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A peptide with the sequence Cys-Thr-Leu-Thr-Thr-Lys-Leu-Tyr-Cys (CTLTTKLY C) 

has previously been identified to inhibit the propagation of Newcastle disease virus 

(NDV) in embryonated chicken eggs and tissue culture. It has two different 

dissociation constants (&"I), in which the first constant can be used as a determinant 

to classifjr NDV strains into two groups: the velogenic strains in the first group, 

whereas the mesogenic and lentogenic strains are in the second group. The peptide, 

1 2 3  5 6 7 8 9  C T L PT K L Y C , displayed on the pIII protein of a filamentous M13 phage was 

mutated by oligonucleotide-directed mutagenesis in order to identify the amino acid 

residues involved in the interactions with NDV. Mutations of Cys at first position 

(c') and Lys at the sixth position of the peptide ( K ~ )  to Ala (A), which produced 

mutants C'A and K ~ A ,  did not affect the binding between the peptide and the virus 

significantly, but substitution of Tyr at eighth position (Y8) alone with Ala (A) 

dramatically reduced the interaction. This suggests that y8 couid play an important 

role in the peptide-virus interaction. Double mutations were carried out on K~ and y8 

to produce mutants K~A-Y~A,  K~R-Y~A,  K~A-Y'F, and K ~ - Y ~ F ,  to determine 



whether the mutated amino acids could improve the binding capability. However, the 

mutations did not improve the binding capability significantly. 

Fmoc-solid phase peptide synthesis was employed to synthesize the peptide, 

CTLTTKLYC. Crude peptide was purified with HPLC and analysed with a mass 

spectrometer. The secondary structure of the peptide was analysed with circular 

dichroism (CD) and the three dimensional conformation of the peptide was 

determined by nuclear magnetic resonance (NMR) and molecular modelling. A 

mixture conformation of p-turn and P-sheet (intermolecular interaction) was 

observed for the linear peptide by using CD. However, the three-dimensional 

structure of the linear peptide could not be arrived due to the mixture of 

conformation which made the sequence assignment of NMR extremely difficult. On 

the other hand, the disulfide-constrained cyclic peptide, which has a more rigid 

structure, exhibited only a P-turn structure. Two models were obtained: one of it 

consists of a p-turn and a distorted p-turn, while the other structure is an extended 

structure. 
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Peptida dengan jujukan Cys-Thr-Leu-Thr-Thr-Lys-Leu-Tyr-Cys (CTLTTKLYC) 

telah dikenalpasti sebagai perencat untuk pembiakan virus penyakit sarnpar ayam 

(NDV) dalam telur ayam yang berembrio dan juga kultur tisu. Ia mempunyai dua 

pemalar pengasingan (ICdre1) di mana pemalar yang pertama boleh digunakan sebagai 

penentu untuk mengasingkan strain NDV kepada dua kumpulan: kumpulan pertama 

adalah strain velogenik manakala kumpulan kedua merupakan strain mesogenik dan 

1 2 3  5 6 7 8 9  juga lentogenik. Peptida berjujukan C T L T ~ T  K L Y C yang dipaparkan pada 

protein p a  faj M13 telah dimutasikan dengan menggunakan teknik mutagenesis 

oligonukleotida. Ini adalah untuk mengenalpastikan residu asid amino yang 

memainkan peranan yang penting dalam interaksi antara peptida dan NDV. Mutasi 

pada Cys pada posisi pertama (c') dan Lys pada posisi keenam ( K ~ )  kepada Ala (A) 

tidak mempengaruhi interaksi di antara peptida dan NDV manakala penggantian Tyr 

pada posisi kelapan (y8) kepada Ala (A) pula rnengurangkan interaksi tersebut secara 

mendadak. Keadaan ini mencadangkan bahawa y8 mungkin memainkan peranan 

yang penting dalarn interaksi antara peptida dan NDV. Mutasi berganda telah 

dijalankan pada K~ dany8 untuk menghasilkan mutasi K~A-Y*A, K~R-Y'A, K ~ A -  



Y ~ F ,  dan K ~ R - Y ~ F  bagi mengenalpastikan sarna ada mutasi asid amino ini dapat 

meningkatkan interaksi tersebut. Keputusan yang didapati menunjukkan bahawa 

mutasi berganda tidak berkesan dalam meningkatkan interaksi antara peptida and 

NDV . 

Sintesis peptida secara fasa pejal Fmoc telah digunakan untuk mensintesiskan 

peptida. Peptida kasar telah ditulenkan dengan menggunakan HPLC dan 

dianalisiskan dengan menggunakan spektrometer jisim. Struktur dua dimensi peptida 

ditentukan dengan menggunakan "circular dichroism" (CD) terlebih dahulu dan 

struktur tiga dimensi peptida pula dikenalpastikan dengan menggunakan resonan 

magnetik nuclear (NMR), dan pemodelan molekul. Berdasarkan data yang diperolehi 

daripada CD, peptida yang linear menunjukkan carnpuran struktur P-pusingan dan 

juga kepingan-P (interaksi antara molekul). Walau bagaimanapun, struktur tiga 

dimensi peptida yang linear ini tidak dapat dikenalpastikan kerana campuran kedua- 

dua struktur tersebut telah menyebabkan analisis jujukan NMR sangat sukar. Peptida 

siklik yang dikekangkan oleh ikatan dwisulfida mempunyai struktur yang lebih tegap 

dan ia hanya menunjukkan struktur pusingan-P. Terdapat dua model yang diperolehi 

daripada analisis pemodelan molekul: satu daripadanya mempunyai satu pusingan-a 

dan satu pusingan-P yang tidak sempwna manakala struktur yang lain pula 

mempunyai struktur yang longgar. 
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CHAPTER 1 

INTRODUCTION 

Random peptide library displayed on the pIlI protein of bacteriophage M13 has been 

utilized extensively to select peptide ligands that bind to target molecules such as cell 

receptors, enzymes, and viral surface proteins. Nucleotide sequences encoding these 

peptides were cloned into the gIII gene of the phage, which is then translated and 

displayed on the pIII protein as a fusion molecule. Rarnanujam et al. (2002) 

employed a disulfide-constrained phage display library to select ligands that interact 

with Newcastle disease virus (NDV) that had been immobilized on microtitre plate 

wells. After three rounds of affinity selection, peptides with the sequence 

CTLTTKLYC and other related sequences were obtained. 

Synthetic peptides with the sequence TLTTKLY, either in linear or cyclic forms, 

were shown to inhibit the propagation of NDV in embryonated chicken eggs 

(Ramanujam et al., 2002). This inhibition could be due to the ability of the peptide to 

bind tightly to the surface proteins of the virus which then interferes with the fusion 

activity between NDV and the host cell. The binding site of the peptides on the viral 

surface proteins, however, remained unknown. The two surface proteins on the virus, 

the haemagglutinin-neuraminidase (HN) and fbsion (F) proteins have been known to 

be involved in attachment and entry into the host cell. They are, however, rather 

difficult to be isolated while retaining their structural integrity. Several reviews have 

shown that the co-expression of these homologous proteins is crucial for the 



infection activity making the determination of the peptide-NDV binding site very 

difficult (Stone-Hulslander and Morrison, 1997; McGinnes et a/., 2002). 

The relative dissociation constants of the phage-NDV have been determined 

by using an equilibrium-binding assay in solution (Ramanujam et a/., 2002; 2004). 

The phage displayed two widely different binding affinities towards NDV with the 

first binding affinity almost 1000-fold higher than the second one. It was suggested 

that the system has two or more classes of binding sites with different affinities. The 

first ICdre' value has been shown to be able to differentiate the pathotypes of NDV 

into two groups (Ramanujam et a/., 2004): one of the groups consists of lentogenic 

and mesogenic strains whilst velogenic strains form the other group. This finding is 

particularly important because there are no detection tools capable of differentiating 

between the mesogenic and velogenic strains (Li et a/., 2002). 

The functional activity of any protein is always associated with its structure, which in 

turn is influenced by its sequence. Proteins with different structures and sequences 

account for the diverse functions. Not all amino acid residues in a protein are 

involved in functional activities. Some amino acid residues are the key residues or 

regions whereas the others serve as a 'holder'. Nevertheless, these 'holder' amino 

acids may play an important role in ensuring proper folding of the protein. In order to 

determine which of the amino acids in the above novel peptide are the key residues 

invclved in the peptide-virus interaction, a detailed analysis on each of the amino 

acid residues in the sequence CTLTTKLYC by mutagenesis should be performed. In 

addition, information on the tertiary structure(s) of this peptide would be useful in 

developing a model for synthesizing a secondary drug as in peptidomimetics. 



The main objective of this study was to determine the three-dimensional structure(s) 

of the inhibitory peptide, CTLTTKLYC, and the key residue(s) in the phage-NDV 

interactions. In order to achieve these objectives, the study has been divided into 

three major sections: 

1. Phage-NDV binding study: 

The amino acid residues in peptide CTLTTKLYC displayed on the pIII 

protein of the M13 phage were substituted by site-directed mutagenesis and 

used in phage-NDV binding study to determine the key residues involved in 

the interaction. 

2. Fmoc-solid phase peptide synthesis: 

The CTLTTKLYC peptide was synthesized by using the Fmoc-solid phase 

peptide synthesis and purified by using RP-HPLC to obtain sufficient peptide 

powder for structural analysis. 



3. Conformational study of  the peptide: 

The two- and three-dimensional structures of the peptide were studied with 

circular dichroism (CD) and nuclear magnetic resonance (NMR), and the 

structures of the peptide were modelled using molecular modelling software. 

The conformation study of the peptides will provide information on the functional 

activities of the peptide, in particular the two values. 


