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ABSTRACT

Anthrax toxin released by virulent strains of the bacterium, Bacillus anthracis, plays key
factor in anthrax disease.

The main purpose of this study was to investigate the interaction between four flavonoid
ligands including Rhamnetin, Apigenin, Tectochrysin, Pinocembrin and protective antigens.

Bioinformatics checking was done by means of Molegro virtual docker and Chimera 1.7. Also,
in order for more accuracy, servers like Swiss Dock and BSP-SLIM, and all outputs obtained from
this software were compared with each other. The results demonstrated that Apigenin interacted
with the Glull7 which is crucial part of binding to its ligand with -12.3453 kca/mol. Also, the
highest Fullfitness among these four ligands attributed to Rhamnetin with -994.80 kcal/mol and
the AG =-7.06 kcal/mol.

Results demonstrated that every four ligands possessed interaction with protective antigen
and so have inhibitory effect on its interaction with cell membranes but the inhibitory activity of
Apigenin and Rhamnetin in interaction is stronger than others flavonoids. Results shown above
bring up laboratory studies based on these flavonoids in order to produce an efficacious drug

against anthrax.
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INTRODUCTION

Anthrax,  charbon  (France),  Milzbrand
(Germany) is derived from Greek anthrakos,
meaning coal, emanating from the black color of the
eschar in the human skin. Bacillus anthracis (so
named by Cohn in 1875) is agent for anthrax which
is peracute, acute or subacute disease involving a
broad range of animal including humans, mammals
and even birds [Turnbull P, 2002] it can occur
generally in three forms cutaneous anthrax,
gastrointestinal anthrax and inhalational anthrax

[Nickell Z, Moran M, 2017] leading not only to high
mortality rate also indirectly can affect Gross
national product [Siamudaala V et al., 2006]. Lack
of accurate controlling system and difficulty of
counting number of infected people throughout the
world contributes to lack of precise evaluation. The
distribution of anthrax is now in agricultural regions
of South and Central America, sub-Saharan Africa,
central and southwestern Asia, and southern and
eastern Europe [Sitali D et al., 2017]. Etiological
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agent of anthrax, Bacillus anthracis, is G+
endospore-forming bacterium belonging to the
family Bacillaceae and the class Clostridia which is
responsible for anthrax. The three proteins that
make up anthrax toxin are protective antigen (PA)
two enzymes, lethal factor and edema factor.
Combination of each part with another lead to
produce two distinct reactions in host: protective
antigen + lethal factor brings about edema and
protective antigen ~+lethal factor bring about death
[Blaustein R et al., 1989]. Protective antigen can
joint with a membrane receptor and the N-
terminal20-kDa domain of PA20 is cut by cellular
protease (Furin), relinquishing the C-termina63
-kDa domain to join to the receptor [Molloy S et al.,
1992]. Elimination of PA20 exposes a site on
protective antigen 63 where bind either edema
factor or lethal factor. The critical issue occurs when
PA is suitable to interact with endosomal membrane
in order to the lipid layer to the cytosol [Milne J et
al., 1994] and consequently can inhibit the
neutrophils activity and suppress the immune
system [Collier R, Young J, 2003]. Nowadays,
excessive consumption of antibacterial and
antibiotics and the danger of resistance pose a risk
to human health [Dar D, Sorek R, 2017] result in
investigating large number of scholars, introducing
and inventing natural poly phenol replaced
antibiotics [Pearson H et al., 2017]. unfortunately,
lack of optimal efficiency, unwanted side effect,
high cost of production and lack of guarantee against
all source of B. anthracis are the stumbling blocks
of current vaccine [Tournier J et al., 2009;
Mushayabasa S et al., 2017] so, introducing and
identifying new natural compound to combat with
anthrax is essential part of sustainable program.
Propolis, part of defense system substance, releasing
from honey bee as an antibacterial and antiseptic
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FIGURE 1. (4) 3D structure of Protective\(B) Secondary
structure of Protective Antigen (PA)

agent in hive [Simone-Finstrom M et al., 2017]. In
addition, anticancer [Pang S et al., 2017] antioxidant
[Ferreira J et al, 2017] and anti-septic effect
especially in implant operation is proven in human
. The primary aim of this study was to investigate
the inhibitory effect of propolis flavonoid on
protective  antigen interaction based on
bioinformatics methods.

MATERIAL AND METHODS

(Crystal Structure of the von Willebrand factor

A domain of human capillary morphogenesis

protein 2: an anthrax toxin receptor)

The 3D structure of receptor was derived from
Protein Data Bank at www.rcsb.org with 1SHT
number (Fig. 1). This web source is a complete
source of information making up more than one
hundred of biological macromolecule 3D structures
such as protein and nucleic acids. The sequence of
Amino acid of receptor and its own identification
number extracted from NCBI web site) and also
identification number P13423 of 3D structure is
delineated in figure 2. Four out of all propolis
components were selected as ligand to more
investigate, then the 3D structure of them was
obtained from www.zinc.docking.org and www.
chemspider.com (Fig. 3).

NTINPSENGDTSTNGIKKILIFSKKGYEIG

MKKRKVLIPLMALSTILVSSTGNLEVIQAEVKQENRLLNESESSSQGLLGYYFSDLNFQAPMVVTSSTTGDLS
IPSSELENIPSENQYFQSAIWSGFIKVKKSDEYTFATSADNHVTMW VDDQEVINKASNSNKIRLEKGRLY QIKI
QYQRENPTEKGLDFKLYWTDSQNKKEVISSDNLQLPELKQKSSNSRKKRSTSAGPTVPDRDNDGIPDSLEVE
GYTVDVKNKRTFLSPWISNIHEKKGLTKYKSSPEKWSTASDPYSDFEKVTGRIDKNVSPEARHPLVAAYPIVH
VDMENIILSKNEDQSTQNTDSQTRTISKNTSTSRTHTSEVHGNAEVHASFFDIGGSVSAGFSNSNSSTVAIDHS
LSLAGERTWAETMGLNTADTARLNANIRY VNTGTAPIYNVLPTTSLVLGKNQTLATIKAKENQLSQILAPNNY
YPSKNLAPIALNAQDDFSSTPITMNYNQFLELEKTKQLRLDTDQVYGNIATYNFENGRVRVDTGSNWSEVLP
QIQETTARIIFNGKDLNLVERRIAAVNPSDPLETTKPDMTLKEALKIAFGFNEPNGNLQYQGKDITEFDFNFDQ
QTSONIKNQLAELNATNIYTVLDKIKLNAKMNILIRDKRFHYDRNNIAVGADESVVKEAHREVINSSTEGLLL
NIDKDIRKILSGYIVEIEDTEGLKEVINDRYDMLNISSLRQDGKTFIDFKKYNDKLPLYISNPNYKVNVYAVKE

FIGURE 2. Amino acid sequence of anthrax protective antigen in NCBI
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FIGURE 3. Structure of ligands

The interaction between each ligand and its
receptor was investigated based on Swissdock web
server at www.swissdock.ch. This web server was
established in order for online studying of interaction
between ligands and proteins acting according to
EADock DSS. First, the three-dimensional structure
of protein or the issue number of protein and ligand
should be given. The duration time of docking
depends on the size of protein and ligand. The
results of docking demonstrated Fullfitness as a
number indicative of interaction and Estimated AG
as an energy. The higher negative score is indicative
of stronger interaction between protein and ligands
[Mohammadi E et al, 2017]. After finding of
appropriate ligand for each receptor, identifying of
the appropriate amino acid agent in joining process
was done by means of Chimera software (UCSF
Chimera Version 1.7) chimera isextensible
programfor analyzing molecular structure according
to their density maps, supramolecular assemblies,
sequence alignments, docking results, trajectories,
and conformational ensemblesiThe results of
docking demonstrated Fullfitness as a number
indicative of interaction and Estimated AG as an
energy. The greater negative score is indicative of
stronger interaction between protein and ligands
(www.cgl.ucsf.edu/chimera) [Saedi Z et al., 2017].

RESULTS

Analyzing of data used by SwissDock web
server was indicated of compound interacting with
receptor with apt energy (Table 1). The results
pertained to interaction of ligand and Protective
antigen used by SwissDock web
demonstrated that the highest fulfitness was refered
to Rhamnetin with AG= kcal/moll -7.06 and
Fullfitness= -994.80 kcal/moll then Apigenin
AG= -6.22 kcal/moll and Fullfitness= - 947.67
kcal/moll Tectochrysin AG= -6.59 kcal/moll -7.06
and Fullfitness= -930.25 kcal/moll Pinocembrin
AG -7.08 kcal/moll -7.06 and Fullfitness= -912.4

Server

HO

TECTOCHRYSIN

PINOCEMBRIN

kcal/moll. The comparison of interaction by BSP-
SLIM server (http://zhanglab.ccmb.med.umich.
edu/BSP-SLIM) asserted that the greatest
interaction was in Rhamnetin, Tectochrysit,
Apigenin and Pinocembrin (Table 2). The results
of interaction between ligands and Protective
antigen (http://zhanglab.ccmb.med.umich.edu/
BSP-SLIM) asserted that Apigenin interacted with
9 amino acids of protective antigen including
glutamic acid 117, key factor of anthrax disease,
which was -12.3453 kcal/moll (Table 3).

TABLE 1
Interaction between propolis compound and protective

antigen based on SwissDock

]
2 s
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1 -6.22 -947.67
30 2 -6.02 -940.61
Apigenin PA 3 -5.99 -937.55
(230 Tuns) =S 81 921,54
5 -5.80 -915.39
1 -7.06 -994.80
30 2 -6.46 -994.77
Rhamnetin PA 3 -6.35 -986.33
(250 runs)
4 -6.21 -981.24
5 -6.20 -980.23
1 -6.59 -930.25
30 2 -6.58 -929.84
Tectochrysin  PA (250 runs) 3 -6.45 -926.36
4 -6.37 -920.28
5 -631 -919.27
1 -6.82 -912.43
30 2 -6.74 -910.60
Pinocembrin  PA 3 -6.73 -908.14
(250 runs)
4 -6.62 -893.87
5 -6.60 -892.39
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TABLE 2
Interaction between propolis flavonoids and
protective antigen by BSP-SLIM server

Docking Score

Ligand Score Score Score Score Score
» @ 6 » 6
Apigenin 4.726 4.570 4.382 4.125 3.372
Rhamnetin ~ 5.665 4.592 4.532 4.336 4.024
Tectochrysin 5.271 4.275 3.724 3.463 2.817
Pinocembrin 4.407 3.259 2.867 2.523 2.348
TABLE 3

Interaction between Propolis flavonoids and
protective antigen amino acid
Estimated AG (kcal/mol)

Asp 148 (-0.3370), Glu 117 (-12.3453),
Gly 116 (-1.3951), Gly 153 (-0.5462),

Ligand

Apigenin  Leu 151 (-6.5232), Ser 52 (-0.4103),
Ser 54 (-3.0104), Thr 119 (-20.2181),
Val55 (-2.5833).
Asn 128(-3.2204), Gln 132(-0.9375),
Rhamnetin  Glu 122(-4.0516), Glu 129(-4.2142),

1le165(-1.5798), Ser 157(-5.2051).
Tectochrysin Glu 162 (-5.7558), His 121 (-7.6844).

Asn 128 (-2.4461), Gln 132 (-0.5863),
Pinocembrin His 121 (-6.9734), Lys 125 (-13.9316),
Lys 161 (-6.8720), Lys 158 (-8.7244).

DiscussioNn

This research evidenced that 4 ligands of prop-
olis (Rhamnetin, Apigenin, Tectochrysin, Pino-
cembrin) had strong interaction with Protective
antigen. The results have shown that Apigenin
with -12.3453 kcal/moll. In accordance with the
major role of Protective antigen in anthrax disease
and start the mechanism of disease, Apigenin have
inhibitory by interfering effect on Protective anti-
gen and its receptor in cell memberance. Apigenin
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