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ABSTRACT 

This investigation aim to determine the molecular identity of various proteins of PPR so as to pave the 

way to find out better vaccine and therapeutic method to treat and control the devastating disease of small 

ruminants. The protein sequence analysis reveals that most of the proteins are rich in leucine with some 

exemptions that have glycine predominantly. The absence of tryptophan in nucleocapsid protein and 

fusion protein indicate the requirement of sophisticated method for its extraction and purification. The 

proteins of PPR appear better stability, an indication of resistance to mutation. A further study on 

mutation considering this view is needed. The stability of the protein is also obvious from the secondary 

structure study, 3D model generated and its validation data including Ramachandran plot. The 

transmembrane domain is observed only in two proteins (Fusion protein and haemagglutinin protein), 

these protein may be the candidate helping for entering the virus in to the hoist cell besides its normal 

function.  
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 INTRODUCTION 

Peste des petits ruminants (PPR) is a highly contagious viral disease of small ruminants caused by 

Morbillivirus belongs to the family Paramyxoviridae. The virus is closely related to rindrepest virus of 

bovines and buffaloes, distemper virus of dogs and other wild carnivores, human measles virus and 

Morbilliviruses of marine mammals (Barrett et al., 1993., Jones et al., 1993., Scott, 1981, Yayehard, 

1997). Four genetic lineages (lineage 1-40) of this virus have been identified. The severity of the disease 

varies with species, as well as the animals’ immunity to PPRV and its breed. Morbidity in the range of 10 

to 80% and mortality proportions from 0 to 90% has been reported. The wide range of reported values is 

likely to be influenced by differences between species (sheep or goats), production systems and levels of 

natural or acquired immunity (Akakpo et al., 1996, Diallo, 2003, Nanda et al., 1996, Pegram and Tereke, 

1981., and Wakwaya, 1997). PPR was first described in West Africa in 1942 (Gargadennec and Lalanne, 

1942). Nowadays the disease is recognized as responsible for mortality and morbidity across most of the 

sub-Saharan African countries situated north of the equator, in the Arabian Peninsula, in India and in 

numerous other countries in Asia (Diallo, 2003., Abraham, 2005, Shaila, 1996). Now it is found that 

several sheep in south India suffering from rinderpest are actually infected with peste des petits ruminants 

(PPR thought to be restricted to West Africa. Rinderpest usually afflicts Indian cattle, wild Indian bison 

and smaller ruminants such as sheep and goats. PPR is found more often among goats and sheep. It is 

observed that PPR-infected animals in India suffer from ulcers in the respiratory tract, high fever, 

diarrhoea and eventually die. In India, so far, PPR has affected only sheep. The PPR outbreak in India 

was first reported in 1989 by M S Shaila of the department of microbiology and cell biology at 

Bangalore's Indian Institute of Science, when about 80 sheep in a flock of 800 at Arasur village in 

Villupurum district of Tamil Nadu were affected. Last year, PPR outbreaks were reported and confirmed 

from Karnataka, Tamil Nadu and Andhra Pradesh, says the scientist. Shaila and her collaborators from the 

Madras Veterinary College used special diagnostic probes to identify the PPR virus, which are usually 
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difficult to tell apart from the rinderpest virus. Experiments have shown that vaccinating goats and sheep 

against rinderpest can protect them against PPR, too. However, according to Shaila, it is not known how 

effective the immunity provided by the rinderpest vaccination will be in the long run. She explains, "This 

is a new disease in India and efforts must be made to ensure that it does not spread to other parts of the 

country." 

The virus is excreted in oculonasal discharges, saliva and feces at the onset of the clinical signs (Scot, 

1981). The usual incubation period is from two to six days before fever and mucosal erosions occur. 

Diarrhea develops two to three days later and death is usually preceded by pneumonia (Hamdy et al., 

1976). There is no specific treatment for PPR, however hyper immune PPR serum produced in goats 

reverses the disease process if administered at the onset of fever (Themelandu, 1985). It can be prevented 

by attenuated RPV vaccination (Taylor, 1979).  

The purpose of this investigation was to determine the molecular identity of various proteins of PPR so as 

to pave the way to find out better vaccine and therapeutic method to treat and control the devastating 

disease of small ruminants. 

 

MATERIALS AND METHODS 

The protein sequence of various proteins of PPR identified so far is retrieved from NCBI databank (Table 

1). The sequences were used for further characterization of protein and generation of 3D structure and its 

validation.  

 
The amino acid sequence was first subjected for ProtParam Tool for computation of various physical and 

chemical parameters. The computational parameters include molecular weight, theoretical pI, amino acid 

composition, atomic composition, extinction coefficient, estimated half life, instability index, aliphatic 

index and grand average of hydropathy (GRAVY) (Gasteiger et al., 2005). The sequences were further 

subjected for secondary structure prediction by ExPASy’s SOPMA tool. SOPMA is an improved SOPM 

method. It predicts 69.5% of amino acids for a 3 state description of the secondary structure (a helix, b 

sheets and coil). It predicts the secondary structure by consensus prediction from multiple alignments. 

To find out the functional role of the protein is essentially necessary to assign the protein’s function in the 

drug resistance and infectivity. SVMProt tool was used to predict the functional signature of the selected 

protein sequences. SVMProt classify the protein into its functional family from its primary sequence (Cai 
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et al., 2003). SVMProt classification system is trained from representative proteins of a number of 

functional families and seed proteins of Pfam curated protein families. The computed accuracy for protein 

family classification is found to be in the range of 69.1-99.6%. SVMProt shows a certain degree of 

capability for the classification of distantly related proteins and homologous proteins of different function 

and thus may be used as a protein function prediction tool that complements sequence alignment methods 

(Cai et al., 2003).  

The entry of bacteria in to a cell is a pre-requisite to attain the full infectivity of the bacteria. 

Transmembrane protein plays an important role in this functional role. The sequences were thus subjected 

to transmembrane domain identification by SOSUI server (Mitaku et al., 2003). The system SOSUI was 

developed for the discrimination of membrane proteins and soluble ones together with the prediction of 

transmembrane helices, in which the accuracy of the classification of proteins was 99% and the 

corresponding value for the transmembrane helix prediction was 97% (Mitaku et al., 2003).  

 To assign the function more precisely we subjected the sequences for 3D model generation by SWISS 

model server (Arnold et al., 2006., Schwede et al., 2003., Guex and Peitsch, 1997). The SWISS-MODEL 

Workspace is a web-based integrated service dedicated to protein structure homology modeling. It assists 

and guides the user in building protein homology models at different levels of complexity. 

The 3D structure was then validated by using VADAR server and ramachandran plot. VADAR (Volume, 

Area, Dihedral Angle Reporter) is a compilation of more than 15 different algorithms and programs for 

analyzing and assessing peptide and protein structures from their PDB coordinate data. The results have 

been validated through extensive comparison to published data and careful visual inspection. The 

VADAR web server supports the submission of either PDB formatted files or PDB accession numbers. 

VADAR produces extensive tables and high quality graphs for quantitatively and qualitatively assessing 

protein structures determined by X-ray crystallography, NMR spectroscopy, 3D-threading or homology 

modeling (Leigh, et al., 2003).  

 

RESULT AND DISCUSSION 

The physical and chemical parameters show that some of the proteins share common parameters. This 

helps us to classify the proteins into smaller groups. The fusion protein and F-protein are one and same 

(Fusion protein here after) with some diversion may be due to the variation in the length of amino acid s 

taken for the study. Thus for nucleo-protein and N-protein (Nucleo protein), large protein and L-protein 

(large protein here after), RNA dependent RNA polymerase and Polymerase protein (Polymerase here 

after), H-protein and haemagglutinin protein (Haemagglutinin here after), matrix protein and M-protein 

(Matrix protein here after) and P-protein and phosopho protein (Phospho protein here after). The fusion 

glycoprotein (F protein) of paramyxoviruses plays a vital role in virus-induced cytopathology. The 

purified F protein, when incubated with chicken erythrocytes, caused lysis suggesting that PPRV F 

protein is a hemolysin (Devireddy et al., 1999). We observed that the fusion protein is rich in leucine 

amino acid (10-12%). As Leucine is an aliphatic, hydrophobic, amino acid, it prefers substitution with 

other amino acids of the same type. Being hydrophobic, Leucine prefers to be buried in protein 

hydrophobic cores. It also shows a preference for being within alpha helices more so than in beta strands. 

The Leucine side chain is very non-reactive, and is thus rarely directly involved in protein function, 

though it can play a role in substrate recognition. In particular, hydrophobic amino acids can be involved 

in binding/recognition of hydrophobic ligands such as lipids (Betts, R.B. Russell, 2003). The same trend 

is observed in all the proteins selected except nucleo protein, nucleo capsid protein, P-protein, V-protein 

and hypothetical protein-I, here glycine is predominant (10-11%). It is unique among the proteinogenic 

amino acids in that it is not chiral. It is involved in the formation of many proteins and may takes part in 

the regeneration of the viral structural proteins. The various physical parameters of selected proteins are 

important for chemist, drug developers and molecular biologists significantly. The pI of the protein 

selected showed a range of (5-10) %.Isoelectric point is the pH at which a protein carries no net charge. 

The isoelectric point is of significance in protein purification because it is the pH at which solubility is 
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often minimal and at which mobility in an electro focusing system is zero (and therefore the point at 

which the protein will accumulate. This measure indicates how much light is absorbed by a protein at a 

particular wavelength. The extinction coefficient of nucleo protein is zero; this fact is reflected from the 

amino acid percentage study having no tryptophan in nucleo protein. The extinction coefficient of a 

protein at 280 nm depends almost exclusively on the number of aromatic residues, particularly 

tryptophan. Thus the purification of nucleoprotein needs an alternative method from other proteins in 

PPR. Knowing the extinction coefficient, the absorbance (optical density) can be calculated and 

subsequently the concentration. 

 

Table2: Amino AcidComposition 

 
The half life of a protein is the time it takes before only half of the protein pool for that particular protein 

is left. The half life of proteins is highly dependent on the presence of the N-terminal amino acid, thus 
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overall protein stability. Half life of all the proteins selected for the study showed a value > 30, except 

fusion protein and nucleo capsid protein (Table 3). At neutral pH, the fraction of negatively charged  

 

Table3: Physico-chemical characteristics of Proteins of PD ruminants predicted by ProtParam 

 
AA= amino acid; pI= Isoelectric point; Q= Net Charge; II= Instability index; GRAVY=Grand average of 

hydropathicity 

Table 4: SOPMA Prediction Result for Secondary Structure 
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Table 5: SVMprot predicted protein families 
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residues implies information about the location of the protein. Intracellular proteins tend to have a higher 

fraction of negatively charged residues than extra cellular proteins. At neutral pH, nuclear proteins have 

high relative percentage of positively charged amino acids. Nuclear proteins often bind to the negatively 

charged DNA, which may regulate gene expression or help to fold the DNA. Nuclear proteins often have 

a low percentage of aromatic residues (Andrade et al., 1998).The nucleocapsid protein, nuclear protein 

and N-protein have very low or zero percentage of aromatic amino acids (Table 2) .The aliphatic index of 

a protein is a measure of the relative volume occupied by aliphatic side chain of the following amino 

acids; alanine, valine, leucine and isoleucine. An increase in the aliphatic index increases the thermo 

stability of globular proteins. The fusion protein has more stability than other proteins as its AI (>100) is 

more than other proteins. 

 

Table 6: Transmembrane Protein Predicted by Sosui Server 

 
Table 7: Characters of Model proposed by Swiss-model 

 
The secondary structure predicted values (Table 4).The fusion protein showed highest alpha helix (>75%) 

and lowest for nucleo capsid protein (<10). The beta turns prediction showed lowest in nuclear protein 

and highest in structural proteins. The functional families predicted for various proteins (Table 5) 

describes the hypothetical proteins as non structural one wsith metal binding properties. The fusion 

protein is belongs to manganese binding one and large proteins, N-proteins, polymerase are 

transmembrane one. The transmembarne property is not reflected in transmembarne prediction by SOSUI 

server, hence the SVM prediction of transmembrane property of the large proteins, N-proteins, 

polymerase may be due to artifacts or due to viral origin. The polymerases are classified as transferase. 

The SOSUI server predicted (Table 6) the fusion protein and haemagglutinin has transmembarne 

sequences. Since the fusion protein and haemagglutinin protein helps in the entry of the virus in the host 

cell transmembarne sequence is essentially necessary fro its function. The 3D model proposed are enlisted 

(Table 6). The sequence identity and e-values are in the acceptable limit. Further the 3D structures 

(Figure1) are validated by using VADAR server. All the 3D models are good concerned with various 

parameters like secondary structure, hydrogen bonds, dihedral angles, accessible surface area and packing 

volume. Ramachandran plot (Figure 2) also depicts the validity of the structure.  
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Table 8: VADAR validation DATA of the predicted 3D model of the proteins 
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Figure 1: PDB structure of Various Proteins from PPR 

 

 
Figure 2: Ramchandran Plot of Selected Protein Sequences 

 

Thus in this study we observed that out of twenty proteins selected five proteins are glycine rich and 

others are leucine rich one. The purification procedure for all the proteins except fusion protein and 

nucleo capsid protein require casual absorbance index procedure. As the fusion protein and nucleo capsid 

protein are absence of tryptophan a sophisticated purification method is required successful extraction. 

The proteins of PPR appear better stability, an indication of resistance to mutation. A further study on 

mutation considering this view is needed. The stability of the protein is also obvious from the secondary 

structure study, 3D model generated and its validation data including Ramachandran plot. We observed 

only two proteins of the PPR have Trans membrane moiety, a further study using more sophisticated 

method is needed to substantiate this finding.  
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