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ABSTRACT

Mitochondrial acetate production is very much esisérfor the energy metabolism of the parasite Aisca
lumbricoides. Acetate formation is a pre-requistiethe fatty acid synthesis in Ascaris mitochoadiiihe acetate is
formed from acetyl-CoA by the enzymatic activitpadtate-succinate CoA-transferase (ASCT). ThenemASCT
is not present in their host mammals. This providesopportunityfor identifying ASCT as a new drug target to
control ascariasis using in silico methods. Theeunalar structure of ASCT is not determined expentadly and so

it is not available in RCSB Protein Data Bank. Mibel®v2 was used for homology modeling of the tapyetein
ASCT. The phytochemicals alliin, allicin, androghafide, decursin and the existing drugs for Ascanigction,
albendazole and mebendazole, were docked on thgettarotein ASCT to study the inhibitory efficierudythe
ligand. Decursin showed the highest docking scolteviied by mebendazole. The results discussed enag as the
initiative for targeting ASCT with natural resouscand anthelmintic drugs.

Keywords: Ascaris lumbricoidesacetate-succinate CoA-transferase, phytochemiaatkelmintics, docking.

INTRODUCTION

Nematode infections in livestock and human popoilatire major cause for a majority of neglecteditapliseases
(NTD). Ascariasis, caused by the paragiszaris lumbricoideground worm)is considered to be an NTD by the
World Health Organization (WHO). The target comntigsi of this infection are the World’s poorest pledpring

in impoverished environment of tropical and subicapclimates and the most vulnerably affectedtheechildren
in the age group of 3 to 8 years. Severe infectars cause intestinal blockage and impair growtbhitdren. In
2012, WHO presented a roadmap to fight against NTDd sets the target as 2020 for their eradication

Even though the rate of morbidity due to ascari&si®w, it can result in intestinal symptoms, matition and
weakness develops over time which has a direct éinga childhood development like impairing learniaigjlity
and cognitive development; it also triggers vitarhideficiency; all these suggest for a regular deming schedule
in school children [1]. Worms cannot be eradicdtedh the environment we live in but control measuaee a must
to limit infections in the affected area. A majamérol program on helminth infections is mass dadginistration
(MDA) with benzimidazoles based on the prevalemsell. Other control strategies include proper sendigposal,
improved sanitation conditions and awareness ofttheducation. A review and meta analysis of thecaty of
anthelmintic drugs revealed that only a few druigs albendazole, mebendazole, levamisole and pstra@aimoate
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are effective agains@. lumbricoides Trichuris trichiura and Ancylostoma duodenalR]. Geerts and Gryseels
reviewed the reports on drug resistance in humdmihths and the methods of identifying the anthalioi
resistance in livestock and human [3]. Vercruyseal. addressed the issue of anthelmintic resistanceeastbck
and a warning against anthelmintic resistance mdny this review also explained the tools availdbteresistance
monitoring [4]. The alarming resistance of parasite the available anthelmintics proposes the rfeedhe
development of new drugs with different mechanigraation.

Ascarisis a gastrointestinal parasite of mammals thatedgcacetate as one of the major end products @frainia
malate dismutation reaction. Parasitic helmintissdezin environments of low oxygen tension. Theyehmodified
their metabolic pathways of ATP synthesis thatiadependent of oxygen as the terminal electron@oceAcetate
is an important end product in the energy metabob$ the parasite. The CoA moiety of acetyl-CoArensformed
to succinate yielding acetate as an end-produitteomalate dismutation reaction [5, 6].

Four different pathways are identified for the protion of acetate from acetyl-CoA in prokaryotes aukaryotes.
In anaerobically functioning mitochondria of pat&shelminths, the conversion of acetyl-CoA to atetis by the
activity of the enzyme acetate-succinate-CoA trarasfe (ASCT), the ASCT reaction yields succinyl-GoAATP

synthesis via succinyl-CoA synthetase (SCS) [7].pheasite specific enzyme ASCT catalyses the @adti a
succinate dependent manner.

Acetyl-CoA + succinate————»  acetate + suge(®oA

The succinyl-CoA synthesised by the activity of ASS subsequently recycled to succinate by SCSrgéng
ATP by substrate level phosphorylation. SCS is al&oeb’s-cycle enzyme found in acetate produciggnisms as
well as in most aerobically functioning organisiB8ES catalyses the irreversible reaction,

Succinyl CoA + ADP + Pi—» succinat&¥P + CoA

ASCT activity is not present in the mammalian rersd this enzyme may be an attractive target fodéwelopment
of novel antiparasitic drugs. ASCT has been idettihs a drug target by elementary mode analysib®®energy
metabolism of the parasife lumbricoided8]. In the present study an-silico analysis on the inhibition of ASCT
by a few phytochemicals and existing anthelmintias been discussed.

In Brazil, a study on children infected with lumbricoidesevaluated the effectiveness Allium sativumagainst
ascariasis [9]. Coon and Ernst reviewed the phaotogical activities ofAndrographis paniculatand suggested it

as a safe and efficacious treatment for the refisfymptoms of uncomplicated upper respiratoryttiafection [10].
Shiomiet al. suggested that decursin and decursinol angelatialitBtors of NADH dependent fumarate reductase
of A. suum[11]. The main drugs used to treat human nematadesnebendazole, albendazole, pyrantel pamoate
and levamizole. The mode of action of Benzimidazolz., albendazole and mebendazole is that itsbtodthe
structural protein tubulin which interferes withetlpolymerization of microtubuli. Levamizole and theated
anthelmintic pyrantel are cholinergic agonists vétselective action on nematode receptors.

In the present investigation the phytochemicals elgnalliin, allicin, andrographolide, decursin atite broad
spectrum of anthelmintics albendazole and mebetelazere docked on the target proteins ASCT ofptheasite
Ascarisusing bioinformatics tools to study the inhibitafficiency of the ligand on the protein. The sturetof the
ligand molecules used in docking has been retridx@d NCBI-PubChem [12]. AutoDock was used to sttioky
binding of the ligands with the receptor ASCT.

MATERIALS AND METHODS

DATABASES

NCBI-Protein: The National Center for Biotechnology InformatiddidBl) is part of the United States National
Library of Medicine (NLM), a branch of the Nationalstitutes of Health. The NCBI protein database &ollection
of protein sequence records from various sourcels as PDB, Swiss-Prot, GenPept, RefSeq, PIR and PRF

Pubchem DatabaseThe PubChem Substances Database contains deswipfichemical samples from a variety
of sources and links to PubMed citations, protdnsBuctures and biological screening results #natavailable in
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PubChem BioAssay. If the contents of a chemicalptarare known, the description includes links td@lem
Compoundvww.ncbi.nlm.nih.gov > NCBI > Chemicals & Bioassays

TOOLS

3D-STRUCTURE VISUALIZATION:

RASMOL

RasMol is a molecular graphics program used forvikaalisation of proteins, nucleic acids and smadlecules.
The loaded molecule can be shown as wireframe haytlader 'Dreiding' stick bonds, alpha-carborcé&aspace-
filling (CPK) spheres, macromolecular ribbons (eitsmooth shaded solid ribbons or parallel strartdgjrogen
bonding and dot surface representations. Availabliettp://rasmol.org/

CHEM SKETCH

ACD/ChemSketch is an advanced chemical drawinggraghics package from ACD/Labs. It is the acadpte
interface for the industries best NMR and molecylaoperty predictions, nomenclature, and analytidata
handling software. It was developed to help chesnigtickly and easily draw molecules, reactions, scftematic
diagrams, calculate chemical properties, and dgsigfessional reports and presentations.

PDBSUM

The active site of the protein is the binding siteere catalysis occurs. The binding sites of tlatgin are usually
found in cavities or on the polar surface. Theridjdinding sites of the template and target weeatified using
UniProt database [13]. PDBsum provides informatiddramino acids that have interactions with the didjas a
LIGPLOT [14]. LIGPLOT is a two dimensional represstion of protein ligand interaction from a stardl&DB

file input. PDBsum also provides a wiring diagramattshows amino acid interactions with the parécligand.

There is a correlation between the wiring diagrard BIGPLOT as they show the same amino acid intenas

with the ligand binding sites. The wiring diagraies the active sites of the template.

AUTODOCK

Auto Dock is a suite of automated docking toolse Bbftware is used for modeling flexible small ntole such as
drug molecule binding to receptor proteins of kndtuee dimensional structures. It uses Genetic tlgms for the

conformational search and is a suitable methothidocking studies. The technique combines siradlahnealing
for conformation searching with a rapid grid basegthod of energy evaluation. Auto Dock tools isduseprepare,
run and analyze the docking simulations, in additio modeling studies. Auto Dock is the most citextking

software because it is very fast, it provides higlality predictions of ligand conformations and damrrelations
between inhibition constants and experimental oAeso Dock has also been shown to be useful indbtiacking,

where the location of the binding site is not knda/s.

PYMOL

PyMOL (PyMOL Molecular Graphics System, Version 1.7.4 1®8dimger, LLC) is one of a few open-
source visualization tools available for use imaural biology. The Py portion of the softwaregsne refers to the
fact that it extends, and is extensible by the @ytiprogramming language. PyMOL uses OpenGL Extensio
Wrangler Library (GLEW)

RESULTS AND DISCUSSION

Homology modeling of ASCT

ASCT of Ascarisis not studied experimentally; the sequence of AB€HRasciola hepaticas retrieved from NCBI
database. The ASCT sequence Fafsciola hepaticawith the length of 478aa and GenBank Accession No.
ACF06126.1 is considered for building the theowdtimodel. Initially it was ascertained that theeihdimensional
structure of ASCT was not available in databasecb@en attempt had been made in the present siudtérmine
the three dimensional structure of ASCT. In theesmze of an experimentally determined structurendiogy
modeling can sometimes provide a useful 3D modelafgrotein that is related to at least one knowatgin
structure. Homology modeling predicts the 3D suitetof a given protein sequence (target) basedapitiyron its
alignment to one or more proteins of known struetfiremplates). The prediction process consistsotf f
assignment, target-template alignment, model gidand model evaluation. The FASTA sequence ofgtiery
protein was retrieved from NCBI Entrez sequencecked-ollowing BLAST [16] run, suitable templategsence
has been identified. The 3D-structure of query girowas predicted by homology modeling using Mazt&\2
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[17]. The rough model generated was validated uiegRamachandran plot [18] obtained from the PREGCHK
server [19]. The protein was modeled using the tatap PDB ID 20AS, Chain A, crystal structure of 4-
Hydroxybutyrate coenzyme A transferase (AtoA) irmpbdex with CoA fromShewanella oneidensisith 49%
similarity and a resolution of 2.4 A. The pair wisequence alignment of the target and templatedws in Fig. 1.
The modeled three dimensional structure of ASC3himwn in Fig.2. (Pink color coil indicates AlphalbteYellow
color arrows indicate beta sheets, and blue & wduter indicates turns and coils). The Ramachanglainstatistics
are shown in Fig. 3.

Ligand Preparation:

The ligand structures were taken from Pubchem comgpalatabase and the two-dimensional structurdslicfn,
Alliin, Andrographolide, Decursin, Albendazole, akttbendazole were drawn using ACD/ChemSketch anedsa
in MDL-MOL. The mol format is converted to babel lmcular converter PDB format using open-babel mdbac
converter.

Chain A, Crystal Structure Of 4-Hydroxybutyrate Coenzyme A Transferase (Atoa) In Complex Witl
Target Sor119.
Sequence ID: pdb|20AS|A Length: 436 Number of Matches: 1

b See 1 more titlels)

Range 1: 11 to 422 GenPept Graphics

Score Expect Method Identities Positives Gaps
380 bits(977) 3e-127 Compositional matrix adjust. 205/419(49%) 270/419(64%) 12/419(2%)

Query 56 ETFGFLEDGRNVEIHGGAATPSLLIKELYEYVMIENLEDIKLFHIHTEGFYPFNDAE--G 113
E +G ++ H ATF +L+ L ++ ++ L +I L +IIEG + G
Sbjct 11 ERVSLIRSGETLWIHSXGATPEVLLDAIAKHALT--LONITLLQLHTEGRESLSHFSLLG 68

Query 114 HFRSTSLFIGGNCREAIQEGRADYTPIFLSEIPLLFRREHVOLOTALINVIPPOEHGFCS 173
HE F& R +) G ALY PIFL3E+F LFR ++0 A+I V+FFLDEHG C3
Skjct 69  HLBHRCFFGGVETRPLLQSGDADYVPIFLSEVEKLFRSGEQRIDTAITOVSPPLOEHGXCS 128

Query 174 LGPSVDVIRAATOWATHIVAOWVNDOLPLIRGDASIHFSHLIVM--RAGSQPCHEMSFRER 231
LG SV+ TRAQA I+A +WN QFT GD IH + +3FH + &
Jbjct 1289 LGISVEATIAACOVAGKITAHTNPOUXPRTHGDGFIHICRFARVYEQSASLPIHSFATGDR 188

fuery 232 SEVEDKIGQIIAENLVELGATLOTGIGAIPLAVLSKLINHENLGVHTEMFSDGVVOLVOL 291
vV IGQ +AE LV DG L GIGAIPDAVLI LT HE+LGVHIE+FIDG+HLV+
Sbjct 18% --VELAIGQHVAE-LVRDGDCLOXGIGAIPLAVLICLIGHELLGVHIELFSDGILOLVEE 245

Query 292 GAITNAYEELRFGEVVIIFVVGITREVEDELONNEMVDMCIVARVNSEVVIAQNEEEVAIN 351
GIN E+ PBGE+V+ F +GHEHDHHNE YV M VN +I +HF AIN
Sbjct 246 GVINNTERRFYPGELVIGFALGSQRLYDYVDONEAVIFXDIEQVNDTSIIRENENVEAIN 305

Query 352 SCIEIDITGOVISDSIGITIYSGFGRVDFLRGARVILDGOGKFIIAVESVIEENE-TKI 410
3 +HIHIGHV +05IGT IYSG GG DF+RGR +5 +5 G+ +IR+ES ++1

Shjct 306 SALOVDLIGHVCADSIGIKIYSGVGEOKDFIRGAGLI-EG-GRIVIALPSTARGGRISRI 343

Query 411 VPHLELGGGVVITRAHVHEYVVIEYGIAYLFGENLRQRAHALTQTAHFDHRESLEKRAFD 469

L & GVWITRAHVHY+VIEY: & L G++IR+BRA ALT IAHPD BE L + &F+
Sbjct 364 ASVLIPGAGVVITRAHVHYIVIEYGAANIKGRSIRERAQALTINIRHFDFREQLSEDAFE 422

Fig. 1: Target-template allignment
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Fig.2. 3D structure of the modeled receptor ASCT
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Fig.3. Ramachandran plot of modeled protein

The compounds that can act as effective therapeagints satisfy the Lipinski's rule of 5, formuldtdy
Christopher A. Lipinski in 1997 [20]. It is a rulgf thumb to evaluate the drug likeness propertyhef ligand
molecule. It states that an orally active drug carrave a molecular weight of more than 500 Daltbas not more
than 5 hydrogen bond donors, not more than 10 lggirdoond acceptors and partition co-efficient ldgd3 than 5.

The 2D and 3D structures and the Lipinski’s ruleS were shown in Table 1.
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Table 1: Structure and Lipinski's rule of 5 for Ligands

Ligands 2D structure 3D structure Properties XLogP3
HZC\
\—\ Molecular weight (g/mol): 162.273
5= Molecular Formula: ¢H;00S
Allicin o Hydrogen bond donor: 0

Hydrogen bond acceptor: 3 1.3
Lipinski's rule: Yes

HO

Molecular weight (g/mol): 177.221440
Molecular Formula: ¢H1:NOsS
Hydrogen bond donor: 2

Hydrogen bond acceptor: 5 -3.5
Lipinski's rule: Yes

Alliin

Molecular weight (g/mol): 350.4492
Molecular Formula: &Hs.0s
Hydrogen bond donor: 3

Hydrogen bond acceptor: 5 2.2
Lipinski's rule: Yes

Andrographolide Ho

OH

Molecular weight (g/mol): 328.3591
Molecular Formula: GH200s
Hydrogen bond donor: 0

Hydrogen bond acceptor: 5 3.9
Lipinski's rule: Yes

Decursin
| (0]

Molecular weight (g/mol): 265.3314
Molecular Formula: GH1sN;O.S
Hydrogen bond donor: 2

Hydrogen bond acceptor: 4 2.9
Lipinski's rule: Yes

@IN\ N CH

ek

Albendazole ENNNS ;
H
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Molecular weight (g/mol): 295.29272

H / Molecular Formula: GHi3N303
Mebendazole Ny AN >L° Hydrogen bond donor: 2
‘ PN | )—NH Hydrogen bond acceptor: 4 2.8
l

Lipinski's rule: Yes

Active site prediction:

The active sites of the target (ASCT) have beentified by the homology model predicted for thegetrand the
template. The ligand binding site of the templaguence identified as CoA from the UniProt datalimstown in
Fig.4. The active sites of the target protein w121, GLU279, PHE310, SER352, CYS353, ILE354, G&&)

SER364, ILE367, TYR372, SER373, GLY374, PHE375, GI¥, GLY377, GLN378, LYS409, THR403 and
LYS404.

Ile 360(A)
/?mﬁ*g

\
Ile 321(A)
£
Ala 307:%
Ala 318(A

Glu 233(A)
Ser 3:::% i
IS
\ \ €
GinSSaA Val 3::::% Ph:;:j-j%

~

\UJ_%%
Gly 328(A W
Gly 330(A " Phe 264(A)

Fig. 4 Ligand binding site of the template identifed from UNIPROT database

ST [Ehy
Gly 331(A)
3 Ser 327(A)

Docking Analysis
Docking is used to find the exact binding conforimratand orientation of the ligand molecule into #utive site of
the protein. The six compounds namely Allicin, ilJi Andrographolide, Decursin, Albendazole and Metazole
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were docked against ASCT using Auto-Dock Tool 48,automated docking tool. The docking process &g
four main steps, (i) Protein preparation (ii) Ligapreparation (iii) Grid preparation and (iv) Doofi The
Lamarckian genetic algorithm has been used aseels algorithm to search for the best conformEng. initial
population size was set randomly as 150 individaal$ ten generations was set for each geneticitdgorun and
the maximum number of energy evaluations was s@t300,000. The grid box size was set as to inchlbéhe
active site residues present in rigid macromolexulée spacing between grid points was 0.375A.gFteebox was
centered at 27.616 A x 34.41 A x 76.132 A and theedsions of the grid box have been set as 60FPXY,Z co-
ordinates) so as to include all the active sitedres.

Docking studies showed that all ligands choseraf@lysis possessed a least binding affinity withtdrget protein
ASCT. The protein ligand interactions were studieterms of minimum binding energy (Kcal/mol) amg thumber
of hydrogen bonds formed with active site residudse docking interactions of the six ligands and protein
ASCT were visualised using PyMOL viewer and showrig.5. The final docked confirmation obtained foe
different ligands based on the binding energy, nemaf hydrogen bonds formed, bond distance andhteeacting
residues were shown in Table 2.

Decursin and Mebendazole show a least binding gneith the docking score of -7.40 Kcal/mol (formwrde
hydrogen bonds with SER364, GLY374, and PHE375) &h83 Kcal/mol (forms three hydrogen bonds with
GLU279 and HIS101), respectively, when docked agfakSCT. Alliin and Allicin form a maximum numbef o
seven and three hydrogen bonds, respectively,thvitldocking score of -5.17 and -4.63 Kcal/mol.
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Fig. 5 Docking interactions of ASCT ofA. lumbricoides with (A) allicin, (B) alliin, (C) andrographolide, (D) decursin (E)
mebendazole, (F) albendazole

The length of the hydrogen bonds formed with irdéng residues for all the ligands, which shows tha bonding
was good. Most of the key residues shown in thdeTalare the active site residues of the targeteprgredicted
by PDBsum. Based on the docking score all the tigamave docking interactions with the protein ASChe
compounds with anthelmintics activity was chosettigemds in this study have different mode of actibecursin
is also shown to target the NADH-fumarate reductdsiscaris [11]. Thisn silico molecular docking study shows
that all the four phytochemicals alliin, allicim@ographolide and decursin inhibits the drug taAgeCT.

Table 2: AutoDock interaction of the ligands with ASCT of A. lumbricoides

Ligand Docking score (kcal/mol) | Number of hydrogerbonds Key residues Distance (A
THR255 (OGIIO) 2.65
Allicin -4.63 3 GLY256 (NIID) 3.04
ILE350 (OID) 3.04
GLU279 (OEZIN) 253
GLU279 (OEZID) 3.10
ASN351 (ODIID) 2.75
Alliin -5.17 7 ASN351 (ODIIM) 2.76
SER352 (NID) 3.11
GLY377 (NIID) 2.86
GLN378 (NIID) 2.81
ILE257 (QIIN) 2.78
. GLU279 (OEZID) 2.99
Andrographolide -6.04 4 GLY377 (NIID) 208
GLN378 (NID) 2.82
SER364 (OGIO) 3.10
Decursin -7.40 3 GLY374 (OII) 3.37
PHE375 (QID) 3.00
Albendazole 654 5 GLY377(NIO) 3.12
' GLU279(OEIIN) 3.03
HIS101(NIO) 3.28
Mebendazole -7.33 3 HIS101(NDIID) 2.96
GLU279 (OEIN) 2.57

CONCLUSION

In recent years, biology of parasites has beenestugktensively by the researchers. Studies ompliysiology and
biochemistry of helminth parasites paved way faniifying new drug targets that are unique to epafasite.
ASCT is a parasite specific enzyme and drugs itihip/ASCT are selectively toxic to the parasitehwib effect on
the host. Benzimidazoles namely albendazole ancentgzole are the drugs of choice for ascariasigdadtudy
shows that benzimidazoles have a potent inhibitdfgct on the parasite ASCT. Phytochemicals naradlin,
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allicin, andrographolide, and decursin show godudbitory effects against the drug target ASCT atitized least
docking energy and forms more hydrogen bonds thanbenzimidazoles which is the commonly used dorg f
ascariasis. Then silico docking studies reveal that ASCT could act as tergadrug target foAscarisinfections
which could be further validated iy vivo andin vitro studies and these phytochemicals may act as jpatant
natural therapeutic agents to treat ascariasis.
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