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Abstract.  There is an urgent need for new and better drugs to treat tuberculosis. As there is 

complex treatment regimens and a rising problem of drug resistance. New targets and drug candidates 

are being explored by researchers across the globe. This will fulfil the urgent need of new drugs for 

tuberculosis. Using computational method, old targets are also being explored. Recent study shows 

cyclopropane synthase (CmaA1) in Mycobacterium tuberculosis is potential drug target. In this in silico 

study, we have used online drug discovery web server named DrugRep for target based Virtual 

Screening and docking against experimental drug library (5935 drug candidates) from the DrugBank 

database. Further, molecule with least minimum docking energy were considered for simulation study. 
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INTRODUCTION  

Tuberculosis (TB), caused by the bacterium Mycobacterium tuberculosis, 

continues to pose one of the most pressing global health challenges [11]. Despite 

significant advancements in medical science, TB remains a leading cause of 

mortality, particularly in low- and middle-income countries where access to effective 

treatments is limited [2]. The current standard of care for TB involves prolonged 

treatment regimens spanning several months, which can be burdensome for patients 

and healthcare systems alike [13]. Moreover, the emergence of multidrug-resistant 

(MDR) and extensively drug-resistant (XDR) strains of M. tuberculosis has further 

complicated efforts to control the disease, rendering many first-line and second-line 

treatments ineffective [3].  

In the face of these challenges, there is a growing consensus among researchers 

and clinicians that new therapeutic strategies are urgently needed. The development of 

novel drugs targeting critical pathways in M. tuberculosis has become a key focus of 

TB research [5]. Advances in computational biology and in silico methodologies have 
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provided powerful tools to identify and evaluate potential drug targets more efficiently 

and cost-effectively compared to traditional experimental approaches [12].    

This study investigates cyclopropane synthase (CmaA1), an enzyme essential 

for the biosynthesis of mycolic acids, as a promising drug target. Mycolic acids are 

crucial components of the mycobacterial cell wall, conferring structural integrity and 

resistance to host immune responses. By disrupting the activity of CmaA1, it may be 

possible to compromise the bacterium’s survival and pathogenicity, making this 

enzyme an attractive target for therapeutic intervention. 

The research employs a combination of target-based virtual screening and 

molecular docking to identify candidate compounds capable of inhibiting CmaA1. 

Using an extensive library of experimental drugs sourced from the DrugBank 

database, potential inhibitors are screened for their binding affinity to the enzyme. 

The most promising candidates are then subjected to molecular dynamics 

simulations to assess the stability and physical behavior of protein-ligand complexes, 

providing a comprehensive evaluation of their potential efficacy. 

Through these in silico approaches, the study not only identifies promising drug 

candidates but also underscores the role of computational techniques in accelerating 

drug discovery [12]. This approach aligns with the growing emphasis on utilizing 

computational methods to streamline the drug development process [5]. The findings 

hold significant promise for addressing the urgent need for new and effective TB 

treatments, contributing to the global fight against this enduring health crisis [11]. 

MATERIALS AND METHODS 

In this in silico study, major steps are outlined in Fig. 1. In this figure both for 

molecular docking and simulation were outlined. 
 

 
Fig. 1. An outline for the main steps and options of the applied  

both for molecular docking and simulation. 
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PROTEIN STRUCTURE PREPARATION 

In this in silico study, we obtained the Fig. 2. crystal structure of mycolic acid 

cyclopropane synthase CmaA1 (PDB ID 1KP9). 

 
Fig. 2. Structure chain A of mycolic acid cyclopropane synthase [4]. 

VIRTUAL SCREENING AND MOLECULAR DOCKING 

A target-based virtual screening and molecular docking were performed using 

an online drug discovery web server named DrugRep. Virtual screening was 

performed using an experimental drug library (5935 drug candidates) from the 

DrugBank database [10] against chain A of mycolic acid cyclopropane synthase. 

Chain A of mycolic acid cyclopropane synthase was extracted using USCF Chimera 

[8] and uploaded to the DrugRep server to perform target-based virtual screening. 

As the DrugRep server can also perform docking using AutoDockTools version 1.5.6 

and AutoDock Vina version 1.1.2 [7], this study performed docking using the 

DrugRep default docking coordinates (x: 4.9, y: –4.9, z: 39.0) with grid box 

dimensions of 171920 Ångstroms. 

SIMULATION STUDY 

A simulation study was performed for the docked complex with the least 

energy using the iMODS server [6], which is used to evaluate the stability and 

physical movements of the docked complexes. Normal mode analysis (NMA) was 
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implemented to investigate the slow dynamics of the docked complexes and to 

demonstrate their large-amplitude conformational fluctuations [9]. This approach 

aligns with the goal of understanding the intrinsic flexibility and dynamic 

stability of the docked structure. 

RESULTS AND DISCUSSION 

An overview for the results of molecular docking for the best 10 drugs can be 

observed in Table 1. Based on findings in this table, the docking energy for these 

drugs is ranging between –13.3 and –11.5. kcal/mol. 

Table 1 

Results of molecular docking for the best 10 drug candidates with different seven parameters such as 

docking energy, HBD (hydrogen bond donor), HBA (hydrogen bond accepter), RB (rotatable bonds), 

NOA (number of atoms), Rings and Log P (partition coefficient) 

Compound ID 
Docking energy 

(kcal/mol) 
HBD HBA RB NOA Rings Log P 

DB02729 –13.3 4 7 16 13 9 6.7 

DB04289 –12.6 0 1 3 4 6 4.2 

DB02112 –12,0 1 0 6 6 6 5.2 

DB14067 –11.9 1 3 10 6 5 4.1 

DB02226 –11.8 2 3 12 8 8 9.5 

DB02009 –11.7 4 4 16 9 6 4.3 

DB03642 –11.5 2 6 10 10 4 3.5 

DB04708 –11.5 4 4 15 9 6 4.3 

DB06925 –11.5 2 3 4 5 4 4.9 

DB07853 –11.5 1 4 5 7 5 3.4 

 

DB02729 compound with significant docking energy –13.3 kcal/mol is SD146 

(generic name) as compared to other nine compounds (Table 1). The other docking 

parameters with HBD (hydrogen bond donor) value 4 suggests significant solubility 

and interaction with biological targets (Table 1). HBA (hydrogen bond accepter) 

value 7 signifies polarity for suitable interaction with interacting molecules in 

docking (Table 1). RB (rotatable bonds) value 16 contributing for molecular 

flexibility, impacting significant target CmaA1 protein binding (Table 1). NOA 

(number of atoms) higher value 13, predicting suitable molecular behavior. Other 

structural parameter Ring count value 9, significantly improving biological activity 

and stability (Table 1). The lipid solubility is provided by Log P (partition 
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coefficient) value 6.7 signifies the better membrane permeability (Table 1). 
These all-comparative compounds belong to the class of organic compounds known 

as benzimidazoles (Table 1). These are organic compounds containing a benzene 

ring fused to an imidazole ring (Table 1). Below (Fig. 3) are docked complex of 

chain A of mycolic acid cyclopropane synthase with DB02729 compound. 

 

      

Fig. 3. Docked complex of chain A of mycolic acid cyclopropane synthase with DB02729 compound. 

 

Fig. 4. Molecular mobility evaluated by NMA of the docked complex.  

 

The estimation of protein-ligand complex stability was performed using MD 

(molecular dyanamics) simulations for docked complex of chain A of mycolic acid 

cyclopropane synthase with DB02729 compound. The MD simulation provides 

critical insights into the stability and dynamic behavior of the docked complex 

between chain A of mycolic acid cyclopropane synthase and the compound 

DB02729. The results from the IMODS server indicate that DB02729 forms a stable 

and potentially effective interaction with the target protein. MD simulations are able 

to assess ligand‐induced alterations in the protein structure. MD simulations 

performed using IMODS sever. In Figures 4 and 5 are shown the results of MD 
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simulation performed using IMODS server. These results support DB02729 

forms a stable and potentially effective interaction with the target protein. 
 

 

            

 

                                   (A)                                                                      (B) 

 
                                          (C)            (D)       

Fig. 5.  Outputs of molecular dynamics simulations in iMODS (A) deformability and B‐factor plot; 

(B) eigen value and variance plot; (C) elastic network model; and (D) covariance map. 

 

Figure 5 shows the deformability and B‐factor give the mobility profile of the 

docked protein. The deformability and B‐factors of docked protein illustrate the 

peaks corresponding to the regions in the proteins with deformability, where the 

highest peaks represent the regions of high deformability. The B‐factor graphs 

provide a comparison between the NMA and the PDB field signify essentially 

contrasting predicted and experimentally derived flexibility or mobility data of the 

protein complex (Fig. 5). 
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The eigenvalue and the variance are inversely linked to each normal mode. The 

eigenvalue and variance graphs of docked complex are described in Fig. 5 

respectively. The variance graph of docked compound with the target protein 

indicates the individual variance with purple‐shaded bars, whereas cumulative 

variance is represented by green‐shaded bars (Fig. 5). 

CONCLUSION 

This study highlights the potential of cyclopropane synthase (CmaA1) in 

Mycobacterium tuberculosis as a promising drug target for combating tuberculosis, 

particularly in the context of rising drug resistance. Using in silico techniques, the 

research successfully identified several compounds with strong binding affinities 

through virtual screening and molecular docking. Among the screened drugs, SD146 

(DB02729), a benzimidazole derivative, demonstrated the lowest docking energy, 

suggesting high potential as an effective inhibitor. 

Molecular dynamics simulations further validated the stability and physical 

movements of the protein-ligand complexes, confirming the viability of the 

identified compounds for further experimental investigation. These findings 

contribute to the growing body of research leveraging computational methods to 

accelerate drug discovery and development for tuberculosis treatment. Future 

experimental validation and optimization of the identified compounds will be 

essential to translate these promising results into clinical applications. 

Acknowledgements. Authors are thankful to Dr. M. Chaskar, Vice-Chancellor, S.R.T.M. 

University for his facilitation. Authors are thankful to S.R.T.M. University for his encouragement and 

support. We are also, thankful to Dear Research Lab mates, SLS, S.R.T.M University.   

Conflict of interest: There is no conflict of interest.  

Declaration of generative AI and AI-assisted technologies in the writing process: No 

AI has been used in the preparation of the manuscript. 

R E F E R E N C E S  

1. BAHAR, I., A.R. ATILGAN, B. ERMAN, Direct evaluation of thermal fluctuations in proteins 

using a single-parameter harmonic potential, Folding and Design, 2010, 15(8), 787–795. 

2. DYE, C., B.G. WILLIAMS, M.A. ESPINAL, M.C. RAVIGLIONE, Global burden of tuberculosis: 

estimated incidence, prevalence, and mortality during 2000–2019, Lancet Infect. Dis., 2020, 20(5), 

558–570. 

3. GARRIDO, M.C., E. TORTOLI, G.B. MIGLIORI, Drug-resistant tuberculosis: epidemiology, 

diagnosis, and treatment, Curr. Opin. Infect. Dis., 2024, 37(1), 1–8. 

4. HUANG, C.-C., C.V. SMITH, M.S. GLICKMAN, W.R. JACOBS JR, J.C. SACCHETTINI, 

Crystal structures of mycolic acid cyclopropane synthases from Mycobacterium tuberculosis, J. 

Biol. Chem. 2002, 277(13), 11559–11569. 



148 L. Raheman, V.A. Jadhav, L.H. Kamble 8 

 

5. KUMAR, A., S. SINGH, P. SHARMA, Drug discovery and development for tuberculosis: a 

review, J. Drug Delivery Ther., 2023, 13(3), 127–136. 

6. LINDAHL, E., B. HESS, D. VAN DER SPOEL, GROMACS 3.0: a package for molecular 

simulation and trajectory analysis, J. Mol. Modeling., 2001, 7(8), 306–317. 

7. MORRIS, G.M., R. HUEY, W. LINDSTROM, M.F. SANNER, R.K. BELEW, D.S. GOODSELL, 

A.J. OLSON, AutoDock4 and AutoDock Vina: improving the speed and accuracy of docking with 

a new scoring function, efficient optimization, and multithreading, J. Comput. Chem., 2009, 

30(16), 2785–2791. 

8. PETTERSEN, E.F., T.D. GODDARD, C.C. HUANG, G.S. COUCH, D.M. GREENBLATT, E.C. 

MENG, T.E. FERRIN, UCSF Chimera – a visualization system for exploratory research and 

analysis, J. Comput. Chem., 2004, 25(13), 1605–1612. 

9. TAMA, F., Y.H. SANEJOUAND, Conformational changes of proteins arising from normal mode 

calculations, Protein Eng., 2001, 14(1), 1–6. 

10. WISHART, D.S., Y.D. FEUNANG, A.C. GUO, E.J. LO, A. MARCU, J.R. GRANT, T. SAJED, 

D. JOHNSON, C. LI, C. SAYE, Y. LIU, P. STOTHARD, M.J. WIEBE, M. ELSAYED, D. 

MARTINEZ-TORRES, D. PATEL, A. VALENTIN, A. WILSON, C. KNOX, P. LIU, DrugBank 

5.0: a major update to the DrugBank database for 2018, Nucleic Acids Res., 2018, 46(D1), D1074-

D1082. 

11. WORLD HEALTH ORGANIZATION, Global tuberculosis report, 2022, World Health 

Organization. 

12. ZHANG, L., Q. ZHANG, Y. WANG, Computational approaches for drug discovery and 

development: a review, J. Mol. Graphics Modell, 2002, 115, 108128. 

13. ZUMLA, A., Tuberculosis, Lancet, 2021, 397(10273), 679–693. 

14. *** https://www.rcsb.org/ 

15. *** http://cao.labshare.cn:10180/DrugRep/php/index.php 

16. *** https://imods.iqf.csic.es/ 

17. *** https://www.cgl.ucsf.edu/chimera/ 

 

 

 

 

 

 

https://www.cgl.ucsf.edu/chimera/

