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the requirement for the Degree of Master of Science 

 

MOLECULAR CHARACTERIZATION OF  

Corynebacterium pseudotuberculosis AND DEVELOPMENT OF 

RECOMBINANT VACCINE AGAINST CASEOUS LYMPHADENITIS 

 

By 

 

SYAFIQAH ADILAH BINTI SHAHRIDON 

 

May 2017 

 

Chairperson : Professor Mohd. Zamri Saad, DVM, Ph.D 

Faculty  : Veterinary Medicine 

 

Corynebacterium pseudotuberculosis is a causative agent for caseous lymphadenitis 

(CLA), a chronic disease that affects mainly small ruminants. The disease is 

characterized by formation of abscesses, usually in the lymph nodes and occasionally 

in organs of the infected animals. Caseous lymphadenitis causes great economic loss in 

goat and sheep industries due to low quality of milk and wool production. Vaccination 

has been suggested for control of CLA. Currently available commercial vaccines 

reduce the severity of infection but fail to control the spread of disease. 

 

This study was conducted to characterize the various local isolates of                           

C. pesudotuberculosis and to identify the candidates for development of recombinant 

cells against CLA. Characterization of the surface proteins of C. pseudotuberculosis 

using sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 

revealed 11 protein bands with two major proteins of 31 kDa and 40 kDa. The minor 

bands are 152, 84, 75, 69, 67, 61, 54.8, 52, 49, 44 and 25 kDa. Immunoblotting of the 

surface proteins revealed four immunogenic protein bands at 75, 40, 31 and 25 kDa 

with the 40 and 31 kDa bands showed intense reaction. Therefore, genes encoding the 

31 kDa and 40 kDa surface proteins (SP) of C. pseudotuberculosis were amplified by 

polymerase chain reaction (PCR) before being cloned in pET32 Ek/LIC vector. The 

recombinant plasmids, pET32/LIC-SP31 and pET32/LIC-SP40 were successfully 

transformed into Escherichia coli Nova Blue strain as cloning host. Sequencing 

analysis showed that both genes were kept in frame with the vector sequence. 

Sequencing analysis of the nucleotide sequence of the SP 31 kDa showed 98% 

homology with putative surface anchored protein fimbrial subunit, SpaA gene of         

C. pseudotuberculosis strain FRC41. Meanwhile SP 40 kDa showed 99% homology 

with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) of C. pseudotuberculosis 

strain FRC41. Both recombinant plasmids were successfully transformed into 

Escherichia coli strain BL21 (DE3) as expression host. The subsequent SDS-PAGE 

and Western immunoblot analyses revealed that the expressed fusion proteins of 

pET32/LIC-SP31 and pET32/LIC-SP40 were approximately 67 kDa and 54 kDa, 

respectively.  
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In vivo study was carried out to determine the antibody response and protective 

capacity of the two recombinant cells in goats. Goats were divided into 3 groups before 

groups 2 and 3 were exposed intramuscularly with the pET32/LIC-SP31 and 

pET32/LIC-SP40 recombinant cells, respective while group 1 was the unvaccinated 

control. Serum samples were collected weekly to evaluate the antibody level via 

enzyme-linked immunosorbent assay (ELISA). Goats exposed to the recombinant cells 

showed significantly (p<0.05) higher IgG response compared with the unvaccinated 

group. At the time of challenge with virulent C. pseudotuberculosis, the IgG levels of 

the vaccinated goats were significantly higher than the unvaccinated goats. Following 

challenge, abscesses were observed in the lymph nodes of all groups and                      

C. pseudotuberculosis was successfully isolated from the abscesses.  

 

This study revealed that surface proteins of C. pseudotuberculosis were immunogenic. 

Recombinant cells carrying the surface protein were able to induce good humoral 

response but failed to protect the goats against challenge by live C. pseudotuberculosis. 

Thus, further studies on the method to enhance the protective capacity of the vaccine 

are needed considering C. pseudotuberculosis is an intracellular pathogen. Moreover, 

effective vaccination against CLA needs administration of the vaccine with adjuvant to 

stimulate both humoral and cell-mediated immunities. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Sarjana Sains 

 

PENCIRIAN MOLEKULAR Corynebacterium pseudotuberculosis DAN 

PENGHASILAN REKOMBINAN VAKSIN BAGI MELAWAN PENYAKIT 

BISUL NODUS LIMFA  

 

Oleh 

 

SYAFIQAH ADILAH BINTI SHAHRIDON 

 

Mei 2017 

 

Pengerusi : Professor Mohd. Zamri Saad, DVM, Ph.D 

Fakulti  : Perubatan Veterinar 

 

Corynebacterium pseudotuberculosis adalah penyebab bagi penyakit bisul nodus limfa 

(CLA), iaitu satu penyakit kronik yang memberi kesan terutamanya kepada ruminan 

kecil. Penyakit ini bercirikan pembentukan nanah, yang seringkali melibatkan nodus 

limfa dan kadang kadang organ dalaman haiwan terjangkit. Penyakit bisul nodus limfa 

menyebabkan kerugian ekonomi yang sangat besar dalam industri kambing dan biri-

biri akibat penghasilan susu dan bulu biri-biri yang berkualiti rendah. Pemvaksinan 

dikatakan sebagai langkah terbaik untuk mengawal penyakit ini. Vaksin komersial 

yang terdapat di pasaran hanya mampu mengawal keterukan jangkitan tetapi gagal 

mengawal penyakit daripada merebak. 

 

Kajian ini dijalankan untuk mencirikan beberapa pencilan tempatan                              

C. pseudotuberculosis bagi menentukan pencilan yang sesuai untuk menghasilkan sel 

rekombinan bagi melawan penyakit bisul nodus limfa. Pencirian protein permukaan     

C. pseudotuberculosis menggunakan elektroforesis gel poliakrilamida-sodium dodesil 

sulfat (SDS-PAGE) menghasilkan 11 jalur protein dengan dua jalur utama iaitu 31 kDa 

dan 40 kDa. Jalur sampingan adalah 152, 84, 75, 69, 67, 61, 54.8, 52, 49, 44 and 25 

kDa. Pemblotan protein permukaan menunjukkan empat jalur protein yang imunogenik 

iaitu pada 75, 40, 31 dan 25 yang mana jalur 40 dan 31 kDa menunjukkan reaksi yang 

terang. Oleh itu, gen yang mengkodkan protein 31 kDa dan 40 kDa diperbanyakkan 

menggunakan kaedah tindakbalas rantaian polymerase (PCR) sebelum diklon ke dalam 

vektor pET32 Ek/LIC. Plasmid rekombinan, pET32/LIC-SP31 and pET32/LIC-SP40 

berjaya dipindahkan ke dalam klon perumah Escherichia coli strain Nova Blue. 

Analisis jujukan nukleotida menunjukkan kedua-dua gen berada dalam kedudukan 

yang betul di dalam jujukan vektor. Analisis jujukan nukleotida SP 31 kDa 

menunjukkan 98% persamaan dengan protin permukaan sauh subunit fimbria, gen 

SpaA, daripada C. pseudotuberculosis strain FRC41. Manakala SP 40 kDa 

menunjukkan 99% persamaan dengan gliseraldehid-3-fosfat dehidrogenase (GAPDH) 

daripada C. pseudotuberculosis strain FRC41.  Kedua-dua plasmid rekombinan 
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kemudian berjaya dipindahkan ke dalam perumah ekspresi Escherichia coli strain 

BL21 (DE3). Analisis menggunakan SDS-PAGE dan pemblotan kemudiannya 

mendedahkan bahawa protein lakuran yang diekspresikan daripada pET32/LIC-SP31 

dan pET32/LIC-SP40 masing-masing adalah kira-kira 67 kDa dan 54 kDa.  

 

Kajian in vivo dijalankan untuk menentukan tindak balas antibodi dan tindakan 

perlindungan oleh kedua dua rekombinan sel di dalam kambing. Kambing-kambing 

dibahagikan kepada tiga kumpulan sebelum kambing dalam kumpulan 2 dan kumpulan 

3 didedahkan dengan rekombinan pET32/LIC-SP31 dan pET32/LIC-SP40 masing-

masing secara suntikan intraotot manakala kambing dalam kumpulan 1 ialah kontrol 

yang tidak diberi vaksinisasi.  Sampel serum dikumpulkan setiap minggu untuk menilai 

tahap antibodi melalui ujian imunoterapi terangkai enzim (ELISA). Kambing yang 

didedahkan kepada sel rekombinan menunjukkan gerak balas IgG yang signifikan 

(p<0.05) tinggi berbanding gerak balas IgG daripada kumpulan yang tidak diberi 

vaksinisasi.  Pada cabaran keupayaan dengan C. pseudotuberculosis yang virulen, 

gerak balas IgG kumpulan kambing yang diberi vaksinisasi secara signifikannya 

(p<0.05) lebih tinggi berbanding kumpulan yang tidak diberi vaksin. Selepas cabaran 

keupayaan, bengkak bernanah telah didapati dalam nodus limfa daripada semua 

kumpulan kambing dan C. pseudotuberculosis berjaya dipencilkan daripada bengkak 

bernanah tersebut.  

 

Kajian ini mendedahkan bahawa protein permukaan daripada C. pseudotuberculosis 

adalah imunogenik. Sel rekombinan yang membawa protein permukaan tersebut 

mampu untuk meningkatkan tindak balas humoral tetapi gagal memberikan 

perlindungan daripada cabaran keupayaan C. pseudotuberculosis yang hidup kepada 

kambing.  Oleh itu, kajian lanjut mengenai kaedah untuk meningkatkan keupayaan 

perlindungan vaksin tersebut diperlukan memandangkan C. pseudotuberculosis adalah 

patogen intrasel. Tambahan pula, vaksinisasi yang berkesan untuk melawan CLA 

memerlukan pemberian vaksin bersama-sama dengan adjuvan untuk meransang 

keimunan humoral dan sel-perantara.  
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pET32/LIC-SP40 Recombinant plasmid (pET32/LIC+SP 40 kDa 

gene of   C. pseudotuberculosis)  

PFGE  Pulse field gel electrophoresis 

pH  Puissance hydrogen (hydrogen ion concentration) 

PVDF  Polyvinyl diflouride 

RAPD  Random amplified polymorphic DNA 

Rpm  Rotation per minute 

RT  Room temperature 

s  Seconds 

SDS  Sodium dodecyl-sulphate 

SDS-PAGE  Sodium dodecyl sulphate polyacrylamide gel 

electrophoresis 

SP  Surface protein 

Taq  Thermus aquaticus YT-1 

TBE  Tris-boric EDTA 

TBS  Tris-buffer saline 

TE  Tris-EDTA buffer 

TEMED  N,N,N’,N’-tetramethylethylene diamine 

Tris-HCl  Tris (hydroxymethyl) aminomethane hydrochloride 

U  Unit 

UV  Ultra-violet 

V  Voltan/volt 

v/v  Volume per volume 

w/v  Weight per volume 
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Amino acid Single/Three letter Amino Acid Code 

   

Alanine A Ala 

Arginine R Arg 

Asparagine N Asn 

Aspartic Acid D Asp 

Glutamine Q Gln 

Glutamic Acid E Glu 

Glycine G Gly 

Isoleucine I Ile 

Leucine L Leu 

Lycine K Lys 

Methionine M Met 

Phenylalanine F Phe 

Proline P Pro 

Serine S Ser 

Threonine T Thr 

Tryptophan W Trp 

Valine V Val 

 

 

 

 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 

 

INTRODUCTION 

 

Caseous lymphadenitis (CLA) is a chronic disease of sheep and goats caused by         

C. pseudotuberculosis. It occurs in many countries from all continents worldwide but is 

of most concern in large sheep-producing areas such as Australia, New Zealand, South 

Africa and the American continent (Schreuder et al., 1986; Moore et al., 2010). The 

disease is characterised by formation of caseous abscessation in the lymph nodes and 

internal organs (Stefanska et al., 2008). Apart from enlargement of lymph nodes, 

pneumonia, arthritis and mastitis have also been reported (Mittal et al., 2010).  

 

Economic loss caused by CLA is an important issue in small ruminant industries such 

as sheep and goats due to the reduced in weight gain, reproductive efficiency as well as 

condemnation of carcasses and devaluation of hides (Sood et al., 2012). Australia has 

reported a decreased in clean wool production resulting in annual cost of approximately 

$15 million. Caseous lymphadenitis has also been associated with $12 to 15 million 

losses annually at abattoir due to carcase losses and the costs of meat inspection and 

trimming of CLA affected carcases (Paton et al., 2003). In five regions of the western 

United States, 42.4% of 4,089 culled sheep were CLA positive and in western 

Australian abbatoir, 53.7% of 4,574 slaughtered adult ewes exhibited the disease (Ilhan 

et al., 2013). In Malaysia, actual economic importance of this disease have been 

underestimated due to the lack of serological studies to determine the prevalence of 

CLA and reliable figures for specific financial losses (AbdiNasir et al., 2012). 

 

Effective program in controlling the disease should include clinical inspection, periodic 

serology of animals in flock and culling of the affected animals. However, it is difficult 

to be accomplished due to the rapid dissemination of the bacterium within flock and 

also difficulties in identifying animals that show subclinical form of the disease 

(Guimaraes et al., 2011b). Control using antibiotics is generally ineffective and is not 

recommended (Barh et al., 2011). Thus, immunization or vaccination has been the 

main strategy for control of CLA in countries where the disease is endemic (Colom-

Cadena et al., 2014).  

 

Several vaccination programs have been developed in order to reduce the prevalence of 

the disease with variable outcomes. Commercial vaccines based on inactivated cell 

culture supernatant and phospholipase D (PLD) combined with antigen from other 

pathogen are available in several countries (Dorella et al., 2009). Although the 

available vaccines such as Glanvac 
TM 

and Caseous D-T 
TM 

 help in decreasing the 

prevalence of the disease, adjustment in the vaccination program should be considered 

before use such as doses to be administered according to age and weight of the animals 

and also revaccination issue (Dorella et al., 2009). Therefore, development of single-

dose vaccines is desperately needed to improve the performance of the vaccine 

(Hodgson et al., 1994). 
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Identification of antigen with high immunogenicity and protective capacity is important 

in developing efficient vaccines. Apart from PLD exotoxin that has been recognized as 

the main virulence factor of C. pseudotuberculosis, the cell surface proteins has also 

been among the suitable candidates for vaccine preparation against CLA. Thus, the 

potential of recombinant-based vaccine that encodes the surface protein of local 

isolates of C. pseudotuberculosis is evaluated in this study. Therefore, the objectives of 

this study were: 

 

1. to characterize the deoxyribonucleic acid (DNA) and surface proteins of five 

isolates of C. pseudotuberculosis isolated from cases of goat CLA in 

Malaysia. 

 

2. to identify the suitable vaccine candidate from the five different isolates of    

C. pseudotuberculosis for the development of recombinant vaccine 

 

3. to prepare and evaluate a crude recombinant vaccine against CLA in goats. 

 

Hypothesis: 

1. There are suitable candidates from local isolates of C. pseudotuberculosis for 

preparation of recombinant cells 

2. The newly developed recombinant vaccine encoding the surface protein of 

local C. pseudotuberculosis isolate is able to induce the humoral response and 

protects host animals against challenge by live virulent                                  

C. pseudotuberculosis. 
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