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Abstract – The state of the art about antibiotics shows that these compounds have been used frequently for the patients as a self-

medication or leave the treatment, which has promoted a bacterial resistance process. Regards above, it is clear that computational 

chemistry allows to explore new possibilities about the drug delivery, promoting a high bioavailability and selectivity in the biological 

targets. At the same time, is well known the use of nanocarriers for the effective transport of drugs and avoid the bacterial resistance. Int 

his order, in the present work has been modelled a family of nanocarriers based on TiO2 and three quinolones (moxifloxacin, trovafloxacin 

and sparfloxacin), which have been docked into the DNA gyrase. The results shown, that the proposed nanocarriers present an exergonic 

behaviour when were coupled with the selected target, being the best the Moxifloxacin-TiO2 composite, with a coupling energy of -

165.48 kcal/mol. Despite this work can be considered as a first approach of the proposed nano-systems, these obtained interactions can 

model the possible first step to deliver antibiotics in some bacterial resistance process. 
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1. Introduction 
Bacterial resistance is an emerging problem that has increased over time due to the protection mechanism, mutation, and 

bacterial metabolism changes. One of the more critical bacteria is Staphylococcus aureus, a pathogen microorganism that 

has modified its defense mechanisms, promoting resistance to methicillin. Statistics studies of the population in EUA show 

that 60% of S. aureus present resistant to methicillin (MRSA), triggering high amounts of morbidity and mortality in the 

hospitalization of patients who are not immunosuppressed or in chemotherapy treatment [1, 2]. 

Extrapolating the behaviour of resistant pathogen microorganisms, the low efficacy of antibiotics and, the high doses 

administrated against the resistance groups of bacterial allow us to visualize a difficulty in eradicating infections that today 

is easy to eliminate. The bioavailability of drugs, administration, and recognition efficiency between drug and biological 

targets is essential to optimize their function. In this order, nanotechnology is a hopeful field to study the decrease the 

weakness about the efficient delivery of drugs [3, 4], specifically the interactions of nanocarriers and molecular targets.  

One alternative is the design of inorganic nanocarriers of TiO2 as selective and efficient vectors to deliver the drug due 

to its properties of a large superficial area, small size, high stability, and low cost of production [5, 6]. Another beneficial 

characteristic of using TiO2 nanocarriers is the increase of half-life of the drug in the bloodstream, increasing their efficiency 

with lower doses. Based on the research of optimal drug delivery using nanotechnology, the present work aims to explore 

the composites quinolone-TiO2 complexed with the DNA gyrase of S. aureus (PDB code: 5CDP) [7] and computed their 

coupling energies to understand through a molecular docking assay a possible drug delivery nanocarrier. 
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2. Results And Discussion  
The structures of TiO2 and quinolones (Moxifloxacin, Trovafloxacin and Sparfloxacin) were modelled and 

optimized using the software and level of theory specified in the computational methods section, see figure 1. 

 

 
Fig. 1: Optimized structures of A) Titanium dioxide (TiO2); B) Trovafloxacin (Tro); C) Moxifloxacin (Mox); and D) Sparfloxacin 

(Spa) 

 
 

The Molegro virtual docker (MVD) was used to perform the docking assay, which computed the coupling 

energies of each studied molecule with the DNA gyrase; this energy was computed using Eq.1. The results show that 

the Mox-TiO2 complex docked better to the DNA, with coupling energy of -165.48 kcal/mol, promoting the highest 

good coupling. The complex Tro-TiO2 interacts with the DNA, promoting an exergonic reaction with -152.42 

kcal/mol, and finally, the complex Spa-TiO2 presents -142.92 kcal/mol, see figure 2. Note that the energies obtained 

present an exergonic behaviour; therefore, quinolone-TiO2 composites show increased interactions with biological 

targets, unlike the free molecules. 

 

     
Fig. 2: Molecular docking of the DNA gyrase with A) Mox-TiO2, B) Tro-TiO2 and C) Spa-TiO2. 

 

Figure 2 shows that the composite Mox-TiO2 presents seven hydrogen bonds with the DNA components, and Tro-

TiO2 interacts with ten hydrogens with the same target. Finally, the Spa-TiO2 composite depicts eight hydrogen bond 

interactions.  
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Finally, the overlay interactions shown in the docking represent the overlaying between DNA (phosphate and nitrogen) 

and quinolone-TiO2 system (mainly aromatic rings), suggesting a stacking interaction, see Figure 3.   

E𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔 =  𝐸𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 − (𝐸𝑞𝑢𝑖𝑛𝑜𝑙𝑜𝑛𝑒 + 𝐸𝑇𝑖𝑂2
) (1) 

 

   
Fig. 3: Overlay interactions for A) Mox-TiO2, B) Tro-TiO2 and, C) Spa-TiO2. 

             

3. Computational Methods 
The whole molecules were modelled using the Avogadro package [8]; at the same time, the optimization was performed 

through the DFT formalism [9] using the Gaussian software [10], at level M06L/6-31G(d,p) [11]. Finally, the molecular 

docking was performed using the Molegro virtual Docker (MDV) [12], and the molecules were visualized using Gauss view 

[13] and Avogadro. 

 

4. Conclusions 

Computational chemistry provides an approach to the molecular behaviour and several systems in the present work, 

which allows knowing the interactions between the quinolone-TiO2 composites with the DNA gyrase chain of S. aureus. The 

proposed nanocarriers shown an exergonic behaviour coupled with the selected target; the best Mox-TiO2 composite, with 

coupling energy of -165.48 kcal/mol. Although this work can be considered a first approach to the proposed nano-systems, 

these obtained interactions can model the possible first step to deliver antibiotics in some bacterial resistance processes. 
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