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ii 

 

Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

 

DEVELOPMENT OF a RECOMBINANT (rOMP36) VACCINE FROM 

Pasteurella multocida  A:1  AGAINST  PASTEURELLOSIS IN  

CHICKENS AND DUCKS 

 

 

By 

 

DIDIK HANDIJATNO 

 

February 2011 

 

 

Chairman      : Professor. Mohd. Zamri Saad., DVM, PhD 

  

Faculty : Veterinary Medicine 

 

Fowl cholera is one of the diseases that cause economic losses in poultry farms. It is 

caused by Pasteurella multocida serotype A in chickens but in ducks, it is caused by 

Riemerella anatipestifer or P. multocida serotype A or both.  P. multocida serotype A:1 

is highly virulent and is the common cause of the disease. Commercial vaccine is 

available for control but the vaccine provides homologous protection with limited cross-

protection. Therefore, this study was conducted to identify suitable vaccine candidate for 

development of an improved vaccine against avian pasteurellosis. The study concentrated 

on the outer membrane proteins (OMPs) since OMPs play key roles in disease 

pathogenesis as well as in inducing immunity. 

  

Characterisation study on the OMPs of the various isolates of P. multocida serotypes A:1, 

A:3, A:1,3 and R. anatipestifer revealed that the major protein of P. multocida was 36 

kDa while R. anatipestifer was 34.5 kDa. There were some differences among the OMPs 
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of different serotypes of P. multocida, particularly in the minor bands where P. multocida 

serotype A:1,3 had more bands than other serotypes. Western blotting and immune-

detection using antisera of rabbit against OMP 36 kDa and whole cell of P. multocida 

serotype A:1, revealed that the 36 kDa OMP of all serotypes of P. multocida and the 34.5 

kDa OMP of R. anatipestifer appeared thick and dense. However, the 36 kDa OMP of P. 

multocida serotype A:1 appeared antigenic and provided cross-reaction with P. multocida 

serotypes A:3, A:1,3 and against R. anatipestifer. 

       

Therefore, the gene encoding 36 kDa OMP of P. multocida serotype A:1 was amplified 

by PCR before it was cloned in pET32 KL/LIC vector. The recombinant was successfully 

transformed into Escherichia coli Nova Blue strain as cloning host. Furthermore, the 

product was successfully sequenced and transformed into E. coli strain BL21 (DE3) and 

Origami2 (DE3) as expression host cells, revealing a single band of 1250 bp that 

consisted of 1050 bp gene insert and 200 bp pET32 vector. The sequence showed 100% 

homology to OMPH gene of P. multocida serotype A:1 and 99% to OMP H gene of P. 

multocida strain 18 and the OMP H of P. multocida subsp gallicida. The expressed 

protein was successfully verified by SDS-PAGE revealing the expected 40 kDa band.   

 

The recombinant of OMP36 gene was eventually prepared as killed bacteria or inoculums 

and injected intramuscularly into chickens and ducks before being challenged. The 

chickens and ducks received 0.5 mL of the inoculums containing 1.2x10
7
CFU/mL. 

Following inoculation, antibody started to increase at week 1 and continued to increase 

after booster vaccination and reached peak at week 4 for both recombinant and 
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commercial vaccines although the recombinant stimulated higher level of antibody 

compared to the commercial vaccine. Following challenge, the recombinant vaccine 

provided excellent protection homologous (21/25; 84%) and cross-protection against P. 

multocida serotype A:1,3 (23/25; 92%) but provided low cross-protection against P. 

multocida serotype A:3 (11/25; 44%) in chickens. In ducks, the recombinant provided 

moderate protection (14/25; 56%) compared to the excellent protection provided by the 

commercial vaccine (23/25; 92%). 

 

In conclusion, the recombinant vaccine generally provided better protection against the 

various serotypes of P. multocida than the commercial vaccine in chickens but less 

protection in ducks compared to the commercial vaccine.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

 sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PENGHASILAN DARI PADA REKOMBINAN (rOMP36) VAKSIN DARI 

Pasteurella  multocida JENIS A:1 MEMBERI PERLINDUNGAN TERHADAP   

JANGKITAN KOLERA PADA AYAM DAN ITIK 

 

 

Oleh 

 

DIDIK HANDIJATNO 

 

Februari 2011 

 

 

Pengerusi          :       Professor. Mohd. Zamri Saad, DVM, PhD 

    

Fakulti    : Perubatan Veterinar 

 

 

Kolera pada ayam dan sejenisnya adalah penyakit yang merugikan dari segi ekonomi 

peternakan ayam, punca penyakit kolera pada ayam dan itik disebabkan oleh Pasteurella 

multocida jenis A tetapi pada itik boleh disebabkan oleh P. multocida jenis A atau 

Riemerella anatipestifer atau keduanya. Vaksinasi pada penyakit ini telah dipraktikkan 

secara meluas tetapi nilai keupayaan dari segi perlindungan masih belum memuaskan. 

Dalam usaha untuk memperbaiki keberkesanan vaksin, telah dikaji bahawa protin selaput 

luar  adalah calon yang khasnya menarik untuk pembangunan rekombinan vaksin kerana 

protin selaput luar adalah kukuh dari segi keimunogenannya dan seterusnya kajian 

ditujukan pada keupayaan dan kapasiti perlindungan rekombinan protin selaput luar pada 

ayam dan itik 

 

Gambaran protin dan keantigenan pada isolat tempatan P. multocida telah menunjukkan 

kehadiran  protin 36 kDa, yang mana 36 kDa ini diidentitikan sebagai protin yang besar  

dengan menggunakan “SDS-PAGE”.  Seterusnya, tempelan imun menggunakan samada 

serum arnab yang dibangkitkan pada jalur protin 36 kDa atau sel utuh P. multocida jenis 

A:1  menunjukkan bahawa kedua-dua serum didapati bertindakbalas dengan protin 36 

kDa P. multocida A:1, A:3, A:1,3 dan dengan protin 34.5 kDa R. anatipestifer. Penemuan 
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ini mencadangkan bahawa protin selaput luar 36 kDa adalah antigenik, dan boleh 

meransang penghasilan antibodi dari pada haiwan. 

 

Klon protin selaput luar 36 kDa ke pET32 vektor telah berjaya, ditunjukkan adanya 

penggandaan DNA dengan berat molekul 1250 bp yang terdiri 1050 bp berasal dari 

protin 36 kDa gen dan 200 bp berasal dari gen vektor. Seterusnya klon ditransformasi ke 

E. coli jenis Nova Blue dan seterusnya dilakukan transformasi ke E.coli jenis BL21 dan 

Origami 2, juga dilakukan analisis jujukan gen. Analisis jujukan DNA menunjukkan 

jujukan gen yang terlibat berada pada kedudukan yang betul di dalam vektor. Ia 

mengesahkan bahawa gen yang terlibat adalah gen dari protin selaput luar 36 kDa P. 

multocida jenis A:1 dan mengandungi berat molekul 1050 bp. Analisis jujukan DNA dari 

gen protin selaput luar 36 kDa  isolat lokal P. multocida jenis A:1 mendedahkan  

persamaan 100% dengan  P. multocida jenis A:1,  99% dengan protin selaput luar H gen  

P. multocida strain 18 dan  protin selaput luar H gen  P.multocida subsp gallicida. Dalam 

proses membangunkan sel rekombinan vaksin yang telah mengekspresikan protin, 

dianalisis menggunakan tehnik “SDS-PAGE” dan pemblotan Western, mendedahkan 

bahawa protin lakuran pET32/LIC-36 kDa yang diekspresikan adalah lebih kurang 40 

kDa terdiri 36  kDa adalah protin selaput luar dan 4 kDa dari pET32 vector selepas 

pengesanan menggunakan antibodi monoklon, His.Tag. Keputusan menunjukkan 

kejayaan dalam mengekspresikan gen selaput luar 36 kDa P. multocida jenis A;1  

 

Kajian seterusnya adalah untuk menentukan paras antibodi dan perlindungan dari pada 

ayam dan itik dengan menggunakan rekombinan yang mengekspresikan protin selaput 

luar 36 kDa P. multocida jenis A:1 yang antigenik dan tidak aktif melalui suntikan dalam 

daging dengan takaran 0.5 mL yang mengandungi 10
7
CFU/mL. Secara keseluruhannya, 

didapati bahawa ayam dan itik yang diberi suntikan dengan rekombinan, telah membina 

paras antibodi IgG yang kuat dan meningkat secara bermakna (p<0.05) dalam serum 

apabila dibandingkan dengan ayam dan itik dari kumpulan yang tidak diberi suntikan. 

Pada awal minggu pertama selepas vaksinasi menunjukkan paras antibodi yang semakin 

meningkat pada minggu ke-2 selepas pemberian suntikan dan pengeluaran antibodi kekal 

meningkat secara yakin pada minggu ke-2 seterusnya iaitu minggu ke-3 dan minggu ke-4 
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selepas pemberian suntikan. Peningkatan paras antibodi, menunjukkan bahawa 

rekombinan yang digunakan di dalam percubaan ini telah merangsang penghasilan 

antibodi yang kuat (p<0.05) apabila dibandingkan dengan kumpulan ayam dan itik yang 

diberi vaksin E. coli dan kumpulan yang tidak diberi suntikan (kontrol).  Pada cabaran 

keupayaan dengan menggunakan organisma hidup P. multocida A:1, A;3 dan A:1,3, 

kelompok ayam yang diberi suntikan dengan rekombinan memberikan perlindungan yang 

kuat (p<0.05) apabila dibandingkan dengan kelompok yang lain, sedangkan pada 

kelompok itik yang divaksin dengan rekombinan vaksin memberikan perlindungan 

terhadap cabaran keupayaan dengan orgainsma hidup campuran P.multocida jenis A:1 

dengan R. anatipestifer yang cukup kuat (p<0.05) apabila dibandingkan dengan 

kumpulan itik yang diberi suntikan  E. coli atau itik daripada kumpulan kontrol, tetapi 

lebih rendah apabila dibandingkan kumpulan itik yang diberi vaksin komersil.  
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CHAPTER 1 

 INTRODUCTION 

 

 Pasteurella multocida causes a wide range of diseases in animals such as haemorrhagic 

septicemia in cattle and buffalo, atrophic rhinitis in pigs, pneumonia in sheep and goat, 

snuffles in rabbits and fowl cholera in avian, including in chickens and ducks. Fowl 

cholera in chickens is caused particularly by P. multocida serotype A but pasteurellosis in 

duck is caused either P. multocida serotype A or P. anatipestifer (Riemerella. 

anatipestifer) or both (Adlam and Rutter, 1989). Pasteurellosis in chickens and ducks 

causes great economic loses to poultry and duck industries through decrease in egg 

production between 10% to 40% and high mortality, usually between 23% and 60% and 

occasionally over 90% (Partadireja et al., 1979; Glunder and Hinz, 1989).  

 

P. multocida type A that causes pasteurellosis in chickens involves several serotypes, 

which include A:1; A:3; A:1,3; A:3,4; A:4 and A:9. However, studies revealed that 

serotype A:1 is the most virulent and most common cause of the disease (Curtis, 1979). 

Other than P. multocida type A, P. multocida types B, D and F have also been isolated 

from chickens, but they are less associated with the disease (Rimler and Rhoades, 1989).  

 

Based on the 16S ribosomal primers, P. multocida can be differentiated into 5 groups 

known as Group A, B, D, E and F. Group A has prominent 1044 base pairs (bp) band, 

Group B with 760 bp, Group D with 657 bp, Group E with 511 bp and Group F with 854 

bp (Townsend et al., 2001; Shivachandra et al., 2006). For serotype B2, Townsend et al. 
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(2001) revealed the 460 bp and 512 bp bands. Based on Enterobacter Repetitive 

Intergenic Consensus (ERIC) primers, R. anatipestifer showed band of approximately 

670 bp – 700 bp (Kardos et al., 2006).  

 

Currently, control of pasteurellosis is by vaccination. The commercially available 

vaccines against P. multocida are made of whole bacteria, known as bacterins, killed 

vaccine prepared either by using high temperature such as 100
o
C for 30 minutes or 60-

80
o
C for 1 hour or by using chemicals such as 0.5% formalin or 0.5% phenol. The 

vaccine is usually administered by injection, inducing antibody with limited cross-

protection against heterologous P. multocida strains and short duration of protection. 

Later, improved vaccines were prepared from micro-organisms grown in vivo, 

particularly in embryonic eggs (Mariana and Hirst, 2000) before alum precipitation or gel 

alum precipitation vaccines were prepared. These vaccines provided protection for up to 

6 months with cross-protection against heterologous P. multocida strains (Adlam and 

Rutter, 1989). 

 

In recent years, experimental vaccines were prepared using parts of the cells of P. 

multocida such as lipopolysaccharide, ribosome, capsular, outer membrane proteins and 

the others part of the bacterium. These vaccines are known as the sub-unit vaccines. 

Among the most commonly studied parts is the outer membrane protein (OMP), 

considered a potent vaccine candidate. This is because OMP is part of the cell wall of 

bacteria that is exposed to the environment, enabling it to induce strong protective 

immunity in poultry and other animals (Lu et al., 1991a; Lu et al., 1991b; Zhao et al., 
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1995; Ruffolo et al., 1996). The most recent method of vaccine preparation is the 

incorporation of the outer membrane protein gene into non-pathogenic bacteria such as 

Escerichia coli, known as recombinant vaccine (Manoha et al., 1993).   

 

1.1. The objectives of this study were: 

 

1. to determine the antigenicity and cross-reactivity of 36 kDa OMP of P. multocida 

serotypes A:1, A:3, A:1,3 and R. anatipestifer.  

2. to clone, sequence and express the OMP36 gene of P. multocida serotype A:1 as a 

recombinant (rOMP36) vaccine material. 

3. to determine the efficacy of the newly recombinant (rOMP36) vaccine against 

pasteurellosis of chickens and ducks. 
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