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Abstract: 

 

Haemophilus influenza is a pathogenic bacterium responsible for causing various diseases, especially to the children. 

Due to the numerous reports of antibiotic resistance against this bacterium, the necessity of employing alternative 

therapy is emphasized by various researchers. Herbal medicines are consistently proven to be successful for managing 

various pathogen related conditions by numerous researchers and in this backdrop our study aimed to study the role of 

phytocompounds against H. influenza, using DNA ligase as a drug target. Phytocompounds namely α humulene, 

zeumbone and camphene, isolated from the Zingiberaceous plant Z. zerumbet were subjected to study their inhibitory 

potentials against the bacterial enzyme DNA ligase, using a rigid body in silico docking method (PatchDock). The 

result indicated that these phytochemicals especially α humulene, may be successfully employed as an anti-bacterial 

agent against H.  influenza. 
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INTRODUCTION 

Haemophilus influenza is a bacterium that belongs to the Pasteurellaceae family; it is a gram-negative Coccobacillus 

and is pleomorphic in nature. It was first discovered by Pfeiffer in the year 1892 (Turk, 1984). There are basically six 

types of H.influenzae based on their capsular composition (type a to f) (Loeb and Smith, 1980) and are capable of 

causing a number of human infections. They can cause serious systemic diseases in children especially due to their 

weak immune system. Out of all the varieties of capsular strains, the most virulent and pathogenic one Haemophilus 

influenza type b (Hib), which is responsible for about 95% of most of the invasive diseases (Turk and May, 1967). 

The presence or absence of the polysaccharide capsule on the bacterium further divides it into two types, the typeable 

form like that of Hib and the non-typeable forms (NTHi) that are non-capsular. NTHi mainly causes respiratory 

diseases whereas the systemic disease like meningitis is commonly caused by encapsulated strains (King, 2012).  

The ability of H. influenza to colonize in the respiratory tract and cause infection is attributed to its pathogenic 

properties and mechanism. It has the ability to interact and attach to the mucosal layer with the help of the outer 

membrane proteins such as P5, P2 and protein D (King, 2012). A number of researchers  have demonstrated the use of 

adhenins like HMW1 and HMW2 for the bacterial attachment to the epithelial cell (St Geme et al., 1993). Other 

pathogenic property of the bacterium includes its ability to secrete endopeptidases called IgA proteases ,which in turn 

act against human antibody (IgA) thereby inhibiting antibody activation (Mulks et al., 1982). One of the important 
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features of H. influenza is its capacity to survive within the cells especially the NTHi types. Studies have shown that 

they can survive for about 72 hours within cells like macrophages and epithelial cells (King, 2012).  

Due to the increasing problem of antibiotic-resistant microorganisms, the need for new and better alternative for 

antibiotics has become highly relevant. The utilization of natural compounds such as from plant extracts, used in the 

earlier ages, is coming into existence again. The sequencing of microbial genome has led to new target ideas such as 

DNA synthesis and its reaction components (Brötz-Oesterhelt et al., 2003). Many enzymes and proteins carry out the 

process of replication in prokaryotic organisms.  One of the most important enzymes for polynucleotide ligation is 

executed by DNA and RNA ligase. These have become an area of interest as a chemotherapeutic and drug targets in 

order to treat a variety of bacterial diseases (Swift and Amaro, 2009). Pyridochromanones, Pyridopyrmidines and 

Arylamino  are some of the compounds discovered against DNA ligase in different microorganisms (Swift and 

Amaro, 2009). 

A significant number of plants and their chemical derivatives are already reported due to  their antimicrobial activities 

(Gibbons, 2004). Plant compounds like phenols, terpenes, tannins, flavonoids etc. are known to have a variety of 

antimicrobial potentials (Sibanda and Okoh, 2007). Zingiber zerumbet,of the botanical family Zingiberaceae  is 

commonly known as shampoo ginger and of high medicinal importance (Yob et al., 2011). Various studies have 

shown its potential property as a pharmacological agent for its anti- inflammatory (M. N. Somchit, 2012), 

antioxidant(Hamid et al., 2018) and anti-bacterial activities(Sutardi et al., n.d.). They are capable of producing volatile 

oils constituting natural compounds such as α humulene, zeumbone and camphene (M. N. Somchit, 2012). 

 Zerumbone belongs to the chemical class of monoterpenoid which can be isolated from the rhizome of the plant 

Zingiber zerumbet, and is highly used as a pain killer for its anti-inflammatory and analgesic properties(M. N. 

Somchit, 2012). Its antimicrobial and anticancer activity was studied extensively (Hamid et al., 2018).On the other 

hand, camphene is an alkaloid and α humulene, is a naturally occurring sesquiterpene . The activity of camphene and 

alpha-humulene are reported by earlier investigator as a natural insecticide (Benelli et al., 2018). On the other hand 

anti-inflammatory property of α -humulene in mice and rats was also reported earlier (Fernandes et al., 2007).  

The development of new drugs and their analysis as to how they react with a specific receptor or rotein has become 

much easier in the present era due to extensive use of in silico or computational biology methods (Nag and 

Mukherjee, 2014). This study aims to investigate and study the comparative inhibitory effect of three 

phytocompounds (reported from Zingiber zerumbet) namely humulene,  zeumbone  and camphene  against H. 

influenze DNA ligase (PDB id 3PN1). The computational and comparative study of these compounds with the help of 

PatchDock server algorithm stipulated zerumbone as a prospective inhibitor of DNA ligase. 

METHODOLOGY 

 

Selection of Ligands 

Ligands were selected based on the therapeutic principles through literature survey and three dimensional structures 

of three phytocompounds (reported from the plant Zingiber zerumbet) namely Humulene (CID: 5281520), Zerumbone 

(CID: 440966) and Camphene (CID: 440966) were downloaded from the IMPPAT database (Mohanra et al., 2018). 

Protein Structure: 

The three dimensional structure of NAD+-dependent DNA ligase (Lig A of  Haemophilus influenzae, 3PN1 ) was 

downloaded from RCSB PDB (Protein Data Bank, Berman et al., 2000). Protein structure was refined using the 

software UCSF Chimera (Pettersen et al., 2004). 
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Docking: 

Protein-Ligand docking was performed using the server PatchDock (Duhovny et al., 2002). 

RESULT AND DISSCUSSION 

Effective biological processes are dependent upon the receptor-ligand interactions and hence the structure is required 

to be stable, both chemically and biologically, to be an active compound (Duhovny et al, 2002). To understand the 

structural stability of a ligand binding at the active site of a target enzyme, molecular docking technique is helpful to 

computationally predict the optimal structure (Singh et al, 2018).  

A high-throughput screening campaign carried out by the AstraZeneca corporate library tested nearly 517 compounds 

to identify inhibitors of H. influenzae LigA (DNA ligase) by using a FRET-based DNA ligation assay. The results 

confirmed the activity of various analogues of adenosine acts against the DNA ligase LigA, particularly IC50s (Mills 

et al, 2011). Further, studies involving gene knockout has shown that Lig A is has significant role in maintaining the 

integrity of the DNA in several bacteria, including Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and M. 

tuberculosis (Srivastava et al, 2005). Since the DNA ligase (Lig A) is exclusive to bacterial system, it is therefore a 

novel and attractive drug target site (Srivastava et al, 2005).  

The rhizome of Zingiber zerumbet is rich in essential oils, which have been reported to possess various therapeutic 

properties such as anti-inflammatory, analgesic, anticancer, antioxidant, antinociceptive, antitussive etc (Munda et al, 

2018). PatchDock was used to compare bacterial NAD+-dependent DNA ligase (Lig A of  Haemophilus influenzae, 

3pn1 ) against three compounds from Zingiber zerumbet ( Zerumbone, Camphene and α Humulene).  These 

compounds were tested using a rigid body docking method (Patchdock) to understand the possible structural 

configurations to inhibit the active sites on DNA Lig A.  

 

Figure 1: 

Figure 1A: 3D dimensional structure of α Humulene 

Figure 1B: Ligand (α Humulene)-Protein Docking (DNA ligase), Ribbon view (Green-Receptor; Red-Ligand) 
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Figure 1C: Ligand (α Humulene)-Protein Docking (DNA ligase), Surface view, Ribbon view (Green-Receptor; Red-

Ligand) 

 

According to the PatchDock analysis, α Humulene (CID: 5281520) shows the highest affinity to the DNA ligase 

(LigA) with an ACE value of -116.56 and the score of 3832 (Fig. 1), followed by the Zerumbone (CID: 440966) 

showing the second highest affinity towards the compound with an ACE value of -113.41 and  score of 3788, whereas 

the least affinity towards the DNA ligase in the complex setting is shown by Camphene (CID: 440966) with an ACE 

value of -23.22. Zerumbone has comparatively less interface area than the Humulene that is 398.60 and 405.30 

respectively (Zhang et al, 1997).  

CONCLUSION 

It can be concluded form the current study that α Humulene (CID: 5281520) is the potential drug candidate against H. 

influenzae LigA (DNA ligase) protein. 

 

REFERENCES 

1. Benelli, G., Govindarajan, M., Rajeswary, M., Vaseeharan, B., Alyahya, S.A., Alharbi, N.S., Kadaikunnan, S., 

Khaled, J.M., Maggi, F., 2018. Insecticidal activity of camphene, zerumbone and α-humulene from Cheilocostus 

speciosus rhizome essential oil against the Old-World bollworm, Helicoverpa armigera. Ecotoxicology and 

environmental safety, 148: 781–786. 

2. Brötz-Oesterhelt, H., Knezevic, I., Bartel, S., Lampe, T., Warnecke-Eberz, U., Ziegelbauer, K., Häbich, D., 

Labischinski, H., 2003. Specific and Potent Inhibition of NAD +-dependent DNA Ligase by Pyridochromanones. 

Journal of Biological Chemistry, 278(41): 39435–39442.  

3. Duhovny, D., Nussinov, R. and Wolfson, H.J. 2002. Efficient Unbound Docking of Rigid Molecules. In 

Gusfield et al., Ed.    Proceedings of the 2'nd Workshop on Algorithms in Bioinformatics (WABI) Rome, Italy, 

Lecture Notes in Computer Science, Springer Verlag, 2452(1):185-200. 

4. Fernandes, E.S., Passos, G.F., Medeiros, R., da Cunha, F.M., Ferreira, J., Campos, M.M., Pianowski, L.F., 

Calixto, J.B., 2007. Anti-inflammatory effects of compounds alpha-humulene and (−)-trans-caryophyllene 

isolated from the essential oil of Cordia verbenacea. European journal of pharmacology, 569(3): 228–236. 

5. Gibbons, S., 2004. Anti-staphylococcal plant natural products. Natural product reports, 21(2): 263–277. 

6. Hamid, A., Ibrahim, F.W., Ming, T.H., Nasrom, M.N., Eusoff, N., Husain, K., Abdul Latif, M., 2018. Zingiber 

zerumbet L. (Smith) extract alleviates the ethanol-induced brain damage via its antioxidant activity. BMC 

Complementary and Alternative Medicine, 18(1):101.  

7. H.M. Berman, J. Westbrook, Z. Feng, G. Gilliland, T.N. Bhat, H. Weissig, I.N. Shindyalov, P.E. Bourne. 

(2000) The Protein Data Bank Nucleic Acids Research, 28(1): 235-242. 

8. King, P., 2012. Haemophilus influenzae and the lung (Haemophilus and the lung). Clinical and translational 

medicine, 1(1): 10. 

9. Karthikeyan Mohanraj, Bagavathy Shanmugam Karthikeyan, R.P. Vivek-Ananth, R.P. Bharath Chand, S.R. 

Aparna, P. Mangalapandi and Areejit Samal  2018. IMPPAT: A curated database of Indian Medicinal Plants, 

Phytochemistry And Therapeutics, Scientific Reports. 8:4329. 

10.  Loeb, M.R., Smith, D.H., 1980. Outer membrane protein composition in disease isolates of Haemophilus 

influenzae: pathogenic and epidemiological implications. Infection and immunity, 30(3): 709–717. 

http://www.jetir.org/


© 2019 JETIR  February 2019, Volume 6, Issue 2                                   www.jetir.org  (ISSN-2349-5162) 
 

JETIR1902788 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 650 

 

11.  Somchit, M.N., Mak J.H., Zuraini A.A.,Arifah A.K.. 2012. Zerumbone isolated from Zingiber zerumbet inhibits 

inflammation and pain in rats. Journal of Medicinal Plants Research, 6(2): 177-180.  

12. Mills, S.D., Eakin, A.E., Buurman, E.T., Newman, J.V., Gao, N., Huynh, H., Johnson, K.D., Lahiri, S., Shapiro, 

A.B., Walkup, G.K., Yang W. and Stokes S.S. 2011. Novel Bacterial NAD+-Dependent DNA Ligase Inhibitors 

with Broad-Spectrum Activity and Antibacterial Efficacy In Vivo. Antimicrobial Agents and Chemotherapy, 

55(3):1088–1096. 

13. Mulks, M.H., Kornfeld, S.J., Frangione, B., Plaut, A.G., 1982. Relationship between the specificity of IgA 

proteases and serotypes in Haemophilus influenzae. The Journal of infectious diseases, 146(2): 266–274. 

14. Munda, S., Dutta, S., Haldar, S. and Lal, M. 2018. Chemical Analysis and Therapeutic Uses of Ginger (Zingiber 

officinale Rosc.Essential Oil: A Review. Journal of Essential Oil-Bearing Plants, 21(4):994-1002. 

15. Nag, A., Mukherjee, A., 2014. In silico docking analysis of Janus kinase enzymes and phytochemicals. Journal 

of Chemical and Pharmaceutical Research, 6(11): 493–499. 

16. Pettersen EF, Goddard TD, Huang CC, Couch GS, Greenblatt DM, Meng EC, Ferrin TE. 2004. UCSF Chimera--

a visualization system for exploratory research and analysis. Journal of Computational Chemistry, 25(13):1605-

12. 

17. Sahu, A.K., Sahoo, R.K., Paidsetty, P.S.. 2018 Zingiber zerumbet (linn.): Traditionally important Medicinal 

Plant,Journal of Pharmaceutical Advanced Research, 1(10):403-406. 

18. Sibanda, T., Okoh, A., 2007. The challenges of overcoming antibiotic resistance: Plant extracts as potential 

sources of antimicrobial and resistance modifying agents. African Journal of Biotechnology, 6(25). 

19.  Singh, S.P., Singh, N.I., Nongalleima, K., Doley, P., Singh C.B. and Sahoo D. 2018. Molecular docking, MD 

simulation, DFT and ADME-toxicity study on analogs of zerumbone against IKK-β enzyme as anti-cancer 

agents. Network Modeling Analysis in Health Informatics and Bioinformatics., 7(1):7. 

20. Srivastava, S.K., Tripathi R.P. and Ramachandran R. 2005. NAD+-dependent DNA Ligase (Rv3014c) from 

Mycobacterium tuberculosis. Journal of Biological Chemistry, 280(34):30273–30281. 

21. Srivastava, S.K., Dube, D., Tewari, N., Dwivedi, N., Tripathi R.P. and Ramachandran R.  2005. Mycobacterium 

tuberculosis NAD+-dependent DNA ligase is selectively inhibited by glycosylamines compared with human 

DNA ligase I. Nucleic Acids Research, 33(22):7090–7101. 

22. St Geme, J.W., Falkow, S., Barenkamp, S.J., 1993. High-molecular-weight proteins of nontypable Haemophilus 

influenzae mediate attachment to human epithelial cells. Proceedings of the National Academy of Sciences, 

90(7): 2875–2879. 

23. Sutardi, L.N., Wientarsih, I., Handharyani, E., Setiyono, A.,2015. Indonesian Wild Ginger (Zingiber sp) Extract: 

Antibacterial Activity against Mycoplasma gallisepticum. IOSR J.Pharm, 5: 59-64. 

24. Swift, R.V., Amaro, R.E., 2009. Discovery and design of DNA and RNA ligase inhibitors in infectious 

microorganisms. Expert Opinion on Drug Discovery, 4(12): 1281–1294.  

25. Turk, D., 1984. The pathogenicity of Haemophilus influenzae. Journal of medical microbiology, 18(1): 1–16. 

26. Turk, D., May, J., 1967. Distribution of Haemophilus influenzae in healthy human communities. Haemophilus 

influenzae: its clinical importance. The English Universities Press, Ltd., London ,13–23. 

http://www.jetir.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3067096/


© 2019 JETIR  February 2019, Volume 6, Issue 2                                   www.jetir.org  (ISSN-2349-5162) 
 

JETIR1902788 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 651 

 

27. Yob, N.J., Jofrry, S.M., Affandi, M.M.R.M.M., Teh, L.K., Salleh, M.Z., Zakaria, Z.A., 2011. Zingiber zerumbet 

(L.) Smith: A Review of Its Ethnomedicinal, Chemical, and Pharmacological Uses. Evidence-Based 

Complementary and Alternative Medicine, 1–12. https://doi.org/10.1155/2011/543216 

28. Zhang, C., Vasmatzis, G., Cornette, J.L., and DeLisi C. 1997. Determination of atomic desolvation energies 

from the structures of crystallized proteins. Journal of Molecular Biology. 267(3):707-26. 

 

http://www.jetir.org/

