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 INTRODUCTION
 Mycobacterium tuberculosis is a pathogenic bacterial species in 
the genus Mycobacterium and the causative agent of most cases of 
tuberculosis. The physiology of Mycobacterium tuberculosis is highly 
aerobic and requires high levels of oxygen. Bacterial species is primarily a 
pathogen of the mammalian respiratory system and causes infection in 
lungs. The most widely used methods for diagnosis are the tuberculin skin 
test, acid-fast stain, and chest radiographs (Smith, 2003). Mycobacterium 
tuberculosis gyrase type IIA topoisomerase is one of the Mtb proteins which 
are responsible for the cause of tuberculosis disease. Type 
IIAtopoisomerases cuts both the strands of DNA helix simultaneously in 
order to manage DNA tangles and supercoils (Zechiedrich et al., 2000). They 
use the hydrolysis of ATP, unlike type I topoisomerase and causes change in 
linking number of circular DNA by +/-2. DNA gyrase type II DNA 
topoisomerase which found in all the bacterial species is a proven target for 
the antibacterial chemotherapy (Collin et al., 2011). These gyrases are also 
uses as target of many antibiotics, including nalidixic acid, novobiocin, and 
ciprofloxacin. Besides the antibiotics, other bacterial DNA gyrase inhibitors, 
such as naturally occurring novobiocin, are known to be effective as 
antibacterial agents (Mdluliand Ma, 2007).
 Marine natural products attract the attention of biologists and 
chemists in the world over for the past five decades due to this they play a 
vital role in the discovery of new drugs. This interest has led to the discovery 
of over 16,000 marine natural products to date and many of the compounds 
have shown very promising biological activity. The ocean is considered to be 
a great source of potential drugs (Costantino et al., 2004). Ocean is a rich 
resource for ever novel compound with a great potential such as 
pharmaceutical, nutritional supplements, cosmetics, agrichemical and 
enzyme, where each of these marine bio products has a strong potential 
market value. Lots of structurally and pharmacologically important 
substance has been isolated with antimicrobial, antitumor, and anti-
inflammatory properties. In many cases, natural products provide 
compounds as clinical/marketed drugs or as biochemical tools that 
demonstrate the role of specific pathways in disease and the potential of 
finding drugs (Vignesh et al., 2011). Due to their diverse chemical structures 
natural products/ marine products always motivate the searching of 
bactericidal agents. Marine organisms derived natural compounds exhibit 
excellent antitumor, anti-inflammatory, antiviral, immunomodulatory and 
analgesic properties (Newman and Cragg, 2004).
 There are so many marine natural products (Souza, 2006), which 
have the potential to inhibit the Mycobacterium tuberculosis protein. In this 
study, we select some of the marine natural product namely Axisonitrile, 
Halicylomine A, Manzamine F, Pseudopteroxazole and Sceptrin which have 
potential for Mycobacterium tuberculosis protein inhibition (Koing et al., 
2000). The sources of these products are may be algae or sponges which are 
present in deep ocean where we found the entire product. These five marine 
natural products are used as ligand and receptor that are Mycobacterium 
tuberculosis protein namely Mycobacterium tuberculosisgyrase type IIA 
topoisomerase. Here we report the in silico potent antibacterial activities of 

these selected marine compounds. These results show the prospective 
activity of selected marine compounds with the topoisomerase skeleton as 
antitubercular drug and for application in design of novel structure based 
DNA topo II inhibitors discovery.

MATERIALS AND METHODS
Protein structure preparation
 Protein namely Mycobacterium tuberculosis gyrase type IIA 
topoisomerase used in the present study were retrieved from protein data 
bank (PDB ID: 3UC1). Binding site in protein were predicted with the help of 
PDBj (Kinjo et al., 2012).

Ligand structure preparation
 The structure of the selected ligand was retrieved with Pubchem 
database as sdf format and convert into pdb format with the help of open 
babel (O'Boyle et al., 2011). The structures of these compounds are given in 
table 1. Further, docking was carried out with the help of these prepared 
ligands.

Molecular docking 
   Molecular docking is widely used for the analysis of binding 
interaction between the macromolecule and the hit molecule. Here we 
perform in silico protein-marine natural product docking analysis using 
geometry based algorithm. The 3D structure of Mycobacterium 
tuberculosisgyrase type IIA topoisomerase (PDB ID: 3UC1) with resolution 
ragne 1.65Ǻ is used as target and of marine natural products namely 
Axisonitrile-3, Manzamine-F, Pseudopteroxazole and Sceptrin were used as 
ligands. The Mycobacterium tuberculosis gyrase type IIA topoisomerase 
were docked with the selected natural compounds. For docking purpose 
patch dock online server is used which perform docking on the basis of 
geometry based algorithm (Schneidman et al., 2005). The results obtained 
are shown in table-2 and the docking poses are shown in fig-1.

RESULTS & DISCUSSION
                     Natural product contains structurally diverse compounds that 
possess a well-defined spatial orientation. These chemical substances show 
interaction with biological targets efficiently for this reason; they occupy a 
biologically valuable chemical space and are used for drug discovery. The 
path of drug discovery from natural sources starts with access to chemical 
and biological characterizations, which are often isolated in minute amounts. 
Consequently, crucial steps in marine drug discovery are target and ligand 
identification and their interaction study (Rana and Hendrik, 2011). Molecular 
docking is a method which is widely used for the understanding of protein-
ligand interaction and also used for the structure based drug design studies 
(Tripathi et al., 2015).  Thus, computational molecular docking study which 
we performed here provides subtle information of the interaction between 
marine compounds and Mycobacterium tuberculosisgyrase type IIA 
topoisomerase. Results obtained from patch dock shows that Manzamine-F 
shows the best binding energy with the target as compare to other marine
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Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis. It's   typically affects the lungs, but also affects 
other parts of body. In present study molecular docking approach is used to determine the interaction mechanism of marine 
natural product with the gyrase type IIA topoisomerase protein of Mycobacterium tuberculosis. This protein is widely used as 
the target for the development of anti tuberculosis drugs and remains a vibrant area for the drug development. For molecular 
docking analysis Patchdock server was used. Among the chosen marine natural compound Manzamine-F shows the highest 
inhibition against the selected protein and the patch dock score of this interaction is 6256 kcal/mole. Thus, based on this study 
we can say that Manzamine-F can be used as lead compound against Mycobacterium tuberculosis gyrase type IIA 
topoisomerase protein. 



Octa Journal of Biosciences                                                                                                                                                                                                             79

    Antibiotics Salmonella  (%)/ N=104   

    R   S   

  Amoxicillin 8 (7.7 %)   96 (92.3 %°)   

            

 Penicillin Amoxicillin + clavulanic acid  8 (7.7 %) 96 (92.3 %)   

            

  Tircacillin  48(46.15 %) 56 (53.85 %)   

            

  Cefalotin  10 (9.7 %) 98 (94.23 %) 

            

Cephalosporin Cefoxitim 0 (0 %) 104 (100 %)   

            

  Cefotaxim  1 (0.96 %) 103 (99.04 %) 

             

Gentamycin  11 (10. 58 %) 93 (89.42 %)   

             

Chloramphenicol  31 (29.8 %) 73 (70.2 %)   

amide             

Cotrimoxazol  97 (93.37 %) 7 (6.73 %)   

            

 Nalidixic acid   37 (35.76 %) 67 (64.42 %) 

          

Ciprofloxacin  30 (28.85 %) 74 (71.15 %)   

             

Tetracyclin  76 (73.08 %) 28 (26.92 %)   

  

Table 1. Marine compounds used as ligand.

Table 2. Dock score table.

S.No Compounds 
Patch Dock Score 

(Kcal/mole) 
Binding Residue involved in hydrogen 

bonding 
1 Axisonitrile-3 4126 ARG-589 
2 Manzamine-F 6256 ALA-547,ARG-589 
3 Pseudopteroxazole 4354 THE-590 
4 Sceptrin 5616 THR-590, ALA-591 

 
compounds. The patch dock score of this interaction is 6256 Kcal/mole and 
the residues involved in this interaction are ALA-547, ARG-589. The patch 
dock score of Axisonitrile-3 is 4126 kcal/mole and the interaction found for 
this binding is with ARG-589 amino acid residue of target protein. The other 
compounds namely pseudopteroxazole and Sceptrin shows patch dock 
score 4354 and 5616 kacl/mole and they interact with THE-590, THE-590 
amino acid residues of the target protein. All these residues which involved 
in docking are present in active site as per pdj . Thus, on the basis of 
obtained results we can say that compound follows the order Manzamine-
F>Sceptrin>Pseudopteroxazole>Axisonitrile-3 based on the decreasing 
order of patch dock score. This screening shows that Manzamine-F can be 
used as a lead compound against antibacterial activity. Thus Manzamine-F 
which has best dock score and a reasonable hydrogen bond interaction 
ensures that these ligands is a better source for inhibiting the 
Mycobacterium tuberculosis gyrase type IIA topoisomerase and can be 
useful for further drug development studies.

CONCLUSION
 The present study finding reveals that marine natural compound 
namely Manzamine - F is found to be theoretically active as anti tubercular 
agent. The dock score shows that it inhibits the gyrase type IIA 
topoisomerase efficiently as compare with other compounds. Thus, 
thisstudy will help in designing of anti tubercular drugsand also in the 
discovery of new chemical entities for tubercular therapy.
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Figure 1: Dock poses of different marine compounds with Mycobacterium tuberculosisgyrase type IIA topoisomerase protein(PDB ID: 3UC1).

a. Axisonitrile-3      b. Manzamine-F      

c. Pseudopteroxazole      
d. Sceptrin     
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