RMSD of the protein, then it is likely that the
ligand has diffused away from its initial binding site.
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The Root Mean Square Fluctuation (RMSF) is useful for characterizing local changes along the protein chain.
The RMSF for residue i is:

:
RMSF, = lTZ < (1(0) = r{ten)? >

where T is the trajectory time over which the RMSF is calculated, te is the reference time, r is the position of
residue i; r' is the position of atoms in residue i after superposition on the reference, and the' angle brackets
indicate that the average of the square distance is taken over the selection of atoms in the residue.

On this plot, peaks indicate areas of the protein that fluctuate the most during the simulation. Typically you will
observe that the tails (N- and C-terminal) fluctuate more than any other part of the protein. Secondary
structure elements like alpha helices and beta strands are usually more rigid than the unstructured part of the
protein, and thus fluctuate less than the loop regions.

Ligand Contacts: Protein residues that interact with the ligand are marked with green-colored vertical bars.
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Protein secondary structure elements (SSE) like alpha-helices and beta-strands are monitored throughout the
simulation. The plot above reports SSE distribution by residue index throughout the protein structure. The plot
below summarizes the SSE composition for each trajectory frame over the course of the simulation, and the
plot at the bottom monitors each residue and its SSE assianment over time.
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The Ligand Root Mean Square Fluctuation (L-RMSF) is useful for characterizing changes in the ligand atom
positions. The RMSF for atom i is:

RMSF, = T Z tref))

where T is the trajectory time over which the RMSF is calculated te is the reference time (usually for the first
frame, and is regarded as the zero of time); r is the position of atom 1 in the reference at time t rof and r'is the
position of atom i at time t after superposition on the reference frame.

Ligand RMSF shows the ligand's fluctuations broken down by atom, corresponding to the 2D structure in the
top panel. The ligand RMSF may give you insights on how ligand fragments interact with the protein and their
entropic role in the binding event. In the bottom panel, the 'Fit Ligand on Protein' line shows the ligand
fluctuations, with respect to the protein. The protein-ligand complex is first aligned on the protein backbone
and then the ligand RMSF is measured on the ligand heavy atoms.
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Protein interactions with the ligand can be monitored throughout the simulation. These interactions can be
categorized by type and summarized, as shown in the plot above. Protein-ligand interactions (or ‘contacts’)
are categorized into four types: Hydrogen Bonds, Hydrophobic, lonic and Water Bridges. Each interaction
type contains more specific subtypes, which can be explored through the 'Simulation Interactions Diagram’
panel. The stacked bar charts are normalized over the course of the trajectory: for example, a value of 0.7
suggests that 70% of the simulation time the specific interaction is maintained. Values over 1.0 are possible
as some protein residue may make multiple contacts of same subtype with the ligand.

Hydrogen Bonds: (H-bonds) play a significant role in ligand binding. Consideration of hydrogen-bonding properties in
drug design is important because of their strong influence on drug specificity, metabolization and adsorption. Hydrogen
bonds between a protein and a ligand can be further broken down into four subtypes: backbone acceptor; backbone
donor; side-chain acceptor; side-chain donor.

The current geometric criteria for protein-ligand H-bond is: distance of 2.5 A between the donor and acceptor atoms
(D—H---A); a donor angle of =2120° between the donor-hydrogen-acceptor atoms (D—H-:-A); and an acceptor angle of
>90° between the hydrogen-acceptor-bonded_atom atoms (H---A—X).

Hydrophobic contacts: fall into three subtypes: t=Cation; 115, and Other, non-specific interactions. Generally these type
of interactions involve a hydrophobic amino acid and an aromatic or aliphatic group on the ligand, but we have extended
this category to also include t-Cation interactions.

The current geometric criteria for hydrophobic interactions is as follows: T-Cation — Aromatic and charged groups within
4.5 A; Tert— Two aromatic groups stacked face-to-face or face-to-edge; Other — A non-specific hydrophobic sidechain
within 3.6 A of a ligand's aromatic or aliphatic carbons.

lonic interactions: or polar interactions, are between two oppositely charged atoms that are within 3.7 A of each other
and do not involve a hydrogen bond. We also monitor Protein-Metal-Ligand interactions, which are defined by a metal ion
coordinated within 3.4 A of protein's and ligand's heavy atoms (except carbon). All ionic interactions are broken down
into two subtypes: those mediated by a protein backbone or side chains.

Water Bridges: are hydrogen-bonded protein-ligand interactions mediated by a water molecule. The hydrogen-bond
geometry is slightly relaxed from the standard H-bond definition.

The current geometric criteria for a protein-water or water-ligand H-bond are: a distance of 2.8 A between the donor and
acceptor atoms (D—H---A); a donor angle of 2110° between the donor-hydrogen-acceptor atoms (D—H---A); and an
acceptor angle of 290° between the hydrogen-acceptor-bonded_atom atoms (H:--A—X).
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A timeline representation of the interactions and contacts (H-bonds, Hydrophaobic, lonic, Water bridges)
summarized in the previous page. The top panel shows the total number of specific contacts the protein
makes with the ligand over the course of the trajectory. The bottom panel shows which residues interact with
the ligand in each trajectory frame. Some residues make more than one specific contact with the ligand, which
is represented by a darker shade of orange, according to the scale to the right of the plot.
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A schematic of detailed ligand atom interactions with the protein residues. Interactions that occur more than
30.0% of the simulation time in the selected trajectory ( 0.00 through 100.00 nsec), are shown.

Note: it is possible to have interactions with >100% as some residues may have multiple interactions of a
single type with the same ligand atom. For example, the ARG side chain has four H-bond donors that can all
hydrogen-bond to a single H-bond acceptor.
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The ligand torsions plot summarizes the conformational evolution of every rotatable bond (RB) in the ligand
throughout the simulation trajectory ( 0.00 through 100.00 nsec). The top panel shows the 2d schematic of a
ligand with color-coded rotatable bonds. Each rotatable bond torsion is accompanied by a dial plot and bar
plots of the same color.

Dial (or radial) plots describe the conformation of the torsion throughout the course of the simulation. The
beginning of the simulation is in the center of the radial plot and the time evolution is plotted radially outwards.

The bar plots summarize the data on the dial plots, by showing the probability density of the torsion. If
torsional potential information is available, the plot also shows the potential of the rotatable bond (by summing
the potential of the related torsions). The values of the potential are on the left Y-axis of the chart, and are
expressed in kcal/mol. Looking at the histogram and torsion potential relationships may give insights into the
conformational strain the ligand undergoes to maintain a protein-bound conformation.
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Ligand RMSD: Root mean square deviation of a ligand with respect to the reference conformation (typically
the first frame is used as the reference and it is regarded as time t=0).

Radius of Gyration (rGyr): Measures the 'extendedness' of a ligand, and is equivalent to its principal moment
of inertia.

Intramolecular Hydrogen Bonds (intraHB): Number of internal hydrogen bonds (HB) within a ligand molecule.

Molecular Surface Area (MolSA): Molecular surface calculation with 1.4 A probe radius. This value is
equivalent to a van der Waals surface area.

Solvent Accessible Surface Area (SASA): Surface area of a molecule accessible by a water molecule.

Polar Surface Area (PSA): Solvent accessible surface area in a molecule contributed only by oxygen and
nitrogen atoms.
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Simulation Interactions Diagram Report

Simulation Details

Jobname: desmond_md_job_1KMV_28
Entry title: 1IKMV_28 - minimized

CPU # Job Type Ensemble Temp. [K] Sim. Time [ns] # Atoms # Waters Charge
1 mdsim NPT 300.0 100.102 23583 6823 0

Protein Information

Tot. Residues Prot. Chain(s) Res. in Chain(s) # Atoms # Heavy Atoms Charge

185 ‘Al ict_values([185] 3001 1493 +3

5 10 15 20 25 30 35 40 45 50 55 60 (3]
- A 1 NGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQNLVIMGKKTWFSIPEKNRPLKGR 70
f....8SA _— — I . ———————————

75 &80 85 90 95 100 105 1140 115 120 125 130 135
- A 71 INLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHPGHLELFVTRIMQ 140
i SSA e s S e —

145 150 155 160 165 170 175 180
T A 141 DFESDTFFPEIDLEKYKLLPEYPGVLSDVQEEKGIKYKFEVYERN 135
b GSA — - > — —-—

Ligand Information
[O-]C(=0)CNC(C1=0)=CC(=0)C(O)=C1C[C@](C)([C@@H](C)CC2)[C@@H]|([C@

SMILES 123 C)CCCC3=C

PDB Name "UNK' o o
Num. of Atoms 59 (total) 29 (heavy) J\/H

Atomic Mass 400.499 au -O

Charge -1

Mol. Formula C23H30NO5

Num. of Fragments 4

Num. of Rot. Bonds 6 O

Counter lon/Salt Information

Type Num. Concentration [mM] Total Charge

H4N 1 2.665 +1
Cl 22 58.625 -22
Na 19 50.631 +19
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The Root Mean Square Deviation (RMSD) is used to measure the average change in displacement of a
selection of atoms for a particular frame with respect to a reference frame. It is calculated for all frames in the
trajectory. The RMSD for frame x is:

N
1
RMSD, = \| 7 > _(ri(t) = ri{trer))?
i=1
where N is the number of atoms in the atom selection; te is the reference time, (typically the first frame is
used as the reference and it is regarded as time t=0); anc] r' is the position of the selected atoms in frame x
after superimposing on the reference frame, where frame x is recorded at time L. The procedure is repeated
for every frame in the simulation trajectory.

Protein RMSD: The above plot shows the RMSD evolution of a protein (left Y-axis). All protein frames are first
aligned on the reference frame backbone, and then the RMSD is calculated based on the atom selection.
Monitoring the RMSD of the protein can give insights into its structural conformation throughout the
simulation. RMSD analysis can indicate if the simulation has equilibrated — its fluctuations towards the end of
the simulation are around some thermal average structure. Changes of the order of 1-3 A are perfectly
acceptable for small, globular proteins. Changes much larger than that, however, indicate that the protein is
undergoing a large conformational change during the simulation. It is also important that your simulation
converges — the RMSD values stabilize around a fixed value. If the RMSD of the protein is still increasing or
decreasing on average at the end of the simulation, then your system has not equilibrated, and your
simulation may not be long enough for rigorous analysis.

Ligand RMSD: Ligand RMSD (right Y-axis) indicates how stable the ligand is with respect to the protein and
its binding pocket. In the above plot, 'Lig fit Prot' shows the RMSD of a ligand when the protein-ligand complex
is first aligned on the protein backbone of the reference and then the RMSD of the ligand heavy atoms is
measured. If the values observed are significantly larger than the RMSD of the protein, then it is likely that the
ligand has diffused away from its initial binding site.
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The Root Mean Square Fluctuation (RMSF) is useful for characterizing local changes along the protein chain.
The RMSF for residue i is:

:
RMSF, = lTZ < (1(0) = r{ten)? >

where T is the trajectory time over which the RMSF is calculated, te is the reference time, r is the position of
residue i; r' is the position of atoms in residue i after superposition on the reference, and the' angle brackets
indicate that the average of the square distance is taken over the selection of atoms in the residue.

On this plot, peaks indicate areas of the protein that fluctuate the most during the simulation. Typically you will
observe that the tails (N- and C-terminal) fluctuate more than any other part of the protein. Secondary
structure elements like alpha helices and beta strands are usually more rigid than the unstructured part of the
protein, and thus fluctuate less than the loop regions.

Ligand Contacts: Protein residues that interact with the ligand are marked with green-colored vertical bars.
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Protein secondary structure elements (SSE) like alpha-helices and beta-strands are monitored throughout the
simulation. The plot above reports SSE distribution by residue index throughout the protein structure. The plot
below summarizes the SSE composition for each trajectory frame over the course of the simulation, and the
plot at the bottom monitors each residue and its SSE assianment over time.
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The Ligand Root Mean Square Fluctuation (L-RMSF) is useful for characterizing changes in the ligand atom
positions. The RMSF for atom i is:

-
RMSF; = lTZ(I’,'(t)) - ri(tref))z
t=1

where T is the trajectory time over which the RMSF is calculated, t__ is the reference time (usually for the first
frame, and is regarded as the zero of time); r is the position of atom’i in the reference at time tref, and r'is the
position of atom i at time t after superposition on the reference frame.

Ligand RMSF shows the ligand's fluctuations broken down by atom, corresponding to the 2D structure in the
top panel. The ligand RMSF may give you insights on how ligand fragments interact with the protein and their
entropic role in the binding event. In the bottom panel, the 'Fit Ligand on Protein' line shows the ligand
fluctuations, with respect to the protein. The protein-ligand complex is first aligned on the protein backbone
and then the ligand RMSF is measured on the ligand heavy atoms.
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Protein interactions with the ligand can be monitored throughout the simulation. These interactions can be
categorized by type and summarized, as shown in the plot above. Protein-ligand interactions (or ‘contacts’)
are categorized into four types: Hydrogen Bonds, Hydrophobic, lonic and Water Bridges. Each interaction
type contains more specific subtypes, which can be explored through the 'Simulation Interactions Diagram’
panel. The stacked bar charts are normalized over the course of the trajectory: for example, a value of 0.7
suggests that 70% of the simulation time the specific interaction is maintained. Values over 1.0 are possible
as some protein residue may make multiple contacts of same subtype with the ligand.

Hydrogen Bonds: (H-bonds) play a significant role in ligand binding. Consideration of hydrogen-bonding properties in
drug design is important because of their strong influence on drug specificity, metabolization and adsorption. Hydrogen
bonds between a protein and a ligand can be further broken down into four subtypes: backbone acceptor; backbone
donor; side-chain acceptor; side-chain donor.

The current geometric criteria for protein-ligand H-bond is: distance of 2.5 A between the donor and acceptor atoms
(D—H---A); a donor angle of =2120° between the donor-hydrogen-acceptor atoms (D—H-:-A); and an acceptor angle of
>90° between the hydrogen-acceptor-bonded_atom atoms (H---A—X).

Hydrophobic contacts: fall into three subtypes: t=Cation; 115, and Other, non-specific interactions. Generally these type
of interactions involve a hydrophobic amino acid and an aromatic or aliphatic group on the ligand, but we have extended
this category to also include t-Cation interactions.

The current geometric criteria for hydrophobic interactions is as follows: T-Cation — Aromatic and charged groups within
4.5 A; Tert— Two aromatic groups stacked face-to-face or face-to-edge; Other — A non-specific hydrophobic sidechain
within 3.6 A of a ligand's aromatic or aliphatic carbons.

lonic interactions: or polar interactions, are between two oppositely charged atoms that are within 3.7 A of each other
and do not involve a hydrogen bond. We also monitor Protein-Metal-Ligand interactions, which are defined by a metal ion
coordinated within 3.4 A of protein's and ligand's heavy atoms (except carbon). All ionic interactions are broken down
into two subtypes: those mediated by a protein backbone or side chains.

Water Bridges: are hydrogen-bonded protein-ligand interactions mediated by a water molecule. The hydrogen-bond
geometry is slightly relaxed from the standard H-bond definition.

The current geometric criteria for a protein-water or water-ligand H-bond are: a distance of 2.8 A between the donor and
acceptor atoms (D—H---A); a donor angle of 2110° between the donor-hydrogen-acceptor atoms (D—H---A); and an
acceptor angle of 290° between the hydrogen-acceptor-bonded_atom atoms (H:--A—X).
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A timeline representation of the interactions and contacts (H-bonds, Hydrophaobic, lonic, Water bridges)
summarized in the previous page. The top panel shows the total number of specific contacts the protein
makes with the ligand over the course of the trajectory. The bottom panel shows which residues interact with
the ligand in each trajectory frame. Some residues make more than one specific contact with the ligand, which
is represented by a darker shade of orange, according to the scale to the right of the plot.
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A schematic of detailed ligand atom interactions with the protein residues. Interactions that occur more than
30.0% of the simulation time in the selected trajectory ( 0.00 through 100.00 nsec), are shown.
Note: it is possible to have interactions with >100% as some residues may have multiple interactions of a

single type with the same ligand atom. For example, the ARG side chain has four H-bond donors that can all
hydrogen-bond to a single H-bond acceptor.
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Ligand Torsion Profile
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The ligand torsions plot summarizes the conformational evolution of every rotatable bond (RB) in the ligand
throughout the simulation trajectory ( 0.00 through 100.00 nsec). The top panel shows the 2d schematic of a
ligand with color-coded rotatable bonds. Each rotatable bond torsion is accompanied by a dial plot and bar
plots of the same color.

Dial (or radial) plots describe the conformation of the torsion throughout the course of the simulation. The
beginning of the simulation is in the center of the radial plot and the time evolution is plotted radially outwards.

The bar plots summarize the data on the dial plots, by showing the probability density of the torsion. If
torsional potential information is available, the plot also shows the potential of the rotatable bond (by summing
the potential of the related torsions). The values of the potential are on the left Y-axis of the chart, and are
expressed in kcal/mol. Looking at the histogram and torsion potential relationships may give insights into the
conformational strain the ligand undergoes to maintain a protein-bound conformation.
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Ligand Properties
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Ligand RMSD: Root mean square deviation of a ligand with respect to the reference conformation (typically
the first frame is used as the reference and it is regarded as time t=0).

Radius of Gyration (rGyr): Measures the 'extendedness' of a ligand, and is equivalent to its principal moment

of inertia.

Intramolecular Hydrogen Bonds (intraHB): Number of internal hydrogen bonds (HB) within a ligand molecule.

Molecular Surface Area (MolSA): Molecular surface calculation with 1.4 A probe radius. This value is

equivalent to a van der Waals surface area.

Solvent Accessible Surface Area (SASA): Surface area of a molecule accessible by a water molecule.

Polar Surface Area (PSA): Solvent accessible surface area in a molecule contributed only by oxygen and

nitrogen atoms.
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Simulation Interactions Diagram Report

Simulation Details

Jobname: desmond_md_job_1KMV_44
Entry title: 1IKMV_44 - minimized

CPU # Job Type Ensemble Temp. [K] Sim. Time [ns] # Atoms # Waters Charge
1 mdsim NPT 300.0 100.102 23620 6832 0

Protein Information

Tot. Residues Prot. Chain(s) Res. in Chain(s) # Atoms # Heavy Atoms Charge

185 ‘Al ict_values([185] 3001 1493 +3

5 10 15 20 25 30 35 40 45 50 55 60 (3]
- A 1 NGSLNCIVAVSQNMGIGKNGDLPWPPLRNEFRYFQRMTTTSSVEGKQNLVIMGKKTWFSIPEKNRPLKGR 70
f....8SA _— — I . ———————————

75 &80 85 90 95 100 105 1140 115 120 125 130 135
- A 71 INLVLSRELKEPPQGAHFLSRSLDDALKLTEQPELANKVDMVWIVGGSSVYKEAMNHPGHLELFVTRIMQ 140
i SSA e s S e —

145 150 155 160 165 170 175 180
T A 141 DFESDTFFPEIDLEKYKLLPEYPGVLSDVQEEKGIKYKFEVYERN 135
b GSA — - > — —-—

Ligand Information

clccccclCC/IN=C(C=C(C2=0)0)\C([0-])=C2C[C@](C)([C@@H](C)CC3)[C@@H](

SMILES [ Co@]34C)CCC=C4C
HO
PDB Name 'UNK'
Num. of Atoms 69 (total) 33 (heavy)
Atomic Mass 446.615 au
Charge -1
Mol. Formula C29H36N03
Num. of Fragments 1

Num. of Rot. Bonds 6
Counter lon/Salt Information

Type Num. Concentration [mM] Total Charge

H4N 1 2.661 +1
Cl 22 58.548 -22
Na 19 50.564 +19
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Protein-Ligand RMSD
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The Root Mean Square Deviation (RMSD) is used to measure the average change in displacement of a
selection of atoms for a particular frame with respect to a reference frame. It is calculated for all frames in the
trajectory. The RMSD for frame x is:

N
1
RMSD, = \| 7 > _(ri(t) = ri{trer))?
i=1
where N is the number of atoms in the atom selection; te is the reference time, (typically the first frame is
used as the reference and it is regarded as time t=0); anc] r' is the position of the selected atoms in frame x
after superimposing on the reference frame, where frame x is recorded at time L. The procedure is repeated
for every frame in the simulation trajectory.

Protein RMSD: The above plot shows the RMSD evolution of a protein (left Y-axis). All protein frames are first
aligned on the reference frame backbone, and then the RMSD is calculated based on the atom selection.
Monitoring the RMSD of the protein can give insights into its structural conformation throughout the
simulation. RMSD analysis can indicate if the simulation has equilibrated — its fluctuations towards the end of
the simulation are around some thermal average structure. Changes of the order of 1-3 A are perfectly
acceptable for small, globular proteins. Changes much larger than that, however, indicate that the protein is
undergoing a large conformational change during the simulation. It is also important that your simulation
converges — the RMSD values stabilize around a fixed value. If the RMSD of the protein is still increasing or
decreasing on average at the end of the simulation, then your system has not equilibrated, and your
simulation may not be long enough for rigorous analysis.

Ligand RMSD: Ligand RMSD (right Y-axis) indicates how stable the ligand is with respect to the protein and
its binding pocket. In the above plot, 'Lig fit Prot' shows the RMSD of a ligand when the protein-ligand complex
is first aligned on the protein backbone of the reference and then the RMSD of the ligand heavy atoms is
measured. If the values observed are significantly larger than the RMSD of the protein, then it is likely that the
ligand has diffused away from its initial binding site.
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Protein RMSF
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The Root Mean Square Fluctuation (RMSF) is useful for characterizing local changes along the protein chain.
The RMSF for residue i is:

:
RMSF, = lTZ < (1(0) = r{ten)? >

where T is the trajectory time over which the RMSF is calculated, te is the reference time, r is the position of
residue i; r' is the position of atoms in residue i after superposition on the reference, and the' angle brackets
indicate that the average of the square distance is taken over the selection of atoms in the residue.

On this plot, peaks indicate areas of the protein that fluctuate the most during the simulation. Typically you will
observe that the tails (N- and C-terminal) fluctuate more than any other part of the protein. Secondary
structure elements like alpha helices and beta strands are usually more rigid than the unstructured part of the
protein, and thus fluctuate less than the loop regions.

Ligand Contacts: Protein residues that interact with the ligand are marked with green-colored vertical bars.
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Protein Secondary Structure
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Protein secondary structure elements (SSE) like alpha-helices and beta-strands are monitored throughout the
simulation. The plot above reports SSE distribution by residue index throughout the protein structure. The plot
below summarizes the SSE composition for each trajectory frame over the course of the simulation, and the
plot at the bottom monitors each residue and its SSE assianment over time.
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Ligand RMSF
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The Ligand Root Mean Square Fluctuation (L-RMSF) is useful for characterizing changes in the ligand atom
positions. The RMSF for atom i is:

RMSF, = T Z tref))

where T is the trajectory time over which the RMSF is calculated te is the reference time (usually for the first
frame, and is regarded as the zero of time); r is the position of atom 1 in the reference at time t rof and r'is the
position of atom i at time t after superposition on the reference frame.

Ligand RMSF shows the ligand's fluctuations broken down by atom, corresponding to the 2D structure in the
top panel. The ligand RMSF may give you insights on how ligand fragments interact with the protein and their
entropic role in the binding event. In the bottom panel, the 'Fit Ligand on Protein' line shows the ligand
fluctuations, with respect to the protein. The protein-ligand complex is first aligned on the protein backbone
and then the ligand RMSF is measured on the ligand heavy atoms.
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Protein-Ligand Contacts

0.6
0.5
0.4
0.3
0.2
0.1
0.0 - ....—.-....*.....H.

/ /Q/ 76977 /Q,/Q/G)/ INYACYS
& RRTY EWR LY *@“‘*V’@’x\’

Interactions Fraction

H-bonds = Hydrophobic Elonic B Water bridges |

Protein interactions with the ligand can be monitored throughout the simulation. These interactions can be
categorized by type and summarized, as shown in the plot above. Protein-ligand interactions (or ‘contacts’)
are categorized into four types: Hydrogen Bonds, Hydrophobic, lonic and Water Bridges. Each interaction
type contains more specific subtypes, which can be explored through the 'Simulation Interactions Diagram’
panel. The stacked bar charts are normalized over the course of the trajectory: for example, a value of 0.7
suggests that 70% of the simulation time the specific interaction is maintained. Values over 1.0 are possible
as some protein residue may make multiple contacts of same subtype with the ligand.

Hydrogen Bonds: (H-bonds) play a significant role in ligand binding. Consideration of hydrogen-bonding properties in
drug design is important because of their strong influence on drug specificity, metabolization and adsorption. Hydrogen
bonds between a protein and a ligand can be further broken down into four subtypes: backbone acceptor; backbone
donor; side-chain acceptor; side-chain donor.

The current geometric criteria for protein-ligand H-bond is: distance of 2.5 A between the donor and acceptor atoms
(D—H---A); a donor angle of =2120° between the donor-hydrogen-acceptor atoms (D—H-:-A); and an acceptor angle of
>90° between the hydrogen-acceptor-bonded_atom atoms (H---A—X).

Hydrophobic contacts: fall into three subtypes: t=Cation; 115, and Other, non-specific interactions. Generally these type
of interactions involve a hydrophobic amino acid and an aromatic or aliphatic group on the ligand, but we have extended
this category to also include t-Cation interactions.

The current geometric criteria for hydrophobic interactions is as follows: T-Cation — Aromatic and charged groups within
4.5 A; Tert— Two aromatic groups stacked face-to-face or face-to-edge; Other — A non-specific hydrophobic sidechain
within 3.6 A of a ligand's aromatic or aliphatic carbons.

lonic interactions: or polar interactions, are between two oppositely charged atoms that are within 3.7 A of each other
and do not involve a hydrogen bond. We also monitor Protein-Metal-Ligand interactions, which are defined by a metal ion
coordinated within 3.4 A of protein's and ligand's heavy atoms (except carbon). All ionic interactions are broken down
into two subtypes: those mediated by a protein backbone or side chains.

Water Bridges: are hydrogen-bonded protein-ligand interactions mediated by a water molecule. The hydrogen-bond
geometry is slightly relaxed from the standard H-bond definition.

The current geometric criteria for a protein-water or water-ligand H-bond are: a distance of 2.8 A between the donor and
acceptor atoms (D—H---A); a donor angle of 2110° between the donor-hydrogen-acceptor atoms (D—H---A); and an
acceptor angle of 290° between the hydrogen-acceptor-bonded_atom atoms (H:--A—X).
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Protein-Ligand Contacts (cont.)
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A timeline representation of the interactions and contacts (H-bonds, Hydrophaobic, lonic, Water bridges)
summarized in the previous page. The top panel shows the total number of specific contacts the protein
makes with the ligand over the course of the trajectory. The bottom panel shows which residues interact with
the ligand in each trajectory frame. Some residues make more than one specific contact with the ligand, which
is represented by a darker shade of orange, according to the scale to the right of the plot.
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Ligand-Protein Contacts
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A schematic of detailed ligand atom interactions with the protein residues. Interactions that occur more than
30.0% of the simulation time in the selected trajectory ( 0.00 through 100.00 nsec), are shown.

Note: it is possible to have interactions with >100% as some residues may have multiple interactions of a
single type with the same ligand atom. For example, the ARG side chain has four H-bond donors that can alll

hydrogen-bond to a single H-bond acceptor.
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Ligand Torsion Profile
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The ligand torsions plot summarizes the conformational evolution of every rotatable bond (RB) in the ligand
throughout the simulation trajectory ( 0.00 through 100.00 nsec). The top panel shows the 2d schematic of a
ligand with color-coded rotatable bonds. Each rotatable bond torsion is accompanied by a dial plot and bar
plots of the same color.

Dial (or radial) plots describe the conformation of the torsion throughout the course of the simulation. The
beginning of the simulation is in the center of the radial plot and the time evolution is plotted radially outwards.

The bar plots summarize the data on the dial plots, by showing the probability density of the torsion. If
torsional potential information is available, the plot also shows the potential of the rotatable bond (by summing
the potential of the related torsions). The values of the potential are on the left Y-axis of the chart, and are
expressed in kcal/mol. Looking at the histogram and torsion potential relationships may give insights into the
conformational strain the ligand undergoes to maintain a protein-bound conformation.
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Ligand Properties
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Ligand RMSD: Root mean square deviation of a ligand with respect to the reference conformation (typically
the first frame is used as the reference and it is regarded as time t=0).

Radius of Gyration (rGyr): Measures the 'extendedness' of a ligand, and is equivalent to its principal moment
of inertia.

Intramolecular Hydrogen Bonds (intraHB): Number of internal hydrogen bonds (HB) within a ligand molecule.

Molecular Surface Area (MolSA): Molecular surface calculation with 1.4 A probe radius. This value is
equivalent to a van der Waals surface area.

Solvent Accessible Surface Area (SASA): Surface area of a molecule accessible by a water molecule.

Polar Surface Area (PSA): Solvent accessible surface area in a molecule contributed only by oxygen and
nitrogen atoms.
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