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ABSTRACT

The peptidedeformylase protein (PDFjas emerged as a promising target for the discovery of novel antibioticawikiel mechanism

of action. The current investigation was aimed at identifyin
modelling. The pharmacophore hypothesis consisted of one h

g potential inhibitor of PDF by using sthagade pharmacophore
ydrophobic, one negative ionizable, and one bgdrdgeorifeatures

which were built using the structure of cognate ligand of PDF (BB2). Further, the pharmacophore model was validatedt@nd u
screen hit molecule against Indonesian Medicinal Plant Database and retrieved 32 hit molecules. Allllésn@exdocked to PDF
and four best moleculaeseresubjected for 5ts molecular dynamics (MD) simulation. MD simulation confirmed the docked poses ¢

ligand as indicated by the RMSD and RMSF values. Predi

ction of affinities employing Molecular MedpPais®&sABoltzmann

Surface Area (MMPBSA) method revealed that querceti3malonylneohesperidoside) hadomparable affinity with that of BB2,

which indicated its potential as a novel herbated PDF inhibitor
Keywords: pharmacophore modeling; pég¢ deformylase prot
PBSA.

1. INTRODUCTION

Today’ s era has witnessedq(
to the existing medicines of human infections. Several exam
include Staphylococcus aureusesistance against methicillir]
Enterococcusresistance against vancomygcmultidrugresistant
Mycobacterium tuberculosijsand  Streptococcus pneumoni
resistance against penicillift, 2]. The overuse of antibiotic
contributes to the emerging resistance, and as a result, infeq
diseases beote one of themain causes of death worldwidg
Therefore, there is a pressing need for developing
antimicrobial agent which target drugsistant pathogens. In th
issue, novel target which propesenew mechanism of action wil
be highly desired. ¢ide deformylase (PDF) (EC 3.5.1.31),
clinically unexploited antibacterial target, is a bacte
metalloenzyme which is essential for developing mature prote
bacterial. PDF is responsible for removingfadmyl group of the
terminal Nformylmethionine residue ofthe newly synthesized
polypeptide using a ferrous ion @e[3, 4]. It is the necessary
step of bacterial protein synthgesibut is not required irf
mammalian cell survivals, 6]. Therefore, PDF has emerged
one of the promising therapeutic targets of antibig

ein (PDF); molecular dynamics sinoifatvirtual screening; MM

a The #first migcoveredcHDE énhilbt@ oczdrring matirally, t
plestinonin, exhibitel moderate activity against Grgmositive and
Gramnegative bacteria but suffering low structural stability and
quick clearance. Another PDF inhibitor, LBM415, has progressed
adnto clinical trial phase | for respiratory infectioalated activity
5 but having a safety issue. While lanopepden (GSK1322322)
tientered clinical trial phase Il with effective antibacterial activity
. against skin pathogens, howevé&sue on reactive metabolites
nemas emergeffl, 8, 9] On the other handhé¢ medicinal plant has
sbeen recognized for decades as a source of human medicine. The
is plenty of example in which naturaksourcs contribute for
achemotherapeutic agent. The present study aims to explore th
ighotency of Indonesian medicinal plant for finding PDF inhibitor
nlof performing pharmacophore based virtual screening. Virtual
screening method has long played importafgs in the discovery
of bioactive molecules, particularly for its advantageous time and
cost efficiency. In this study, a pharmacophore model was
developed and employed for screening of PDF inhibitor.
adolecular docking was performed to reveal the bindimgde of
tibit molecules, while molecular dynamics (MD) simulation in

chemotherapy7] and there is no currently PDF inhibitor beingconjunction with MMPBSA calculation was conducted to explore

used clinically.

the structural and energetics aspect of molecules in complex witl

2. MATERIALS AND METHODS
2.1. Pharmacophore modelling and database screening.

The ligandbound crystal structure was imported from {]
Research Collaboratory for Structural Bioinformatics (RCS
Protein Data Bank with the PDB ID 1LRU10]. The

PDF.

employing LigandScout Advanced 4.3 softwafEl]. Model
hevalidation was conducted against 161 actives and 5730 decoy
bBetrieved fromthe Directory of Useful DecoyBnhanced (DUP

E) [12]. The validated model was then used for screening agains

pharmacophorenodel was built based on the crystal structure

by
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internal Indonesian medicinal plant database which contajn¥éualizer 2016. The four tegocked molecules were submitted

1379 molecules.

2.2. Molecular docking and molecular dynamics studies.
Molecular docking was a computational tool to predict

binding orientation of hit molecuten the active site of PDF. |

involves two steps, i.e. predicting the binding modes

estimation of binding energy of ligafpiotein @mplex. Each hit

molecule resulted from pharmacophore screening was subjec

for molecular dynamics study.

Molecular dynamics (MD) simulation was conducted for
thBO ns with periodic boundary condition by using Amberl6
software. The AMBER ff14SB force fieldl5] was used to

artocess protein, while GAFF force figti6] and AM1-BCC [17]
were used to treat ligands. Each complex was immersed in
etruncated octahedron TIP3P water box with a 10 A radius.

molecular docking in the active site of PDF by using iDgcKounterions were added toeutralized complex. All system

software[13]. The same PDF structure which was complexed

ifpreparation, minimization, heating, equilibration, and production

Actinonin (BB2) was used. The protein was firstly prepared| bsteps follow our previous procedu8]. The root measisquare
adding polar hydrogen and assigning Kollman charges usidgviation (RMSD) values were taken for assessing complex
AutoDockTools 1.5.614]. The ttingof the grid box for docking stability duing MD simulation. The binding energy of ligand in
follows the coordinates of BB2 with a size of 22.5 x 22.5 x 22.5 domplex with PDF was calculated employing the Molecular

in XYZ dimensions. Docking validation was achieved

WechanicsPoisson Boltzmann solvent accessible surface aree

redocking the native ligah (BB2) into PDF. Visualization of (MM-PBSA) method[19-21] as implemented in MMPBSA.py
docked poseswas performed by using Discovery Studiomodule of AMBER16 [23]. Trajectories from @50 ns MD

3. RESULTS

The pharmacophore modeling was applied to develq
model which is then used to screen molecules in the datal
Several models were generated, and one model was chosen
satisfy the validation criteria. It composed of one hydropho
one negative ionizable, and one hydrogen bond donor. Figy
displays the pharmacophore model chosen.

o HO

Figure 1. 3D pharmacophore model composed of one hydrophobig

(yellow sphere), one negative ionizable (red line), and one hydrogen
donor (green dotted lines) features.
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Figure 2. The Area Under Curve (AUC) of Receiver Operating
Characteristic (ROC) curve.

Validation of the model against 161 actives and 5]

decoys generated the value of Area Un@armve (AUC) of
Receiver Operating Characteristic (ROC) of 0.97. Figure 2 sh
Area Under Curve (AUC) of Receiver Operating Characteri

simulation was used for the calculation.

p a In addition, the score of Goodness Hit was 0.72, which
basdicated that the model was able to differaetgithe actives from
wittiehdecoy molecules. Further, screening against Indonesian Herb
bidatabase (1379 molecules) employing the validated
rgpHarmacophore model retrieved 32 hit molecules. While
molecular docking on 32 hits to PDF resulted in conformations
andbi nding energies in the int
The binding energies of hit molecules were comparable to that o
BB2 (-7.32 kcal/ mol) wA twhichRM
indicates that the docking protocol employed in the present study
was vald [14]. The key hydrogen bonds (Hbonds) of BB2 in the
X-ray experiment were reproduced andocked pose, i.e. those
with lle44, GIn50, and Glyg20]. Figure 3 shows the
superimposed BB2 conformations of both experimental and
docked experiment

pond

Figure 3. The superimposed BB2 conformations of both experimental

/30 (green) and docked (blue) experiments.

ows  Based on the binding energies and conformations, four bes
stdocked hit molecules were selected. They were Miquelianin

(ROC) curve.

(E=-9. 71 Queraetin ¥63-malonylneohesperidoside)
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chemical structures dfiefour best docked hit molecules.

Quercetin 3-(6"-malonylnechesperidoside)

o ¥

Gibberellin A23 Quercetin 4'-glucuronide
Figure 4. The chemical struates of four best docked hit molecules.

Binding of hit molecules occurred through crucial ami
acid residues of PDF. Hbond interactions were made bety
Miquelianin with lled44, Arg97, and His132. The Zinc atom
PDF was also interacted with ligand.eTamino acid residues d@
lle44 and Arg97 was also established Hbonds with Querceti
(6"-malonylneohesperidoside), with additional Hbonds with Gly

ol ),
t he

(RMSD (A°)

Time (ns)
Figure 6. RMSD value of protein backbone ato(a and RMSD value
of ligand atoms (b) along 50 ns MD run; in which BB2 assigned as (red),
Miquelianin (green), Quercetin@"-malonylneohesperidoside) (blue),
Gibberellin A23 (purple), and Quercetingtucuronide (pink).
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Figure 7. RMSF plot along 5&:s MD run for BB2 (red), Miquelianin

Vee(Ejreen), Quercetin-@"-malonylneohesperidoside) (blue), Gibberellin

of A23 (purple), and Quercetin-glucuronide (pink).

f

n 3 While, fluctuation on PDF amino acid residues along MD

4BIn were recorded imoot mean squarduictuation (RMSF) [ot

T
120

T
140

0 160

and Pro94. While Gibberellin A23 made Hbonds with Gly89 aridrigure 7). The RMSF plot shows that all complex fluctuated in

Glul33, Quercetin 4lucuronide interacts wh Glu4l, lle44,
Glu95, and His132. Figure 5 displays the binding modes of ¢
hit molecules intdhe active site of PDF.
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Figure 5. The binding orientation of Miquelianin, Quercetif(&-
malonylneohesperidoside), Gibberellin A23, and Quercetiyiuéuronide
in the active site of PDF.

3.1. Molecular dynamics simulations.

50 ns MD simulation was performed to examine
structure and energetics of four best docked hit molecule
complex with PDF. System equilibration was verified us
RMSD values, which show that each complex reached equilib
after 17 ns (Figure 6). @nplex of Miquelianin, Quercetin-@"-
malonylneohesperidoside), and Gibberellin A23 show lo
RMSD values than that of BB2 (red) as indicated in both RM
values of main protein and those of ligand atoms.

similar pattern in all regions of PDF, which indicate the similar

LARipding modes of molecules. Peaks of Asn65 and Ser92 wa
observed higher than those of other regions, which associated wit
the loop regions of PDF. While, Leul64 was also high due to the
ends ofthe protein chain. Other regions including those involved
in hydrogen bond interactions showed rigidity, which indicated
that the ligand binding induced stability over the protein
fluctuation.

In addition, hydrogen bond (Hbond) occupancies was also
monitored during MD run. The Hbonds interactions showed varied
occupancies during MD run. For example, the Hbonds of
Quercetin 6"-malonylneohesperidoside) with 11e93 and His132
showed high occupancies 8#.25% and 64.83%, respectively.
The Hbond withTyr813 showed very low occupancy which was
only 0.56%. In the binding of Quercetin-glucuronide, several
Hbonds withGIn96, Glu87, Glu95, andArgl53 were found with
occupancies ranging fro38.18% to 15.96%. Whereas, Hbonds
between Gibberellin A23 an@lu87 andHis132 had 30.58% and
10.94% occupancies. The Miquelianin showed very low Hbond
occupancies in the range 0f3 and 3.23% with Glu87, Gly89,
Arg97, and lle44. Table 1 shows the Hbond occupancies along
MD run.

hé-2. Free binding energy calculations.

s in Table 2 shows the binding free energy (in kcal/mol) of hit

ngmlecule calculated by MNPBSA method. Quercetin-®"-
iUpglonylnechesperidoside) had the lowest predicted binding free
ener g¥pgro(42133.34+20. 35 kcal /1

v&omparable with that of B2 Efedd=-138. 74+21. 9.

sphe hit molecule Quercetin -glucuronide scored second best
binding fEge=eeh@9g30H{IN8. 63 Kkc:

by t he mol ecul e h Eptre= —Gi9h lelr+el
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kcal / mol ), a n pproMi2l].26£2112 &aalimol).,| for A Quercetin  36"-malonylneohesperabide). However, it
Binding free energy calculation revealed that the binding of ligarmpensated the positive electrostatic energy by negative pole
was governed byEypwaenergids Elecrigtatiticon( Ai buti on oEppmo!l vati on enel
e n e r ghHg g was @l€o supporting the binding of ligand except

Table 1. The hydrogen bond occupancy each ligliil complex.

Acceptor Occupancy Distance Angle
(%) A)
Miquelianin GLU_87@0O LIG@H44 3.23 2.83 152.4276
LIG@030
LIG@021 GLY_89@H 2.7 291 155.4855
GLY_89@N
LIG@019 ARG_97@HE 11 290 145.7795
ARG_97@NE
LIG@017 ILE_44@H 0.3 291 152.3937
ILE_44@N
Quercetin 3-(6'"'- ILE_93@0O LIG@H26 84.25 2.73 161.02
malonylneohesperidoside) LIG@025
LIG@0O76 HIE_132@HE2 64.83 2.85 155.85
HIE_132@NE2
GLU_42@0 LIG@H66: 2337 2.73 160.94
LIG@065
GLN_96@0O LIG@H72 17.64 280 144.19
LIG@071
GLU_41@0 LIG@H66: 133 2.74 164.21
LIG@O65
Gibberellin A23 GLU_87@0O LIG@H4L 30.58 2.73 164.22
LIG@040
HIE_132@ND1 LIG@H4L 241 2.86 158.6
LIG@040
GLU_87@OE1 LIG@H48 10.94 2.69 164.19
LIG@0O47
Quercetin 4'-glucuronide | GLN_96@OE1 LIG@H30: 3818 2.66 156.49
LIG@029
GLU_87@OE1 LIG@H24 21.99 2.64 163.84
LIG@023
GLU_87@OE2 LIG@H24 19.89 2.64 164.11
LIG@023
GLU_95@OE1 LIG@H48: 16.02 2.69 163.97
LIG@047
LIG@051 ARG_153@HH21 15.96 2.8 157.31
ARG_153@NH2

Table 2. The binding free energy and their individual energy contributions.

AEg1g AEypw AEppcaL AEppsur AEpgroT

(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
BB2 —66.61+6.11 -144.26+20.69 75.65+8.87 —3.53+0.26 —138.74+21.92
Miquelianin -0.68+1.92 —29.75+2.16 11.09+2.20 -2.61+0.12 -21.96+2.12
Quercetin 3-(6''- 77.30+19.48 -179.66+£19.27 —-26.38+18.91 -4.60+0.15 —-133.34+20.35
malonylneohespe
ridoside)
Gibberellin A23 —26.96+11.58 -111.48+16.61 41.70+9.53 —2.90+0.14 —79.41+18.67
Quercetin 4'- -102.96+33.08 -118.84+18.32 115.97+30.02 -3.47+0.19 -109.30+18.63
glucuronide

4. CONCLUSIONS

Pharmacophore modeling, molecular docking, inding mode of each molecule to PDF active site, and top four
simulation, and MMPBSA calculation were employed to identifymolecules were subjected for Mémulation. All four molecules
PDF inhibitor. The model of pharmacophore was valid accordingere stable along 50 MD run as indicated by RMSD values.
to the values of Area Under Curve of Receiver Operatirfgrediction of affinity employing MMPBSA method implied that
Characteristic and Gldcore. $ing the validated model, 32 hjt quercetin 3(6"-malonylneohesperidoside) had comparable
moleculeswerethen retrieved from internal Indonesian medicipaaffinity with that of BB2, which implied its pential as new PDF
plant database. Molecular docking was employed to identify| tihibitor.
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