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 INTRODUCTION 
            Shigella, a human bacterial pathogen, is responsible for Shigellosis 
which invades the colonic mucosa and causes severe dysentery. An 
estimated 1.1 million deaths and 160 million cases per year are attributed to 
shigellosis (Kotloff et al., 1999). Currently, no vaccine has been developed 
against this pathogen. Existing antimicrobial treatments are becoming of 
low effectiveness because of increased antibiotic resistance.
         Like other gram negative bacterial pathogens, Shigella, sp. possess a 
stock of around 30 effector proteins to be delivered into host cells by a type 
III secretion apparatus (T3SA) (Buchrieser et al., 2000). These effectors 
secreted by Shigella type III secretion system function to facilitate infection, 
bacterial survival and replication. Studies have shown that in past 20 years 
the effector protein secreted by type III secretion apparatus weakens 
innate immunity systems by targeting signaling pathways (Phalipon and 
Sansonetti, 2007).
     Shigella targets ubiquitination pathways with the help of effector 
molecules and disrupt it (Schwartz and Ciechanover, 1999; Karin and Ben-
Neriah, 2000). These effectors of Shigella have a variety of functions, some 
of the effectors involve in adapter assembly eg. Nieb (Nadler et al., 2010), 
some effectors interfere with ubiquitin mediated signal transduction eg. 
Ospl, EIEC (Fu et al., 2013) and some of the effectors which directly target 
NF-kB or prevent its translocation to the nucleus eg, OspG which is the first 
effector protein found to modulate immune response by Shigella. It 
consists of kinase like domain, and an N terminal T3SS secretion signal 
and shares sequence similarity with eukaryotic protein kinases of the RIO 
family (Kim et al., 2005). This protein binds to ubiquitin conjugating 
enzymes (E2~Ubiquitin) thus preventing proteasome degradation of NFkB 
by IkBα (Zhou et al., 2013). Studies have shown that OspG promotes 
proteasome degradation of the NF-kB inhibitor IkBα during Shigella 
infection to hamper immune response (Li and Verma, 2002). The effect of 
this pathway depends upon the kinase activity of OspG effector protiens 
(kim et al., 2005). Studies have been done to understand its crystal 
structure for the analysis of its interaction with E2-Ub complex have shown 
that this protein is dynamic and weakly active when free, but shows a great 
stability and its kinase activity is enhanced upon binding to E2~Ubiquitin 
(Grishin et al., 2014).
          In this study, we tried to elucidate the binding of polyphenols 
(Apigenin, Luteolin, Morin, Naringenin, Quercetin, Resveratrol and 
Taxifolin) to OspG ATP binding site with the help of molecular docking.

EXPERIMENTAL
Molecular docking
           AutoDock 4.0 suite was used as molecular-docking tool to carry out 
the docking simulations (Morris et al., 1998). The crystal structure of OpsG 
kinase (pdb id 4BVU) obtained from RCSB protein data bank and the 
structures of polyphenols generated from smile strings. Hydrogen atoms 
were added to OpsG kinase crystal structure using autodock program while 

all non polar hydrogen atoms were merged. Lamarkian genetic algorithm 
was used as a search parameter which is based on adaptive local search. 
Short range vander Waal and electrostatic interactions, hydrogen bonding, 
entropy losses were included for energy based autodock scoring function 
(Berendsen et al., 2005; Sudhamalla et al., 2010). The lamarkian GA 
parameters used in the study were: numbers of run, 30; population size, 
150; maximum number of evals; 25000000, number of generation; 27000, 
rate of gene mutation; 0.02 and rate of cross over; 0.8. Blind docking is 
carried out using grid size 126, 126 and 126 along the X, Y and Z axes with 
0.480 Å spacing. The grid center was set to 5.033, 38.562 and 23.562 Å. 
RMS cluster tolerance was set to 2 Å. Semi-flexible docking was performed 
which included a flexible ligand and a rigid receptor.

RESULTS AND DISCUSSION
              OspG is an effector kinase released from the type III secretion 
apparatus of pathogen Shigella species. This effector kinase targets the 
host inflammatory response against the pathogen and disrupts it by 
binding to E2-Ub complex and further interfere the ubiquitination 
machinery. A comparative study has been done using the molecular 
docking tool Autodock to evaluate the potential of polyphenols to inhibit 
OspG kinase activity. We studied and founds even polyphenols (Apigenin, 
Luteolin, Morin, Naringenin, Quercetin, Resveratrol, Taxifolin) bound to 
OspG effector kinase in the ATP binding site with binding energy shown in 
Table 1. And thus preventing ATP to bind to it which may lead to 
reduced/diminished pathogenic activity against the host.The polyphenol 
Apigenin forms hydrogen bonding with the Glu72, Asp157, Val101 and 
Arg100 with the OspG and shows binding energy of -6.13 KJ/mol (Fig 2). 
The polyphenol Luteolin forms hydrogen bonding with the Val101 and 
Lys53 with the OspG and shows binding energy of-7.20 KJ/mol (Fig 3). The 
polyphenol Morin forms hydrogen bonding with the Glu72, Asp157, Val101 
and Arg100 with the OspG and shows binding energy of -6.23 KJ/mol (Fig 
4). The polyphenol Naringenin forms hydrogen bonding with the Gln71 and 
Glu72 with the OspG and shows binding energy of -7.07 KJ/mol (Fig 5). 
The polyphenol Quercetin forms hydrogen bonding with the Glu72 and 
Met68 with the OspG and shows binding energy of -8.35 KJ/mol (Fig 6). 
The polyphenol Resveratrol forms hydrogen bonding with the Gln71, 
Asp157 and Lys53 with the OspG and shows binding energy of -6.63 
KJ/mol (Fig 7). The polyphenol Taxifolin forms hydrogen bonding with the 
Glu72, Asp157 and Gly103 with the OspG and shows binding energy of  -
7.58 KJ/mol (Fig 8). 
      OspG consists of two subdomains N-terminal and C- terminal 
subdomains with an active center between them. The N-terminal 
subdomain (residues 26–101) is assembled in the form of a five-stranded β 
sheet (β1– β5) and a helix α1 (segments I–IV) and also consists of a Gly-
rich P loop (segment I) with the sequence I33GQGSTAEI41, the invariant 
Lys53 (segment II), and Glu72 (helix α1, frequently called a helix C, 
segment III). The ATP binding occurs with the P loop, whereas Lys53
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Shigella, an enteric bacterial pathogen, causes the infectious disease Shigellosis which is responsible for severe dysentery in 
human. Shigella causes suppression of human inflammatory response and invade host with the help of OspG which plays a 
critical role in suppressing host inflammatory response. This protein binds to the E2-Ubiquitin conjugating enzyme and prevents 
proteasome degradation of NF-kB by IkBα (inhibitor of NF-kB), thus, suppresses inflammatory responses.A group of 
polyphenols (Apigenin, Luteolin, Morin, Naringenin, Quercetin, Resveratrol and Taxifolin) were evaluated by molecular docking 
against this OspG effector kinase.Polyphenols were found to occupy the ATP binding site of the OspG and may interfere with 
ATP binding which is essentially required for OspG activity. This will prevent the suppression of inflammatory response. 
Quercetin showed highest (negative) binding energy with OspG and can be used as a potential lead structure against the 
Shigella.
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Fig. 1: Schematic representation of role performed by OspG in Shigella invasion and its inhibition by polyphenols.
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Fig. 2: OspG-Apigenin complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.

Fig. 3: OspG-Luteolin complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.



Fig. 4: OspG-Morin complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.

Fig. 5: OspG-Naringenin complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.

Fig. 6: OspG-Quercetin complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.
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 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 
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 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

Table 1: : Binding energy of OspG-polyphenol complex.

Fig. 7: OspG-Resveratrol complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.

Fig. 8: OspG-Taxifolin complex (A) cartoon representation (B)OspG interaction plot generated by Ligplot.

 

S.No polyphenol Binding Energy (kJ/mol) 

1 Apigenin -6.13 

2 Luteolin -7.20 

3 Morin  -6.23 

4 Naringenin -7.07 

5 Quercetin -8.35 

6 Resveratrol -6.63 

7 Taxifolin -7.58 
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participates in the orientation of ATP β- and γ-phosphate groups. Hydrogen 
bond is formed between the carboxyl group of Glu72 and the amine group 
of Lys53, which in turn properly positions this side chain for catalysis. The 
C-terminal subdomain (residues 102–196) has a mixed α/β fold with two β 
strands (β6, β7), two long helices (α3, α4), and two one-turn helices (α2, 
α3') (segments V–VII, IX). It consists of a ''catalytic loop'' (segment VIB) 
with the sequence HYD138LNTGN143 (Hanks and Hunter, 1995). In 
OspG the conserved DFG motif in segment VII is replaced by the D157FR 
sequence. Segment VIII, which corresponds to the activation loop in 
regulatory kinases, is significantly shorter and is followed by the C-terminal 
helix α4 (also called a helix F, segment IX). A comparison with the 
structures of typical regulatory kinases indicates that an active confirmation 
is assumed in the complex by the OspG; the seven catalytically important 
residues (Gly34, Gly36, Lys53, Glu72, Asp138, Asn143, and Asp157) 
superimpose on the corresponding residues of the active state of protein 
kinase A (PKA; PDB ID code 1ATP) with a root-mean-square deviation 
(rmsd) of 0.8 A° for all Cα atoms. Additionally, the conformation of the 
conserved D157FR motif is also typical of the active state of the regulatory 
kinases. Moreover, the ''regulatory'' (R) and ''catalytic'' (C) spines, present 
only in the active states of regulatory kinases (Kornev et al., 2006, 2008), 
are fully assembled in OspG. The highest negative binding energy was 
shown by Quercetin, Luteolin, Morin and Taxifolin thus these polyphenols 
can act as good potential lead structure to develop inhibitors against 
invasion of Shigella species by targeting ATP binding site of ospG.

CONCLUSION
 OspG is an effector kinase released from the type III secretion 
apparatus of pathogen Shigella species. This effector kinase targets the 
host inflammatory response against the pathogen and disrupts it by binding 
to E2-Ub complex and further interfere the ubiquitination machinery. We 
performed molecular docking to elucidate the binding of polyphenols 
(Apigenin, Luteolin, Morin, Naringenin. Quercetin, Resveratrol and 
Taxifolin) to OspG ATP binding site with the help of molecular docking. The 
highest negative binding energy was shown by Quercetin, Luteolin, Morin 
and Taxifolin thus these polyphenols can act as good potential lead 
structure to develop inhibitor against invasion of Shigella species.
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