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Abstract 29 

From the early days of the COVID-19 pandemic, side by side to immense investigates to design 30 

specific drugs or to develop a potential vaccine for the novel coronavirus. Myriads of FDA 31 

approved drugs are massively repurposed for COVID-19 treatment based on molecular docking 32 

of selected protein targets that play vital for the replication cycle of the virus. Honey bee 33 

products are well known of their nutritional values and medicinal effects. Antimicrobial activity 34 

of bee products and natural honey have been documented in several clinical studies and was 35 

considered a good alternative for antiviral medications to treat some viral infections. Bee 36 

products contain bioactive compounds in the form of a collection of phenolic acids, flavonoids 37 

and terpenes of natural origin. We revealed by molecular docking the profound binding affinity 38 

of 14 selected phenolics and terpenes present in honey and propolis (bees glue) against the main 39 

protease (Mpro) and RNA dependent RNA polymerase (RdRp) enzymes of the novel 2019-nCoV 40 

coronavirus. Of these compounds, p-coumaric acid, ellagic acid, kaemferol and quercetin has the 41 

strongest interaction with the 2019-nCoV target enzymes, and they may be considered as an 42 

effective 2019-nCoV inhibitors.  43 

Key words: COVID-19, Honey Bee products, Phenolic compounds, Molecular docking, Drug 44 

repurposing, Natural products. 45 
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hydrogen peroxide that produced in most traditional honeys (Al Naggar et al. 2020, in press). 97 

However, the potential bioactive compounds derived from honey and other bee products are not 98 

identified yet and deserve more attention. 99 

Therefore, the aim of the present study is to perform deep virtual screening via molecular 100 

docking to test binding affinity of various selected bioactive compounds such as terpenes and 101 

flavonoids of honey and propolis as inhibitors against COVID-19 essential enzymes: RNA-102 

dependent RNA polymerase and the main protease. 103 

Docking methodology 104 

The crystal structure of COVID -19 RNA-dependent RNA polymerase (RdRp) (PDB 105 

code:  6M71) (Gao et al. 2020) and the main protease (Mpro) (PDB code:  6LU7) (Jin et al. 2020) 106 

were retrieved from Protein Data Bank. This study was carried out on  14 compounds (Fig. 1) 107 

from honey and propolis into the receptor active site using AutoDock Vina (Trott and Olson 108 

2010). Ligand structures were drawn into Marvin Sketch V19.12 (2020c) and the most 109 

energetically favored conformer was exported as (*.pdb) file format. AutoDockTools package 110 

(Morris et al. 2009) was used to assign Gasteiger atomic partial charges and all the rotatable 111 

bonds in ligands were set to be flexible. For receptor preparation, all water molecules were 112 

removed, the co-crystalized ligand was removed, Gasteiger atomic partial charges were assigned 113 

and all receptors and ligands were converted to the PDBQT format using AutoDockTools 114 

package for docking process. In the AutoDock Vina configuration files, the parameter num 115 

modes was set to 10 and exhaustiveness to 14. The grid boxes of center (x= 118.23, y= 103.32 116 

and z= 118.37) with size (x=17, y=25, z=17) for the RNA-dependent RNA polymerase and 117 

center (x= -10.71, y= 12.41 and z= 68.83) with size (x=16, y=18, z=16) for the main protease 118 

were used to define the active site. AutoDock Vina was executed. Pymol (2020d) was used for 119 
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3D visualization and the 2D schematic presentation was generated using LigPlot+ V1.4.5 120 

(Laskowski and Swindells 2011). 121 

Results and discussion 122 

Honey bee products contain minor amounts of flavonoids, phenols, phenolic acids, 123 

carotenoids and terpenes (Fig. 1). These phenolic compounds and terpenes found to possess 124 

variable medicinal effects including wound healing, antioxidant, antimicrobial, antiviral, anti-125 

inflammatory, cardioprotective, and neuroprotective activities (Biesalski et al. 2009; Küçük et al. 126 

2007; El-Seedi et al. 2020). Recently many drugs that are designed and clinically implicated for 127 

other medicinal aspects have been repurposed for COVID-19 treatment (Kandeel and Al-Nazawi 128 

2020, Oliveira et al. 2020). Therefore, honey bee products represent a natural pharmacy that 129 

harbor collection of remedies of broad medicinal effects and might be repurposed against 130 

COVID-19. 131 

Bioinformatics is one of the most important and innovative approaches to design new 132 

drugs (Li et al., 2020). Due to the high cost of clinical and laboratory trials, the time consuming 133 

and the possibility of error, different bioinformatics techniques are nowadays used in the design 134 

of new drugs (Shaghaghi, 2020). In the current study, computational docking was implemented 135 

to predict the binding mode of 14 compounds from honey and propolis with two different targets 136 

from COVID-19; RNA-dependent RNA polymerase (RdRp) (PDB code:  6M71)  and the main 137 

protease (Mpro) (PDB code:  6LU7). We revealed that the bioactive compounds; ellagic acid, 138 

hesperetin, and kaempferol are the most promising compounds on COVID-19 RdRp while 139 

artepillin C, ellagic acid, hesperetin, kaempferol and quercetin were the most active on the main 140 

protease (Mpro). The binding scores for each compound into the two targets are shown in Table 141 

1. The binding mode for ellagic acid to COVID-19 RdRb site was attributed to H-bond 142 
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and other coronaviruses including SARS-CoV proteases (3CLpro and PLpro) as well as the 166 

Middle Eastern Respiratory Syndrome coronavirus (MERS-CoV) 3CLpro protease.  Quercetin 167 

was also able to inhibit both enzymes in vitro in micromolar doses (Park et al. 2017). 168 

Conclusions 169 

Theoretical studies through molecular docking of  collection of bioactive compounds of 170 

honey bee products against selected targets of COVID-19 including Mpro and RdRb enzymes of 171 

the 2019-nCoV virus have distinguished promising bioactive compounds of natural origin that 172 

exhibited profound binding to the respective COVID- 19 targets. Among the investigated 173 

bioactive compounds derived from honey and propolis, p-coumaric acid, ellagic acid, kaemferol 174 

and quercetin are the most promising compounds on 2019-nCoV active sites (RdRb and  Mpro) 175 

These potent bioactive compounds were also found to have potential antiviral activity against the 176 

common cold human rhinovirus which is RNA virus like SARS-CoV2. Taken all together and 177 

based on our theoretical studies supported by previous in vitro confirmatory studies, we 178 

recommend further in vivo investigations to assess the predicted affinity of the selected 179 

compounds against the novel coronavirus (COVID-19) target enzymes. 180 
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Fig.2 344 
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