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Abstract

Onion (Allium cepa) is a famous spice commonly grown all over the world and consumed in various forms. Onion is a source
of various biologically active compounds, such as sulphur compounds and flavonoids, derivatives with a large variety of
pharmacological activities including anticancer, antidiabetic, antimicrobial, cardiovascular, antioxidant effects. Onion oil is
an important source of sulphur compounds. In this study, the binding efficiency of 11 identified compounds from Allium cepa
oil with some selected proteins from Dengue virus through in silico method was done. By virtual screening and docking
results, we have found that hexadecanoic acid has the most convenient binding activity for the seven selected proteins.

Rezumat

Allium cepa este o planta utilizata ca si condiment, dar are si importante proprietati terapeutice. Ceapa reprezintd o sursa
importanta de compusi biologic activi precum derivatii sulfurati si flavonoidele, compusi cu proprietati anticanceroase,
antidiabetice, antimicrobiene, cardiovasculare, antioxidante etc. Uleiul volatil de Allium cepa contine o multitudine de
compusi organosulfurati. In acest studiu am evaluat eficienta legarii a 11 derivati, identificati din uleiul volatil de Allium cepa
pentru o serie de proteine ale virusului Dengue. Printr-un screening virtual s-a demonstrat faptul ca acidul hexadecanoic se
leaga cel mai convenabil de situsurile celor sapte proteine selectate.
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Introduction

Onion (Allium cepa L.) is one of the oldest nutritive tetra-sulphides with different alkyl groups and they
plants, being grown since prehistoric times. It is one are present in the volatile fraction [2].

of the most important vegetables used worldwide Limited available data exhibit inhibitory effects of
for enhancing the flavour and taste of a variety of onion against different viruses as human immuno-
foods. Scientific data suggest that the biological and deficiency virus (HIV), herpes simplex virus type 1,
medicinal properties of Allium cepa are correlated poliovirus type 1, para-influenza virus type 3 and
with itschemical composition, especially organosulfur potato virus [8].

and flavonoid constituents. Dengue viruses (DENVS) cause the most common
The phytocomplexes compounds found in onion have arthropod-borne viral disease in humans with 50 - 100
the potential to promote health benefits in humans million infections per year. DENV infection can be
and offer protection from a variety of diseases. The asymptomatic or a self-limited, acute febrile disease
organosulphur compounds have antimicrobial, anti- ranging in severity. The classical form of Dengue
allergenic, anti-inflammatory and antithrombotic activity fever (DF) is characterized by high fever, headache,
[1-4]. As well as this, flavonols in onions, such as stomachache, rash, myalgia, and arthralgia [9].
quercetol and kaempferol also possess different There are ten proteins identified for this virus, out
important biological roles like antiviral, antimicrobial, of which three are structural proteins and seven are
anti-inflammatory and anticancer activity along with non-structural proteins [10]. The seven non-structural
protection of the heart and brain [5-7]. proteins are NS1protein, NS2B/NS3 protease, trans -
The bioactive properties and characteristic flavour of membrane domain of NS2A, NS3 helicase, envelope
onion have been attributed to its sulphur compounds, protein, capsid protein, and NS5 protein [11, 12].
which consist in a mixture of mono-, di-, tri- and NS2B-NS3 protease is a crucial enzyme for the viral

replication. The N-terminal of the NS3 protein will
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associate with the NS2B cofactor that is important for
the viral replication. The structural protein of Dengue
virus is the envelope protein which is involved in
the viral assembly.

Despite intensive research, the underlying mechanisms
causing severe Dengue is still not well understood
partly due to the lack of appropriate animal models
of infection and disease. Protein Data Bank (PDB)
is a protein storage bioinformatics tool that contains
the structures of large numbers of proteins, ligands
and other macromolecules [13-15]. Docking analysis
could be conducted for the protein and the ligand to
analyse the fitness and the interaction with each
other in the form of binding energy. Docking is a
method which predicts the preferred orientation of
one molecule to a second when bound to each other
to form a stable complex [16, 17].

It is well known that plants are a rich source of bio-
active compounds without harmful side-effects, thus
it is an increased interest to identify new potential
candidates against Dengue virus from plants [18].
The aim of our study was to compare the best docking
fit for the selected Allium cepa oil constituents with
the Dengue viral proteins. This interaction could be
useful to develop potential chemical entities for the
treatment of Dengue fever.

Materials and Methods

Materials

Allium cepa oil extraction

Allium cepa oil was extracted by steam distillation.
The vegetal product was chopped in small pieces
and mashed with domestic blender. The sample was
transferred into a flask and mixed with distilled
water (1:1.5 ratio) and the Neo Clevenger apparatus
was installed. The mixture was heated during 4 h
and the essential oil (yellow liquid) was collected
and stored in at 4°C.

Analysis was performed by gas chromatography mass
spectrometry (HP 5890 Serie Il gas chromatography
system) using a mass selective detector (HP 5971) and
HP-5MS column (25m x 0.250mm internal diameter;
film thickness, 0.25 pum). The oven temperature was
held at 30°C for 2 minutes, heated to 150°C at 6°C/min,
heated to 150 C for 2 minutes and then to 250°C at
10°C/min. The carrier gas was helium with a flow
rate 1 mL/min.

The compounds were identified by comparison with
spectra from the library Wiley 275 L.

Preparation of Dengue viral proteins:

The protein data bank (PDB) was used to obtain the
three-dimensional structure of the macromolecule [14].
The structures are downloaded and saved either in
mm CIF or PDB format. Proteins of Dengue virus
were used for this study. The 3D structure of all the
seven proteins were downloaded from PDB and saved
in PDB format. The downloaded proteins were viewed
in Py-Mol 1.7.x viewer.

Preparation of ligands

Following GS-MS analysis on Romanian onion ail,
we selected 11 ligands for this study, namely: methyl,
propyl disulphide, 1-methylethyl propyl disulphide,
dimethyl trisulphide, dipropyldisulphide, 2-propenyl-
propyl disulphide, dimethyl disulphide, cis propenyl
propyl trisulphide, 3-mercaptopropionic acid, bis (1-
methylethyl) disulphide, S-propyl L-cysteine, hexa-
decanoic acid, noted A-K. Ligands were constructed
using ChemSketch freeware version. The constructed
ligands were optimized to add the hydrogen bonds
and the obtained structures were saved in .mol files
for docking analysis and named as A, B and C
respectively.

Docking study

Docking studies were conducting using iIGEMDOCK
version 2.1. software. The proteins and the ligands
were loaded and the out path was set. Standard docking
parameters were used for docking (population size =
200, generations = 70 and number of solutions = 2).
The docking process was initiated. After the docking
process, the best docking pose for the individual
ligands can be obtained for all the seven Dengue
viral proteins.

Results and Discussion

The GC-MS study of onion oil showed that the most
important components are sulphur-containing organic
compounds, especially sulphides, which are responsible
for the characteristic odour (Table I). We noted that
tri- and disulphides were predominant and mono-
sulphides are not detected in the analysed sample.
Among trisulphides the major component was propenyl,
propyl trisulphide, dipropyl disulphide, bis (1-methyl-
ethyl) disulphide and 1-methylethyl propyl disulphide
were predominant disulphide components present
in the volatile oil analysed.

Table |

The compounds identified in Allium cepa L. essential oil

Compound Retention time (min) | Area %
Methyl, propyl disulphide 9.62 0.71
Mehanthiol 2.66 0.1
Dimethy!l trisulphide 10.74 0.49
3,4 and 2,4- Dimethyl-thiophene 8.92 2.50
1-Methylethyl, propyl disulphide 14.60 3.40
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Compound Retention time (min) | Area %
bis(1-methylethyl) disulphide 14.60 3.40
Dipropyl disulphide 14.60 3.40
2-Propenyl, propyl disulphide 14.83 1.41
3-Amino-2-thioxo-4-thiazolidinone 14.83 141
4,5-Dimethyl -isothiazole 15.30 0.52
Di-thioallyl propionate 14.97 0.43
1,3,5-Trithiane 15.96 0.67
Ethylthio- benzene 15.96 0.67
3-(Methylthio)- propene 16.22 0.59
Isothiocyanato-methane 16.11 0.35
Dimethyl disulphide 16.22 0.59
1,1-bis (Methylthio)-ethane 16.33 0.32
(S)-(+)-2-Ethyltetrahydrofurane 16.95 0.83
3,3-Bitiofene 17.96 1.09
Methyl-1-(methylthio) propyl-disulphide 18.61 1.10
1,2,4-Dithiazolidin-3-one 19.81 0.58
Propenyl, propyl trisulphide 20.49 46.05
3,5-Diethyl-1,2 4-trithiolane 20.70 23.50
6,8-Dioxabicyclo(3.2.1)octan-2.beta.-ol-3 9.88 1.69
2-(Methylthio)-butane 22.36 0.65
Thiazolidine 23.78 0.57
3Mercaptopropionic acid 24.02 0.54
Trans, trans-farnesol 25.76 1.22
S - propyl - L- cysteine 28.43 0.16
Hexadecanoic acid 29.21 0.23
2,4,6-D-3-phenyl- isocianide 31.79 0.96
Thiophene 6.34 0.28

This essential oil is similar in chemical composition
to that found by Mnayer et al. The difference in
composition found on the essential oil investigated
is likely to be related to abiotic factors such as

climate-specific regions of the sample origin and
geographical factors such as soil type [19].

Among the identified compounds by GS-MS, it has

been selected a number of 11 derivatives with various
structures, sulphides, acids, etc. (Table 1I).

Table 11

Compounds selected for docking experiments

Ligand Compound name Chemical structure
s CH CH
A Methyl propyl disulphide H3C/ N Z\CHZ/ °
[
B 1-Methylethyl propyldisulphide cH s oy
2
Hee” \CHZ/ \s/ cH,
S S
C Dimethy!l trisulphide HC/ \S/ \CH
3 3
CH S CH CH
D Dipropyldisulphide hc” Z\CH/ \S/ Z\CH/ :
3 2 2
CH S CH CH
E 2-Propenyl propyl disulphide HC/ \CHZ/ \S/ 2\CH2/ ’
2
H5;C S
F Dimethyl disulphide ° N Neh
3
CHj;
G Ci . . CH, S S =
is-propenyl propy! trisulphide e \CHZ/ ~¢ H
H
o)
H 3-mercaptopropionic acid CH |cl
2
ws” ey o
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Ligand Compound name Chemical structure
CHs
. . . HiC S CH
| Bis(1-methylethyl) disulphide ° NHAN cH,
CHj
I
. HC CH, CH, C
- - ~
J S-propyl L-cysteine chy s ~r on
NH,
I
K Hexadecanoic acid
CH, CH, CH, CH, CH, CH, CH, c
H3C/ \CHZ/ \CHZ/ \CHZ/ \CHZ/ \CHQ/ \CH2/ \CHZ/ \OH
Table 111 shows the binding energy calculations in Hydrogen bonds occur between an H and two strongly

which, compound K exhibited the maximum interaction
energy. In contrast, dimethyl disulphide showed the
least interaction energy compared to all other ligands.

The binding mechanism between proteins and small they can increase the strength and
molecules like drugs involves several bonds such as receptor interaction substantially.

hydrophobic force, hydrogen bonds, electrostatic
interactions and van der Waals interactions [20].

The Van der Waals force is a transient, weak electrical
attraction of one atom to another. Van der Waals

attractions exist because every atom has an electron amino acids in the active site of
cloud that can fluctuate, yielding a temporary electric in Table VI.

dipole. The van der Waals forces may seem insignificant

because of their weak character.

negatively-charged groups (e.g., N, O, F). A single
hydrogen bond is weaker than the electrostatic forces,
but when several hydrogen bonds occur simultaneously,

stability of a drug-

In Tables IV and V there are presented the van der
Waals forces values and H-bond profile for Dengue
virus proteins with the investigated ligands.

The interactions of the designed compounds with the

proteins are listed

Table 111

The total binding energy (kcal/mol) profile for Dengue virus proteins with the investigated ligands

. Capsid Envelope NS1 NS2A NS2B-NS3 protease NS3 helicase NS5
Ligand - . . . - - .
protein protein protein | protein protein protein protein
A -42.27 -35.62 -44.26 -272.57 -35.71 -43.77 -36.99
B -48.34 -43.38 -56.91 -346.85 -44.52 -48.32 -49.53
C -37.05 -30.33 -37.99 -233.03 -28.88 -35.35 -33.44
D -53.93 -41.79 -57.65 -363.47 -45.42 -47.89 -52.02
E -56.99 -48.85 -56.23 -387.97 -48.95 -58.26 -51.23
F -31.64 -29.03 -31.66 -203.11 -25.88 -30.46 -29.01
G -55.86 -48.43 -56.89 -384.29 -49.62 -55.22 -52.41
H -51.14 -45.29 -50.74 -257.63 -39.37 -59.08 -51.3
| -51.31 -41.59 -51.37 -300.56 -43.91 -49.62 -50.85
J -65.18 -66.62 -71.41 -441.29 -65.42 -69.84 -67.51
K -83.65 -78.06 -86.84 -451.87 -94.56 -104.48 -78.26
Table IV
Van der Waal’s force (kcal/mol)
. Capsid Envelope NS1 NS2A NS2B-NS3 protease | NS3 helicase NS5
Ligand - . . . - . .
protein protein protein protein protein protein protein
A -42.27 -35.62 -44.26 -272.57 -35.71 -43.77 -36.99
B -48.34 -43.38 -56.91 -346.85 -44.52 -48.32 -49.53
C -37.05 -30.33 -37.99 233.03 -28.88 -35.35 -33.44
D -53.93 -41.79 -57.65 -363.47 -45.42 -47.89 -52.02
E -56.99 -48.85 -56.23 -387.97 -48.95 -58.06 -51.23
F -31.64 -29.03 -31.66 -203.11 -25.88 -30.46 -29.01
G -55.86 -48.43 -56.89 -384.29 -49.62 -55.22 -52.41
H -26.06 -30.16 -39.41 -229.92 -25.48 -31.53 -28.64
| -51.31 -41.59 -51.37 -300.56 -43.91 -49.62 -50.85
J -56.15 -46.63 -54.17 -406.29 -51.57 -48.27 -48.71
K -81.44 -64.76 -65.13 -422.31 -74.54 -77.1 -6.4
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Table V
H-bond profile for Dengue virus proteins with the investigated ligands
. Capsid Envelope NS1 NS2A NS2B-NS3 protease | NS3 helicase NS5
Ligand . . ] . - - -
protein protein protein | protein protein protein protein
A - - - - - - -
B - - - - - - -
C - - - - - - -
D - - - - - - -
E - - - - - - -
E - - - - - - -
G - - - - - - -
H H-M H-M H-M H-M H-M H-M H-M
H-S H-S H-S H-S H-S
| - - - - - - -
] ] H-M H-M HM H-M H-M H-M
H-S H-S H-S H-S H-S
K H-M H-M H-S H-M H-M H-M
H-S H-S H-S H-S

H-M is the hydrogen bonding between the viral protein and the main chain of the aminoacid; H-S is the hydrogen bonding between the viral

protein and the side chain of the aminoacid

Table VI
Amino-acid position/profile for Dengue virus proteins with the investigated ligands
. NS2B-NS3 .
Ligand Caps!d Envelqpe NS1 protein NSZA protease NS3 hell_case NS5 protein
protein protein protein . protein
protein
A - - - - - - -
B - - - - - - -
C - - - - - - -
D - - - - - - -
E - - - - - - -
E - - - - - - -
G - - - - - - -
H ARG(22)/-7 | ARG(629)/-7 ILE(242)/-7 PHE(15)/ | ASN(105)/-7 | LYS(199)/-6.4 | ASN(174)/-7
THR(25)/-5 ASN(255)/-3.5 -2.9 | ASN(105)/-3.4 | THR(200)/-4.6 | HIS(200)/-3.5
| - - - - - - -
ILE(242)/ TYR(299)/LYS(
; ] SE('_‘;(758§/7)QT;( RI'ILE(43y | ALAQOY | LEU(149)-3.5 | ASN(329)/-5.3 | 300)/TRP(302)/
LYS(613)/6.6 GLY(249)/-3.5 -35 | ASN(152)/-3.4 | ASP(192)/-6.7 | TYR(304)/-3.5
' ASN(255)/-3.5 LYS(95)/-3.5
LEU(29)/-3.5 HIS(181)/HIS(229)/ | ALA(10)/ | ASP (58)/-3.5 | LYS(199)/-5.6
K| arc(esy-a5| C-Y©®28) 63| "rppo10).35 | 33 | ARG(60)-12.7 | THR(0O)5 | 15627

A close-up view of the profile for Dengue virus
selected protein with the investigated ligands is shown
in the Figures 1-7.

Considering the data in Table Il - VI, the 3D structure
coordinates of seven Dengue proteins were optimized.
Evaluations of binding conformation of the compounds
with Dengue proteins were performed using IGEMDOCK
version 2.1. From the docking study, we listed the
binding affinities of the 11 compounds based on
ligand binding energy. The binding pose for each
ligand molecule into the Dengue viral proteins were
analysed and the one having the lowest ligand binding
energy with these proteins among the different poses
were generated. The lower energy scores represent a
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better protein-ligand target binding affinity compared
to a higher energy score.

Among the 11 selected compounds from onion ail,
hexadecanoic was found to have the lowest binding
energy especially for NS2A protein and NS3 helicase
(binding energy value = -451.87 kcal/mol, respectively
-104.48 kcal/mol) (Table I11).

NS2A is a 22-kDa hydrophobic protein that was
previously shown to be important for the viral
replication and pathogenesis. NS2A participates in
the viral RNA synthesis, viral assembly, virus-induced
membrane formation, contributes to the production
of NS1 and inhibits interferon o/ response [21].
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Figure 1.

Interaction of all compounds with capsid protein

Figure 3.
Interaction of compounds with NS1 protein

Figure 5.
Interaction of compounds with trans-membrane
domain of NS2B - NS3 protease protein

Figure 2.
Interaction of compounds with envelope protein

Figure 4.
Interaction of compounds with trans-membrane
domain of NS2Aprotein

Figure 6.
Interaction of compounds with trans-membrane
domain of NS5protein

Figure 7.
Interaction of compounds with trans-membrane domain of NS3 helicase protein

The NS3 protein functions as a protease, helicase
and nucleoside triphosphatase and it is essential for
Dengue replication and polyprotein processing. The
N-terminal 180 amino acids of NS3 make up the serine
protease domain, while the C-terminal domain encodes
the helicase activity [22].

53

The hydrogen bond, hydrogen bond energy and,
respectively, amino acid positions for each ligand
were studied. Interaction analysis of binding mode
of compound K for NS2A protein and NS3 helicase
revealed that it forms a hydrogen bond of low
energy with Ala and, respectively, two hydrogen bonds
with Lys(199) and Thr(200) residues.
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The interaction analysis of binding mode of compounds
A-K on Dengue proteins revealed that hexadecanoic
acid (compound K) might be the best suitable for
interaction with investigated non-structural Dengue
proteins.

We further analysed the docked pose for finding the
binding mode of hexadecanoic acid to Dengue proteins
to validate the reasonable binding conformations.

Conclusions

Docking of small molecule compounds into the
binding site of a receptor and estimating the binding
affinity of the complex is an important part of the
structure based drug design process.

Our molecular docking studies explored the possible
binding modes of 11 compounds that were chosen
from the GC-MS results of Romanian onion oil on
seven non-structural proteins of the Dengue virus
which include the envelope protein, NS1 protein,
transmembrane domain of NS2A, NS2B/NS3 protease,
NS3 helicase, NS5 protein and the capsid protein.
The most active compound was K (hexadecanoic
acid), which showed the best results in compared to.
Comparing the binding energy and the binding site
residues, we found that all compounds differ either
in their binding modes or with the binding site
residues for hydrogen bond formation. The conclusion
drawn from our virtual screening and docking was
that the compound K has the highest binding affinity
with most of the proteins and it can be used as an
effective drug target for Dengue virus. Even though,
there are many reports in the literature on the in vitro
analysis of these compounds and its antioxidant
properties, but there are no in silico studies that
predict the binding and active regions especially
with these proteins. Our study is probably the first
such attempt to predict the binding site. However,
validation of our results through in vivo and in vitro
experiments along with animal models will enlighten
the hope for the future development of more potent
drugs for treating Dengue fever.
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