
 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 

SEQUENCING, CLONING AND EXPRESSION OF THE NEWCASTLE 
DISEASE VIRUS FUSION PROTEIN GENE OF STRAIN AF2240 

 
 
 
 
 

OMEIMA SALIH MOHAMMED 
 
 
 
 
 

FSAS 1999 43 
 
 
 
 
  
 
 



SEQUENCING, CLONING AND EXPRESSION OF THE NEWCASTLE 
DISEASE VIRUS FUSION PROTEIN GENE OF STRAIN AF2240 

By 

OMEIMA SALIH MOHAMM E D  

Thesis Submitted i n  Fulfilment of the Requirements for the 
Degree of Doctor of Philosophy in the Faculty of 

Science and Environmental Studies 
Universiti Putra Malaysia 

August 1999 



Especially to ................ . 

my husband, daughters, parents, sisters and brother 



ACKNOWLEDGEMENTS 

I would l ike to express my most sincere gratitude to my supervisors 

Associate Prof. Dr. Khatijah Mohd. Yusoff, Associate Prof. Dr. Abdul Manaf Ali and 

Dr. Abdul Rahman Omar for their patience and guidance throughout the study. 

Appreciation is accorded to our weekly meeting group, Associate Prof. Dr. 

Abdullah Sipat and Dr. Tan Wen Siang, for their invaluable advice and support 

which helped tremendously during the practical part of this study. I record my 

thanks to al l my friends and staff members of the Department of Biochemistry and 

Microbiology at lab 1 43 and 202 with special appreciation to Mr. Hussain . Thanks 

are also due to Mr. Ho at the Electron Microscopy Unit. 

My great appreciation is due to the Malaysian Technical Co-operation 

Program (MTCP) for their valuable support during the study period. This project 

was supported by the Malaysian Ministry of Science, Technology and the 

Environmrnt I RPA Grant No. 01 -02-04-01 07. 

Special appreciation and gratitude goes to Dr Gasim Badri President of 

Ahfad University for Women (Omdurman-Sudan) for continuous support and 

encouragement. 

Last but not least, I would l ike to express my deepest gratitude to my 

beloved parents, husband, daughters, sisters, brother and brothers in-law for their 

endless encouragement, patience and sacrifices which had helped me in my 

undertakings and to complete th is research study. 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS 
TABLE OF CONTENTS 
LIST OF TABLES 

iii 
iv 
vii 

LIST OF FIGURES viii 
LIST OF PLATES x 
LIST OF ABBREVIATIONS 
ABSTRACT 

xi 
xiii 
xv ABSTRAK 

CHAPTER 

II 

III 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  1 

LITERATURE REViEW . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Newcastle Disease 5 

Historical Aspects 5 
Newcastle Disease Virus 6 
N OV Glycoprotelns 8 

FUSion Protein 1 0  
Molecular C loning and Nucleotide Sequence of the N OV Genes 1 5  
Virus Evolutionary Studies 1 8  

Molecular Mechanisms I n  RNA Virus Evolution 20 
Phylogenetic Reconstruction 22 
Distance Methods 23 
MaXimum Likel ihood (ML) Methods 24 
MaXimum Parsimony (MP) Methods 25 
Statistical Tests of Phylogenetic Trees 26 
Phylogenetic studies of N OV Evolution 27 

Overview of Baculovlrology 32 
ExpreSSion of Baculovlrus Genes 33 
Baculovlruses as ExpreSSion Vectors 35 
Overview of Gene TranSCription In I nsect Cells 38 
ExpreSSion of NDV Genes In Insect Cells USing BEVS 41 

AnalYSIS of the Recombinant Proteins 43 
Protein Identification 44 

MATERIALS AND METHODS .............................................. .46 
Molecular B iology Methods 46 

General Procedures 46 
Chemicals 46 
Virus Propagation and PUrification 47 
Haemagglutlnatlon Test 48 
Viral RNA (vRNA) Extraction 49 
Primer DeSign 50 
Reverse TranSCription and Polymerase 
ChalnReactlon (RT-PCR) 51 
TA Cloning 52 

IV 



IV 

Nucleotide Sequencing of the F Gene 57 
Plasmid-Insert Bidirectional Sequencing 57 
F Gene RT-PCR Product U mdlrectlonal 
SequenQng 58 
Polyacrylamide Gel ElectrophoresIs (PAGE) 59 
F Gene Sequence AnalysIs and Phylogenetic 
Study 61  

Subclonlng of The F Gene Into BEVS 62 
pBlueBacHls 2 A ,  B, C Vectors 62 
pCR™Bac Vector 65 

Cell Culture Methods 73 
I nsect cells culture 73 

Overview of Sf9 Cells 73 
Malntalnence of Sf9 Cell Culture 73 

Construction of the Recombinant 
F Baculovlfus 77 

Overview of Bac-N-Blue DNA 77 
DNA Co-transfectlon 78 

Identification of Recombinant F Bacu(ovlrus virus 80 
Viral DNA Extraction 80 
PCR Amplification 81 
Immunofluoresence Test 8 1  

PUrification of Recombinant F Baculovlrus 82 
Virus Plaque Assay 82 
Dot-blot Immunoassay 84 
Electron Microscopy (EM) 84 

Identification of the Recombinant F Glycoprotein 85 
Sf9 mRNA Extraction 85 
mRNA-Formaldehyde Gel AnalYSIS 87 
mRNA-RT-PCR AnalYSIS 88 
Western Blotting 89 

RESULTS AND DISCUSSION . ..... . ... . . ... . , ............ , .................. 93 
Molecular Biology Results and DIscussion 93 

AF2240 N OV Cultivation, Titration and F Gene 
Amplification 
TA Cloning of the RT-PCR F Gene Product 
F Gene Nucleotide and Amino ACid Sequence 
AnalYSIS 

Nucleotide Sequence AnalYSIS 
Restriction Enzyme Mapping 
F Protein Secondary Structure Prediction 
Phylogenetic AnalYSIS of AF2240 Strain of N OV 
Subclomng Into Bacu(ovlrus Vectors 

Cell Culture Results and DISCUSSion 
Sf9 Insect Cel ls 

Cells Morphology and Growth Characteristics 
Construction and Characterization of the 
Recombinant Bacu(ovlrus F Protein 

DNA Co-transfectlon 
Identification of Recombinant F Baculovlrus Virus 

v 

93 
93 

97 
97 

1 03 
1 06 
1 1 7  
1 28 
1 35 
135 

1 35 

1 37 
1 37 
1 40 



V 

peR AnalysIs 1 39 
Immunofluorescence Test 1 41 

PUrification of Recombinant F Baculovlrus 1 45 
Viral Plaque Assay and Immuno-dotblot analysIs 1 45 
Electron Microscope Monographs 1 49 

Identification of the Recombinant F Protein 1 50 
Sf9 mRNA AnalysIs 1 5 1  
SDS-PAGE Profile and Western-blot AnalysIs 1 53 

Problems Encountered 1 57 
General DIscussion 1 60 

CONCLUSION AND RECOM MENDATIONS 1 65 

SISlOGRAPHY 1 68 

APPENDIX 

VITA 

A Calculations 
81 F Gene Nucleotide Multiple Sequence Al ignment 
82 F Gene Amino ACid Multiple sequence alignment 

VI 

1 91 
1 92 
1 95 
209 

2 1 4 



LIST OF TABLES 

Table Page 

1 N OV Isolates with the F Gene Sequence Found in the Gen8ank 
Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

2 Primers for Standard and Cycle Sequencing of the F Gene of AF2240 
Strain of N OV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

3 Restriction Enzymes Mapping in the F Gene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 03 

4 AF2240 N OV F Amino Acid Sequence Predicted Motifs Using the 
Program MOTI FS at the WebAngis Website . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 

5A NOV Strains Selected for P ILEUP Program as Presented by the FastA 
Database Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 

58 FastA Search Result in SwissProt Database for the AF2240 N OV F 
Amino Acid Sequence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 

VB 



LIST OF FIGURES 

Figure Page 

1 Newcastle Disease Virus Electron Monograph 7 

2 Transcnptlon and Replication of Negative-strand RNA Viruses 9 

3 Two Routes of Enveloped Virus Entry mto Cells 1 1  

4 Well-charactenzed Viral Fusion Protems 13  

5 A  Prediction of Secondary-structure Motifs of the F Protein 1 5  

5 8  Predicted Secondary-structure Elements of the Paramyxovlrus F Protem 1 6  

6 A  NOV Phylogeny 8ased on Partial F Gene Sequence 29 

6 8  NOV Phylogeny 8ased on the Entire F and H N  Genes Sequence 30 

6 C  NOV Phylogeny on the M and F Genes Sequence 3 1  

7 Protein Profile of 8udded and Occluded AcMN PV BaculoVlrus 35 

8 DNA Sequences, Associated with a Gene, that Act to Regulate 
Transcription In Insect Cells 39 

9 The L,neanzed Map of the pCR TM2 1 Vector 53 

1 0  Map of Baculovlrus Transfer Vectors 66 

1 1  The Labeling and Detection Pnnclpal of the DIG System 71 

12 Prrnclpal of Baculovlrus DNA Homologous Recombination In Sf9 Cells 78 

1 3  Electrophoretic Transfer of Proteins 91 

1 4  N ucleotide Sequence of the F Gene of N OV Strain AF2240 99 

1 5  Multiple Sequence Alignment of the N OV Strams' Cleavage Site 10 1  

1 6  AF2240 F Amino ACids Deduced Protem Motifs Profile 1 07 

1 7  Typical FastA Output for the AF2240 F Gene N ucleotide Sequence 1 1 7 

1 8  Plotslmllanty of the N OV Strains F Gene Nucleotide and AminO ACid 
Sequence 1 22 

Vlll 



1 9  Phylogenetic AnalysIs of the F Nucleotide Sequence of the Different 
N OV Strains 1 24 

1 90 N OV Strains Phylogeny USing the F Gene Cleavage Site Amino ACid 
Sequence 126 

20 pBlueBacHls2 A ,  B ,  CF Plasmlds 5' Sequence AnalysIs 1 30 

21  pCR ™BacF Plasmid 5 '  Sequence AnalysIs 133 

IX 



LIST OF PLATES 

Plate Page 

1 vRNA F Gene RT-PCR Product USing AFfF and AFrHNF Pnmers 93 

2 The pCR TM2 1 Transformants and Plasmid AnalysIs 95 

3 N ucleotide Sequence Radiographs at the 5' and 3' Junctions of the F 
Gene with the pCR™2 1 Vector 98 

4 AnalysIs of pBlueBacHls 2 F Transformants 1 28 

5 PCR TMBacF Transformants and Plasmid AnalysIs 1 3 1  

6 Growth Curve of Sf9 Cells In SS and SF Medium 1 35 

7 pCR™BacF and pBlueBacHls2 CF Transfected Sf9 Cells 1 38 

8 Baculovlrus DNA Extraction and PCR AnalysIs of the Transfectlon 
M ixture 1 41 

9 Immunofluoresence Detection of the F Glycoprotein In Sf9 Cells 1 42 

1 0  Baculovlrus Plaque Production o n  Sf9 Cells 1 45 

1 1  Dot-blot Immunoassay and PCR AnalysIs of the Baculovlrus Plaques 1 47 

12  Sf9 Cells Morphology Upon Wild-type and Recombinant Baculovtrus 
I nfection 149 

1 3  AnalysIs of the Expressed F Gene In Sf9 Cells at the 
Transcnptlon Level 1 5 1  

1 4  SDS-PAGE and Immunoblottlng of Baculovlrus Infected Sf9 Cells' 
Proteins 1 53 

1 5  Sequence AnalysIs of the mRNA RT-PCR Product Cleavage Site 1 57 



AcMNPV 

BCIP 

bp 

cDNA 

DEPC 

DIG 

DNTP 

DMSO 

EDTA 

FBS 

h 

HAU 

kDa 

mg 

min 

ml 

mM 

Mab 

m O l  

NBT 

NOV 

ng 

NTE 

00 
PBS 

PEG 

PFU 

pmol/I-II 

RT-PCR 

LIST OF ABBREVIATIONS 

Autographa callfomlca multiple nuclear polyhedrosls virus 

bromo-4-chloro-3-lndolyl phosphate 

base pair 

complementary DNA 

dlethyl pyrocarbonate 

d igoxigenin 

deoxynbonucleotldes 

dimethyl sulphoxlde 

ethylenedlamlnetetraacetlc aCid 

fetal bovine serum 

hour 

haemagglutlnatlon unit 

kllodalton 

l iter 

mll igram 

minute 

mll i l iter 

mll imolar 

monoclonal antibody 

multipl icity of infection 

n1troblue tetrazolium 

Newcastle disease virus 

nanogram 

natnum chlonde-Tns-EDTA buffer 

optical density 

phosphate buffer saline 

polyethylene glycol 

plaque forming units 

plcomol per microliter 

reverse transcnptase-polymerase chain reaction 

Xl 



SDS-PAGE 

SF 

SS 

Sf9 

TAE 

TBE 

TEMED 

TNM-FH 

TTBS 

U 

V 

VIV 

W 

WN 

sodium dodecyle sulphate-polyacrylamide gel electrophoresis 

serum free 

serum supplemented 

Spodopetra frugiperda cells 

tris-acetate-EDTA buffer 

tris-borate-EDTA buffer 

tetramethylethylenediamine 

Trichop/usia ni medium-formulation hink 

tween 20 tris-natrium chloride buffer 

unit (s) 

volt 

volume per volume 

watt 

weight per volume 

percentage 

degrees centigrate 

'(11 



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in  fulfi lment 
of the requirements for the degree of Doctor of Philosophy. 

SEQUENCING, CLONING AND EXPRESSION OF THE NEWCASTLE DISEASE 
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Chairperson: Associate Professor Khatijah Mohamad Yusoff, Ph.D. 

Faculty: Science and Environmental Studies 

Newcastle disease is a highly contagious viral disease of poultry and has 

greater than 95 % morbidity and mortality. The etiological agent, Newcastle disease 

virus (NOV) , is a member of the family Paramyxoviridae and the genus Rubulavirus. 

Immune responses to the fusion protein (F) antigen of N OV were demonstrated to 

play an important role in the prevention of infection. Accordingly, the F gene of a 

Malaysian heat-resistant N OV velogenic-viscerotropic strain AF2240 was amplified 

and cloned into pCR™2 . 1  vector. Its sequence was determined by sequencing of 

the cloned F gene RT-PCR products. It contains 1 791  nucleotides and encodes a 

large ORF of 553 amino acids. The deduced amino acid sequences of the Fo 

precursor protein has a pair of d ibasic residues with an intervening g lutamine (Q) at 

the proteolytic site, three hydrophobic regions and six asparginine glycosylation 

sites. The cleavage-activation site as wel l  as part of the fusion-inducing sequence 

were compared among a series of virulent and avirulent N OV strains using multiple 
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sequence alignment program The sequence analysIs grouped the AF2240 strain of 

NOV among the highly virulent strains based on the molecular data 

The gene encoding the F protein was subcloned Into baculovfrus expression 

vectors, pBlueBacHls2 and pCR™Bac, derived from AcM N PV genomic DNA Upon 

co-transfectlon of the respective plasm Ids with Bac-N-Blue l inearized DNA In Sf9 

celis, a recombinant rBacF baculovfrus was verified by PCR, electron micrographs 

and Immunoassay of the F protein At the transcription level ,  the mRNA of the F 

protein were detected by RT-PCR analysIs uSing the F gene speCifiC primers In  Sf9 

cells Infected with rBacF recombinant baculovlrus, the expressed F protein was 

properly located onto the cel l  surface as revealed by the Immunofluoresence test 

In SOS-PAGE analysIs, a protein band that had a molecular weight of 64 kDa, which 

corresponds to the precursor Fo protein ,  was detected on the Immunoblots ThiS 

result shows that the expressed F protein was not cleaved In Sf9 cel ls However, 

sequence analysIs of the cleavage site of rBacF cloned F gene revealed 100% 

homology to the authentic N OV F gene that rules out any mutations at thiS site 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan ijazah untuk Doktor Falsafah. 

PENJUJUKAN, PENGKLONAN DAN PENGEKSPRESAN GEN PROTEIN 
FUSION (F) VIRUS NEWCASTLE DISEASE (NOV) DARI STRAIN AF2240. 

Oleh 

OMEIMA SALIH MOHAMMED 

Ogos 1999 

Pengerusi: Profesor Madya Khatijah Mohamad Yusoff, Ph.D. 

Fakulti: Sains dan Pengajian Alam Sekitar 

Penyakit Newcastle atau pun penyakit sampar ayam adalah suatu penyakit 

virus ayam yang sangat berjangkit dan menunjukkan lebih daripada 95 % morbiditi 

dan mortaliti . Agen etiologinya, iaitu virus Newcastle disease (NDV) , adalah 

anggota famil i  Paramyxoviridae dan genus Rubulavirus. Tindak balas imun 

terhadap antigen protein pertaupan (F) NDV menunjukkan peranan yang penting di 

dalam pencegahan jangkitan. Justeru itu, gen F strain AF2240 N DV Malaysia yang 

berjenis velogenik-viserotropik telah di amplifikasikan dan diklonkan ke dalam vektor 

pCR™2. 1 .  Jujukannya d itentukan melalui penjujukan produk RT-PCR gen F yang 

terklon. la mengandungi 1 791 nukleotida dan mengkodkan satu rangkai 

pembacaan terbuka (ORF) besar yang mempunyai 553 asid amino. Jujukan asid 

amino protein prekursor Fo mempunyai sepasang residu dwibes berdampingan 

dengan glutamina (Q) pada tapak tindak balas proteolisis, tiga kawasan hidrofobik 

dan enam tapak gl ikosilasi asparigina. Tapak potongan-pengaktifan serta 

sebahagian jujukan pendorong pertaupan dibandingkan di antara siri strain-strain 
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NOV virulens dan tak virulens melalui program susunan jujukan berganda. Analisis 

jujukan tersebut meletakkan strain AF2240 NDV diantara strain-strain yang paling 

virulens berdasarkan data biologi molekulnya. 

Gen yang mengkodkan protein F disubklonkan ke dalam vektor 

pengekspresan bakulovirus,  pBlueBacH is2 dan pCRTMBac, yang berasal daripada 

DNA genom AcMNPV. Selepas ko-transfeksi dengan plasmid DNA bebenang 

tunggal Bac-N-Blue ke dalam sel Sf9, satu rekombinan bakulovirus rBacF 

ditentukan melalui PCR, mikrograf elektron dan pengasaian-imuno protein F. Pad a 

tahap transkripsi ,  mRNA protein F melalui analisis RT-PCR dengan menggunakan 

primer yang spesifik kepada gen F. Dalam sel Sf9 yang dijangkiti dengan 

bakulovirus rekombinan rBacF, protein F yang telah diekspreskan itu terletak pada 

permukaan sel seperti yang ditunjuk oleh uj ian imunopendarfluoran. Dalam analisis 

SDS-PAGE, satu jalur protein yang mempunyai berat molekul 64 kDa, yang 

berpadan dengan protein prekursor FQ, d ikesan melalu i  sapimuno. Keputusan ini 

menunjukkan bahawa protein yang telah diekspreskan itu tidak terpotong di dalam 

sel Sf9. Walaubagaimana pun jujukan yang terdapat pad a tapak potongan dalam 

gen F yang terklon menunjukkan 1 00 % homologi dengan gen F yang asal dan in i  

menunjukkan bahawa tiada mutasi yang terlibat pad a tapak tersebut. 
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CHAPTER I 

INTRODUCTION 

Newcastle disease (NO) is a h ighly contagious infection of many avian species 

caused by the Newcastle d isease virus (NOV) , the only member of the avian 

paramyxovirus I (APMV-I) serotype. The infectious virus may be transmitted by 

ingestion or inhalation which is the basis of mass application vaccination procedures for 

poultry (Meulmanns, 1 988) . The virus has a wide host range infecting 27 of the 50 

orders of birds with variable clinical severity and transmissibility (Fenner et a/. , 1 987; 

Kaleta and Baldauf, 1 988). N OV occurs worldwide and has a considerable economic 

impact on the Malaysian poultry industry ranging from losses due to disease and the 

expense of vaccination to the significant cost of diagnostic laboratory investigations. In 

Malaysia, the heat resistant viscerotropic-velogenic NOV strain AF2240 was fi rst isolated 

from a local field outbreak in the 1 960's and it was reported to cause high morbidity and 

mortal ity in poultry (Lai and Ibrahim, 1 987) . This strain is resistant to the temperature of 

60°C and has the potential to be used in the production of a recombinant vaccine against 

the disease in the tropics. 

In general, NOV has a single-stranded , non-segmented negative-sense genomic 

RNA of approximately 15 kb that codes for at least six viral proteins. Of these, the fusion 

glycoprotein (F) appears to be an ideal antigen for d iagnostiC and immunological 

purposes, as anti-sera from N OV-infected birds contain high levels of antibody to the F 

protein (Umino et a/. , 1 990) . Functionally, the F protein is required for cel l-to-cel l  fusion, 

haemolysis and virus penetration (Merz ef a/., 1981 ) .  Proteolytic cleavage of the inactive 

Fa precursor into two disulphide-linked subunits, F1 and F2, is necessary for infection in 

1 
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vivo. Monospecific antibodies to this glycoprotein were shown to neutralize viral 

infectivity (Scheid and Choppin ,  1 977) . 

Furthermore, N OV isolates are characterized by pathogenesis in chicken and 

may be categorized into three main pathotypes, depending on the severity of the isolate 

(Alexander, 1 988; 1 99 1 ) .  Lentogenic isolates are of low virulence and cause mild 

respiratory or enteric infections. Viruses of intermediate virulence that cause primarily 

respiratory disease are mesogenic, while virulent viruses that cause high mortality are 

velogenic. Velogenic forms of NOV are further classified either as neurotropic or 

viscerotropic based on their cl in ical manifestations (Alexander, 1 99 1 ) .  In general , 

evolution of virulence among the different pathotypes appears to involve a variety of 

mechanisms including mutations in regulatory regions (Wimmer et a/. , 1 993) and viral 

adaptation for utilization of alternative or expanded repertoires of cel lular receptors. 

There is increasing evidence that viruses utilize coreceptors and alternative receptors for 

their entry into cel ls , and that this may be an important determinant of virulence. In 

general , the mechanisms of RNA virus variation that leads to different pathotypes 

include mutation, homologous and nonhomologous recombinations, and genome 

segment reassortment (Wain-Hobson, 1 996) . This is mainly due to viral RNA 

polymerase which has a h igher chance of jumping onto another template molecule to 

generate recombinant progeny by a copy-choice mechanism (Lai ,  1 992) .  This 

continuous production of mutants favors adaptabi l ity of the virus in the event of 

environmental changes. Examples are the specific mutations in variant viruses that are 

resistant to neutral izing antibodies (Borrego et a/. , 1 993) or to some antiviral inhibitors. 

However, the avai labi l ity of procedures for the amplification and sequencing of viral 

genomes present in biological specimens has resulted in the production of huge 

amounts of sequence information, as well as in the definition and establ ishment of 
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phylogenetic relationships among virus genera and among individual isolates of a genus. 

Several lines of evidence suggest that RNA virus evolution is constrained by the 

complexity of viral functions in interaction with cellular functions (Domingo and Holland, 

1997). 

Despite their simplicity, viruses are sophisticated organisms that have evolved 

highly efficient techniques for infecting cells, expressing their genomes and generating 

new copies of themselves. The development of recombinant DNA techniques has made 

it possible to exploit these properties. Of these, the baculovirus expression vector 

system is very commonly used for foreign gene expression (Kidd and Emery, 1993). Its 

attraction lies in the high yields of foreign gene products and the eukaryotic environment 

for post-translational modification provided by the insect host cell (Luckow, 1991). It is 

now possible to manipulate baculoviruses genetically, and recombinant viruses 

expressing novel proteins are being used as important research tools to study the 

structure and function of these proteins; they might also be used to deliver selected 

genes into higher organisms for use in gene therapy, vaccines and immunotherapy. 

Accordingly, as a live recombinant vaccine, the baculovirus expression system provides 

a method for the production of large quantities of biologically active and antigenic NDV F 

protein for both research and diagnostic applications (Mori et aI., 1994). 

Due to the differences among NDV strains as reflected by their ability to induce 

disease in chickens and to replicate in different tissues, it is important to further define 

genetic heterogeneity that may occur and to possibly identify the vaccine types from 

which this field isolate is derived through gene tree analysis. Furthermore, as a 

preliminary step in the production of a subunit vaccine from the F glycoprotein, its gene 
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expression in baculovirus will motivate its use as a safe vaccine instead of the 

commercial l ive or ki l led/attenuated N OV vaccines. 

Therefore, the objectives of this study are: 

1 .  to determine and analyse the nucleotide sequence of the F glycoprotein gene of 

NOV stra in AF2240; 

2. to compare the phylogeny of strain AF2240 with the other N OV strains; 

3. to clone the F gene into a baculovirus expression vector system; and 

4. to partially analyse the expressed F protein. 



Historical Aspects 

CHAPTER I I  

LITERATURE REVIEW 

Newcastle Disease 

Paramyxoviruses have a wide geographic distribution and include many 

important human and animal respiratory viruses, some of which are extremely 

pathogenic and cause high morbidity and mortality in the infected host species. 

However, Newcastle d isease (NO) remains a major problem for the poultry industry 

worldwide (Alexander, 1 99 1 ) . This disease was first recognised as a viral infection 

after the epidemic outbreak at Newcastle-upon-Tyne in England from where it 

derived its name (Doyle, 1 927) . Since then both viscerotropic and neurotropic types 

of velogenic Newcastle disease virus (NOV) have been found worldwide 

(Spradbrow, 1 988; Alexander, 1 99 1 ). 

Asia appears to be the home of N OV, with the first report coming in 1 926 

from Batavia (now known as Jakarta) . Most of the other early reports in 1 926 or 

1 927 were from Asia. In fact, NO has been described as endemic throughout 

Southeast Asia and the most important of the viral diseases of poultry in the region 

since 1 982 (Shortridge, 1 982; Cheng-Yao et a/., 1 997). In Malaysia, from 1 973 to 

1 977, the d ifferent N OV strains were reported to cause 90% mortality in chickens 

costing the country 3.88 mill ion ringgit Malaysia .  However, the velogenic 

viscerotropic strain AF2240 has been shown to be responsible for highest morbidity 
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and mortality among the poultry flocks. The virus was isolated from a local field 

outbreak in the early 1 960s (Lai and Ibrahim,  1 987) . 

Newcastle Disease Virus 

N OV is the aetiological agent for the devastating d isease of poultry more 

commonly known as fowl pest, characterized by infection of the upper respiratory 

tract and haemorrhagic enteritis and tracheitis. Velogenic strains have a mortality 

rate greater than 90% (Errington et aI. , 1 995) . The virus family Paramyxoviridae 

consists of enveloped RNA viruses that undergo capsid assembly in the cytoplasm 

and are budded from the cell surface in an envelope of modified cell membrane 

(Melnick, 1 982) .  N OV has recently been reclassified into the genus Rubulavirus 

which also includes mumps virus,  simian virus 5 (SV5) and human parainfluenza 

virus (Murphy et aI., 1 996) .  

NOV are large pleomorphic membrane enveloped virions of roughly 

spherical shape ranging in size from 1 50-400 nm which contain a long helical 

nucleocapsid structure. The envelope is covered with spike glycoproteins 

(haemagglutinin neuramindase (HN) and fusion (F) proteins) that are 8-1 2  nm long 

(Figure 1 )  (Choppin and Compans,  1 975) . 

Furthermore, the N OV genome is a single stranded R NA of negative sense 

and has a molecular weight of 5.2-5.7 x 1 06 daltons which is approximately 1 5  

kilobases (kb) (Dahlberg and Simon, 1 969). This RNA genome codes for six main 

structural proteins. The virion core contains a helical nucleocapsid which comprise 
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Figure 1: Newcastle disease electron monograph. 

NOV electron monograph at a standard magnification of x250000 using UPM EM. 
Virions are enveloped , 60-300 nm in diameter and 1000-10000 nm long (bar 100 
nm). The arrow points to surface projections on the envelope, spikes (HN and F 
glycoproteins) 9-15 nm long, spaced 7-10 nm apart. 



8 

the nucleic acid, the majority nucleocapsid protein (NP), the less abundant 

phosphoprotein (P) and a few molecules of the large protein (L) .  The core is 

surrounded by the matrix protein (M) that interacts with the two membrane 

glycoproteins, the H N  and the F proteins. Additional ly, the P gene is edited during 

transcription via the addition of a single G residue at position 484 to produce the V 

protein (Steward et a/. , 1 993). The N P  protein is involved in the packaging of the 

viral RNA and in RNA replication in conjunction with the L and P proteins. Un l ike 

SV5 and mumps virus, NOV does not encode the small hydrophobiC (SH) protein 

between the F and H N  genes (Murphy et a/. , 1 996). 

The virus carries its own RNA-dependent RNA polymerase, which is 

responsible for the transcription and repl ication of the viral genome in  the infected 

cell. The genome of this virus is found in both virions and infected cel ls to be 

complexed with the viral nucleoprotein NP or N as ribonucleoprotein (RNP) 

complexes,  and it is these RNP complexes, rather than naked viral R NA ,  that are 

the actual templates recognized by the viral RNA polymerase. Replication involves 

the synthesis of a repl icative intermediate conSisting of a complementary copy of the 

genome, known as the antigenome, which is also encapsidated. The genome is 

also used as template by the viral RNA polymerase to synthesize the viral 

messenger RNAs (mRNAs), which, in contrast to the antigenomes, are capped and 

polyadenylated (Figure 2) (Adolfo, 1 998). 

NDV Glycoproteins 

For many paramyxoviruses, including N OV,  syncitium formation requires the 

expression of both surface glycoproteins (HN and F) in the same cell and evidence 


