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ABSTRACT 

Rift Valley Fever, also known as viral zoonosis is an acute, fever causing disease which affects 

domestic animals and livestock. The virus has RNA as genetic material, enveloped by proteins.  

Its RNA genome is composed of three segments L, M and S of negative polarity. The dual 

function of Non-Structural protein (NS Protein), one to inhibit the host transcription by 

interacting with the p44 and affecting the assembly of transcription factor TFII-H in the nucleus 

and second, inhibition of one interferon (IFN-β) for this it uses transcription factor YY1 to 

maintain the repressor complex of SAP30 (Sin3A-associated protein 30), YY1 and Sin3A-

ssociated protein 30 co repressor factors, which suppresses the transcription of INF- β. NS 

protein was focused for this study. To get the 3D structure of NS Protein, Homology Modeling 

was performed by MODELLER 9.11 and the structure obtained was validated through 

PROCHECK. A set of library was collected by Drugbank. There 2D and 3D conformers were 

generated by FROG 2.1. Top 11 Molecules were selected and docked with the help of online 

server PatchDock and ranked based on their Energy and score. To make ligand act as a drug it 

should follow druglike property which was measured by Molinspiration server calculating 

Lipinski Rule of Five. A Comparative analysis was done of which Leflunomide showed best 

result with Molecular Weight = 301.39 Da, Hydrogen Bond Acceptor =6, Hydrogen Bond Donor 

= 5, Log P= 2.2, Global energy = -58.98 and Docking Score= 5923. 

Keywords: Rift Valley Fever, TFII-H, IFN-β, transcription factor YY1, SAP30, Non-Structural  
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1. INTRODUCTION 

Rift Valley Fever is a natural infectious disease which primarily affect livestock and responsible 
for 50-90% mortality rates [1]. In 1931, it was discovered that this virus was transmitted by 
mosquitoes [2], and the virus was first time isolated from naturally occurring mosquitoes [3]. RVF 
is capable of spreading between the different species as a result humans also get infected by this 
disease as an acute febrile illness [1].  
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The genome sequencing and serial mutagenesis were used to produce derivative of ZH548 isolate 
from RVF virus. In this specific derivative mutations were there in all three segments L, M and S 
segments and it is used to sequence the RVF virus genome in fig:1 [4]. 

Fig 1.  Sequence of L, M, S segments in 3’ and 5’ direction 

L 3'  TGTGTTTCCGCGGGTTAGTACCTAGATA...  

M 3'  TGTGTTTCTGGCCACGTTGAATTTCTCA..... 

S 3'  TGTGTTTCTGGGGGATCACGAATAGTTC.....  

L 5'  ACACAAAGGGCCTTATAAATGGAGCCCG..... 

M 5'  ACACAAAGATGGGCATTAAATGTATGTT.....  

S 5'  ACACAAAGACCCCCTAGTGATACAAACA..... 

 
Vaccination for the treatment for the RVF was referred as the most effective approach. Variety of 
vaccines developed for the RVF such as formalin-inactivated RVFV vaccines (NDBR 103 and 
TSI-GSD 200), live attenuated vaccines (MLVV, MP-12 and GFP-∆NSm)  and other new 
generation vaccines vaccines(recombinant proteins, virus-like particles and immunization with 
plasmid encoding a viral protein) [5]. 

Variability in NSs coding region was analyzed in detail and it was found that Non-stuctural protein 
NSss (potential target) has less selection pressure considering evolution [6]. 

A dual function of RVFV NSs protein was observed by various findings, one of the functions was 
to inhibit the host transcription by interacting with the p44 which in turn affects the assembly of 
transcription factor TFIIH in the nucleus. And the second function was inhibition of one interferon 
(IFN-β) [7]. 

Due to high rejection rates at clinical stage a decline was observed in the field of innovative drug 
discovery, fewer computational studies are there but due to increasing combinatorial science and 
enrichment of data of proteins, genomes and compounds in the field of drug discovery is becoming 
fast effective and less hectic [8]. Five million compounds were virtually screened against a protease 
(nsP2) of chikunguniya virus (CHIKV). Ultimately 26 compounds were selected which were 
capable of producing good therapeutic effects [9]. Therefore comparative analysis of existing drugs 
was done so as to come through and novel drug. 
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2. MATERIALS AND METHODS 

Target identification 

Non-structural protein (NSs) of RVF virus was selected as a target on the basis of its critical role in 
virulence of RVF virus. Protein BLAST (Basic Local Alignment Search tool) was used for the 
identification of homologous sequences of NSs protein. With the help of homology modeling 
structure was obtained and the structure for the NSs protein was predicted by MODELLER, the 
obtained model was validated by two tools; first, to check stereo chemical properties via residue-
by-residue geometry through PROCHECK, another was Ramachandran Plot. 

Ligand binding site prediction 

After the structure is predicted it is necessary to predict ligand binding as it helps in docking 
compounds to specific active site, this helps in increasing the efficiency of molecular docking. 
LIGSITE a web server is used for this prediction; it is based on the surface-solvent-surface events 
and the degree of conservation of residues. The amino acid residues present in the binding site were 
analyzed. 

Ligand Identification by Virtual Screening  

An online server ATOME 2 was used for identification of natural ligands of homologous proteins. 
Several different alignments were performed by this server and then the ligands associated with the 
homologous proteins were retrieved. In accordance with the chemical nature of amino acid residues 
which were present in the protein ligand binding site, intense database searching was conducted by 
using DrugBank. Different 3D conformations for all possible ligands (Leads) were generated by 
using an online server Frog 2.1 

Molecular docking 

For molecular docking of the leads with the best model generated for NSs protein an online server 
Patch Dock was used. As it generates a number of different conformations in which the protein and 
the ligand can interact. The output is a list of different possible poses along with the score and the 
binding energy. 

Comparative analysis of Ligand through Molinspiration 

An online server molinspiration was used for the comparative analysis of the newly designed 
ligands. It calculates some important chemical properties like, logP (partition coefficient) etc used 
in QSAR studies and rational drug design as a measure of molecular hydrophobicity, polar surface 
area, number of non-hydrogen atom, number of hydrogen bond accepter, number of hydrogen bond 
donors and molecular weight.  
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3. RESULT AND DISSCUSSION 

Protein database in NCBI was searched for “NSs Rift
against Protein Data Bank. 

A crystal structure of ß-Ketosynthase (1MZJ-A)
similarity. Three model were generated and compared
result and has many allowed regions in Ramachandran

 

(a). Model 1 generated by MODELLER            

Fig: 2 (a) Model 1 generated by MODELLER
generated by MODELLER

Fig 3 Graph comparing different
generated by MODELLER

Model 1 generated by the MODELLER has lesser
three models (as shown in Fig 3). 

Swati Srivastava, Aman Suri, Rishi Sethia and Varun Sharma 

Biology and Applied Biotechnology 
42 

Rift Valley Fever”, blastp was performed of NSs 

A) from the R1128 was identified with 38% 
compared out of these 1st model was showing best 

Ramachandran Plot. 

            

      (b).  Ramachandran plot result  

MODELLER 9.11 (b) Ramachandran Plot, of 3-D models 
MODELLER 9.11. 

 

different properties of protein structure  
MODELLER 9.11 

lesser deviations and optimal characteristics among 
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Fig 4. Binding site found by LIGSITE  

Figure 4 and 5, shows coordinates for the binding 
residues present binding site of NSs protein with their

Virtual screening and Database Search results: 

Ligands chosen from Drug Bank also are of mixed
ligand binding site of the NSs protein. After this
server Frog 2 and 3D new conformations were generated

Table: 1 List of all possible drugs which were selected
searching.

 

 (a)   
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Fig 5.Amino acid binding site on NSs protein 

 site of model 1, using LIGSITE and Amino acid 
their chemical nature respectively. 

mixed chemical nature because of the mix nature of 
this these compounds were processed in a online 

generated respectively for each of the compound. 

selected after Virtual screening and Database 
searching. 

  

  (b) 
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All the 11 Lead molecules screened were docked
these Lead 9 has minimum energy of -58.91 and Binding

Table-2 PatchDock results of 11 leads showing
best model (model 1)

Figure 6: Global energy associated
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docked to the predicted protein structure target. Out of 
Binding score of 5923. 

showing energy (KJ/mol) and binding score with the 
1) for NSs protein. 

 

 

associated with binding of different ligands. 
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4. COMPARATIVE STUDY RESULTS 

Figure: 7 Visualisation of the best pose

Figure: 8 Results obtained

Figure 10, Graph showing logP
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pose of the lead 9 using USCF-chimera. 

 

obtained by molinspiration server 

 

logP values of individual leads. 
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5. CONCLUSION 

Rift valley fever has potential to affect human race in many aspects of our life. Many work has 
been done to design vaccines and drugs against it, but still there is no licensed drug present for this 
disease. The purpose of the current study was to design novel possible drugs for rift valley fever 
disease using a computational approach because it is time effective and number of chemical 
designed is high so the possibility of getting the right drug is also high. Out of all ligands designed 
in this work one of the ligand (lead 9) showed significantly better results (logP=2.2, Global 
energy= -58.98). Comparative analysis of all the ligands was also performed. Lead 9 showed 
significant results and can be used for further research for finding an effective drug for rift valley 
fever. 
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