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Newcastle disease is an avian disease which causes a devastating effect in 

commercial poultry production. The causative agent for this fatal disease is 

Newcastle disease virus (NDV) which contains six structural proteins; nucleocapsid 

(NP). phospho (P). matrix (M), fusion (F). haemagglutinin-neuraminidase (HN) and 

large (L) proteins. The L protein of NDV is important not only as a multifunctional 

enzyme but also as an RNA-dependent RNA polymerase. This protein may carry out 

all of the enzymatic steps in transcription such as initiation, elongation and 

cotranscriptional modification of RNAs including capping, methylation and 

polyadenylation. Therefore, this study was carried out to determine the L gene 

sequence and its predicted translated product, and to analyse the primary and 

secondary structures of the L protein of the local NDV strain AF2240. In order to 

identify the conserved functional domains and motifs within the L protein, the amino 

acid composition of the L protein of strain AF2240 was compared with those of other 

NDV strains. 
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The L gene was divided into 10 fragments which were then amplified by RT­

peR, cloned into pGEM T-Easy vector and transformed into Escherichia coli strain 

TOP 10. Sequencing was done in both directions (forward and reverse) in order to 

confmn the correct sequence which was then analysed using the Expasy and 

Workbench tools analysis. 

The coding sequence of the L gene of NDV strain AF2240 contains 6615 

nuc1eotides (from the start codon ATG to stop codon TAA) with a single large open 

reading frame (ORF) that encodes 2204 amino acids with estimated molecular 

weight of 249 kDa. The L protein contains six conserved domains which were 

proposed to play an important role in the transcription and replication processes. 

Comparison with other NDV strains showed that they could be divided into two 

groups based on the deletion and insertion located at amino acids 1287 to 1316. The 

region containing this compensatory frameshift mutation in strain AF2240 shares the 

same amino acid sequence with strains B l  Takaaki, Clone 30 and F48E9 (group A). 

Strains B l ,  LaSota, Beaudette C and ZJl contain a different set of amino acid 

sequence within this particular region (group B). 

The above compensatory mutation has changed the predicted hydrophobicity 

and charge of the protein. Hydropathy profile between amino acids 1290 to 1300 

showed that group A contains hydrophobic amino acids while group B contains 

hydrophilic amino acids. This frameshift region does not correlate with viral 

pathogenicity and it takes place in Domain V of L protein which is proposed to play 

a role in replication. Since Domain V is also involved in protein folding, it is 

suggested that this mutation may affect the structure and function of the L protein. 
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Penyakit sampar ayam telah mengakibatkan kerugian dalam sektor 

peternakan. Agen yang mengakibatkan jangkitan ini ialah virus penyakit Newcastle 

(NDV) yang terdiri daripada 6 protein struktur iaitu: nukleokapsid (NP), fosfo (P) 

matrik (M), fusion (F), hemaglutinin-neuraminidase (lIN) dan besar (L). Protein L 

bukan sahaja berperanan sebagai enzim yang mempunyai pelbagai fungsi malah ia 

juga adalah "RNA-dependent RNA polymerase". Protein ini menjalankan semua 

tindakan enzimatik dalam transkripsi seperti permulaan, pemanjangan dan modifikasi 

RNA seperti penudungan, pemetilan dan poliadenilasi. Oleh itu, projek ini adalah 

untuk menentukan jujukan gen L dan produk yang dijangka serta untuk menganalisis 

struktur primer dan sekunder protein L NDV tempatan strain AF2240. Untuk 

mengenalpasti fungsi domain dan motif terpelihara dalam protein L, perbandingan 

asid amino protein L strain AF2240 dengan strain NDV yang lain telah dijalankan. 

Gen L telah dibahagikan kepada 10 serpihan dan diamplifikasikan dengan 

RT-PCR, diklonkan dalam vector pGEM T-Easy dan ditransformasi ke dalam 

Escherichia coli strain TOP 10. Penjujukan dibuat dari kedua-dua arab untuk 
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memastikan jujukan yang betul dan jujukan ini dianalisa dengan menggunakan 

program Expasy dan Biology Workbench. 

Jujukan pengkodan gen L strain NDV AF2240 mengandungi 6615 nukleotida 

(dari Rodon pemula ATG hingga kodon penamat TAA) yang mengkodkan 2204 asid 

amino dengan anggaran berat molekul 249 kDa. Protein L mengandungi 6 domain 

terpelihara yang berperanan penting dalam proses transkripsi dan replikasi. 

Perbandingan dengan strain yang lain menunjukkan protein L ini boleh dibahagikan 

kepada dua kumpulan berdasarkan kepada pemotongan dan penyelitan di kawasan 

asid amino 1287 hingga 1316. Kawasan yang mengandungi mutasi rangka bacaan 

pada strain AF2240 mempunyai jujukan asid amino yang sama dengan strain B 1 

Takaaki, Klon 30 dan F48E9 (kumpulan A). Strain BI, laSota, Beaudette C dan 211 

mengandungi jujukan asid amino yang berbeza pada kawasan khas ini. 

Mutasi kompensatori tersebut telah menukar kehidrofobian dan cas protein. 

Profil hidropati di antara asid amino 1290 hingga 1300 menunjukkan bahawa 

kumpulan A mengandungi asid amino hidrofobik manakala kumpulan B 

mengandungi asid amino hidrofilik. Mutasi rangka bacaan tidak berhubung kait 

dengan kepatogenan virus dan ini berlaku pada Domain V protein L yang 

memainkan peranan penting dalam replikasi. Oleh sebab Domain V juga terlibat 

dalam lipatan protein, maka adalah bahawa dicadangkan mutasi ini boleh 

mempengaruhi struktur dan fungsi protein L. 
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CHAPTER I 

INTRODUCTION 

Newcastle disease is one of the most important viral diseases of poultry in the 

world. It occurs in many countries and has a devastating effect on commercial 

poultry production (Spradbrow. 1999). The causative agent for this fatal disease is 

the Newcastle disease virus (NDV). This virus is a member of the genus Rubulavirus 

of the family Paramyxoviridae and it contains a single-stranded negative-sense non­

segmented RNA genome (Murphy et al., 1995). The genomic RNA encodes 6 

proteins: nucleocapsid (NP), phospho (P), matrix (M), fusion (F), haemagglutinin­

neuraminidase (HN) and large (L) proteins (Collins et al., 1982; Steward et al., 

1993). 

The L protein is important not only as a multifunctional enzyme but it also 

works as an RNA-dependent RNA polymerase. This protein might carry out all of 

the enzymatic steps in transcription such as initiation, elongation and 

cotranscriptional modification of RNAs including cappmg. methylation and 

polyadenylation (Schubert et al., 1984; Banerjee, 1987; Yunus et al., 1998). The L 

protein also plays an important role in polymerase complex fonnation with P protein 

(Horikami et a/., 1992) because it contains multiple domains that have been proposed 

to encode essential activities such as catalyzing RNA synthesis (Holmes and Moyer, 

2002). Hamaguchi et al. (1983) demonstrated that when both L and P proteins were 

added to the genome template, the RNA synthetic activity was greatly stimulated 

while the P protein alone did not enhance but rather suppressed the activity. 
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Based on this information, it is important to understand the structure and 

functional role of the L protein. The local isolate velogenic viscerotropic NDV strain 

AF2240 was chosen since it is one of the most virulent NDV strains and often caused 

100% mortality in susceptible chicken flocks (Lai, 1 985). 

In order to understand the structure and function of the L protein, the 

nucleotide sequence of the L gene of NDV strain AF2240 was sequenced and the 

primary and secondary structures of its protein were studied. Analysis of the primary 

structure allows prediction of secondary structure such as alpha helices, beta strands, 

beta turns and random coils, based on the characteristic of amino acids. On the other 

hand, comparison of the L protein of NDV AF2240 with other strains is also 

important to allow the prediction of the functional role of the L protein such as 

polymerase complex formation and polymerase activity as well as in transcription 

and replication of viral RNA. 

However, the complete genome sequence of NDV strain AF2240 has not yet 

been determined. Only the HN (Tan et al.,1995), M (Jemain, 1999), F (Salih, 1999), 

NP (Kbo et al., 200 1) and P (Kho et al., 2002) genes of NDV strain AF2240 have 

been determined. Nevertheless, the nucleotide sequences of the L genes have been 

obtained from different strains of NDV; Beaudette C (Yusoff et al., 1987), LaSota 

(de-Leew and Peeters, 1999), Bl (Sellers and Seal, 2000), Bl Takaaki (Nakaya et 

al., 2001), clone 30 (Romer-Oberdorfer et aI., 1 999), F48E9 (Chao et al., 2001) and 

ZJl (Huang et al., 200 1). 



This project was thus carned out with the following objectives: 

1. to detennine the nucleotide sequence of the L gene ofNDV strain AF2240, 
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2. to predict aI!d to analyse the protein translated from the gene and to analyse the 

primary and secondary structures of the predicted L protein; and 

3. to compare the amino acid sequence of the L protein ofNDV strain AF2240 with 

those of other strains such as Beaudette C, LaSota, Bl ,  Bl  Takaaki, clone 30, 

F48E9 and ZJl. 



CBAPTERII 

LITERATURE REVIEW 

2.1 Newcastle Disease 

Newcastle disease (ND) is a respiratory disease in poultry with worldwide 

distribution causing a highly contagious and fatal disease with morbidity and 

mortality up to 100%. ND was fIrst discovered by Kranevelt in Indonesia in 1926 

and spread rapidly and widely after its first discovery. It was rapidly recognized in 

other parts of Asia (Korea, India and tlte Philipines) and in Newcastle-Upon-Tyne, 

England (Spradbrow, 1999). 

The disease is indigenous to Asia, but endemic in parts of Africa, Europe and 

South America (Norton, 1994). The disease spread easily through contaminated food 

and water, direct contact and human as a vehicle for spreading. Based on clinical 

signs in chickens, Allan et al. (1978) and Hanson (1980) divided Newcastle disease 

into different forms: 

1. Velogenic viscerotropic NDV (VVNDV): acute and lethal infection in all 

ages of chickens. Haemorrhagic lesions of gastrointestinal tract are often 

present. 

2. Neurotropic velogenic (NVNDV): an acute, often lethal infection in all ages 

of chickens. There are respiratory and neurological lesions. 

3. Mesogenic: less pathogenic, death usually occur in young birds. 

4. Lentogenic: mild respiratory infection and asymptomatic enteric form. 
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2.2 Newcastle Disease Virus (NDV) 

NOV is a member of the order Mononegavirales and family of 

Paramyxoviridae. Paramyxoviridae is divided into two subfamilies, the 

Paramyxovirinae and the Pneumovirinae. Prior to 1993, NOV belong to the 

Paramyxovirus genus. In 1993 the International Committee on the Taxonomy of 

Viruses (lCTV) rearranged the order of Paramyxovirus and placed NDV within the 

Rubulavirus genus (Rima et al., 1995). 

2.2.1 Structural and Biological Activities of NDV 

NOV virion is spherical or pleomorphic, often filamenteous and maybe 

polyploid (containing more than one genomic equivalent) in shape with a diameter of 

100-300 nm comprising the envelope, capsid and genome (Allan et al., 1978; 

Alexander, 1991). The envelope is composed of protein, carbohydrate and lipid. 

Spikes on the envelope are approximately 8 nm in length. The spikes consist of an 

antigenic compound called haemagglutinin which trigger the host to produce 

antibodies which inhibit haemagglutination and neutralize the virus (Rott, 1964; 

Spradbrow, 1987). 

The virus shows some biological activities. The haemagglutination activity 

allows NOV to agglutinate red blood cells (RBCs) due to the binding of the HN 

protein with surface receptor of RBCs. The neuraminidase activity is the ability of 

neuraminidase enzyme to release binding of NOV with the receptor of host cells that 

are agglutinated. Neuraminidase is apart of the HN protein involved in destroying 
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mucous and releasing new virus particles. The other activity is haemolysis of RBCs. 

Binding of viruses on the host receptor during virus propagation is followed by 

fusion between virus and host membrane resulting in the fusion of two or more cells. 

Fusion between viruses and the host causes haemolysis (Alexander, 1991). 

2.2.2 NDV Genome 

The genome of NDV is a nonsegmented, single stranded, negative sense 

RNA of approximately 1 5  kb in length. The RNA genome encodes six structural 

proteins in the order 3'-NP-P-M-F-HN-L-5'. Flanking the NP gene is the 3' 

extracistronic region known as the leader sequence and the 5' extracistronic sequence 

is known as the trailer region (Kolakofsky et al., 1974; Chambers et al., 1986; 

Khrishnamurty and Samal, 1998). 

Characterization of strain Beaudette C genome leader, using end labeling of 

RNA and sequence analysis, showed that the 3' end of genome contains two leader 

RNA species of 47 and 53 nuc1eotides in length (Kurilla et al., 1 985). Extending the 

region beyond the leader sequence demonstrated an open reading frame (ORF) of 

amino acids which represent the amino terminus of the NP protein A schematic 

diagram of the NDV genome and virion is shown in Figure 1. 

Moreover, Philips et al. (1998) reported that the 5' trailer showed high degree 

complementarities with the 3' end terminal leader. Some variations between the 5' 

terminal sequences of the different strains revealed the presence of alternative 

polyadenylation signals of the L gene that correspond to different trailer lengths. 


