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Abstract: Due to an increase in the occurrence of multi drug resistant microorganisms a need for the development of alternative drugs comes in light. This 
alternative drug should be such that the microorganisms should not be able to develop resistance against them easily. Antimicrobial peptides are the most potential 
candidates to be developed as alternative drug. In the present study the three toxins ETA, ETB and PVL of Staphylococcus aureus were docked with four antimi-
crobial peptides, Ib-AMP1, JCPep7, Snakin2, Sesquin, derived from plants. The docking studies predict that Ib-AMP1 shows significant interactions with all these 
three toxins. Hence, further studies can be carried out for developing Ib-AMP1 as an alternative drug against the toxins of Staphylococcus aureus.
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Introduction

The drug resistant microorganisms have been posing 
a great threat to the medical world since last few decades 
(1). People consume the doses of antibiotics carelessly, 
sometimes overuse or underuse of such antibiotics gives 
rise to drug resistant microorganisms (2). These drug 
resistant microorganisms adapt several mechanisms to 
resist the conventional antibiotics, like causing several 
adaptations in their binding site to prevent the antibio-
tics from binding or deactivation of the antibiotics it-
self (3). These drug resistant microorganisms make the 
treatment of diseases difficult. Hence a need for deve-
lopment of alternative drug comes in light. A lot of work 
is being done on antimicrobial peptides to develop them 
as alternative drug (4).

Antimicrobial peptides are a part of innate immune 
system of all the classes of organisms such as from 
prokaryotes to eukaryotes. These are small length pep-
tides (5, 6, 7). Due to several incidences of drug resis-
tant microorganisms coming in light, the antimicrobial 
peptides are being developed as alternative drug. The 
mechanism of action of the antimicrobial peptides is by 
interacting with the membranes of the microorganisms. 
The microorganisms will have to modify a large part 
of their membranes to become resistant towards these 

antimicrobial peptides as these antimicrobial peptides 
are larger. This will be very energy consuming process. 
Hence, the microorganisms are less likely to develop 
resistance against antimicrobial peptides (8).

In the present study four antimicrobial peptides of 
plant origin and three toxins of staphylococcus aureus 
were docked. The details of antimicrobial peptides used 
are shown in Table 1.

Several problems in humans like scalded skin syn-
drome, superficial infections, endocarditis etc are caused 
by human pathogen staphylococcus aureus. The two 
exfoliative enzymes (ETA and ETB) are responsible for 
scalded skin syndrome. The ETA is heat stable and lo-
cated on chromosome. The ETA consists of 242 amino 
acids and has molecular mass of 26,950 Da. The ETB 
is heat labile and located on plasmid. The ETB consists 
of 246 amino acids and has molecular mass of 27,274 
Da (13). PVL is an exotoxin responsible for necrotizing 
disease. These above three toxins of staphylococcus 
aureus were used for the present docking studies (14).

Materials and Methods

In the present study exfoliative toxin A (ETA), exfo-
liative toxin B (ETB) and Panton-Valentine leukocidin 
(PVL), the three toxins of Staphylococcus aureus, were 

S. No. Name of 
antimicrobial peptide

Source of antimicrobial 
peptide

Length of 
antimicrobial peptide

Sequence of Antimicrobial 
peptide Reference

1. Ib-AMP1 Impatiens balsamina 
[Balsam] 20 QWGRRCCGWGPGRRYCVRWC 9

2. JCpep7 Jatropha curcas 7 KVFLGLK 10

3. Sesquin Vigna unguiculata subsp. 
sesquipedalis [Cowpea] 10 KTCENLADTY 11

4. Snakin-2 Solanum tuberosum 
[Potato] 15 SYKKIDCGGACAARC 12

Table 1. This table shows the source, length and sequence of the plant derived antimicrobial peptides used for the present study.
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docked with four antimicrobial peptides, i.e., Ib-AMP1, 
JCPep7, Sesquin and Snakin-2, of plant origin. 

The PDB structures of ETA, ETB and PVL were 
downloaded from RCSB database (15,16). The PDB 
ID of ETA, ETB and PVL are 1DUA, 1DT2 and 1PVL 
respectively. The 3 dimensional structures of the anti-
microbial peptides were modelled using PEPstr server 
(17). 

The PDB structures of toxins were checked for the 
presence of water molecules and inhibitors. The water 
molecules and the inhibitors attached with the PDB 
structures were removed and hydrogens were added 
to these toxin structures. Then these structures were 
energy minimized and used for docking. The complete 
flexible docking was performed for the three toxins and 
the four antimicrobial peptides using FireDock server 
(22, 23). First the toxin and the antimicrobial peptide 
were docked using Patchdock server (18, 19, 20, 21). 
The solutions of this docking were further refined using 
Firedock server. Then the non bonding interactions were 
analyzed using Discovery Studio 4.1 Client viewer (24).

Results

All the various confirmations of all twelve sets of 
dockings performed were analyzed for the best docking 
confirmation with significant global energy in each doc-
king. The hydrogen bonds and the global energy of the 
best confirmations of all the dockings were compared. 
The antimicrobial peptide giving the most significant 
result for all the toxins is predicted as the best one to be 

developed as drug against these three toxins of Staphy-
lococcus aureus. 

The dockings were performed first with Patchdock 
server. The toxins were given as the receptor input and 
the antimicrobial peptides were given as the ligand input. 
Clustering RMSD is kept at 4 Å for the docking. The 
solutions of these dockings were again given as input to 
the Firedock server for refinement. The Firedock server 
is specific for the protein-protein interactions. Further 
the refined results from the Firedock server were studies 
for the interactions. The Table 2 contains the most signi-
ficant results of all the dockings performed. Then these 
results were compared for finding the most significant 
antimicrobial peptide against these toxins of Staphylo-
coccus aureus. 

When Ib-AMP1 is docked with the three toxins ETA, 
ETB and PVL, the best docked complexes have -23.16 
kcal/mol with 2 hydrogen bonds, -17.18 kcal/mol with 
4 hydrogen bonds and -22.15 kcal/mol with 3 hydrogen 
bonds respectively. The best docked complexes after 
docking JCPep7 with ETA, ETB and PVL have -21.22 
kcal/mol with 1 hydrogen bond, -18.28 kcal/mol with 2 
hydrogen bonds and -7.8 kcal with no hydrogen bond 
respectively. ETA, ETB and PVL after docking with 
Sesquin gave best docked complexes as -22.58 kcal/mol 
with 1 hydrogen bond, -13.88 kcal/mol with 2 hydrogen 
bonds and -11.04 kcal/mol with 2 hydrogen bonds. The 
best docked complexes after dockingSnakin-2 with 
ETA, ETB and PVL have -47.39 kcal/mol with 4 hy-
drogen bonds, -14.87 kcal/mol with 3 hydrogen bonds 
and -24.96 kcal/mol with no hydrogen bond.

S. No. Antimicrobial peptide Toxin Global energy of the best 
docked complex (kcal/mol)

No. Of hydrogen bonds of the 
best docked complex

1. Ib-AMP1
ETA -23.16 2
ETB -17.18 4
PVL -22.15 3

2. JCPep7
ETA -21.22 1
ETB -18.28 2
PVL -7.80 0

3. Sesquin
ETA -22.58 1
ETB -13.88 2
PVL -11.04 2

4. Snakin-2
ETA -47.39 4
ETB -14.87 3
PVL -24.96 0

Table 2. This table represents the global energy and number of hydrogen bonds formed by the docking interactions of the toxins ETA, ETB 
and PVL with antimicrobial peptides Ib-AMP1, JCPep7, Sesquin and Snakin-2.

S.No. Toxin Antimicrobial 
peptide

No. Of Hydrogen bonds formed 
between Ib-AMP1 and toxin

H-Donor 
Amino acid

H-Acceptor 
Amino acid

1. ETA Ib-AMP1 2 conventional hydrogen bonds His72 Gln1
Gln1 Asp120

2. ETB Ib-AMP1 4 conventional hydrogen bonds

Arg218 Cys7
Arg218 Cys6
Cys6 Asn173

Lys204 Lys9

3. PVL Ib-AMP1 1 salt bridge and 3 conventional 
hydrogen bonds

Gln1 Asp268
Arg271 Gln1
Lys155 Arg5
Arg13 Gln104

Table 3. This table shows the number of hydrogen bonds formed and the hydrogen donor and acceptor amino acid formed by the docking 
interactions of ETA, ETB and PVL with Ib-AMP1.
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PVL and Ib-AMP1 are shown in Figure: 2 and Figure: 3 
respectively. Thus, Ib-AMP1 gives significant docking 
energies and also significant intermolecular interactions 
between toxins and antimicrobial peptides. Further 
work can be conducted to develop Ib-AMP1 as an alter-
native drug against the toxins of Staphylococcus aureus.
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Discussion

The best docking energy of docked complexes of 
ETA with all the four antimicrobial peptide was with 
Sankin-2. The docked complex has -47.39 kcal/mol 
with 4 hydrogen bonds formed between ETA and Sna-
kin-2. The best docking energy of docked complexes 
of ETB with all four antimicrobial peptide was with 
JCPep7. The docked complex has -18.28 kcal/mol with 
2 hydrogen bonds formed between ETB and JCPep7. 
The best docking energy of docked complexes of PVL 
with all the four antimicrobial peptide was with San-
kin-2. The docked complex has -24.96 kcal/mol but no 
hydrogen bond formed between PVL and Snakin-2. 

The present study was aimed at predicting an anti-
microbial peptide which could be developed as drug 
against Staphylococcus aureus as it would give signifi-
cant docking results with all its three toxins ETA, ETB 
and PVL. After the analysis of all the docking results 
of the toxins and antimicrobial peptides, it was predic-
ted that Ib-AMP1 gives most significant docking results 
with all the three toxins ETA, ETB and PVL. The inte-
ractions are shown in Table: 3. The docked complex of 
Ib-AMP1 and ETA has -23.16 kcal/mol and two hy-
drogen bonds are formed between ETA and Ib-AMP1.  
The docked complex is shown in Figure: 1. The docked 
complexes of ETB and PVL with Ib-AMP1 have -17.18 
kcal/mol with 4 hydrogen bonds between ETB and Ib-
AMP1 and -22.15 kcal/mol with 3 hydrogen bonds and 
one salt bridge between PVL and Ib-AMP1 respecti-
vely. The docked complexes of ETB and Ib-AMP1 and 

Figure 1. This figure shows the docked complex formed after doc-
king ETA with Ib-AMP1 and the interacting residues of ETA.

Figure2. This figure shows the docked complex formed after doc-
king ETB with Ib-AMP1 and the interacting residues of ETB.

Figure 3. This figure shows the docked complex formed after doc-
king PVL with Ib-AMP1 and the interacting residues of PVL.



55

Docking interactions of plant derived antimicrobial peptides and S. aureus toxins.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 6

S. Ojha et al.

12. Berrocal-Lobo M, Segura A, Moreno M, Lo´ pez G, Garcı´a-
Olmedo F, Molina A. Snakin-2, an Antimicrobial Peptide from Po-
tato Whose Gene Is Locally Induced by Wounding and Responds to 
Pathogen Infection. Plant Physiol. 2002; 128: 951-961.
13. Ladhani S. Understanding the mechanism of action of the exfo-
liative toxins of Staphylococcus aureus. FEMS Immunol. and Medi-
cal Microbiol. 2003; 39: 181-189.
14. Bien J, Sokolova O, Bozko P. Characterization of Virulence 
Factors of Staphylococcus aureus: Novel Function of Known Viru-
lence Factors That Are Implicated in Activation of Airway Epithe-
lial Proinflammatory Response. Journal of Pathogens 2011;2011: 
Article ID 601905: 1- 13.
15. Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN, Weis-
sig H, Shindyalov IN, Bourne PE. The Protein Data Bank. Nucleic 
Acids Research 2000; 28(1): 235- 242.
16. Rose PW, Bi C, Bluhm WF, Christie CH, Dimitropoulos D, Dut-
ta S, Green RK, Goodsell DS, Prlic A, Quesada M, Quinn GB, Ra-
mos AB, Westbrook JD, Young J, Zardecki C, Berman HM, Bourne 
PE. The RCSB Protein Dta Bank: new resources for research and 
education. Nucleic Acids Research, 2013; 41: Database issue: D475-
D482.
17. Kaur H, Garg A, Raghava GPS. PEPstr: A de novo method for 
tertiary structure prediction of small bioactive peptides. Protein Pept 
Lett. 2007; 14: 626-630.
18. Duhovny D, Nussinov R, Wolfson HJ. Efficient Unbound Doc-

king of Rigid Molecules. In Gusfield et al., Ed. Proceedings of the 
2'nd Workshop on Algorithms in Bioinformatics(WABI) Rome, 
Italy, Lecture Notes in Computer Science. Springer Verlag, 2002; 
2452: 185- 200.
19. Schneidman-Duhovny D, Inbar Y, Nussinov R, Wolfson HJ. Pat-
chDock and SymmDock: servers for rigid and symmetric doc-king. 
Nucl. Acids. Res. 2005; 33: W363- 367.
20. Schneidman-Duhovny D, Inbar Y, Polak V, Shatsky M, Hal-
perin I, Benyamini H, Barzilai A, Dror O, Haspel N, Nussinov R, 
Wolfson HJ. Taking geometry to its edge: fast unbound rigid (and 
hinge-bent) docking. Proteins
2003; 52(1): 107-112.
21. Mashiach E, Schneidman-Duhovny D, Peri A, Shavit Y, Nussi-
nov R, Wolfson HJ, An integrated suite of fast docking algorithms. 
Proteins 2010; 78(15):3197-3204.
22. Andrusier N, Nussinov R, Wolfson HJ. FireDock: Fast Interac-
tion Refinement in Molecular Docking. Proteins 2007; 69(1):139-
159.
23. Mashiach E, Schneidman-Duhovny D, Andrusier N, Nussi-nov 
R, Wolfson HJ. FireDock: a web server for fast interaction refine-
ment in molecular docking.Nucleic Acids Res. 2008; 36(Web Server 
issue):W229-232.
24. Accelrys Software Inc., Discovery Studio Modeling Environ-
ment, Release x.x , San Diego: Accelrys Software Inc. 2007.


