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The rapid worldwide spread of the pandemic H1N1 2009 influenza A virus in the early 

2009 has contributed to high morbidity and mortality especially in children, the elderly 

and immuno-compromised individuals. Current available influenza vaccines are 

effective in terms of providing immunity protection but there are several limitations 

and disadvantages such as allergic reactions, biosafety issues and limited production 

capacity. This study uses Lactococcus lactis as a vehicle for cloning of the 

haemagglutinin (HA1) epitope of the pandemic H1N1 2009 influenza virus. The HA1 

epitope was amplified and cloned into a L. lactis vector together with the usp45 signal 

peptide and nisP anchor protein (nisP-anc) in order to assemble a surface displayed 

HA1 recombinant L. lactis. The recombinant L. lactis were able to express HA1 

epitope protein when induced with nisin and was further confirmed with Matrix-

assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF 

MS) analysis. The recombinant host cells were further examined by using whole cell 

ELISA, fluorescence microscopy and flow cytometry to detect the surface displayed 

HA1 epitope protein on their surfaces. Despite it could not be confirmed that HA1 

epitope has been successfully surface displayed, the recombinant cells were fed to 

BALB/c mice host to observe for its capability to induce immunogenic response. From 

the analysis of antigen-specific serum antibody by sandwich ELISA, significant anti-

HA1 sIgA antibody was produced in the mice fecal suspension of mice group NZ9000 

(pNZ:HN) when compared to the negative control NZ9000 (pNZ8048) suggesting that 

high specific anti-HA1 sIgA antibody was produced in the mice rectum. This study was 

conducted to gain more insights of the potential of L. lactis as a vaccine vehicle and 

future optimization can be adopted to further enhance its capability in vaccine delivery.  
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Pengerusi: Professor Raha Abdul Rahim, PhD 
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Virus influenza A Pandemik H1N1 2009 yang muncul pada awal tahun 2009 telah 

merebak dengan cepat di seluruh dunia dan mengakibatkan morbiditi dan mortaliti 

terutama sekali di kalangan kanak-kanak, warga emas dan individu yang mempunyai 

sistem imun yang lemah. Vaksin influenza yang kini didapati adalah efektif dari segi 

perlindungan keimunan tetapi terdapat beberapa batasan dan keburukan seperti reaksi 

alergi, isu-isu keselamatan biologi dan keupayaan pengeluaran yang terhad. Kajian ini 

menggunakan Lactococcus lactis sebagai pembawa untuk pengklonan epitop 

hemaglutinin (HA1) dari virus influenza A Pandemik H1N1 2009. Epitop HA1 telah 

diamplifikasikan dan diklonkan ke dalam vektor L. lactis bersama dengan peptida 

isyarat usp45 dan protein permukaan bersauh nisP (nisP-anc) untuk membentuk 

rekombinan L. lactis yang mempamerkan epitop HA1 dipermukaannya. Rekombinan 

L. lactis ini berkeupayaan untuk mengekspres protein epitop HA1 yang diaruh oleh 

nisin dan seterunya disahkan dengan menggunakan analisa “Matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS)”. Sel-sel 

rekombinan ini seterusnya disahkan dengan menggunakan ELISA seluruh sel, 

mikroskopi fluoresen, dan “flow cytometry” untuk mengesan epitop HA1 yang 

dipamerkan di permukaan hos sel L. lactis. Walaupun tiada pengesahan yang epitop 

HA1 telah dengan jayanya dipaparkan di permukaan L. lactis, sel-sel rekombinan ini 

telah diuji dalam hos tikus BALB/c untuk mengesan keupayaannya untuk 

menghasilkan gerak balas imunogenik. Daripada analisa serum antibodi spesifik-

antigen dengan menggunakan ELISA sandwic, antibodi sIgA anti-HA1 yang tinggi 

dalam suspensi tinja tikus dapat dikesan dalam kumpulan tikus NZ9000 (pNZ:HN) 

berbanding dengan kumpulan tikus kawalan negatif NZ9000 (pNZ8048) 

mencadangkan bahawa antibodi sIgA anti-HA1 yang tinggi telah dihasilkan di dubur 

tikus-tikus tersebut. Kajian ini dijalankan untuk mendapat pengetahuan dan 

menentukan potensi L. lactis sebagai pembawa vaksin dan pengoptimuman di masa 

akan datang seterusnya berupaya meninggikan keupayaannya dalam penyampaian 

vaksin. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Introduction 

 

 

Pandemic H1N1 2009 influenza A virus which emerged in early 2009 has spread 

rapidly across the globe and contributed to morbidity and mortality especially in 

children, elderly and immune-compromised individuals. Although antiviral agents are 

able to treat influenza infections, vaccination is still the best method for controlling 

influenza. Current available influenza vaccines are live attenuated viruses that are 

propagated in embryonated chicken eggs. It is effective in terms of providing 

immunogenic protection but there are several limitations and disadvantages of this 

method such as allergic reactions to the egg protein, biosafety issues and limited 

production capacity.  

 

 

The use of Lactococcus lactis, a lactic acid bacteria (LAB), in the production of 

recombinant vaccine is still less exploited compared to attenuated pathogens such as 

Salmonella (Levine et al., 1996; Branger et al., 2007). Their generally recognized as 

safe status and the availability of genetic tools for recombinant gene expression make 

them attractive to be used as potential vaccine vehicles. It can also overcome the 

disadvantages of egg-based vaccines and reversions.  Several antigen specific immune 

responses have been successfully obtained using L. lactis as the vaccine carrier (Mozzi 

et al., 2010). This study is a novel step towards the use of nisP-anc and LAB, L. lactis 

as a vehicle for the production of pandemic H1N1 2009 influenza virus vaccine.  

 

 

1.2 Hypotheses 

 

 

The hypotheses for this study are: 

1. The NisP anchor protein (nisP-anc) will be able to surface display the HA1 

pandemic H1N1 2009 viral epitope on L. lactis host cells.  

2. The surface displayed recombinant L. lactis harbouring the HA1 viral epitope will 

stimulate both the cell-mediated and humoral immune responses in the BALB/c 

mouse model. 
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1.3 Problem statements 

 

 

1. The production of current licensed pandemic H1N1 2009 vaccine cannot be 

scaled up easily. 

2. Viruses propagated in the chicken eggs may be may be slightly modified during 

incubation period. 

3. Inconvenient vaccination procedure such as intramuscular injection. 

4. Recombinant vaccines produced with pathogenic microbes may pose threat to 

vaccinated person’s health. 

 

 

1.4 Objectives 

 

 

The main objectives of this work include: 

1. To construct an expression vector for L. lactis constituting of HA1 pandemic 

H1N1 2009 viral epitope together with usp45 signal peptide and nisP-anc. 

2. To optimize expression conditions of the recombinant L. lactis constructs to 

improve gene expression. 

3. To analyse surface display of the HA1 viral epitope on the L. lactis cell surface. 

4. To investigate the immunogenic effect of recombinant L. lactis harbouring HA1 

viral epitope when fed orally to BALB/c mice host. 
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