
 
 
 

 
 

  

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 

PEPTIDE LIGANDS THAT INTERACT WITH NEWCASTLE DISEASE 
VIRUS:SELECTION, CHARACTERIZATION AND APPLICATIONS 

 
 
 
 
 
 

PRIADARISHNI RAMANUJAM-THURAI RAJA 
 
 
 

FSAS 2003 2 



PEPTIDE LIGANDS THAT INTERACT WITH NEWCASTLE DISEASE VIRUS: 
SELECTION, CHARACTERIZATION AND APPLICATIONS 

By 

PRIADARISHNI RAMANUJAM-THURAI RAJA 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of 

Doctor of Philosophy 

January 2003 



DEDICATION 

mro WILL ./fLW./fctS (}3CE WI1J{ 9rfCE ./fW(]) mro WjfS 1J{C£ IWSPICRjI'lIOW 
./fW(]) :MO'lIV./f'lIOWPOqUM.P, ero (])O :Mct(]!J{(]) 

erO 9ftrf'(JYE.!LCJ{PSer :MOP'J{P/� 

mro IS ./fLW./fryS cp:jljIrtIwq POCR.., :MC£, SO:MC£Om mrO q./fVE :MP, 
COWPFlYEWCE./fJ{(]) sero()(j) (}3ct :MC£ 1J{�ovJ{qoVer 1J{C£ SPU(])ct 

ero :M<YCD.!LCJ{LI:Nq JfVSCJ3.!L:NCD, 

mrO IS ./fLW./fryS 1J{P,CR..,P, POCR.., :MP" mro J{jfS :M./f(])C£ :MryCjlj./f(]) 
SJICCjljPlCES ./fJ{(]) WJIS 1J{P, ser�J{qqJ{ POCR..,:MP' 'TO CO:MPLP,'PE 1J{IS 
S'1V(])ry 

ero 9vt<Y 9vtOSer jICDOCJ{P/D !NP/PJFEWS jI:NCD :NFEc;<ES, 

�e( 9vtumu, Sliara, :Nana, 9vtelia, SlianR.szr (1\:7(utty), Lavin (c. 
:Noyanram), Logan, qaiyan (Cliampion), %yo (:M:M), 7(esliu, CDin (Sayang), 
Vmani ('l(ucliu) and Vtlii CJ30y (Sim6a) 

POC]( TJFEIC]( P,!NTJ{VSIJIS:M IJ{ VISFIIwq :MP, IW :Mry LJI(}3 JI:ND :MJI'l(IWq 
:MC£ PEP,L LI'l(P, TJ{P, (}3<ESer SCIP,mIS'T P,VECR.., 

I qYElDIC)!LPE TJ-{IS rro )!LLL OP �oV ... 

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 

PEPTIDE LIGANDS THAT INTERACT WITH NEWCASTLE DISEASE VIRUS: 
SELECTION, CHARACTERIZATION AND APPLICATIONS 

By 
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January 2003 
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Newcastle disease, a highly contagious disease of the avian species is 

caused by the Newcastle disease virus (NOV). I n  Malaysia there have been 29 

outbreaks of NOV reported this year alone. In spite of the availabil ity of mass 

vaccination programmes, these sporadic outbreaks are bel ieved to be the result 

of malpractice in backyard farming. The mechanism of NOV infection is sti l l  not 

clearly understood, making it difficult to validate any effective drug candidates. 

Bearing this in mind, a phage display random peptide l ibrary was used to identify 

peptide l igands that interact with NOV. A phage carrying the TL TTKL Y sequence 

represented 97% of the total phage screened from the third round of biopanning 

against NOV strain AF2240. This phage was characterized and both cyclic and 

linear synthetic peptides bearing the homologous sequence were synthesized. 
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The phage was able to compete with the polyclonal antibodies raised 

against AF2240 for binding sites on the virus. Furthermore, the synthetic 

peptides proved to be stronger binders to AF2240 than the TL TTKL Y phage. 

The synthetic peptides did not inhibit the haemagglutination and the 

neuraminidase activities of the virus, but it reduced the viral  haemolytic activity, 

suggesting that the peptide binds at a 'biological ly active site' on the virus.  In 

addition, the synthetic peptides inhibited the propagation of the virus in 

embryonated chicken eggs, with IC50 values of 5 and 1 0 �M for the cycl ic and 

l inear peptides respectively. This signifies its potential role as a precursor for 

drug candidate. 

The relative dissociation constant curve showed that there are two 

binding sites for the TL TTKL Y phage with various NOV strains. All the strains 

displayed low K/el values with the first K/el ranging from 2.4 to 4 .0 pM and the 

second K/el in the nanomolar range. The TL TTKL Y phage was useful not only 

as a detecting agent of NOV, but also for pathotyping the NOV strains. The 

TL TTKL Y phage can be used to distinguish the velogenic strain from the 

mesogenic and the lentogenic strains, which is in l ine with the first K/e1obtained. 

With that, it is hoped that the TL TTKL Y phage could represent a novel drug 

design or functions as a useful diagnostic reagent for NOV. 

IV 
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NEWCASTLE: PEMILIHAN, PENCIRIAN DAN KEGUNAAN 

Oleh 

PRIADARISHNI RAMANUJAM-THURAI RAJA 

January 2003 

Pengerusi: Prof. Madya Dr. Tan Wen Siang 

Fakulti: Sains dan Pengajian Alam Sekitar 

Penyakit Newcastle adalah suatu penyakit berjangkit dalam spesies 

burung yang disebabkan oleh virus Newcastle disease (NOV). Oi Malaysia, 

terdapat 29 kes kejadian yang telah dilaporkan pad a tahun ini sahaja. Walaupun 

terdapat program vaksinasi, namun begitu masih banyak kejadian dilaporkan 

yang berkemungkinan disebabkan oleh penyalah-Iaksanaan amalan 

penternakan .  Mekanisme infeksi NOV masih kurang jelas dan in i  menyukarkan 

penghasilan calon ubat yang berkesan. Oisebabkan perkara in i, suatu 

perpustakaan persembahan faj digunakan untuk mengenalpasti l igan peptida 

yang boleh berinteraksi dengan NOV. Faj yang membawa jujukan asid amino 

TL TTKL Y meliputi 97% daripada jumlah faj yang disaring daripada pusingan 

ketiga pem i lihan berafin it i  dengan NOV strain AF2240. Pencirian faj telah 

dilaksanakan dan peptida berkonformasi dan tidak berkonformasi sintetik yang 

homologi dengan faj telah disintesis. 
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Faj ini didapati mampu bersaing dengan antibodi poliklon yang dihasilkan 

terhadap AF2240 untuk tapak pengikatan pada virus tersebut. Tambahan lagi, 

peptida sintetik ini menunjukkan kekuatan interaksi yang lebih kuat terhadap 

AF2240 berbanding dengan faj TL TIKL Y. Peptida sintetik tersebut tidak 

merencat aktiviti hemaglutinasi dan neuraminidase NOV, tetapi ia 

mengurangkan aktiviti hemolitik virus tersebut. Ini menunjukkan bahawa peptida 

mungkin terikat pada 'tapak aktif biologi' virus. Oi samping itu, peptida sintetik 

merencat pertumbuhan virus ini dalam telur ayam berembrio, dengan nitai ICso 5 

dan 1 0 �M masing-masing, bagi peptida berkonformasi dan peptida tidak 

berkonformasi. Ini mengambarkan peranan peptida tersebut sebagai pelapor 

calon perubatan. 

Lekuk pemalar penguraian re/atif menunjukkan terdapat dua tapak 

pengikatan di antara faj TL TIKL Y dengan pelbagai strain NOV. Kesemua strain 

tersebut memaparkan nilai K/el yang rendah dengan K/el pertama di antara 2.4 

dan 4.0 pM manakala K/el kedua dalam julat nanomolar. Faj TL TIKLY berguna 

bukan sekadar untuk mengenalpasti kehadiran NOV tetapi juga sebagai agen 

membezakan patotaip strain NOV. Faj TL TTKL Y boleh digunakan untuk 

membeza strain velogenik daripada strain mesogenik dan strain lentogenik, 

yang sejajar dengan K/el pertama yang diperolehi. Oengan ini, adalah 

diharapkan, faj TL TIKLY boleh mewakili rekaan dadah baru atau sebagai 

reagen diagnostik untuk NOV. 
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CHAPTER 1 

INTRODUCTION 

Newcastle d isease (NO) is  a highly contagious viral d isease of  domestic 

poultry and it remains as a major impediment to village poultry production .  This 

d isease not only affects domestic fowls, but also turkeys, pheasants, pigeons, 

quails and guinea fowls to a varying degree. Ducks and geese are also 

susceptible to infection , but these species rarely succumb to the d isease. N O  

has been classified as the List A d isease under the Office International des 

Epizooties (OlE), which is termed as, "Transmissible diseases that have the 

potential for vel}' serious and rapid spread, irrespective of national borders, that 

are of serious socio-economic or public health consequence and that are of 

major importance in the international trade of animals and animal products". 

All age groups of avian species are susceptible to NO infection .  

Newcastle d isease virus (NOV) strains are classified into 3 groups related to the 

severity of the d isease (Beaudette & Black, 1946). Velogenic strains cause 

sudden onset of depression, rapid breathing and anorexia in birds and a sharp 

drop in egg production in laying hens. The viscerotropic velogenic strains may 

cause edema of the head and diarrhoea as a prominent clin ical feature whilst, 

the neurotropic velogenic strain are d istinguished by marked nervous signs such 

as torticollis, tremors or paralysis (Purchase et al. , 1989). The mesogenic 
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strains cause respiratory and sometimes nervous signs with low mortality 

whereas; in the lentogenic strains there is a mild or imperceptible respiratory 

infection (Jordan, 1 990).  

NOV is endemic in many countries, particularly in Asia, the Middle East, 

Africa and Central and South America. Some European countries are 

considered free of NOV, although this disease has caused high mortality in wild 

cormorants in Canada and the United States. Throughout the world the number 

of outbreaks recorded for the years 2001 , 2000 and 1999 were approximately 

3200, 2930 and 2240 cases respectively and for Asia alone, there were 1670, 

1460 and 1410 cases, respectively. A recent epidemic in Southern Jutland 

County, Denmark (August 2002) revealed that, 1 1 0 of the 1 1 8 verified cases 

were detected in backyard fowls. There were confirmed deaths of birds between 

500-1000 cases over 4-6 weeks and up to a 40% drop in egg production in 

Victoria, Australia when an NO incidence emerged in May 2002 (OlE homepage, 

http://www.oie.int.). Eighty-five deaths were cited at a cockfight centre in Valera 

district, State of Trujillo, Venezuela due to NO occurrence. Zulia, another district 

in Venezuela experienced a total of 5 outbreaks with 85,000 deaths reported 

when an outbreak took place in June 2002. The prevalence in Chiba Prefecture, 

Japan in June 2002 affected the population of young pheasants, which caused a 

total number of 380 deaths. In Sudan (AI Kalakla area and AI Geraif area in 

Khartoum), 2 epidemics that emerged caused 1003 deaths (OlE homepage, 

http://www.oie.int.). 
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I n  Malaysia, there were approximately 52,500 deaths owing to 96 

outbreaks reported in the year 2001 . Despite the fact that the number of deaths 

was reduced (367,2 1 8) compared to the year 2000, the number of outbreaks 

was nevertheless higher in 2001 . Until the month of March 2002, there were a 

total of 29 cases of epidemic involving wel l  over 41 ,000 infected avian species 

(OlE  homepage, http://www.o ie . int. ) .  

These figures render an urgent need to eradicate this d isease, but i t  is 

however an intricate task to accomplish, as NOV has a wide range of hosts and 

it is easily transmittable. In addition , the virus remains infective for several 

weeks at low temperature, surviving for several hours in a wide range of pH (3-

1 0) and for about 225 days in water, soil ,  carcasses, eggs and feathers. It is no 

doubt that vaccination with l ive and/or oil emulsion vaccines have markedly 

reduced the losses in the poultry flocks but h itherto, there is no treatment for this 

d isease. 

To find a cure for this d isease, the exact mechanism of NOV infection in 

the host cel l  should be wel l  understood . The lack of information of the viral 

infection mechanism has caused us mi ll ions of avian l ives. To understand the 

interaction between NOV and its host cel l ,  a phage d isplayed random peptide 

l ibrary was therefore used to select for peptide l igands that interact with this 

virus. 
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A phage display 'l ibrary' is a heterogeneous mixture of such fusion phage 

clones, each carrying a d ifferent foreign DNA insert and therefore d isplaying a 

d ifferent peptide on its surface (Smith & Petrenko, 1 997). Over the past decade, 

phage display has been the subject of intensive research whereby it represents 

not only a powerful technology for selecting but also for engineering 

polypeptides with novel functions. As a result, phage d isplay and its 

modifications have become the practical tools for drug d iscovery, phage derived 

antibody l ibraries, selection of enzyme inhibitors, ligands for intracel lular protein

binding domains, mimics for extracel lular protein-protein interactions and much 

more. 

The display of a foreign peptide was first demonstrated by Smith ( 1 985), 

when he inserted a Sau 3A digest of plasmid pAN4 at the gene I I I  insertion site 

of a filamentous bacteriophage. It was found that the inserted gene was 

expressed as a fusion protein in the middle with the gplll protein of the phage. 

Most importantly, the recombinant phage retained its infectivity and the 

d isplayed foreign amino acids were in their immunologically accessible form. 

This d iscovery set a platform for what has been achieved with this renowned 

technology to date. 

Over the years, methods have been refined to produce l ibraries of high 

d iversity and great quality as the success of a selection experiment u ltimately 

depends on these. An improved technique of l ibrary construction with d iversities 

greater than 1 012 d ifferent recombinant fusion phage was described by Sidhu et 
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al. (2000) . I n  the in itial paradigm, polypeptides were either fused to the amino

terminus of the coat protein p3 or p8 of the viral genome, which severely limited 

large polypeptides to be efficiently d isplayed . However with the development of 

phagemid d isplay systems, this problem was solved . Here, polypeptides were 

fused to an add itional coat protein gene encoded by a phagemid vector (Bass et 

al. , 1 990) . 

The phagemid system has enabled the development of new d isplay 

systems. Proteins can be d isplayed as fusions to the carboxyl-terminus of p6 

protein (Jespers et aI. , 1 995) and also p8 protein (Fuh et al. , 2000) . Gao et al. 

( 1 999) demonstrated the display of antibody fragments fused to the amino

term inus of p7 and p9 proteins. It was also noted that the level of display of 

polypeptides at the carboxyl-terminus is on par with the conventional amino

terminus fusion (Fuh & Sidhu ,  2000) . Thus, in phagemid systems, functional 

polypeptides have been demonstrated with all five M 13 coat proteins. 

The revolution of phage d isplay technology induced a great interest and 

curiosity in us. Since the peptide l igands that interact with NOV were not 

conclusively determined , we exercised to solve this task by applying a d isulfide 

constrained phage d isplay random peptide library to select for l igands to NOV. 

Thus, on the basis of that thrust, the objectives of this study are as fol lows: 

1 .  Select for peptide l igands that interact with NDV; 

2. Characterize the selected peptide sequences; and 

3. Study the applications of the selected phage and synthetic peptides. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Newcastle disease 

2.1.1 Historical aspect 

In  the spring of 1 926, on a farm near Newcastle-upon-Tyne, England, the 

first outbreak of a highly pathogenic virus occurred. Doyle (1 927) named this 

emergence as Newcastle disease (ND),  and it was bel ieved that there was a 

possible l ink between this and the outbreak in Java, Indonesia in March 1 926. It 

has been considered that the presence of the virus in England was the result of 

transportation of frozen meat and l ive chickens from Southeast Asia to 

Newcastle-upon-Tyne by ship (Alexander, 1 988). 

General ly, Asia has been regarded as the native land for ND as the report 

of the first outbreak came from Java in 1 926. Furthermore, since 1982, NO has 

been endemic throughout Southeast Asia (Shortridge, 1 982). In Malaysia, a 

velogenic strain was isolated in a field outbreak in the 1 960s (Lai & Ibrahim, 

1 987). This strain was called AF2240 and it caused a very high morbidity and 

mortal ity rate among the poultry flocks. This disease remains endemic in many 

regions and continues to severely l imit the poultry production. It is particularly 
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