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ABSTRACT

Dengue viruses, a member of Flaviviridae family amesquito born and are the causative agents fogderfever.
Dengue infection becomes a serious health condelyatly because of the high mortality rate and theiability of
any proper treatment. Virus attachment to the lefitand subsequent fusion process are mediatédeognvelope
glycoprotein (E protein). The fusion process issdri by low pH induced conformational change of Epeprotein
in the endosomal compartment of the host cell. @ube high prevalence of dengue viral infectiond &aving no
specific treatment, the development of novel aatigigents is essential. Antiviral substances atsdifrom natural
products, including medicinal plants, are poterijiajood targets to stud¥xtracts from the Carica papaya leaves,
are commonly prescribed for the dengue patientdhmre are no scientific evidences for its actiggainst dengue.
Hence we tried to investigate the anti-viral adiivof compounds present in the leaves of Caricaapamgainst
envelope protein of dengue 2 virus (DENV-2). Mdeacdocking approach using Autodock 4.2 was usethis
study and results reveled that six compounds shdwgddinhibitory activity against the E protein xSiompounds
(Stigmast-5-en-3-0l, (34,24S) (M-30); D:A-Friedcanh@an-7-one, 3-hydroxy (M-28); 5-Heptadecene, 1-lorqivi-
26), 2-(4'-Chlorophenyl)naphtho[2,3-b]furan-4,9-di® (M-27); Neurosporaxanthin methyl ester (M-258-Bis(t-
Butyl)fluorenone (M-20); 5,11,17,23-Tetrakis(1,ndithylethyl) pentacyclo [19.3.1.1(3,7).1 (9,132)3119)]
octacosa-1(25),3,5,7(28),9,11,1 3(27), 15,17,192K22-dodecaene-4,12,16-triol-24-one (M-22)) shbwegh
inhibitory activity against thg-OG pocket (hydrophobic pocket between the domaimdlIl) of envelope protein.
These findings concludes that this selected congmoould serve as antiviral drugs for dengue inéed. Further
in-vitro and in-vivo studies are necessary to aonfiheir efficacy and to evaluate their drug potgnc
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INTRODUCTION

Dengue viruses (DENV) are membersHtdiviviridae family, a group of 70 virus including West Nilews (WNV),
yellow fever virus, Japanese encephalitis virusv/jJEck-borne encephalitis (TBEV) [1,2,3]. Denguiuses are
mosquito-borne and are the causative agent of @efeyper. In the recent years dengue infection feoe a
major public health problem and emerging viral dige of the humans [4]. There exists 4 distincttgpes of
dengue virus (DENV-1, DENV-2, DENV-3 and DENV-4)a¢h type shares 65% of the genome, and, cause nearl
identical syndromes in humans, ranging from sefiititd febrile illness called dengue fever (DF) tendue
hemorrhagic fever (DHF) and dengue shock syndroB®Sj [5,6]. All the serotypes of dengue virus, are
transmitted from one host to the other by mosqaitpemarilyAedes aegypandAedes albopictufs,7].
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Dengue virus is a positive—stranded RNA virus. Thekb RNA genome encodes for a single polyprot&his
polyprotein is then cleaved in the cytoplasm intoee structural and seven non-structural protein8].[ The
structural proteins includes Capsid (C) protein,nNdeane (M) protein and Envelope (E) protein. Thpegein
plays an important role in the viral particle fotinas. The non-structural proteins (NS1, NS2a, N32B3, NS4a,
NS4b, and NS5) are involved in the replicationeadsly and immune response escape [3,8,9].

The entry of the dengue virus into the host celnisdiated by E protein [8,10]. Envelope proteinspre at the
surface of the virus enhances the fusion of vigdl membrane and host cell membrane [9]. Initialyprotein is
arranged as a heterodimer in the immature staderjue virus. The presence of premembrane protgicthveovers
the protein peptide, will generate a spiky surfaneE protein. Later, E protein transforms into hdinter at Golgi
apparatus, during the virion maturation [6]. Durimgturation, a polygonal confirmation is adaptedh®y/E protein,
where the dimers are arranged in polygons covehagurface of the viral particles [8].

The E protein monomer is composeddfarrels and organized into 3 structural domainsnain I, domain Il and
domain IIl [1,5,6,11]. Domain |, which is the cemtdomain, contains aminoterminus and two disulptiddges.
Domain II, which is rich in glycine, is an extendi@ber like domain that bears the fusion peptidd stabilizes the
dimer. It contains three disulphide bridges. Damidi, the immunoglobulin like domain, contains tleterminal

domain, the receptor-binding motif and one disudphbridges [6,8]. Domain |, is poisoned in-betweemain Il

and domain Il [5].

Blocking of virus entry and replication is a widedgcepted tactic in the design of antiviral [12heTentry of the
virus particle into the host cell requires the éumsof viral and cellular membranes via receptor ieted endocytosis
[6,12]. This process is mediated by complex stmattehanges in the dengue E protein. At the inisi@lge of
process, acidic environment of endosome catalyzeptotonation of selected, highly conserved histidesidues
in E protein which triggers a reversible dissooatof the virion surface E protein dimers. Thedaspeptide loop
exposure at the tip of domain Il is then facilithtey the movement of domain Il around a flexibledgé domain at
the domain I-domain Il junction, allowing its infien into the host cell membrania. the transitionary stage, the
envelope protein connects the cellular membraneti@diral envelope. Both membranes are finallyigulinto
proximity for fusion while the E protein reassoemtinto trimers. After merging of the membranespritein
homotrimers are irreversibly formed [2].

A significant findings in the reported work in Eogpein structure, is the identification of a bindipgcket in the DI-
DIl hinge domain (Figure 1), that accommodates ardyhobic ligand, in this case a molecule BN-
octylglucoside §-OG) added during crystallization [2,13]. But whasen the other structures, this pocket is closed
by thekl loop [12]. The binding of th@-OG in to this binding pocket alters the confirmatiof one of the loops
connecting two domains [Z]he B-OG pocket may therefore a logical target for stitesbased design of potential
antiviral agents because ligands that bind thetddcalter the conformational equilibrium aroundsthegion of E
protein that drives membrane fusion [2,11].

Figure 1. Structure of the DENV E ectodomain highlighting the B-OG binding site [2]

Plant derived compounds remains a significant sofocthe development of antiviral drug. Studiesdengue virus
reveals the importance if photochemical agentsnagaiengue [3]Carica papayacommonly known as Papaysa
plant that belongs to the family d@@aricaceae.Papaya, is an herbaceous succulent plants thaegsoself-
supporting stems [14,15,16]. The leaf extractsCafrica papayaare prescribed for the treatment of pyrexia,
gonorrhea, diabetes, syphilis, inflammation, fewer for dressing foul wounds [3]. In a recent gfudis reported
that aqueous extracts @farica papayaleaves exhibited potential activity against denégser by increasing the
PLT count from 55x1¥uL to 168 x1G/uL, WBC from 3.7x1&/uL to 7.7x10%uL and NEUT from 46% to 78.3%
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[3,4]. In this study, we report the virtual scraeniof methanol extracted compoundsGafrica papayadeaf against
the B-OG binding site in the dengue virus envelope pnote

MATERIALSAND METHODS

Plant Materials:
The Carica papayaleaves were handpicked at the local area of Tirisgy. Collected leaves were washed with
distilled water and allowed to shade dry. The dlezves were then mechanically into fine powde}.[17

Extraction:

The powdered plant material (15g) was sequentittyacted in a Soxhlet extractor using 200 ml d¥esat. This
sequential extraction was started with Petroleumeretwhich helps in reducing the chlorophyll pigmienthe green
leaves, followed by dichloromethane, ethyl acetatstone and methanol [18]. The concentrated dstraere
transferred to preweighed vials, dried in room terafure, and stored at <ZDfor further study.

GC-MSanalysis.

The GC-MS analysis dCarica papaydeaf extracts in methanol was performed using theriho GC - TRACE
Ultra Ver: 5.0, Thermo MS DSQ II. Experimental ddions as follows: DB 5 - MS capillary standardhnopolar
column (dimension: 30 Mts, ID: 0.25 mm, Film: 0.2%) was used and helium was used as the carriefflgas,
rate was set at 1.0 ml/min. In the gas chromatdyragection, temperature programmed (oven tempeatuas
oven temp 70° C raised to 260 °C at 6 C /min. Tjection volume was LL [19]. Samples which dissolved in
methanol were run fully at a range of 50-650 mfze Total GC running time was 38.53 min.

I dentification of Compounds:

The phytocomponents in the methanol extracts oftheca papayaeaves were identified based on the retention
time on DB 5 - MS capillary standard non — polaluom, Mass spectrum were interpreted using thebdat of
National Institute Standard and Technology (NISTHe name, molecular weight, and structure of thepgmnents

of the methanol extract were identified.

Selection and refinement of receptor:

Initial step in the in-silico drug designing proced is the identification and selection of the aympiate drug target
or receptor [7]. Envelope protein of dengue virgsessential for the fusion of virus and host céhe three
dimensional structure of type 2 dengue virus empelgrotein was retrieved from Protein Data Bank
(www.rcsb.org/pdb) using PDB ID: 10KE [2]. To opiiza the structure, ¥© molecules and other heteroatoms
were removed. Moreover, energy minimization of phetein was carried out using GROMACS molecularaigit
package and GROMOS96 43al force field [20].

Ligand Input File Preparation and Optimization:

Ligand input structures were drawn using Marvin t8ke The drawn structures were cleaned in 3D foramat
optimized using Marvin Sketch. The resulting stoues were then saved in pdb format for molecularkihgy
studies [22].

Docking:

The docking of the ligand into the active site opfbtein is carried out using Autodock 4.2. Autokibas reported
to be an effective tool capable of quickly and aately predicting bound conformations and bindimgrgies of
ligands with macromolecular targets [21]. Polar rogegn atoms were added to the enzyme and its nanpol
hydrogen atoms were merged. For the ligands, Gesteharges were added and nonpolar hydrogen at@res
merged. All the rotatable bonds were set to betabta. Protein-ligand docking was done using them&kian
Genetic Algorithm (LGA) method. The grid box wighdimension of 70 x 62 x 62 points and 0.375 A gpdcing
was used around tfeOG pocket to cover the entire protein binding sitel accommodate ligands to move freely.
After docking searches were completed, the bedbomration was chosen from the most populated dfusgtil the
minimum binding energy. The interaction of dockewtgin-ligand complex conformations, including hygen
bond and other interactions, were analyzed usisgdery Studio Visualizer 4.1 [23].
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RESULTSAND DISCUSSION

GC-M S Results:

In the present study, GC-MS profile of the methamdtact ofCarica papayahas shown 30 peaks representing 30
phytocompounds in the extract (Figure 2). The iidfiedt compounds namely, Formic acid, 2-methylhey-@ster
(M-1), (2S)-N-Methylaspartic acid (M-2), Thiazok(1,1-dimethylethyl) (M-3), Benzene, methyl (M-4ndene-2-
D1 (M-5), d,I-Phenylalanine Amide (M-6), 2-MethoxXyvinylphenol (M-7), (3S,5S)-3,5-Dihydroxy-3,5-ditheg!-
1-phenyloct-7-en-4-one (M-8), anti-7-Methoxybenzdyanene (M-9), 2,6-di(t-butyl)-4-hydroxy-4-methg/|5-
cyclohexadien-1-one (M-10), 1-Dodecanol (M-11), ByiA5-t-butylhydroquinone (M-12), Methane, isotlsiganato
(M-13), Benzyl 3-Trimethylsilylbutanoate (M-14), ffadecanoic acid, methyl ester (M-15), 2,2'-diloybroxy-
2,2'-dimethyl-2,2'-dipropyl peroxide (M-16), Phtitalacid, hept-4-yl isobutyl ester (M-17), Hexadewi@nacid,
methyl ester (M-18), Hexadecanoic acid (M-19), Big1-Butyl)fluorenone (M-20), Hexadecatrienoic dicinethyl
ester (M-21), 5,11,17,23-Tetrakis(1,1-dimethyle}hylentacyclo [19.3.1.1(3,7). 1(9,132) . 1(15,19%dcosa-
1(25),3,5,7(28),9,11,1 3(27), 15,17,19(26),20,2datmene-4,12,16-triol-24-one (M-22), Di-(2-ethyljigghthalate
(M-23), Nonacosane (M-24), Neurosporaxanthin metbsfer (M-25), 5-Heptadecene, 1-bromo (M-26), 2-(4'
Chlorophenyl)naphtho[2,3-b]Jfuran-4,9-dione (M-21D);A-Friedooleanan-7-one, 3-hydroxy (M-28), 4-Nite¢2'-
bipyridine-1-oxide (M-29), and Stigmast-5-en-3{3a,24S) (M-30). The GC-MS results confirmed thespnce of
these 30 phytocompounds with the retention tim8,/#49, 6.15, 6.58, 6.93, 8.19, 9.43, 10.26, 101184, 12.15,
12.81, 13.63, 16.51, 17.44, 19.48, 20.22, 21.58R24.23, 24.85, 29.27, 31.25, 31.74, 33.37,868.45, 39.45,

39.75, 40.12 (Table 1).
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Figure2. GC-M Sprofile of methanoal leaf extract of Carica papaya

Table 1. Phytocomponentsidentified in the methanol leaf extracts of Carica papaya

Area

SNo | RT Name M.F M.W %)
1 4.49 | Formic acid, 2-methylhex-3-yl ester CgH1602 144 0.54
2 5.49 | (2S)-N-Methylaspartic acid CsHgNO,4 147 1.49

3 6.1F | Thiazole, ~(1,1-dimethylethyl- C;HuNS 141 1.31
4 6.58 | Benzene, methyl- C/Hg 92 6.58
5 6.93 | Indene-2-D1 CoH/D 116 8.49
6 8.19 | d,|-Phenylalanine Amide CoH1:N,O 164 | 18.04
7 9.43 | 2-Methoxy-4-vinylphenol CoH1002 150 6.40
8 10.26 | (3S,5S)-3,5-Dihydroxy-3,5-dimethyl-1-phemyt7-en-4-one GH2,03 262 2.41
9 10.77| anti-7-Methoxybenzonorbornene Ci2H1.0 174 0.82
10 11.84| 2,6-di(t-butyl)-4-hydroxy-4-methyl-2,5-éghexadien-1-one feH,40, 236 0.53
4
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11 12.15| 1-Dodecanol C1,H260 186 0.57
12 12.81| 2-Allyl-5-t-butylhydroquinone Ci13H1502 206 1.83
13 13.63| Methane, isothiocyanato- C,H3NS 73 10.50
14 16.51 | Benzyl &Trimethylsilylbutanoat C14H2,0,Si | 25C 0.9¢
15 17.44| Tetradecanoic acid, methyl ester Ci5H3002 242 1.32
16 19.48| 2,2-dihydroperoxy-2,2'-dimethyl-2,2'-dipyl peroxide CioH220s 238 0.86
17 20.22| Phthalic acid, hept-4-yl isobutyl ester CigH2504 320 1.25
18 21.58| Hexadecanoic acid, methyl ester Ci17H340, 270 2.96
19 22.29| Hexadecanoic acid CieH320, 256. 1.75
20 24.2% | 3,€-bis(i-Butyl)fluorenont CyH,.0 29z 2.04
21 24.85| Hexadecatrienoic acid, methyl ester Ci17H260, 264 0.60

5,11,17,23-Tetrakis(1,1-d imethylethyl)pentacyclo 19.1.1 3,7)
22 29.27| 1(9,132).1(15,19)]octacosal(25),3,5,7(28),9,11,1815,17,19(26),20,22-dodecaene-4,12, 1: CuaHs404 646 | 11.21
triol-24-one
23 31.25| Di-(2-ethylhexyl)phthalate Cy4H350, 390 7.85
24 31.74| Nonacosane CooHec 408 2.89
25 33.37| Neurosporaxanthin methyl ester CseH402 512 2.96
26 36.69| 5-Heptadecene, 1-bromo- Ci7H33Br 317 3.31
27 37.4% | 2-(4-Chlorophenyl)naphtho[2-b]furar-4,S-dione CigHoCIO; | 30€ 0.4€
28 | 39.4f | D:A-Friedooleana-7-one, -hydroxy- CsoHs002 44z 0.8C
29 39.75| 4-Nitro-2,2"-bipyridine-1-oxide CicH/N;O; | 217 1.46
30 40.12| Stigmast-5-en-3-ol, (34,24S)- CugHs500 414 3.40

Docking and I nteraction analysis:
Docking studies were carried out in order to fihe tnhibitory activity of the compounds obtainednr GC-MS
analysis of methanol extract Qfarica papayaAmong the thirty compounds, 6 compounds showed thesking

result based on the binding energy. Docking studiesbinding free energy calculations of thesdytliompounds
revealed that M-30 has maximum interaction energ§y9 kcal/mol), followed by M-28 (-9.79 kcal/moly}-27 (-

8.66 kcal/mol), M-25 (-8.31 kcal/mol), M-20 (-7.@&/mol) and M-22 (-7.22 kcal/mol) (Table 2). Figus, 4 and 5
shows the ligand site interactions of compoundsyIN3-28, M-27, M-25, M-20 and M-22.

Figure 3. Interactions of theligand M -30 and M-28 and the binding siteresidues of Envelope protein (PDB ID: 1oke)
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Figure 4. Interactions of theligand M -27 and M-25 and the binding siteresidues of Envelope protein (PDB ID: 1oke)

Table 2. Theinteraction energy analysis of six ligandswith that of dengue Envelope protein (PDB ID: 10KE) using Discovery Studio
Visualizer 4.1

Binding Energy

Interacting residues (Hydrogen

4

4

Ligand (kcal/mol) bondings) Other interacting residues
M-30 9.99 THR 280 I£\7(7S 47,ALA 50,VAL 130,LEU 135, LEU 198, ILE 270, LE
ALA 50, VAL 130,LEU 135,PHE 193, LEU 198, LEU 20

M-28 9.79 THR 48 ILE 270, LEU 277

M-27 8.66 _ ALA 50, VAL 130,LEU 135,PHE 193, LEU 198, LEU 20
) ILE 270, PHE 279

M-25 -8.31 THR 268 LYS 51, VAL 130,PHE 193, LEU 19&U, 207

M-20 -7.9 THR 48 ALA 50, LEU 198, LEU 207, ILE 27DEU 277

M-22 -7.22 ALA 50 LYS 47, LEU 198, LEU 277

Figure5. Interactions of theligand M-20 and M-22 and the binding siteresidues of Envelope protein (PDB ID: 1oke)
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CONCLUSION

Dengue has been a major health concern world wilellyhas proven to claim the lives of a million gleoyearly.
Till now, no vaccine has been successfully devedofee this outrageous disease. Current study wasskd on
assessment of the inhibitory activity of methanxdract compounds of Carica papaya leaves agaimsugevirus
protein. Among the identified thirty compounds, si@mpounds (M-30, M-28, M-27, M-25, M-20 and M-22)
showed better binding affinity towards ti}eOG pocket of E protein. Different modes of intd¢iae such as
hydrogen bonding and other hydrophobic interactiorese observed between the ligands and the E pratiei
dengue virus. The information acquired through #tigly on the binding mode of phytocompounds froanica
papayaand E protein will highly facilitate the synthesiad testing of these compounds as drugs againguden
virus. The study suggested that compounds fronCiwéca papayawill be strong future drug candidates against
dengue virus.
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