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ABSTRACT 
The present study was aimed to identify the active compounds present in propolis by GC-MS analysis and 
analyzing the binding interaction of ligands viz., 1,2- Benzenedicarboxylic acid and Desmethyldeprenyl of 
two compounds present in propolis with the chronic hepatitis B (large envelop protein). GC-Ms analysis 
showed the presence of 13 volatile compounds  in propolis methanolic extract with different RT, molecular 
weight and peak area. Docking studies revealed that there is a presence of binding site between these two 
ligands and the protein. Hydrogen bond formation was good in the two ligands, when docked with the 
protein. The result of Lipinski rule suggests the analyzed compound as best therapeutic drug. Docking study 
result proves the application of 1, 2- Benzenedicarboxylic acid and Desmethyldeprenyl compounds as 
potential and natural therapeutic agents to treat disease. 
The results obtained from this study would be useful in both understanding the inhibitory mode as well as in 
rapidly and accurately predicting the activities of new inhibitors on the basis of docking scores. Analysis of 
propolis ligand binding interaction with the large envelop protein can be useful for new preventive and 
therapeutic drug for cancer. 
Key words: Propolis, GC-MS, Molecular docking and large envelop protein. 
 

INTRODUCTION 
Propolis is a natural product that belongs to the great family of bee products. The word Propolis is a complex 
term originating from two ancient Greek words: pro- standing for “before or in defense” and the polish 
meaning city. Thus, in apiculture, its meaning refers to the harboring of the hive. Propolis is a sticky, resinous 
substance, collected from various floral sources that are transformed and used by honey bees to construct and 
maintain their hives by sealing holes in their honeycombs. It is also used for smoothing out the internal walls 
and shelter the entrance of the hive from intruders. Trends and development in Propolis research have been 
reviewed by Bankova (2005). Propolis is a traditional remedy in alternative medicine that has been used for 
centuries in Egypt, Greece, and other countries as well. Propolis possesses antimicrobial (Veiga et al., 2017), 
antioxidative  (Veiga et al., 2017), anti-inflammatory (Wang et al., 2014), tuberculosis infection (Yildirim et al., 
2004), lifestyle related disorders (Saeed et al., 2016), antiproliferative and proapoptotic activity (Demir et al., 
2016), innate immune responses (Soltani et al., 2017), anti-leishmanial activity (Cuesta-Rubio et al., 2017), 
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multi-drug resistant microbial pathogens (Issam et al., 2015), cytotoxic (Dos Santos et al., 2017), contact 
allergy (De Groot, 2013), anti-tumor activity (Bassani Silva et al., 2007), dermatophytosis in dog (Cruz Sánchez 
et al., 2014), acute giardiasis (Abdel Fattah and Nada, 2007), anti-protozoans (Gressler et al., 2012) and anti-
ulcer (Alfaris et al., 2009). 
 
Currently, the use of synthetic chemicals to control Hepatitis B concerns related to human health. An 
alternative is the use natural products that possess good efficacy and are environmentally friendly. Among 
those chemicals, volatile compounds from propolis have been tested to assess their antiviral (Hepatitis B) 
properties as a valuable natural resource as opined by Al Naggara et al. (2016). In view of this, the main 
objective of the present investigation was to identify the natural antiviral compounds from propolis and to find 
its binding interaction against Hepatitis B protein (large envelope protein) by in silico molecular docking 
studies. 
 

MATERIALS AND METHODS 
Collection and Extraction of Propolis 
Commercially available pure propolis powder (Stakich organic) was purchased from USA and 10 gram propolis 
was mixed with 100 ml of methanol and kept in kept in a orbital shaker for 3 days and the extract was filtered 
through a Whatman No. 1 filter paper and the filtrate was stored at 4ºC until further studies. 
GC-MS Analysis 
The methanolic extract of propolis was used for GC-MS analysis. 2 μl of the methanolic extract of the propolis 
was dissolved in HPLC grade methanol (≥99.9%) and subjected to GC and MS. JEOL GCMATE II GC-MS (Agilent 
Technologies 6890 N). The column (HP5) was fused silica 50 m x 0.25 mm I.D. Analysis conditions were 20 min, 
at 100°C, 3 min at 235°C for column temperature, 240°C for injector temperature, helium was the carrier gas 
and split ratio was 5:4. The sample (1μl) was evaporated in a split less injector at 300°C. Run time was 22 min. 
The compounds were identified by gas chromatography coupled with mass spectrometry. The molecular 
weight and structure of the compounds of test materials were ascertained by the interpretation of mass 
spectrum of GC-MS using the database of National Institute Standard and Technology (NIST). The mass 
spectrum of the unknown component was compared with the spectrum of the known components stored in 
the NIST library. By making use of this the name, molecular weight and structure of the components of the test 
materials were ascertained. 
In silico Molecular Docking 
In silico molecular docking is the process in which the molecules fit together in 3D space. It is a key tool in 
structural biology and computer-aided drug design. In this study, two compounds which were identified by GC-
Ms were selected to assess their interaction with large envelope protein. The sequence of Large envelope 
protein (Swissprot ID: P03140) was retrieved from Swissprot database. The three dimensional structure of 
large envelope protein (PDB ID: 1WZ4) was downloaded from PDB Database. The domain Major surface 
antigen from heptoadenovirus (region 30-395) is identified using PFam database. The Ligand compounds 
structure was drawn using ACD ChemSketch and converted in to PDB format using Open Babel. Structure Data 
Format (SDF) files were used for representing multiple chemical structure records and associated data fields, 
3D-Structure visualization of protein was done by RASMOL. The 3D structure of large envelope protein was 
docked with two inhibitors viz., 1,2-Benzenedicarboxylic acid and Desmethyldeprenyl  using AutoDock 
Software. The Docking results were analyzed using PyMol visualization tool.  
 

RESULTS AND DISCUSSION 
GC-MS Analysis 
The peak of compounds and retention times present in methanolic extract of propolis was identified by GC-MS 
analysis and are reported in chromatogram (Fig. 1). The composition of the volatile compounds with retention 
time, molecular formula and molecular weight are presented in Fig. 2 to 9. The GC-MS showed the presence of 
13 volatile compounds, which were identified as Desulphosinigrin (RT-12.17), Ethyl iso-allocholate (RT-14.27), 
9,12,15-Octadecatrienoic acid, 2-[(trimethylsilyl)oxy]methyl]ethyl ester, [ZZZ]- (RT-16), Pentadecanoic acid, 14-
methyl-, methyl ester (RT-17.23), 1-Monolinoleylglycerol trimethylsilyl ether (RT-17.62), 16-Octadecenoic acid, 
methyl ester (RT-19.07), Ethyl iso-allocholate (RT-25.35), [22S]-21-Acetoxy-6a,11a-dihydroxy-16a,17a-
propylmethylenedioxy pregna-1,4-diene-3,20-dione (RT-28.27)).  
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Figure 1. GC-MS Chromatogram of propolis methanolic extract. 

 
Figure 2. Mass spectra of Desulphosinigrin (RT-12.17). 

 

 
Figure 3. Mass spectra of Ethyl iso-allocholate (RT-14.27). 
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Figure 4. Mass spectra of 9,12,15-Octadecatrienoic acid, 2-[(trimethylsilyl) oxy]methyl]ethyl ester,  

[ZZZ]- (RT-16). 
 

 
Figure 5. Mass spectra of Pentadecanoic acid (RT-17.23). 

 

 
Figure 6. Mass spectra of 1-Monolinoleylglycerol trimethylsilyl ether (RT-17.62). 

 

 
Figure 7. Mass spectra of 16-Octadecenoic acid, methyl ester (Rt-19.07). 
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Figure 8. Mass spectra of Ethyl iso-allocholate (RT-25.35). 

 

 
Figure 9. Mass spectra of [22S]-21-Acetoxy- 6a, 11a -dihydroxy-16a, 17a-propylmethylenedioxy pregna-1, 4-

diene-3,20-dione (RT-28.27). 
 

 
Figure 10. Final docked structure of large envelope protein with 1,2-Benzenedicarboxylic acid. Pictorial 

representation of docked complex using PYMOL tool where, protein is in blue color, 1,2-Benzenedicarboxylic 
acid in pink color and the H-Bond is indicated by blue color dots. 
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Figure 11. Pictorial representation of docked complex using PYMOL tool where, protein is in blue color, 

Desmethyldeprenyl acid in pink color and the H-Bond is indicated by blue color dots 
 

Table 1. Molecular docking of 1, 2-Benzenedicarboxylic acid and Desmethyldeprenyl acid against large 
envelope protein. 

Name of the protein Name of the compound Distance Docking score  
K Cal/Mol 

H-Bond 

 
 
Large envelop protein 

1,2-Benzenedicarboxylic acid 3.35 -1.63 1 

Desmethyldeprenyl acid 2.88 -1.83 1 

 
The GC-MS showed the presence of 13 volatile compounds, which were identified as Desulphosinigrin (RT-
12.17), Ethyl iso-allocholate (RT-14.27), 9,12,15-Octadecatrienoic acid, 2-[(trimethylsilyl)oxy]methyl]ethyl 
ester, [ZZZ]- (RT-16), Pentadecanoic acid, 14-methyl-, methyl ester (RT-17.23), 1-Monolinoleylglycerol 
trimethylsilyl ether (RT-17.62), 16-Octadecenoic acid, methyl ester (RT-19.07), Ethyl iso-allocholate (RT-25.35), 
[22S]-21-Acetoxy-6a,11a-dihydroxy-16a,17a-propylmethylenedioxy pregna-1,4-diene-3,20-dione (RT-28.27)). 
Similar observations were also reported by El Hady and Hegazi (2000) in GC-MS profiling of East Nile Delta 
Propolis and Jordan et al. (2002) in aqueous essence and fruit juice of Passiflora edulis by GC-MS and GC/O 
profiling. The GC-MS as a simple method and the chromatographic and mass spectral characteristics of the 
diterpenes identified are important and useful tools for rapid chemical characterization of this propolis type. It 
has potential also as an instrument for revealing its plant sources. Further research, aimed to find out these 
sources, including observation of bee behavior, is needed. Detailed studies of the biological activity of this 
propolis type are in progress.  
Propolis has a long history of medicinal use, since the time of Aristotle. It has many medicinal uses today, 
although its effectiveness has only been shown for a couple of them. Propolis is also used as an anti-viral, anti-
bacterial, antiparasitic, anti-human immunodeficiency virus, anti-HIV, anti-tumor, anti-hypertension, anti-
inflammatory, antiseptic, analgesic, and anti-cardiovascular disease. By using GC-MS the various chemical 
compound has been identified. From that two chemical compounds namely (Desmethyldeprenyl and 1,2-
Benzenedicarboxylic acid, butyl cyclohexyl ester) have been selected for the docking studies based on the 
medicinal properties i.e.,  antimicrobial  and antifouling activity. On the other hand probably the bioactive 
property of propolis probably is related to flavonoid follow this regard, several papers supported our finding 
concerning to antimicrobial property of flavonoid, tanin, and steroid (Markham et al., 1996; Vassya et al., 
2000; Silvia et al., 2013) Many studies have analysed the propolis compounds using GC-MS (Murat 2002; Park 
et al. 2002) and HPLC methods (Medana et al. 2008) since the propolis compounds has varied polarity. 
The large envelope protein exists in two topological conformations, one which is termed 'external' or Le-HBsAg 
and the other 'internal' or Li-HBsAg.  
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In its external conformation the protein attaches the virus to cell receptors and thereby initiating infection. 
This interaction determines the species specificity and liver tropism. This attachment induces virion 
internalization predominantly through caveolin-mediated endocytosis. The large envelope protein also 
assumes fusion between virion membrane and endosomal membrane (Probable). In its internal conformation 
the protein plays a role in virion morphogenesis and mediates the contact with the nucleo-capsid like a matrix 
protein.  
 It is interesting to know that in silico molecular docking studies of compound present in propolis methanolic 
extract against large envelop protein has not carried out and this is the first report that is recorded. In silico 
molecular docking study revealed that the interaction of 1, 2-Benzenedicarboxylic acid and Desmethyldeprenyl 
with large envelop protein formed 1 hydrogen bond whereas the interaction of Desmethyldeprenyl with large 
envelop protein showed higher docking score (-1.83 KCal/Mol) than the 1,2-Benzenedicarboxylic acid with the 
docking score of (-1.63 KCal/Mol) as shown in Table 1.,This result clearly indicates that there is binding site 
between the protein and ligands. The docking is also valid by the formation of one hydrogen bond between 
them. The result of Lipinski rule suggests the analyzed compound as best therapeutic drugs. Similar type of 
studies were performed with fucoidan compound against HepG-2 cell line proteins by Ashok and Sivakumari 
(2015), kappa-carrragenan present in Kappaphycus alvarezii against InhA enzyme by Mayakrishnan et al. 
(2015), quercetin compound against HeLa cell line proteins  by Muthukala et al. (2015), resveratrol compound 
against KB cell line proteins by Manimaran et al. (2015), stearic acid against transferrin and plasminogen 
proteins present on HepG-2 cells present in Cardiospermum halcacabum by Rajesh et al. (2016) and rutin 
compound  against apoptotic proteins (Tumor Necrosis Factor, Caspase-3, NF-Kappa-B, P53,Collagenase, Nitric 
oxide synthase and Cytochrome C). 
According to Lipinski et al. (2001) the ligand should have good absorption with a log p value i.e., partition 
coefficient below 5, molecular weight lower than 500 daltons and 10 H2 bond acceptors i.e., N2 and H2 atoms 
and based on these parameters the ligands can attain a drug-likness and also used to predict wheather a 
chemical or isolated compound possess a pharmacological or biological activity as an orally active drug in 
humans or not. In similar way our ligands also obeyed the rules of Lipinski to attain the nature of drug-likness. 
 

CONCLUSION 
This is the first report of in silico molecular docking studies of compound present in propolis methanolic 
extract against large envelop protein has not carried out and in future these compounds can be used as a 
potential and natural therapeutic agents to treat liver cancer. 
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