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Ebola virus is a single-stranded, negative-sense RNA virus that causes severe 
hemorrhagic fever in humans and non human primates. This virus is unreceptive to a 
large portion of the known antiviral drugs and there is no valid treatment as of date for 
the disease created by this pathogen. Looking into its ability to create a pandemic 
scenario across globe; there is an utmost need for new drugs and therapy to combat this 
life threatening infection. It is therefore essential to identify parent compounds that have 
the potential to be developed into effective drugs.  In the present study, the screening of 
various compounds was reported from the PubChem database (contains over 31 million 
compounds) using the Molegro Virtual Docker software against the Ebola virus receptor 
protein i.e nucleoprotein. In this analysis 1000 Lipinski compliant hits are docked against 
receptor protein and scored to identify structurally novel ligands which works as better 
inhibitors in comparison to other reported compounds. Screening approach identified 
eight molecules 87178695 (MolDock score of -216.561kcal/mol); 58070457 (MolDock 
score of -208.084kcal/mol); 90013496 (MolDock score of -207.009kcal/mol);  68277338 
(MolDock score of -206.613kcal/mol; 58717112 (MolDock score of -206.249kcal/mol);  
90012944 (MolDock score of -204.004); 56372760 (MolDock score of -203.79kcal/mol) 
and 68277459 (MolDock score of -200.57kcal/mol) from the PubChem database. Their 
energy scores were better than the other reported compounds. This will help in the 
development of the competitive agents against Ebola infection. 
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------------------------------------------------------------------------------------------------------------
Introduction 

Ebola virus identified is an envelope ,single stranded ,negative-sense RNA virus that 
cause severe hemorrhagic fever in humans . Ebola virus is a deadly pathogenic virus.It is 
classified under filoviridae family. It was first identified in Africa in 1976 in democratic 
republic of congo (Dixon et al., 2002). Ebola virus is the single member of the species 
Zaire ebolavirus ,which is the type species for the genus Ebolavirus ,family 
Filoviridae,order Mononegavirales. The natural reservoir of Ebola virus is believed to be 
bats, particularly fruit bats , and it is primarly transmitted between humans through body 
fluids. The ebolavirus genome is a single stranded RNA approximately 19,000 
nucleotides long. It encodes seven structural proteins :nucleoprotein(NP) ,polymerase 
cofactor(VP35),(VP40), GP, transcription activator (VP30), VP24, and RNA dependent 
RNA polymerase (L).Because of its high mortality rate(up to 83-90% ), EBOV is also 
listed as a select agent, World Health Organization Risk Group 4 Pathogen (requiring 
Biosafety Level 4-equivalent containment)  (Kuhn et al.,2010). Ebolavirus possesses a 
single-stranded , non-segmented, negative RNA strand genome that contain seven genes: 
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NP, VP35, VP40, GP, VP30, VP24 and L. Ebolavirus contains its genetic information in 
a nucleocapsid.Once Ebolavirus has successfully entered a host cell, it hijacks the 
transcription and translation of the host. Ebolavirus can infect an array of host cell which 
makes the virus a very successful infectious agent. The diameter of Ebolavirus is a 
consistent 80 nm, but the length ranges from 600 to 1400 nm (Aleksandrowicz et al., 
2011). Ebolavirus possesses a lipid membrane with glycoproteins on the surface that 
spike in order for the virus to attach to its host. Inside the lipid membrane is the viral 
capsid which encloses the viral RNA. Initial symptoms of Ebolavirus include headache, 
muscle aches, fever, and fatigue. These symptoms are very similar to other common 
diseases in Sub-Saharan Africa such as malaria. One theory of how EBOV initially 
spread is that a person infected with EBOV showing symptoms similar to malaria, 
received a malaria vaccine at a local missionary outpost .  

As such there is no drug available for treatment of ebola virus infection. In silico 
approach is useful for discovering drug lead candidate against ebola virus fatal infection( 
Palamthodi1 et al.,2012).Drug design, sometimes referred to as rational drug design or 
simply rational design, is the inventive process of finding new medications based on the 
knowledge of a biological target (Madsen et al., 2002). In the most basic sense, drug 
design involves the design of molecules that are complementary in shape and charge to 
the biomolecular target with which they interact and therefore will bind to it. Drug design 
frequently but not necessarily relies on computer modeling techniques (Cohen et 
al.,1996). This type of modeling is often referred to as computer-aided drug design. 
Finally, drug design that relies on the knowledge of the three-dimensional structure of the 
biomolecular target is known as structure-based drug design. 

Virtual screening (VS) is a computational technique used in drug discovery to search 
libraries of small molecules in order to identify those structures which are most likely to 
bind to a drug target, typically a protein receptor or enzyme (Rester , 2008). VS has 
largely been a numbers game focusing on how the enormous chemical space of over 1060 
conceivable compounds  (Bohacek et al., 1996) can be filtered to a manageable number 
that can be synthesized, purchased, and tested. Although searching the entire chemical 
universe may be a theoretically interesting problem, more practical VS scenarios focus on 
designing and optimizing targeted combinatorial libraries and enriching libraries of 
available compounds from in-house compound repositories or vendor offerings. As the 
accuracy of the method has increased, virtual screening has become an integral part of the 
drug discovery process(McGregor et al., 2007). In this paper, the screening of various 
compounds was reported from the PunChem database (contains over 31 million 
compounds) using the Molegro Virtual Docker software against the Ebola virus receptor 
protein i.e nucleoprotein. 

Materials and Methods 

Selection of target protein from PDB: The 3D coordinates of the crystal structure of 
Nucleoprotein (PDB code: 1H2D) was selected as the receptor model in virtual screening 
for docking using Molegro Virtual Docker for the study. 
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Screening of lead molecules from Zinc database:  Out of 50 ligands which were 
studied in screening of promising lead molecules against  drug targets in Ebola Virus, 11 
best were chosen from zinc database with low energy values. Various physiochemical 
parameters belonging to different classes like log-p, molecular weight, hydrogen bond 
donar, hydrogen bond acceptor, no. of rotational bonds of ligand molecules were 
calculated using calculate properties tool from molinspiration server. After calculating 
the physiochemical parameters of known ligands using molinspiration server, a range 
value of all the descriptors was set and compounds were screened from PubChem 
database by adding the minimum and maximum values for each descriptor. A library of 
compounds was obtained after screening and all the compounds were saved in sdf file 
format.  
Docking Studies using Molegro Virtual Docker 
In docking studies, the interaction between target and ligand was studied. The best 
ligands screened were loaded into molegro and docking studies were carried out. Based 
on the binding energies, the drug lead compounds were determined. 
 

Results &Discussion 

 Lipinski's “Rule of 5” states, that most “drug-like” molecules have log P < or = 5, 
number of hydrogen bond acceptors < or = 10, number of hydrogen bond donors < or = 5 
and molecular weight < or = 500 g/mol. Molecules violating more than one of these rules 
may have problems with bioavailability. The physico-chemical properties (log P value, 
H-bond acceptors, H-bond donors, molecular weight and rotational bonds) of 11 best 
compounds were calculated using the molinspiration server. For these compounds range 
of calculated log p values was from 2.43 to 4.79, number of H-bond acceptors ranged 
from 6 to 8 number of H-bond donars ranged from 1 to 3, molecular weight ranged from 
421.94 to 471.39 g/mol, number of rotational bonds ranged from 6 to 7. 

 The PubChem database was searched based on range values of properties of 11 
best compounds and identified 1000 hits that were Lipinski compliants. These 1000 
compounds were docked  using Molegro virtual docker and evaluated binding 
compatibility with the receptor based on docked energy (in kcal/mol)(Fig.1-4). This 
approach identified eight PubChem compounds 87178695(N-(dicyanomethyl)-3-[5-[4-
[(oxan-4-ylamino)methyl]phenyl]-1,2-oxazol-3-yl]benzamide); 58070457 (5-[6-[3-[4-
[(cyclopropylamino)methyl]phenyl]-1,2-oxazol-5-yl]-5-methylpyrazin-2-yl]-1-propan-2-
ylpyridin-2-one);90013496(N-[[4-(2-fluoro-5-methoxyphenyl)sulfonylphenyl]methyl]-
1H-pyrazolo[3,4-b]pyridine-5-carboxamide); 68277338 (N-[[4-(2-fluoro-4-
methoxyphenyl)sulfonylphenyl]methyl]-1H-pyrazolo[3,4-b]pyridine-5-carboxamide); 
58717112 (N-[4-[1-[[(6Z)-6-(3-methoxy-4-oxocyclohexa-2,5-dien-1-ylidene)-1H-
pyrazin-2-yl]amino]ethyl]phenyl]pyridine-3-carboxamide);90012944(N-[[4-(3-fluoro-5-
methoxyphenyl)sulfonylphenyl]methyl]-1H-pyrazolo[3,4-b]pyridine-5-carboxamide); 
56372760 (3-[3-(4-fluorophenyl)-1,2,4-oxadiazol-5-yl]-N-[6-(2-methoxyethoxy)pyridin-
3-yl]piperidine-1-carboxamide);68277459(N-[[4-(3-fluoro-4-
methoxyphenyl)sulfonylphenyl]methyl]-1H-pyrazolo[3,4-b]pyridine-5-carboxamide) 
from PubChem database for compatible binding with the nucleoprotein receptor. 
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Nucleoprotein (PDB ID 1H2D) with the reference ligand resulted in MolDock 
score of -156.982 kcal/mol. Therefore, any molecule from the dataset which shows a 
score lower than -156.982 kcal/mol would be regarded as much of interest. Screening 
approach identified eight molecules (Table.1) may work better inhibitors in comparison 
to other reported compounds. Also the screened molecules showed better optimal binding 
affinity with the protein receptor. To reduce the efforts for the clinical research 
laboratories for drug screening,the hypothetical study was done which may result in 
identification of novel lead compounds for the development of drugs to treat the Ebola 
Virus infection. 

Conclusion 

Finding novel compounds as starting points for lead optimization is a major challenge in 
drug discovery. Virtual screening is a powerful technique for identifying hit molecules as 
starting points for medical chemistry. The number of methods and software which use the 
ligand and target based virtual screening approaches is increasing at a rapid pace. It has 
been clearly demonstrated that the approach utilized in this study is successful in finding 
eight compounds from the PubChem database which can be used as drugs against Ebola 
Virus infection. All these molecules follow the Lipinski Rule of five, showing their drug 
likeness. Thus the concept of protein ligand interaction helps in designing new drugs 
against Ebola Virus infection. The leads found out, could possibly inhibit the infection. 
However, these leads should undergo various preclinical analysis and optimization 
process before going into clinical trials. 
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Table 1:- Binding Energies (MolDock score) of 8 best compounds calculated from 
MOLEGRO 

S.No PubChem ligand No. MolDock score ( kcal/mol) 

1 87178695 -216.561 

2 58070457 -208.084 

3 90013496 -207.009 

4 68277338 -206.613 

5 58717112 -206.249 

6 90012944 -204.044 

7 56372760 -203.79 
8 68277459 -200.57 
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Fig.1:- Prediction of cavities before running docking simulation in 1H2D 

 

 

Fig.2:- Secondary structure view before running docking simulations in 1H2D 
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Fig .3 Calculating energy grid 

 

 

                           Fig 4:- Calculating energy during docking process  


