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Abstract

The increasing emergence of multiple and extensive drug resistant 
tuberculosis poses a significant threat to effective control of tuberculosis (TB) 
globally. Resistance is a serious threat in the battle against the treatment 
and eradication of Tuberculosis. The continuing rise in tuberculosis incidence 
and the problem of drug resistance strains have prompted the research on 
developing new drug candidates and understanding the mechanism of drug 
resistance. Fluoroquinolone resistance poses a significant threat to the effective 
control of Multiple Drug Resistant Tuberculosis (MDR-TB) and Extensive Drug 
Resistant Tuberculosis (XDR-TB). Ciprofloxacin, Levoflaxacin, Gatifloxacin, 
and Moxifloxacin represent the important class of fluoroquinolones that inhibit 
mycobacterial DNA gyrase enzyme. We used combination of molecular 
modeling and quantum mechanical calculations to understand a compare 
the binding affinities and electronic structural properties of fluoroquinolones. 
Molecular docking studies were performed on DNA gyrase, with quinolones and 
the binding affinities were ranked with scoring functions. Three different docking 
modes were used to compare the binding affinities; moxifloxacin showed high 
binding affinity in all the three docking modes and showed hydrogen bonding 
and hydrophobic interactions with the active site of the target protein. Semi-
empirical quantum mechanical Hartree-Fock formalism is used to understand 
the electronic structural properties of quinolones. Reactivity of the molecules 
was compared from electronic structural perspective; moxifloxacin showed high 
reactivity with more number of delocalized electrons.

Keywords: Fluroquinolone; Multiple drug resistant tuberculosis; Extensive 
drug resistant tuberculosis; Molecular modeling; Quantum mechanical studies; 
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and its cell wall are considered as important ways. Mutations in 
gyrA and gyrB genes that encode DNA gyrase leads to development 
of quinolone resistance. DNA gyrase is a tetrameric A2B2 protein; a 
subunit carries the DNA breakage and reunion active site, where as 
the B subunit promotes ATP hydrolysis [4].

Mechanism of Action of Quinolones
Fluoroquinones represent an important class of antimicrobial 

which work through inhibition of DNA gyrase. Bacterial DNA 
gyrase (topoisomerase II) and topoisomerase IV are required for 
DNA synthesis [5]. Inhibition of DNA gyrase blocks relaxation of 
supercoiled DNA; relaxation is a requirement for transcription and 
replication in mycobacterium. Inhibition of topoisomerase IV is 
thought to interfere with separation of replicated chromosomal DNA 
[6,7]. In path of evolution due to long exposure to antibiotics the 
bacterium develops mutations in its gene sequence the can lead to 
resistance to quinolones.

Computational details and methodology
Molecular docking studies were performed on DNA gyrase 

with four different quinolones, ciprofloxacin, levofloxacin, 
gatifloxacin, and moxifloxacin to understand the binding affinity 

Introduction
Tuberculosis is alarming across the globe, especially in 

developing countries. Drug resistance in mycobacterium tuberculosis 
poses a significant and serious threat to the effective treatment of 
Tuberculosis. Multiple Drug Resistant Tuberculosis (MDR-TB) is 
defined as resistance to Isoniazid (INH) and Rifampicin (RPM) drugs 
[1]. Second line drugs i.e. quinolones are used to treat multiple drug 
resistance in mycobacterium. Quinolones are considered as one of 
the most effective second-line drugs that are used to treat MDR-TB. 
Mycobacterium tuberculosis develops resistance to quinolones after 
prolonged exposures to the antibiotics, and emerges as extensive drug 
resistant strain. Extensive drug resistant strain of mycobacterium is 
not only resistant to INH and RPM, but also resistant to quinolones 
as well as one of the three injectable drugs such as Capreomycin, 
Kanamycin, and Amikacin [2]. Quinolones target the DNA gyrase 
enzyme, a type II topoisomerase present in m. tuberculosis and cause 
microbial death by inhibiting DNA gyrase. DNA gyrase regulates 
DNA supercoiling and nucleic acid tangling in mycobacterium 
[3]. Although there are many different mechanisms involved in 
development of resistance in mycobacterium, the spontaneous 
mutations in its gene sequence, Drug efflux systems in bacterium 
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of all the quinolones with DNA gyrase. Semi-empirical quantum 
mechanical calculations were performed on all the quinolones to 
know the electronic structural properties of all the drug molecules. 
The structure of DNA gyrase of Mycobacterium tuberculosis is 
retrieved from Protein Data Bank (PDB). The chemical structure 
of ciprofloxacin, levofloxacin, moxifloxacin and gatifloxacin were 
obtained from Pubchem database and Chemdraw ultra software is 
used for chemical structures. Molecular docking was performed with 
SYBYL x 2.0 [8], and results were analyzed with different scoring 
functions. Comparative molecular docking was done with different 
docking modes such as surflex-dock-screen, surflex-geom dock and 
surflex-geomx dock. Surflex-dock-screen mode is considered as 
fastest, and the spin density of 3 with rigid conformations is used to 
get the docking score. Spin density of 6 is used in surflex-geom dock 
and spin density of 9 is used in surflex-geomx dock. The accuracy 
is highest in surflex-geomx, with dynamic conformations and the 
results were analyzed with different scoring functions. Total score, 
crash score, polar score, D score, PMF score, G score, chem score, and 
Cscore were calculated for each docking mode. We used all different 
scoring functions such as force-field, empirical, and knowledge based 
methods. We analyzed the results with Cscore. Cscore is considered 
as most accurate and it incorporates multiple scoring functions. 
We have also compared the interaction of quinolones with DNA 
gyrase of staphylococcus to understand the wide range activity of the 
antibacterial drugs such as ciprofloxacin, levofloxacin, moxifloxacin 
and gatifloxacin. Comparative molecular docking was done with 
different docking modes such as surflex-screen-dock, surflex-geom 
dock, and surflex-geomx dock to understand the binding affinities of 
quinolones with the DNA gyrase of staphylococcus. The structure of 
DNA gyrase of staphylococcus was obtained from Protein Data Bank 
and molecular docking was performed with SYBYL x 2.0.

In addition to molecular docking studies, we performed quantum 
mechanical calculations on quinolones to understand the electronic 
structural properties. Semi-empirical Hartree-Fock formalism with 
6-311G is used for these calculations to generate the Highest Occupied 
Molecular Orbitals (HOMO), Lowest Unoccupied Molecular Orbitals 
(LUMO), and contour plots. Gaussian 09 is used to calculate the total 
energy, dipole moment, HOMO surface and LUMO surface [9]. 
Gauss-view is used to view the results in different formats [10,11].

Results and Discussion
Molecular docking

Molecular docking results obtained from surflex screen dock 
mode, geom. mode and geomx mode shows; moxifloxacin has high 
binding affinity indicated with high cscore and total score and is 
showing hydrogen bonding with the target protein DNA gyrase. The 
next high binding affinity was shown by ciprofloxacin, indicating its 
role in fighting against the quinolone drug resistance. All the drug 
molecules showed hydrogen bonding and hydrophobic interactions 
with the target protein. The graphs were drawn for all the docking 
modes with cscore and total scores for all the quinolones to compare 
the binding affinity of the molecules with the protein target. Figure 
1, 2 & 3 shows cscores and total scores of all quinolones in graphical 
format. The cscores and total scores obtained for ciprofloxacin, 
levofloxacin, moxifloxacin and gatifloxacin with surflex screen 
mode are shown here in the graphical format. In this docking mode 

moxifloxacin shows high cscore as well as high total score indicating 
its role in binding to DNA gyrase.

Moxifloxacin shows high score and total score in surflex geom 
docking mode, indicating its role in binding to DNA gyrase.

Ciprofloxacin showed high total score, and moxifloxacin showed 
high cscore with surflex geomx docking mode, indicating their 
possible role in binding to DNA gyrase.

All molecules showed hydrogen bonding with the active site. 
Evaluations of docking results depend mostly on interaction of 
molecules with the target active site of the protein. Here all the 
molecules showed hydrogen bonding with the receptor protein and 

Figure 1: Cscore and total scores of quinolones with surflex screen docking 
mode.

Figure 2: Cscore and total scores of quinolones with surflex geom docking 
mode.

Figure 3: Cscore and total score of quinolones with surflex-geomX docking 
mode.
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moxifloxacin and ciprofloxacin showed more number hydrogen 
bonds. Figure 4 shows hydrogen bonding of ciprofloxacin, Figure 5 
shows hydrogen bonding of gatifloxacin, Figure 6 shows hydrogen 
bonding of levofloxacin and Figure 7 shows hydrogen bonding of 
moxifloxacin with active site of target protein.

Docking results obtained from the interaction of quinolones 
with DNA gyrase of staphylococcus shows, high binding affinity of 
moxifloxacin when compared to other quinolones. Ciprofloxacin, 
levofloxacin, gatifloxacin and moxifloxacin showed hydrogen 
bonding with the active site of the DNA gyrase, and moxifloxacin 
showed high Cscore indicating its high binding affinity. Moxifloxacin 
showed high Cscore in all different docking modes, indicating its 
antibacterial activity against staphylococcus. Cscore and total scores 
of all quinolones in different docking modes were shown in Figure 
8, 9 & 10.

Quantum mechanical calculations
Theoretical calculations for conformers ciprofloxacin, 

levofloxacin, gatifloxacin and moxifloxacin were performed with 
Hartree-fock formalism and 6-311G basis set. We generated surfaces 
with highest occupied molecular orbitals and lowest unoccupied 

Figure 4: Ciprofloxacin showing Hydrogen bonding with active site of DNA 
gyrase. Here in the figure; ciprofloxacin is showed as capped stick model, 
active site of the DNA gyrase is shown in lines and the yellow dotted lines 
indicate the hydrogen bonding of the ciprofloxacin with active site of the 
protein.

Figure 5: Gatifloxacin showing Hydrogen bonding with active site of DNA 
gyrase. Here in the figure; gatifloxacin is showed as capped stick model, 
active site of the DNA gyrase is shown in lines and the yellow dotted lines 
indicate the hydrogen bonding of the gatifloxacin with active site of the protein.

Figure 6: Levofloxacin showing Hydrogen bonding with active site of DNA 
gyrase. Here in the figure; levofloxacin is showed as capped stick model, 
active site of the DNA gyrase is shown in lines and the yellow dotted lines 
indicate the hydrogen bonding of the levofloxacin with active site of the 
protein.

Figure 7: Moxifloxacin showing Hydrogen bonding with active site of DNA 
gyrase. Here in the figure; moxifloxacin is showed as capped stick model, 
active site of the DNA gyrase is shown in lines and the yellow dotted lines 
indicate the hydrogen bonding of the moxifloxacin with active site of the 
protein.

Figure 8: Cscore and total scores of quinolones with surflex screen docking 
mode, moxifloxacin showing high cscore with active site of DNA gyrase of 
staphylococcus.

Figure 9: Cscore and total scores of quinolones with surflex geom docking 
mode with active site of DNA gyrase of staphylococcus.

Figure 10: Cscore and total scores of quinolones with surflex geomX docking 
mode with active site of DNA gyrase of staphylococcus.
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molecular orbitals and contours were generated to understand the 
reactivity of the molecule. HOMOs (Highest Occupied Molecular 
Orbitals) and LUMOs (Lowest Unoccupied Molecular Orbitals) 
determine the way the molecule interacts with other species. The 
frontier orbital gap helps characterize the chemical reactivity of 
molecule. A molecule which have more orbital gap is less polarized 
and less chemically reactive [12].

Figure 11 shows 3D visualization of ciprofloxacin and gatifloxacin 
and Figure 12 shows visualization of levofloxacin and moxifloxacin 
with gauss-view. According to frontier orbital theory the electro 
negative regions of molecule having high delocalized electron is 
highly reactive and participates in a reaction. HOMO and LUMO 
surfaces of the ciprofloxacin molecules are shown in Figure 13, the 
electro negative regions with highly delocalized electrons are shown 
in red and electro positive regions with no delocalized electrons. 
Ciprofloxacin shows delocalized electrons all over the surface of the 
molecule indicating its reactivity.

Figure 14, 15, 16 shows HOMO, LUMO surfaces of gatifloxacin, 
levofloxacin and moxifloxacin respectively. From the HOMO, LUMO 
figures; we can say ciprofloxacin and moxifloxacin are highly reactive 
than gatifloxacin and levofloxacin. Ciprofloxacin and moxifloxacin 
have electron negative delocalized electrons all over the surface of the 
molecule indicating high reactivity than the other molecules.

Figure 11: Ciprofloxacin and gatifloxacin visualized with gauss-view.

Figure 12: Levofloxacin and moxifloxacin with gauss-view.

Figure 13: HOMO (Highest Occupied Molecular Orbitals) and LUMO (Lowest 
Unoccupied Molecular Orbitals) of ciprofloxacin.

Figure 14: HOMO (Highest Occupied Molecular Orbitals) and LUMO (Lowest 
Unoccupied Molecular Orbitals) of gatifloxacin.

Figure 15: HOMO (Highest Occupied Molecular Orbitals) and LUMO (Lowest 
Unoccupied Molecular Orbitals) of Levofloxacin.

Figure 16: HOMO (Highest Occupied Molecular Orbitals) and LUMO (Lowest 
Unoccupied Molecular Orbitals) of moxifloxacin.

The contour plots were generated for all the molecules and 
compared to know the reactivity of the molecules. For a nucleophilic 
substitution reaction, an amount of energy equal to shielded potential 
energy surface is required [13-15]. The contour plots for ciprofloxacin, 
gatifloxacin, levofloxacin and moxifloxacin are shown in Figure 17, 
18, 19 & 20. From contour plots we can say except for the oxygen 
molecule inside the structure of the molecules all the other oxygen 
atoms were not in closed contours indicating a nucleophilic reaction; 
all quinolones seems to be having high nucleophilic substitution 
reactivity.

Conclusions
This paper reports a comprehensive analysis of four different 

quinolones; ciprofloxacin, gatifloxacin, levofloxacin and moxifloxacin 
with molecule modeling and quantum mechanical studies. The 
analysis of molecular docking results in view of docking scores and 
binding affinities, moxifloxacin showed high binding affinity and 
hydrogen bonding, and next high binding affinity was shown by 
ciprofloxacin and showed more hydrogen bonds. Moxifloxacin is an 
8-methoxyquinolone compound with activity against a wide range of 
bacteria, and can serve as a potential drug candidate for tuberculosis. 



Austin J Comput Biol Bioinform 1(2): id1006 (2014)  - Page - 05

Darsey J Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

The antibacterial activity was evaluated with molecular docking 
results obtained from both mycobacterium and staphylococcus. 
Quantum mechanical calculations confirmed the high reactivity of 
moxifloxacin with more number delocalized electron. Reactivity of 
molecule reflects the susceptibility of a substance towards a specific 
chemical reaction. This kind of quantum mechanical calculations 
will play a key role in designing new molecules with high reactivity 
and can be useful in understanding biological systems from quantum 
mechanical perspective. We have discussed the nucleophilic and 
electrophilic substitution reactions with the help of contour plots, 

Figure 17: Contour plot of ciprofloxacin.

Figure 18: Contour plot of gatifloxacin.

Figure 19: Contour plot of Levofloxacin.

Figure 20: Contour plot of moxifloxacin.

helps in understanding the molecules in new dimensions. This work 
shows the need of extensive study of electronic structural properties 
of potential drug molecules as well as understanding the molecular 
mechanism of protein and ligand interactions at the active site of 
the target protein. This paper will encourage the need of quantum 
mechanical calculations on drug molecules by experimentalists who 
are interested in electronic as well as vibrational aspects of drug 
molecules.
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