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ABSTRACT

Chemical compounds isolated from plant sources are most common natural products that exhibit a broad spectrum
of antibacterial activity. In order to decipher antibacterial activity of A.nuricata compounds and growth inhibitors,
molecular docking work was carried out to identify active compounds against NADH-dependent E.coli enoyl-ACP-
reductase which is involved in mycolicacid biosynthesis. Annona muricata leaves are traditionally used for
insecticidal and antimicrobial applications. The target enzyme was downloaded from the protein data bank.
PUBCHEM provided the 3D structures of A.muricata compounds namely coreximine, annonamuricatin B,
annonamuricin A,B, annonacin, corrossolone, murisolin, syepharine, and coclaurine. Docking results also revealed
that coreximine, syepharine, and coclaurine were found to interact with enzyme and inhibit the active site. This
study provides important clues to understanding antibacterial compounds of A.muricata and the results obtained
will be useful in predicting natural products.
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INTRODUCTION

The well known drawback of the antibacterial drograpy is due to the multi drug resistance (MDR)etteped by
the bacterial strains towards current antibiotitee failure is associated with the mutations iraiss and non
compliance in the antibiotic therapy [1]. Henceg tiesearchers are focusing on enzymes and recepick are

promising targets for the development of effectaleernative antibiotics. NADH dependant enoyl acgkrier

protein reductase (Fabl) is a key enzyme involvethe last step of each fatty acid elongation ieaciThese fatty
acids are essential precursors for mycolic acidyithesis [2]. Hence, Fabl has drawn the atterdforesearchers
to develop Fabl-inhibitors as it is the valid tarder antibacterial therapy. Many plant derived gaunds have
been identified to possess antibacterial effeatesithey inhibit the growth and replication of pajbnic bacterial
strains that cause human iliness, such as Escleeriéngiva, Pseudomonas, Staphylococcus, and Gimagenera
[3]. Flavanoids and other phytochemicals act asm@l natural sources of antimicrobial drugs daetheir

interaction with the enoyl acyl carrier protein uethse (Fabl) [4]. Therefore, bioactive compouwidkbe the best
choice for identifying novel types of effective inicrobial and improving the shelf life and safefyfoods.

Annona muricata L. known as guanabana and soursop is a membernageae family. It is included in custard-
apple family due to a custard-like texture of itsitf It is tree with a height of 5-8 m and rourdisanopy [5-6].
This popular fruit tree are widely cultivated inveeal tropical countries and traditionally consunfiedan array of
ailments. Graviola leaves are used as a poulticenonfusion externally for skin complaints in chin, and for
coughs and rheumatism [7]. Previous reports hawveodstrated a significant cytotoxicity @& muricata leaves
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against various cancers without affecting the nbrelis [8]. Ethanolic extract oA. muricata leaves was proven to
exhibit apoptosis inducing potential against myetogus leukemic K562 cells [9-10]. Constituentsasad from A.
muricata leaves, namely annonaceous acetogenilviakkand essential oils, annonaceous acetogergnst@ngly
implied to be responsible for the promising antammeffect. The aqueous extract possesses antildhatfect
againstS. aureus and V. cholera [11]. People are using thAnnona muricata leaves for insecticidal and
antimicrobial applications. However, scientific cgfs available to validate its traditional uses laking. Hence,
the principle objective of this study was to scre@active compounds . muricata for their antibacterial activity
through molecular docking with NADH dependant enagyl carrier protein reductase (Fabl)&stherichia coli.

EXPERIMENTAL SECTION

Ligand and protein preparation

All the ligands were downloaded from chemical dat#s like pubchem compound or chemspider. The dadat
ligands were converted to pdb format. The crydtalcture of theE.coli enoyl acyl reductase (1QG6) protein was
downloaded from protein data bank. AutoDock useadapted AMBER force field and so the atoms ofgtatein
and the ligands have to be set up in accordandetiig. The missing hydrogen atoms were addechfofigand and
protein. A torsion search was made to the ligandithe default number of torsion is set for eachrdy Then the
ligand was saved gubqt file format for further analysis. Similarly for geins the heteroatom was removed and
additional chains were deleted to get a monomdr [12

Docking procedure

Docking calculations were performed using AutoDgokware (version 4.2). Desired compounds were eodkto

the active site oE.coli enoyl-ACP-reductase. In order to assign the pegedtof each ligand, grid box values were
obtained from trial and error and previous studielse implementing Lamarckian Genetic Algorithm (LIGA
considered as one of the best docking methodsadlailin AutoDock, was adopted to perform the mdkcu
docking studies. The parameters for LGA were defims follows: a maximum number of 250,000 energy
evaluations; a maximum number of generations o0@J¥, and mutation and crossover rates of 0.02 afd 0
respectively. Both Autogrid and AutoDock computatiovere performed on Cygwin and ten independeritidgc
runs were performed for each compound. The dockefbomations of each ligand were ranked into chssbased

on the binding energy and the top ranked confownatiwere visually analyzed. Hydrogen bonding and
hydrophobic interactions between docked potent tsgand macromolecule were analyzed using AutoDamdsT
(version1.50) [13-14]. The proper coordinates ws#e so that the grid can be specific to the bindiitg of the
enzyme. The grids file was generated and savggfiformat with default setting [15]

RESULTSAND DISCUSSION

E.coli enzyme ACP reductase (Fabl) is the one that c#slthe synthesis of type 2 fatty acid which aeeymsors
for mycolic acid biosynthesis. This enzyme is anpiging target for identification of antibacterialuds. Hence,
Fabl enzyme was particularly selected for dockimgdies with Annona muricata compounds. Enzyme was
downloaded from PDB (PDB ID-IQG®6). It was co-cryitad with triclosan and a co-factor NAD. Triclosés an
active antibiotic drug molecule and well known ipitdr of Fabl. Triclosan forms H bond interactiomgh amino
acids Tyr156 with the help of NAD (Figure 1). Theotbenzene rings of the triclosan also were fownidtm close
contact through hydrophobic interaction with lle206] Met 159. Above mentioned interactions weremsa for a
drug molecule to inhibit the enzyme. For dockingdsts, the grid was formed surrounding the Tyrl5€w
inclusion of essential groups from NAD that credtelsond interaction (Fig 2). The standard triclosanld form H
bond interaction with Tyr156 and NAD. The OH graefiiriclosan forms the H bond interaction with dogkscore
-7.82 kcal/mol.
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Figure 1: Grid box constructed around the H-Bond inter action forming amino acid (TYR156) along with the co-factor (NAD)
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Fig2: Triclosan, H-Bond interaction with Close contact amino acids

Nine compounds oAnnona muricata were subjected tin silico docking against.coli enzyme ACP reductase.
Annonamuricatin B, Annonamuricin A and B, Annonadiorrossolone and Murisolin could not access itdent
binding pocket in the target. The docking scoregehaeen summarized in Tablel. This is due to thgelaize of
molecule that could not be accommodated in theibghgocket of the enzyme. Coclaurine was able tmfal-bond
interaction with Tyr156 of the target through NAB ia the case of Triclosan. The interaction was $edween OH
group of the ligand and H-bond (Figure 3). The @tygtom of -OH served as an accessor and the Hseored as
a donor. Docking score was found to be - 6.65 Kuall/ The coreximine was found to form H-bond intgi@n with
NAD and Gly199 of target enzyme, for which dockiegores were recorded as -7.14 Kcal/mol (Figure 4).
Syepharine also was observed to exhibit betterifgnchte with docking score -7.57 Kcal/mol. Bufatms H-bond
interaction with NAD alone (Figure 5). The selectedl optimized lead compounds upon docking stugiesaled
that there are considerable interactions betwegamdls and amino acids of the target enzyme.

454



Santhoshkumar M uthu and Brindha Durair aj J. Chem. Pharm. Res,, 2015, 7(4):452-457

MET158
TYR156

Fig3: Coclaurine, H-Bond interaction with Close contact amino acids

It is reported that Fabl usually interacts with @3y Gly199, Met103, Metl159, Tyrl56, Leul95, Alal96,200
through NAD [16]. In the present study, the hydmodonding network was significantly noticed betwdleese
optimized ligands (syepharine, coreximine and aoatee) and the amino acids (Tyrl56, Metl159, lle280;199).
The results obtained are in agreement with theipusvreports [17]. Hence, it is suggested that sgepe,
coreximine and coclaurine are the promising leaghpmunds that can inhibit the ACP reductase (Fdidjeby

showing antibacterial efficacy agairstoli.
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Fig4: Coreximine, H-Bond interaction with Close contact amino acids

455



Santhoshkumar M uthu and Brindha Durair aj J. Chem. Pharm. Res,, 2015, 7(4):452-457

T¥R156

Fig5: Syepharine, H-Bond interaction with Close contact amino acids

Tablel: Data of in silico Docking Scores

’ Docking Score H-Bond I nteraction

S No Ligands K callmol Y156 | NAD | Mis.

1 Triclosar -7.82 Tyrl5€ v -

2 Annomuricatin B - -

3 Annomuricin A

4 Annomuricin B

5 Annonacin - - -

6 Coclauring -6.65 Tyrl5¢€ v -

7 Coreximine -7.14 - v Gly19¢

8 Corrossolone - - - -

9 Murisolin - - -

10 Syepharine -7.57 - v

CONCLUSION

The presenin silico research focused on the desigrEofoli enoyl ACP reductase inhibitors froimnona muricata

active compounds. The activity profile of the desid compounds indicated that there existed a signif
correlation with the computational data. In conitns the highest binding affinity was possessedsygpharine,
coreximine and coclaurine with binding energy -7.5714 and -6.65kcal/mol respectively. The findingveal that
Annona murocata may provide excellent candidates for antibactehiah discovery.
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