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Abstract : In the present study a comparative insilico docking
studies of Actagardine (non conventional) and Cefuroxime
(conventional) with three toxins of Staphylococcus aureus
(exfoliative toxins A, B and Panton-Valentine leukocidin) was
carried out. These toxins are responsible for skin infections
caused by this pathogen. Actagardine gave negative binding
energy with all these three toxins of Staphylococcus aureus.
Although the binding energies of Actagardine are less than that
with Cefuroxime, due to the characteristic of antimicrobial
peptides these results can be considered significant. Hence,
further work can be done to develop Actagardine as a non
conventional drug against Staphylococcus aureus.

1. INTRODUCTION

In the present scenario, the emergence of drug resistant
microorganisms is posing a great threat to the health of
humans. We come in contact with many microorganisms here
and there in our daily life. The microorganisms are
developing resistance against the conventional antibiotics.

This is becoming a major problem in the treatment of
diseases. This has lead to a necessity of developing
alternative or non conventional drugs that can deal with this
problem of drug resistance. These drugs need to be developed
with the aim that the microorganisms should not be able to
develop resistance against them easily. The antimicrobial
peptides seem to be the most promising candidate for
developing them as alternative drugs.

1.1. Antimicrobial peptide

Antimicrobial peptides are short peptides found in all classes
of microorganisms from prokaryotes to eukaryotes. [1] Our
body has a defence mechanism against the microorganisms
that enter in the body, i.e., our immune system. Antimicrobial

peptides are a part of the innate immune system of our body.
[1-3] The microorganisms have less possibility of developing
resistance against these antimicrobial peptides. Resistance
development against antimicrobial peptides is a very energy
consuming process for the microorganisms. [4] Hence, these
can be treated as a potential candidate to be developed as non
conventional antibiotics.

1.2. Cefuroxime

Cefuroxime is a broad spectrum antibiotic. It belongs to the
class beta lactam. It belongs to the second generation
cephalosporins. [5]

1.3. Staphylococcus aureus toxin

Staphylococcus aureus is a human pathogen which causes
several problems in humans like superficial infections,
scalded skin syndrome, endocarditis , etc. Two exfolative
toxins A and B (ETA and ETB) are responsible for the
scalded skin syndrome. PVL, an exotoxin, is a virulence
factor for necrotizing disease. These three toxins of
Staphylococcus aureus are used in the present study. [6]

2. METHODOLOGY

In the present study the three toxins of Staphylococcus aureus
exfoliative toxin A (ETA), exfoliative toxin B (ETB) and
Panton-Valentine leukocidin (PVL) were used for docking
studies with second generation Cephalosporin, Cefuroxime,
and an antimicrobial peptide Actagardine.

The PDB structures of ETA, ETB and PVL were downloaded
from RCSB database [7,8]. The PDB ID of ETA, ETB and
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PVL are 1DUA, 1DT2 and 1PVL respectively. The PDB
structure of antimicrobial peptide Actagardine [9] (PDB ID
1AJ1 7) was downloaded from RCSB database. The structure
of Cefuroxime (DrugBank Accesssion no DB01112) was
downloaded from DrugBank [10,11].

These three toxins of Staphylococcus aureus i.e., ETA, ETB
and PVL were docked with Cefuroxime and Actagardine
respectively. Autodock 4.2 [12-17] was used for the docking
studies. The PDB structures of all the toxins were checked for
the presence of water molecules. The water molecules were
removed from the toxin PDBs using Autodock. Polar
hydrogens were added to these toxin structures. These
structures were saved as the final PDB structures. These PDB
structures were used for docking with Cefuroxime and
Actagardine. Actagardine and Cefuroxime were fixed with
two rotatable bonds. Then the grid file was generated and the
docking was performed with 200 genetic algorithm runs. The
results of all the six dockings were analyzed and interactions
studied.

3. RESULTS

200 conformations of the docked structures were generated in
the .dlg files of all these six dockings. The binding energies
and the interactions of these conformations were studied. The
negative binding energies with more number of hydrogen
bonds were emphasized. The docked structures with no
hydrogen bonds were not considered. The docked
conformations were studied ranked by the energies from
minimum energy to maximum energy. The binding energies
and hydrogen bonds of docking interactions of the above
mentioned three toxins of Staphylococcus aureus with
Cefuroxime and Actagardine are listed in the Table 1 and
Table 2 respectively.

Table 1: Docking interaction of Staphylococcus aureus
toxins and Cefuroxime

Table 2: Docking interaction of Staphylococcus aureus
toxins and Actagardine

S. Toxins of Binding No. of Residues of
No.|Staphylococcus| energy | hydrogen | Staphylococcus
aureus (kcal/mol) | bonds | aureus involved
in hydrogen
bonding
1 ETA -3.22 1 Lys213
2 ETB -3.13 2 Arg241
Lys246
3 PVL -3.97 5 Lys295
Asn87
Argl56
Asp92
Asn158

S.| Toxins of Binding No. of Residues of
No.|Staphylococcus| energy | hydrogen | Staphylococcus
aureus (kcal/mol) | bonds | aureus involved
in hydrogen
bonding
1 ETA -5.23 2 Lys213
Trpl4
2 ETB -6.46 2 Lys 149
Leul93
3 PVL -5.64 3 GIn246
Asn270
Arg271

The interactions of Cefuroxime with ETA, ETB and PVL are
shown in Figure 1, Figure 2 and Figure 3 respectively. The
interactions of ETA, ETB and PVL with Actagardine are
shown in Figure 4, Figure 5 and Figure 6 respectively. In the
figures the green dotted line inside the wireframe ball shows
the presence of a hydrogen bond. The receptor residues in the
figures are shown with sticks and the ligand structure is
shown as surface.

Figure 1: This figure shows the interaction between
exfoliative A (ETA) of Staphylococcus aureus and
Cefuroxime. Two hydrogen bonds formed between ETA
and Cefuroxime are shown in the figure.
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Figure 2: This figure shows the interaction between
exfoliative B (ETB) of Staphylococcus aureus and
Cefuroxime. Two hydrogen bonds formed between ETB
and Cefuroxime are shown in the figure.

Figure 4: This figure shows the interaction between
exfoliative A (ETA) of Staphylococcus aureus and
Actagardine. One hydrogen bond formed between ETA
and Actagardine is shown in the figure.

Figure 3: This figure shows the interaction between
Panton-Valentine leukocidin (PVL) of Staphylococcus
aureus and Cefuroxime. Three hydrogen bonds formed
between PVL and Cefuroxime are shown in the figure.

Figure 5: This figure shows the interaction between
exfoliative B (ETB) of Staphylococcus aureus and
Actagardine. Two hydrogen bonds formed between ETB
and Actagardine are shown in the figure.
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Figure 6: This figure shows the interaction between
Panton-Valentine leukocidin (PVL) of Staphylococcus
aureus and Actagardine. Five hydrogen bonds formed
between PVL and Actagardine are shown in the figure.

4. DISCUSSION AND CONCLUSION

In the reported conformation of docking between Cefuroxime
and ETA two hydrogen bonds are formed and the binding
energy is -5.23 kcal/mol, whereas the reported conformation
of docking between ETA and Actagardine forms one
hydrogen bond and gives -3.22 kcal/mol binding energy. The
reported conformation of docking between ETB and
Cefuroxime gives a binding energy of -6.46 kcal/mol and
forms two hydrogen bonds between them, and the reported
conformation of docking between ETB and Actagardine
results in two hydrogen bonds between them and a binding
energy of -3.13 kcal/mol. The above reported conformation of
docking between Cefuroxime and PVL gives a binding
energy of -5.64 kcal/mol with three hydrogen bonds formed,
whereas the reported conformation of docking between PVL
and Actagardine gives a binding energy of -3.97 kcal/mol
with five hydrogen bonds.

After analyzing the above mentioned docking results it is
observed that when the three toxins of Staphylococcus
aureus, i.e. ETA, ETB and PVL, are docked with the
antimicrobial peptide Actagardine, some significant results
are obtained. The hydrogen bonds are formed by the docking
interaction of Actagardine with all these toxins. These
dockings give the negative binding energies which show that
these dockings are significant. There is a difference in the
number of hydrogen bonds formed after docking the

abovementioned three toxins of Staphylococcus aureus with
Cefuroxime and Actagardine. The number of hydrogen bonds
formed between ETA and Cefuroxime is more than that
formed between ETA and Actagardine. The number of
hydrogen bonds formed between ETB and Cefuroxime is the
same as that formed between ETB and Actagardine. In case
of docking interaction of PVL with Cefuroxime and
Actagardine, the number of hydrogen bonds between PVL
and Cefuroxime is less than that formed between PVL and
Actagardine. The binding energy is more with Actagardine as
compared to Cefuroxime for all these three toxins. But
considering the characteristic of antimicrobial peptides, due
to which the microorganisms cannot develop resistance easily
against the antimicrobial peptides, these results are
significant. This study is just a preliminary part for the
development of Actagardine as a non conventional drug
against the skin infections due to Staphylococcus aureus.
Further work can be done to develop antimicrobial peptide as
a drug against the Staphylococcus aureus infections.
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