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Abstract 

Live, recombinant delivery systems are produced by constructing attenuated, 

recombinant micro-organisms, such as bacteria or virus, which present foreign vaccine 

antigens or bioactive molecules to the host to elicit protective immunity or relieve pre-

existing symptoms in the host without causing pathology. These delivery systems have 

several advantages; firstly viruses or bacteria presenting the antigen can behave as an 

adjuvant to facilitate the recognition of foreign antigen by the immune system; secondly 

it is possible to create a multivalent vaccine which can deliver both bioactive proteins and 

vaccine antigens, thereby reducing the need for several doses; thirdly these systems are 

needle-free and orally administered thus do not require trained personnel and finally they 

are stable, do not require refrigeration and are cheap to produce in large quantities. 

 

To date, bacterial species such as lactic acid bacteria have effectively been used in 

animals and humans as an oral cytokine delivery system. Specifically, Lactococcus lactis 

expressing recombinant interleukin 10 was successfully used as a daily treatment for the 

relief of symptoms in inflammatory bowel disease.  

 

The aim of this thesis was to construct a live, recombinant delivery system for small 

molecules such as cytokines (IL-2, IL-4, IL-10 and IFN) and a gut hormone (leptin) 

using Helicobacter pylori, a non-invasive bacterium which colonizes the gastric mucosa. 

Various delivery pathways were investigated including delivery of bio-molecules via 

fusion to a protein for extracellular secretion or surface display (HopE, Lpp20), fusion to 

auto-transporters (YadA, VacA) and periplasmic secretion signals (sec pathway). DNA 

coding recombinant proteins were inserted at various loci, such as the ureAB, mdaB and 



vacA loci, which were tested to ensure no interference with bacterial survival. Genetic 

characterization of the recombinant strains was done by colony PCR and Western Blot 

analysis. To ensure insertion at the ureAB locus did not disrupt urease activity, a urease-

activity assay was performed for strains which contained insertions at this locus. As a 

final step, some strains were assessed for colonization in a H. pylori mouse model of 

infection. 

 

Results showed that it was possible to engineer H. pylori to express cytokines or leptin 

using the various delivery pathways investigated. However, not all cytokines could be 

engineered by fusion to HopE or the periplasmic sec signal and the urease activity of 

strains with insertions at the ureAB locus showed approximately a 50% decrease 

compared to wild-type H. pylori. Recombinant strains using the VacA fusion were able to 

colonise the gastric mucosa of mice, although there was a noticeable impairment in 

colonization of the leptin- and a cytokine-expressing strains compared to wild-type H. 

pylori. 

 

Results obtained from this study are promising but require further investigation to fully 

evaluate the use of H. pylori as a biological delivery system. This study has demonstrated 

that H. pylori can be genetically modified to deliver small proteins via multiple pathways, 

using secretion signals and autotransporter domains. Further experiments to determine 

localization (FACS analysis) and in vivo activity (mouse model) are essential to fully 

characterize whether cytokine and hormone-expressing H. pylori strains are a viable bio-

molecular delivery system. 

 



Taken together a live bacterial delivery system based on H. pylori provides a new and 

novel opportunity for the continuous delivery of bioactive molecule for the treatment of 

chronic diseases such as inflammatory bowel disease. 
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1 Introduction: Live bacterial delivery systems 

1.1 Bacterial delivery systems 

Live, recombinant vector vaccines are produced by constructing attenuated, recombinant micro-

organisms which present foreign vaccine antigens to the host’s immune system, which elicits 

protective immunity within the host without causing a disease state (Gentschev et al., 2000, 

Chauhan et al., 2005). Viral vectors and invasive bacterial strains have been studied widely; 

Helicobacter pylori is a non-invasive bacterial cell thus the studies discussed will focus on 

presentation systems using bacteria with similar properties to H. pylori. Data has been published 

that showed that attenuated or commensal bacteria that have been engineered to present vaccine 

antigens are able to elicit protective immunity within an animal host without causing a disease 

state (Gentschev et al., 2000, Chauhan et al., 2005). 

 

The scope of this thesis will focus mainly on the delivery of small biological molecules by non-

invasive bacterial vectors (Table 1.0). 

1.1.1 Specific examples of bacterial delivery systems 

A widely studied presentation systems have been successfully used to deliver heterologous 

antigen and involve the fusion of an immunogenic protein to a bacterially expressed carrier 

protein to allow the antigen to be presented to the host immune system. Examples include the use 

of surface displayed proteins such as flagella, outer membrane proteins and pilin/fimbriae. It has 

also been shown that antigens fused to a signal sequence for secretion can also be effective in 

eliciting an immune response in a host (Steidler et al., 1998a). 
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1.1.1.1 Tetanus toxic fragment C (TTFC) 

Studies have demonstrated that bacterial delivery systems can deliver the TTFC antigen and the 

anti-TTFC response can be enhanced by co-expression of a cytokine with the antigen (Steidler et 

al., 1998). Two recombinant strains were constructed which expressed either murine IL-2 or IL-

6 (mIL-2, mIL-6 respectively) together with tetanus toxin fragment C (TTFC) via a lactococcal 

expression plasmid. TTFC was expressed intracellularly while the cytokines were fused to the 

lactococcal extracellular secretion signal, usp45. mIL-2/TTFC or mIL-6/TTFC intranasally 

immunised mice elicited a rapid immune response that resulted in a 10- to 15-fold higher anti-

TTFC response when compared to the control strain expressing only TTFC, at 35 days post 

inoculation. 

 

A similar study showed that L. lactis constitutively expressing TTFC intracellularly elicited a 

protective immune response in mice challenged with a lethal dose of tetanus toxin (Robinson et 

al., 1997). L. lactis expressing TTFC was either orally or intranasally administered to mice prior 

to challenge with tetanus toxin. The high survival rate of the vaccinated mice in comparison to 

unvaccinated control mice demonstrated that mucosal delivery could result in protective 

systemic antibody responses. 

1.1.1.2 Hepatitis B surface antigen 

Inp (ice nucleation protein) expression on the surface of Pseudomonas syringae yielded data 

which showed that surface presentation of a given protein elicited a robust immune response 

(Lee et al., 2000a). Inp has been used previously as a surface expression system for the Hepatitis 

B surface antigen (HBsAg) and Hepatitis C virus (HCV) core protein (Lee et al., 2000). The 

Inp/antigen construct was subsequently expressed by S. typhi on the cell surface. 

 

Mice inoculated with the recombinant bacteria both by the intranasal or intra-peritoneal route 

(Lee et al., 2000) displayed strong anti-HBsAg or anti HCV antibodies, respectively, 21-35 days 
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post inoculation. Intranasal (mucosal) administration of the recombinant bacteria resulted in 

antibody titres that were comparable to those generated via the intra-peritoneal route.  This 

suggested that a strong immune response can be elicited at the gut mucosa. 

 

Similarly, Salmonella typhi have also been engineered to present Hepatitis B surface antigen 

(HBsAg) and the Hepatitis C Virus core (HCV) protein, which demonstrated the ability to elicit 

a host immune response in a mouse model (Lee et al., 2000a). 

1.1.1.3 Cytokines as therapeutic agents 

Bacterial delivery of cytokines for use as therapeutic agents has also been investigated. 

Attenuated Salmonella and Shigella species have been shown to be potential cytokine delivery 

vectors. Attenuated Shigella flexneri was engineered to deliver biologically active IL-10 and the 

IL-1 receptor antagonist (IL1ra) (Chamekh et al., 2008). Similarly, attenuated Salmonella 

typhimurium has been engineered to deliver an anti-tumour chemokine in a mouse model 

(Loeffler et al., 2009).  Results from this study demonstrated the bioactivity of the delivered 

molecule by the inhibition of tumour growth.  

 

Lactic acid bacteria (LAB) are for the most part considered to be commensal bacteria that 

transiently colonise the human gut. LAB species such as Lactobacilli and Lactococci, found in 

dairy based food products may acts as a potential biological delivery system. LAB has been 

successfully used to deliver biologically active molecules such as cytokines, as well as vaccine 

antigens (Steidler et al., 1998). The research group at ActoGeniX have already completed a 

Phase 2A human trial on recombinant human IL-10 (huIL-10) secreting Lactococcus lactis, 

showing the delivery system was well tolerated by patients with inflammatory bowel disease 

(Dr. Mark Vaeck, CEO, ActoGeniX., Press release, October 2009).  
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1.1.1.4 Summary 

The discussion outlined in this introduction shows that there is a precedence for biological 

molecules that can be delivered by a recombinant bacterial delivery system. The use of live 

attenuated bacteria to deliver foreign molecules is not new; however, the use of persistent 

bacteria such as Helicobacter pylori for delivery is novel. This thesis will focus on the potential 

of H. pylori as a delivery system for small biological molecules such as cytokines and the gut 

hormone Leptin. 

 

 

Table 1.0. Examples of cytokine delivery systems in bacteria 

Bacteria Molecule/s delivered Reference 

 

Lactococcus lactis 

 

IL-2, IL-6, IL-10 

 

Steidler et al., 1995, 1998, 2000 

 

Salmonella typhimurium 

 

IL-4, TNF-α,  IL-2 

 

Denich et al., 1993,  al-Ramadi 

et al., 2001 

 

Escherichia coli 

 

human growth hormone 

(hGH), insulin 

 

Chan et al., 1981,  Hsiung et al., 

1986, Gellerfors et al., 1986 

 

Bacillus subtilis 

 

hGH 

 

Tunçer et al., 2009 
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1.2 Cytokines  

Cytokines are small, soluble proteins secreted by immune cells of the host in response to 

infection or disease that mediate both innate and adaptive immunity. Fibroblast, endothelial and 

epithelial cells are known to secrete cytokines in response to stimuli, though white blood cells 

are the primary source (Costa and Drabkin, 2007). These biologic molecules act as immune 

messengers, mediating and regulating immunity, inflammation, haematopoiesis, and immune 

cell proliferation/differentiation (Steidler, 2002). 

 

Cytokines are characterized by three features: firstly, they are pleiotropic, which means that a 

given cytokine has the ability to activate several cell types (Tayal and Kalra, 2008). IL-2 for 

example, not only triggers T-cell growth, but initiates growth and differentiation of B-cells and 

natural killer (NK) cells. Similarly, IL-4 induces B-cell and cytotoxic T-cell proliferation, and 

also stimulates MHC II expression on host T cells (Tayal and Kalra, 2008). 

 

Secondly, cytokines are redundant. A similar function, such as inflammation can be triggered by 

more than one cytokine type. This is observed for IL-1 and TNF-α, which are inflammatory 

mediators.  Lastly, cytokines are multifunctional; one cytokine can perform or regulate more 

than one immune function. An example of this is IFN-γ, which plays a role in macrophage 

activation, anti-viral immunity of host cells, and induction of MHC I and MHC II expression by 

host T cells (Tayal and Kalra, 2008). 

 

Due to the potent effects of cytokines in the human immune response, it is important to maintain 

a balance between Th1 and Th2 responses in order to clear an infection, whilst avoiding adverse 

effects to the host.  
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1.2.1 Immune disorders and cytokine therapy: brief overview  

Imbalances in the Th1 and Th2 systems can and do occur and may be initiated by the pathogen by 

disruption of effective immune processes that protect the host from infection and disease.. A 

well known example of host immune-modulation by a pathogen is by the Human 

Immunodeficiency virus (HIV). The HIV virus is transmitted by infected fluids such as blood, 

milk or semen and establishes systematic infection through mucosal surfaces (Neutra and 

Kozlowski, 2006). Once at the epithelial surface, HIV takes advantage of the mucosal antigen-

sampling processes during which infected dendritic cells and macrophage deliver the virus 

systemically via interaction with CD4
+
 T cells, which have a central role in initiating an adaptive 

immune response. The result is transmission of HIV to CD4
+
 T cells and their subsequent 

destruction which, over time, will render the host immune system unable to initiate defence 

against a pathogen (Pau and Tavel, 2002). There is now much research focused on immune-

based therapies to sustain or strengthen the ailing host immune system in HIV infection. One 

potential therapy is the delivery of bioactive cytokines to the host in order to boost/restore the 

impaired host immune responses by providing the missing immune activator/s (Table 1.1).  

 

Immune imbalances can also be caused by an inappropriate immune response by the host such as 

that observed in allergy and asthma. An allergic reaction may be induced by ingestion, inhalation 

or physical contact with an allergen. In susceptible hosts allergens initiate a massive immune 

response mediated by IgE antibody resulting in activation of eosinophils, release of histamines, 

cytokines, interleukins, leukotrienes and prostaglandins. This response can lead to systemic 

effects, which include vasodilation, mucous secretion, nerve stimulation and smooth muscle 

contraction. This reaction can also be local - asthma for example, is a localized response within 

the respiratory system, and is caused by an over production of Th2 cytokines, which decreases 

anti-inflammatory Th1 cytokines (Bryan et al., 2000). Immune-therapy has also been used to 

treat allergy symptoms via administration of cytokines. IFN-γ delivery has demonstrated anti-
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IgE properties (Iwamoto et al., 1993). Other treatments explored the use of anti-inflammatory 

cytokines such as IL-10) and Th1 cytokines such as IL-12 to alter the pro-inflammatory cytokine 

profile of the host. (Asadullah, Sterry and Trefzer, 2002, Steidler et al., 2000, Borish et al., 1999, 

Bryan et al., 2000).  

 

Immune responses to self antigens, also known as auto-immunity, cause diseases such as 

rheumatoid arthritis (RA) or multiple sclerosis (MS).  RA is a chronic inflammatory disease of 

the joints. Tumour necrosis factor (TNF) has been shown to play an important role in RA 

pathogenesis (Thornton et al., 1991). MS, a demyelinating disease of the central nervous system 

(CNS), is mediated by inflammatory infiltrates in the CNS which contain auto-reactive T and B 

cells, as well as activated macrophages (Lovett-Racke et al., 1998, Brudek et al., 2009). 

Immunotherapy such as monoclonal antibodies or cytokines is successfully being used to treat 

such diseases. Administration of recombinant human IL-11 (rhIL-11) was able to reduce 

inflammation in RA patients with minimal adverse reaction (Moreland et al., 2001).  

 

In the treatment of MS, published data showed that delivery of IL-4 to the CNS via a viral vector 

was successful in a mouse model of experimental autoimmune encephalomyelitis (Martino et al., 

2000). Administration of IL-4 resulted in down-regulation of pro-inflammatory cytokines..  

 

These of cytokines and anti-cytokines are widely studied and show potential for the treatment of 

a variety of diseases. 

1.3  Local cytokine delivery by bacterial vectors 

As previously described, cytokines have the potential to be used as therapeutic agents for a wide 

range of diseases. A number of cytokine therapy treatments are currently in use for chronic viral 

infections (such as Hepatitis), for the prevention of transplant rejection, and for cancer (Table 2). 

IL-2 has been approved for use in treating renal cell carcinoma (RCC), as it has a stimulatory 
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and anti-tumour promoting effect on the host immune system (Costa and Drabkin, 2007). 

Cytokines such as interferons have also been used as anti-viral therapies for chronic Hepatitis 

(Tayal and Kalra, 2008). For the prevention of bone marrow transplant rejection, granulocyte- 

colony stimulating factor or G-CSF is used (commercial name Sargramostim). 

 

1.3.1 Cytokine Delivery 

 

Delivery of small proteins has been well studied by many groups and published data 

demonstrated that recombinant bacteria may be used to deliver proteins. The delivery system, if 

well designed, can deliver proteins which retain bioactivity (Hamady et al., 2010, Chamekh et 

al., 2008, Steidler et al., 1998). 

 

There have been extensive studies on the use of bacteria to deliver biologically active cytokines. 

Examples include delivery of interleukins, interferons and chemokines by recombinant 

Salmonella, and Lactococcus (Bermudez-Humaran et al., 2008, al-Ramadi et al., 2001). Data 

procured from these studies have been encouraging, and demonstrated that both systemic and 

local immune responses can be elicited via a mucosal delivery route and that in some cases, the 

immunity raised was protective.  

 

The delivery of cytokines using bacterial vectors proved to be advantageous and beneficial for 

the host. Current therapies use purified cytokines administered by injection which can cause 

adverse reactions in the host. In contrast, oral mucosal delivery of cytokines by live bacteria can 

induce the desired immune response whilst circumventing negative side-effects. Furthermore, 

delivery using live bacteria is easy to administer and cheap to produce making it a viable 

alternative for more conventional but expensive immunotherapies, such as monoclonal 

antibodies or recombinant purified proteins. 
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Specific examples of these delivery systems will be discussed further in subsequent sections. For 

this study, H. pylori bacteria were investigated as a live, attenuated delivery system.
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Table 1.1. Cytokines in clinical use 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key: s.c.:subcutaneous route, i.v.: intra-venous,  i.m.: intra-muscular  

(Adapted from Tayal and Kalra, 2008). 

Generic name Disease treated Recommended adult dose Route of 

administration 

Half-

life 

Adverse effects 

 
IFN-α-2a 

 

 
 

 

 

Chronic hepatitis C, Hairy 

cell leukemia,  Chronic 
myelogenous leukemia, 

AIDS-related KS 

 
 

3 MU three times weekly for 
12 months 

 

 
 

 

s.c or i.m 
 

 

 
 

 

2–5 h 
 

 

 
 

 

Flu-like syndrome, thrombocytopenia, 

granulocytopenia, elevated transaminases, 

neuropsychiatric symptoms 
 

 

IFN-α-2b 
 

 

 

Chronic hepatitis B and C, 
Condyloma acuminate, 

Follicular lymphoma, Hairy 

cell leukemia, AIDS-related 
KS, Malignant melanoma 

 

 

5 MU OD or 10 MU three 
times 

weekly for 16 weeks 

 

s.c, i.v or i.m 

 
 

2–5 h 

 
 

 

Same as with IFN-α-2a 

 
Aldesleukin (IL-

2) 

 
Metastatic renal cell cancer, 

metastatic melanoma 

 
 

 

 
600,000 IU/kg every 8 h by a 

15-minute IV infusion 

for a max of 14 doses 
 

i.v 85 min 
 

 

 
Capillary leak syndrome & flu-like symptoms, low 

blood pressure, decreased kidney & lung function, 

respiratory distress, cardiac abnormalities, changes in 
mental status 

 

 

Sargramostim 

(G-CSF) 

 
 

 
 

 

Following induction 

chemotherapy in patients 
with AML, to accelerate 

recovery after BM 

transplantation, PBSC 
 

 

 

250 μg/m2/day for 7–10 days 
s.c 

 
 

 

 
 

 

2–5 h 

 
 

 

 
 

 

Bone pain, malaise, fever, diarrhea, edema, rash 

 

 
 

 
 

 
IFN-β-1a 

 

Relapsing forms of multiple 

sclerosis 

30 μg once weekly 

 

i.v, i.m or s.c 

 

10 h 

 

Fever, chills, myalgia 

 

 
IFN-γ-1b 

 

 
 

 

 
 

 

Malignant osteopetrosis, 

Chronic granulomatous 
disease 

 

 
 

 

 

 
Body surface area (BSA) N0.5 

m2–50 μg/m2 

(1 million IU/m2) thrice 
weekly, 

if BSA b 0.5 m2 –1.5 μg 

/kg/dose s.c TIW 
 

i.v, s.c or i.m 
 

 

35 min 
 

 

Fever, diarrhea, headache, muscle soreness, 
malaise and chills 
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1.3.1.1 Delivery of bioactive molecules by bacteria 

1.3.1.1.1 Lactic acid bacteria (LAB) - Lactococcus lactis 

L. lactis is a Gram-positive, non-invasive, food-grade bacterium (Bermudez-Humaran et al., 

2008a, Bermudez-Humaran et al., 2008). It belongs to a group of non-pathogenic bacteria known 

as LAB or Lactic Acid Bacteria, which are commonly used in the food industry, particularly in 

milk products. L. lactis passively transits the human and mouse gut; and at best, it may persist in 

the human digestive tract for approximately 3 days (Bermudez-Humaran et al., 2008, Klijn, 

Weerkamp and de Vos, 1995). L. lactis is considered an attractive vehicle for the delivery of 

antigens and bioactive molecules due to its non-invasiveness and status as a non-pathogenic 

bacterial strain. Since the bacteria are found in food, it may be used as an oral mucosal delivery 

system. 

1.3.1.1.1.1 IL-2, IL-2/IL-6 co-expression 

Use of LAB bacteria as a delivery system has shown very promising data; a well studied 

example is the use of Lactococcus lactis as a delivery system for cytokines. Data presented by 

various groups demonstrated that L. lactis can be engineered to secrete biologically active 

cytokines which are functional. Published data demonstrated the secretion of biologically active 

murine IL-2 by L. lactis (Steidler et al., 1995). L. lactis was transformed with an expression 

vector which contained the fused sequences of both the lactococcal secretion sequence usp45, 

for extracellular secretion, and the mature murine IL-2. Western blot analysis confirmed the 

expression of IL-2, and bioactivity was verified. In addition, it was also determined that the 

secreted murine IL-2 (mIL-2) was correctly processed following translation, via analysis of the 

N-terminal sequence.  
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Co-expression of a cytokine with an antigen by Lactococcus lactis boosted the specific antibody 

response to the delivered antigen (detailed in section 1.2.2). Specifically, recombinant L. lactis 

strains secreting either IL-2 or IL6, and presenting TTFC, resulted in a 10- to 15- fold higher 

specific anti-TTFC IgG1 and IgG2a antibody responses in comparison to a control strain 

expressing TTFC only (Steidler et al., 1995).  

 

Additional studies have shown that delivery of bioactive murine IL-10 by L. lactis resulted in a 

50% reduction in disease symptoms when compared to non-inoculated mice in a chemically 

induced colitis model (Steidler et al., 2000). The recombinant IL-10 secreting L. lactis strain was 

also able to prevent the development of colitis in IL-10 
-
/
-
 mice, which spontaneously develop 

colitis at 3 to 8 weeks of age. These results suggest that oral delivery of IL-10 using L. lactis 

could be a successful treatment for inflammatory diseases such as inflammatory bowel disease. 

 

This technology has been further developed by ActoGeniX, a small pharmaceutical company 

developing L. lactis as a mucosal delivery system. A Phase 2A human trial testing recombinant 

human IL-10 (huIL-10) secreting Lactococcus lactis has been completed and showed that the 

delivery system was well tolerated by patients with inflammatory bowel disease (Dr. Mark 

Vaeck, CEO, ActoGeniX., Press release, October 2009). 

1.3.1.1.1.2 IL-12 

Purified protein or gene gun delivery of DNA (respectively) of IL-12 has been shown to have an 

anti-tumour effect (Nastala et al., 1994, Rakhmilevich et al., 1996) . This property was tested in 

another study using the L. lactis delivery system, which showed that secretion of bioactive 

murine IL-12 by L. lactis pushed the immune response towards a more protective Th1 profile and 

may be used as a cervical cancer therapeutic agent (Bermudez-Humaran et al., 2003). 
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Bioactivity of IL-12 was measured in terms of IFN-γ production, as this was stimulated by the 

presence of IL-12. The single-chain IL-12 (scIL-12) expressing strain was found to have high 

bioactivity. Bioactivity of the secreted IL-12 in both strains was further characterised via 

intranasal inoculation of mice. In vivo data collected matched the observation in vitro – mice 

inoculated with the scIL-12 constructs high IFN-γ expression than the control strain. 

 

The single-chain construct was further tested in vivo to examine its potential as a therapeutic for 

cervical cancer. The Human Papilloma Virus-16 E7 (HPV-16 E7) protein was presented via cell 

wall anchoring, and co-expressed with secreted scIL-12. Intranasal administration of the 

recombinant L. lactis to C57Bl/6 mice showed that co-expression of IL-12 with HPV-16 E7 

resulted in an antigen specific cellular immune response which was significantly higher than a L. 

lactis strain expressing HPV-16 E7 alone. This data once again demonstrated that using a live, 

mucosal bacterial delivery system can be effective at producing robust antigen specific host 

immune responses. 

1.3.1.1.2 Salmonella typhimurium 

S. typhimurium is a Gram-negative, facultative intracellular bacterium (Ibarra and Steele-

Mortimer, 2009). It belongs to a group of facultative anaerobic bacteria which colonise the gut of 

vertebrates. Work carried out on S. typhimurium as a vaccine delivery vector have used 

attenuated strains which consist of either mutated or deleted virulence genes. These strains were 

still able to infect the host, without causing disease.  

1.3.1.1.2.1  IL-4 

Early work on the use of S. typhimurium as a bacterial delivery system demonstrated that it was 

possible to deliver small proteins using this bacterium (Denich et al., 1993). IL-4 produced by 

the recombinant bacteria was confirmed via ELISA of growth supernatant, periplasmic and 
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cytoplasmic-membrane-bound fractions. Bioactivity was confirmed via the MTT assay, which 

measured cell proliferation via decrease in concentration of a crystal metabolite, which was 

cytokine induced. The expressed IL-4 was purified from bacterial fractions before assaying.  

 

Following this, recombinant, IL-4 expressing S. typhimurium was administered to BALB/c mice 

both orally and intravenously (i.v.). Results showed that IL-4 conferred a significant survival 

advantage to the bacteria in vivo; there was no noticeable shift towards a systemic Th2-type 

immune response. This may be a result of the cytokine not being actively secreted by the 

bacteria producing only highly localised effects. Alternatively, the amount of available IL-4 

present was not sufficient to cause the expected shift towards a Th2 immune response. The 

outcomes of this work demonstrated that it was possible to engineer bacteria (S. typhimurium) to 

produce a bioactive cytokine, and that future work should be directed at secreting the delivered 

molecule, which may provide more satisfactory results.  

1.3.1.1.2.2 IL-2 and tumour necrosis factor alpha (TNF-α) 

Two recombinant S. typhimurium strains secreting either IL2 or TNF-α were constructed via 

insertion of the murine cytokine gene into a plasmid vector and transfer into an avirulent mutant 

strain (al-Ramadi et al., 2001). Cytokines were expressed within the cytoplasm; expression was 

confirmed via ELISA. The bioactivity of the expressed cytokines was examined via studying the 

cellular composition of spleens from inoculated mice. It was expected that bioactive cytokines 

would cause an increase in inflammatory cell influx into the spleen, which was evident in the 

results presented.  

 

Further characterisation of these strains was performed via mice in vivo challenge with a virulent 

Salmonella strain. Test mice were immunised i.p. with either the recombinant IL-2 or TNF-α 

secreting strain.  After colonisation for 4 weeks, mice were challenged with the highly virulent 
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SL1344 strain. Survival was examined until 60 days post challenge. Results showed that 

delivery of IL-2 by S. typhimurium was detrimental to the vaccine strain in that the cytokine 

evidently caused rapid clearance by the host – thus, any protective effects IL-2 may have had 

was negated. All mice from this test group, along with the control phosphate buffered saline 

(PBS) inoculated group succumbed to the infection. In contrast, TNF-α delivering strain 

persisted over the 60 days, and resulted in 83% survival.  

 

The cytokine producing Salmonella in this study aimed to increase host resistance to a highly 

virulent strain of Salmonella; however, the observed robust immuno-modulatory effect caused 

by the bacterial delivery system may have potential use as a cancer or immune disorder 

therapeutic. 

1.3.1.1.2.3 Cancer therapeutics – IL-2 delivery 

It is now well known that the cytokine IL-2 has anti-tumour properties, which is mediated by 

promotion of lymphocyte proliferation and anti-tumour functions of NK cells (natural killer 

cells), T cells and macrophages. Salmonella delivered IL-2 may be a potential anti-metastatic 

therapeutic agent (Saltzman et al., 1997). The DNA for human IL-2 was inserted into the 

pYA292 plasmid and transformed into an attenuated S. typhimurium strain (adenylate cyclase, 

cyclic adenosine monophosphate receptor protein and ASD deletion mutant). The recombinant 

IL-2 delivering Salmonella strain was tested in a MCA-38 mouse model of hepatic tumour 

metastases, and it was found that there was a decrease in the number of mice that developed 

metastasis.  Further to this, it was later demonstrated that the same recombinant strain was able 

to elicit local and systemic NK cell proliferation (which play an important role in destroying 

cancerous cells). This contributed to the observed reduction in pulmonary metastases in a mouse 

model of osteosarcoma (Sorenson et al., 2008).  
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Delivery of human IL-2 by attenuated Salmonella has also been shown to reduce tumour volume 

and weight in a mouse model of neuroblastoma (Barnett et al., 2005). The human IL-2 gene was 

electroporated into an attenuated strain for cytoplasmic expression. Following the establishment 

of retroperitoneal neuroblastoma in test A/J mice, the recombinant S. typhimurium strain was 

orally gavaged; it was found that bacteria were still present in the gut 14 days after a single oral 

gavage, which indicated a state of colonisation.  

 

Comparison of tumour weight and volume between the WT and recombinant Salmonella strains 

demonstrated a statistical difference. The tumour weight in mice inoculated with the 

recombinant Salmonella were significantly lower than control mice infected with wild type 

Salmonella.. Added to this, was an overall tumour reduction of 84% by the recombinant strain. 

These results indicate that the delivered IL-2 was bioactive and present in sufficient amounts to 

exert its anti-tumour properties to yield positive, statistically significant results. 

 

The data presented by these groups show that delivery of a cytokine by a live bacterial vector 

shows promise in treating a variety of cancers. These results are highly encouraging for the 

development of future cancer therapeutics, in that the largest obstacle in cancer treatment is that 

one form of treatment for a cancer type is not always effective in another.  
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1.3.1.1.3 Human commensal bacteria 

1.3.1.1.3.1 Human keratinocyte growth factor-2 (KGF-2) 

Other bacterial delivery systems have also been studied, which used commensal human bacteria. 

A study explored the possibility of using the Gram-negative anaerobe Bacteroides ovatus as a 

delivery system (Hamady et al., 2010). B. ovatus colonises the mucosa of the human colon, and 

was therefore considered to be appropriate for local delivery of a therapeutic molecule for 

treating acute colitis. In this study, human KGF-2 was used as the therapeutic agent.  

Added to this, B. ovatus is able use the plant polysaccharide xylan as a sole energy source via the 

xylanase gene; this was used in the study as a means for controlling gene regulation (Whitehead 

and Hespell, 1990, Hamady et al., 2010).  

 

The recombinant B. ovatus strain was constructed via a suicide vector, which introduced the 

human KGF-2 gene into the bacterial chromosome (Hamady et al., 2010). The xylanase 

promoter was cloned upstream of the human kgf-2 DNA sequence on a suicide shuttle vector. 

The promoter/gene construct was then introduced to B. ovatus via bacterial conjugation.  

 

The KGF-2 producing B. ovatus strain was tested for efficacy by colitis induction in mice via 

addition of dextran sulphur sulphate (DSS) in the drinking water. Results showed that weight 

loss in mice inoculated by the recombinant bacteria had 11-13% weight loss over 11 days 

compared to control mice, which showed 22% weight loss. Added to this, comparative histology 

of the colon sections showed a reduction in epithelial damage and inflammatory infiltrate in 
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mice treated with the recombinant bacteria, which further demonstrated the efficacy of the 

recombinant strain. 
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2 Delivery pathways 

There are several pathways that a bacterial delivery system may use to administer a given 

protein or antigen to a host for vaccine or therapeutic purposes. One method involves the fusion 

of the delivered protein to a bacterial protein, which can be presented to the host via the bacterial 

surface or outer membrane vesicles (OMV) (Lee et al., 2000a, Chen et al., 2009). Another well 

studied method involves intra- or extracellular secretion of the protein/antigen via fusion with a 

secretion sequence (Jagusztyn-Krynicka, Clark-Curtiss and Curtiss, 1993, Steidler et al., 1998, 

Sory et al., 1990).  

 

For this project, these pathways were studied for use as possible vehicles for delivery of 

biological molecules via H. pylori. Endogenous H. pylori proteins were thus chosen according to 

their cellular localisation. For example, to present a molecule on the surface of the bacteria, 

HopE was examined. Extracellular secretion was examined via fusion of a delivered protein to 

the autotransporter domain of another H. pylori protein, VacA. Also studied was the fusion of 

Lpp20, a protein found in H. pylori OMV, to a delivered protein. 

 

Other delivery pathways were also explored in this project. A hitchhiker gene, periplasmic 

secretion system was constructed, which fused the VacA secretion signal to the DNA sequence 

of the synthetic gene to be delivered. The recombinant DNA insert was constructed via fusion of 

the ss sequence to the molecule to be delivered. Similarly, the delivered proteins were fused to 

the C-terminal transmembrane domain of the Yersinia autotransporter YadA for extracellular 

transport. The aforementioned delivery pathways are discussed in more detail in Section 2.1. 
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2.1 Protein delivery pathways  

2.1.1 Protein fusion systems for this study 

2.1.1.1 Surface display: HopE  

HopE is a highly conserved surface expressed porin protein from H. pylori (Doig et al., 1995). 

The surface exposed domains forms looped structures on the cell surface, with a large loop 

formation at amino acid 160 to 190 (Bina, Bains and Hancock, 2000).  The same study also 

reported that there are sites within this domain which will tolerate small amino acid insertions, as 

demonstrated by a mutagenesis experiment. Further characterization reported that it was 

trimeric, with a molecular mass of 31 kDa (Doig et al., 1995). The same study also demonstrated 

that HopE antibodies could be detected in the sera of patients infected with H. pylori, indicating 

that it was also immunogenic.  

 

The characteristics of HopE suggested that this protein may be suitable as a vehicle for 

delivering small molecules. Its structural attributes indicate that it may be possible to fuse a 

small molecule to HopE, for surface expression or extracellular transport, via an unknown 

protease cleavage site which may be activated or introduced by the fusion. The apparent 

immunogenicity of the protein, as demonstrated by detectable specific antibodies in patient sera, 

may also be an advantage in studies concerned with immuno-modulation via cytokine delivery.  

For this study, the delivered molecule will be fused to the passenger domain of a truncated 

version of the large extracellular loop HopE, as identified by Bina et al. (2000). The aim is to 

display the molecules on the surface of H. pylori. The construct will be inserted in-frame 

between the urease ureA and ureB genes, for high expression via the urease promoter. 
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2.1.1.2 Outer membrane vesicle delivery via Lpp20 (expression via urease locus) 

OMV are globular vesicles with a trilayered membrane and are composed of proteins, LPS and 

lipoproteins (Fiocca et al., 1999, Keenan et al., 2000). Outer membrane vesicles (OMV) 

produced by H. pylori play an important role in active immune modulation of the host. H. pylori 

OMV contain proteins which are found on the outer membrane and periplasm of the bacterium 

(Chen et al., 2010). Studies have shown that the lipoprotein Lpp20 are among the proteins 

identified within H. pylori OMV (Keenan et al., 2000). 

 

Lpp20 is an 18 kDa outer membrane protein, which, like VacA, is part of the milieu of proteins 

which constitute H. pylori OMV (Chitcholtan, Hampton and Keenan, 2008, Keenan et al., 2000, 

Fiocca et al., 1999).  It has several characteristics which make it a good candidate for use in 

constructing a molecule delivery system in H. pylori.  

 

Firstly, studies have shown that in a mouse model, Lpp20 is also a highly antigenic protein 

(Keenan et al., 2003) . Intranasal immunisation of mice with recombinant Lpp20 elicited serum 

IgG reactivity to the protein. Challenge of OMV immunized mice with H. pylori elicited 

mucosal IgG reactivity. With respect to constructing a delivery system which aims to elicit an 

immune response, this is favourable. For example, the delivery of bioactive IL-2 to a host; the 

immune response elicited by the cytokine may be more robust and occur faster if the carrier 

behaves as an adjuvant. It is also known that Lpp20 does not elicit IL-8 in the host which is an 

added advantage as this may interfere with the efficacy of the delivered cytokine (Huang et al., 

1995). This can benefit immuno-suppressed patients when fighting an infection.  

 

Secondly, Lpp20 is a non-essential protein, and appears to be non-cytotoxic (Kostrzynska et al., 

1994). This means that alterations to the protein should not affect the colonising ability of the H. 
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pylori delivery strain, nor cause adverse effects to the host (providing the inactivation of 

cytotoxic proteins such as VacA). The aim in this project is to fuse a cytokine or gut hormone 

(leptin) to Lpp20 for extracellular secretion. The construct will be inserted in-frame into the 

ureAB locus of the Urease promoter for high expression.  

2.1.2 Secretion 

2.1.2.1 Periplasmic secretion via VacA secretion (sec) signal  

Intracellular molecule delivery will also be examined in this study. Past studies have shown that 

this is a feasible delivery route (Jagusztyn-Krynicka, Clark-Curtiss and Curtiss, 1993, Sory et al., 

1990). It was shown that an S. typhimurium oral vaccine delivering Streptococcus sobrinus 

surface protein antigen A (spa) or dextranase (Dex) fused to the intracellular secretion sequence 

of the Escherichia coli heat-labile toxin subunit B (LT-B) can be constructed (Jagusztyn-

Krynicka, Clark-Curtiss and Curtiss, 1993). The delivered fusion proteins were found in both the 

cytoplasmic and periplasmic compartments of the cell, and the enzymatic activity of both LT-B 

and Dex were maintained. Similarly, another study demonstrated that cytoplasmic secretion of 

cytokines by Salmonella typhimurium still resulted in immuno-regulatory activity (al-Ramadi et 

al., 2001). 

 

For this study, the molecule to be delivered was fused to the vacA sec signal for periplasmic 

secretion. The coding DNA fragment will be inserted into the urease locus, between the urease 

ureA and ureB genes as a ‘hitchhiker gene’. The synthetic gene coded by this DNA fragment can 

then be expressed via the urease promoter.  
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2.1.3 Autotransporter 

2.1.3.1 Fusion to VacA autotransporter domain  

Vacuolating cytotoxin A (VacA) is a well known H. pylori cytotoxin present in the periplasm, 

outer membrane (OM) and supernatant of broth cultures (Fiocca et al., 1999). It has been widely 

reported as the cause of epithelial cell vacuolation occurring at the site of H. pylori infection, and 

is present in all strains (Isomoto, Moss and Hirayama, 2010). VacA has the same structural 

characteristics as other autotransporter proteins; a N-terminal signal sequence, a region that is 

essentially the mature cytotoxin following cleavage, and a C-terminal end which forms a β-

barrel structure for translocation (Fischer et al., 2001).  

 

VacA contains two subdomains, p33 (N-terminal) and p55 (C-terminal) (Nguyen, Caprioli and 

Cover, 2001, Henderson et al., 2004). Of these, p33 has been shown to be crucial in the 

vacuolating activity of (Nguyen, Caprioli and Cover, 2001). A deletion of amino acid residues 6 

to 27 resulted in the loss of cytotoxic activity, but the preservation of the native VacA structure 

(Ye and Blanke, 2000).VacA is transported to the outer membrane of H. pylori via an 

autotransporter domain and a sec dependent signal sequence (Nguyen, Caprioli and Cover, 2001, 

Pugsley, 1993).  

 

Since the various domains of VacA are known, it is possible to engineer a VacA expressing 

strain of H. pylori which lacks cytotoxicity. The molecule to be delivered may be fused to a 

truncated version of VacA which lacks the cytotoxic domain, and transported via the 

autotransporter domain. This has been demonstrated in a study which showed successful outer 

membrane targeting of passenger proteins in H. pylori (Fischer et al., 2001). An expression 
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plasmid containing cholera toxin subunit B (ctxB) fused with 27 amino acid residues (residues 

798 to 824) from the C-terminal β-barrel domain of VacA was transformed into recipient H. 

pylori. Presented western blot data confirmed the expression of the recombinant VacA, 

localisation within the outer-membrane was confirmed via immuno-blotting of H. pylori 

membrane fractions.  This data showed that the C-terminal domain of VacA can transport small 

molecules to the cell surface, and thus act as a functional autotransporter.  

 

2.1.3.2 Fusion to YadA autotransporter domain (expression via mdaB locus) 

The YadA protein is an important outer membrane adhesin of Yersinia. It is a multifunctional 

protein which not only binds epithelial cells, but also extracellular matrix molecules such as 

laminin (Heise and Dersch, 2006). Further to this, YadA also confers serum resistance to 

Yersinia (Roggenkamp et al., 1996).  

 

YadA has a capsule-like, trimeric structure consisting of surface presented loops, with a C-

terminal transmembrane domain (Roggenkamp et al., 2003, Hoiczyk et al., 2000, Nummelin et 

al., 2004). Several groups have studied the structure of YadA and have found that different 

regions of the protein are responsible for a specific biological function. It was found that the 

stalk domain is responsible for serum resistance, while the N-terminal section of the head region 

appears to promote binding to neutrophils (Roggenkamp et al., 2003, Roggenkamp et al., 1996). 

It is known that the ‘head and stalk’ structure of YadA is transported to the cell surface via its C-

terminal transmembrane autotransporter domain (Grosskinsky et al., 2007). The auto-transport 

process of YadA occurs via assembly of a barrel shaped structure at the C-terminal region, 

through which the exported domains may pass through to the cell surface.  
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The locus used for the expression of YadA is the mdaB locus of H. pylori, an NAD(P)H 

dehydrogenase involved in protecting the cell from oxidative stress (Li et al., 1995). 

3 Delivery of biological molecules 

3.1 The mammalian host immune response  

Upon detection of a pathogen, a mammalian host can activate a complex cascade of immune 

responses resulting in most cases, in the eradication of the micro-organism. The response varies 

according to the type of invading organism, and is directed either towards a T helper 1 (Th1) or T 

helper 2 (Th2) (Figure 1.0). Th1 immune responses are directed towards intracellular pathogens 

such as bacteria viruses; it stimulates pro-inflammatory cytokine production such as Interleukin-

2 (IL-2) and Interferon gamma (IFN-γ) which leads a cell based defence to eradicate a pathogen. 

In contrast, Th2 immune responses are directed against extracellular pathogens such as bacteria 

and parasites. Cytokines up-regulated and produced include Interleukin-4 (IL-4) and Interleukin-

10 (IL-10); the immune response supports and promotes humoral immunity (Table 1.2). A host’s 

overall immune response to a pathogen however, can be seen as a regulated balance between Th1 

and Th2 cytokines (Figure 1).   
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Table 1.2. Examples of characterised cytokines 

Cytokines Main sources Target cell Major function 

 

IL-2 

 

T-cells 

 

Activated T- and B-cells, 

NK cells 

 

Proliferation and activation 

 

IL-4 

 

T helper cells 

 

B- and T-cells, 

macrophages 

 

Proliferation of B and cytotoxic T-cells, 

enhances MHC II expression, stimulates IgG 

and IgE production 

 

IL-8 

 

Macrophages 

 

Neutrophils 

 

Chemotaxis, pro-inflammatory 

 

 

IL-10 

 

T-cells 

 

B-cells, macrophages 

 

Inhibits cytokine production, and mononuclear 

cell function, anti-inflammatory 

 

IL-12 

 

T-cells 

 

NK cells 

 

Activates NK cells 

 

 

IFN-α 

 

Leukocytes 

 

Various 

 

Anti-viral, anti-proliferative 

 

 

IFN-γ 

 

T-cells 

 

Various 

 

Anti-viral, macrophage activation, increases 

neutrophil and monocyte function, MHC I- and 

– II on cells 

 

GM-CSF 

 

T-cells, macrophages, 

fibroblasts 

 

Stem cells 

 

Granulocyte, monocyte, eosinophil production 

 

 

TGF-β 

 

T-cells and B-cells 

 

Activated T- and B-cells 

 

Inhibit T- and B-cell proliferation, inhibit 

haematopoiesis, promote wound healing 

(adapted from Tayal and Kalra, 2008)
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Figure 1.0.    A schematic of the Th1 and Th2 immune response in a human host. 

 
(http://journals.cambridge.org/fulltext_content/ERM/ERM2_09/S1462399400002143sup008.htm) 
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3.2   Hormone delivery 

Hormones are potent bio-molecules, which are capable of exerting their effects to distal sites. 

They are responsible for growth and development, and general homeostasis; for example, 

insulin, which regulates blood sugar levels, and leptin, a gut hormone, involved in regulating 

hunger and satiety signals (Table 1.3).  

 

Like cytokines, an imbalance in hormone production can cost a host of disorders which can be 

life threatening (such as diabetes). Hormones regulate important daily functions such a blood 

sugar levels (insulin) and hunger (controlled by a group of hormones that include ghrelin and 

leptin), as well as the growth and development of an organism from infancy to adulthood 

(mediated in humans by hormones such as estrogens and testosterone). 
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Table 1.3. Hormones and their function 

Hormone Structure Function 

 

Vasopressin 
(antidiuretic 

hormone, ADH) 

 

Polypeptide of 9 amino 

acids CYFQNCPRG 

(C's are disulfide 
bonded) 

Responds to osmoreceptor which senses extracellular [Na+], blood pressure 

regulation, increases H2O readsorption from distal tubules in kidney. 

 

Growth hormone 

(GH, or 
somatotropin) 

 

Protein of 191 amino 

acids 
 

General anabolic stimulant, increases release of insulin-like growth factor-I 

(IGF-I), cell growth and bone sulfation. 

Leptin 
 

 

 
167 amino acid 

precursor processed to 

146 amino acids 

 

 

 

Regulation of overall body weight by limiting food intake and increasing 
energy expenditure, regulation of the neuroendocrine axis, inflammatory 

responses, blood pressure, and bone mass. 

 

 

Adiponectin 
 

 

244 amino acid protein 

with 4 distinct 
functional domains 

 

Major biological actions are increases in insulin sensitivity and fatty acid 

oxidation. 

 

Insulin 

 

Disulfide bonded 

dipeptide of 21 and 30 

amino acids 

Produced by β-cells of the pancreas, increases glucose uptake and 
utilization, increases lipogenesis, general anabolic effects. 

 

Glucagon 
 

 

 

Polypeptide of 29 
amino acids 

 

 

Produced by α-cells of the pancreas, increases lipid mobilization and 
glycogenolysis in order to increase blood glucose levels. 

 

 

Estrogens 
(ovarian) 

 

 

Steroids: estradiol and 
estrone 

 

 

Maturation and function of female secondary sex organs. 

(Michael W. King, Ph.D / IU School of Medicine / miking at iupui.edu) 

http://themedicalbiochemistrypage.org/peptide-hormones.html#gh
http://themedicalbiochemistrypage.org/peptide-hormones.html#leptin
http://themedicalbiochemistrypage.org/peptide-hormones.html#adiponectin
http://themedicalbiochemistrypage.org/insulin.html
http://themedicalbiochemistrypage.org/peptide-hormones.html#pancreas
http://themedicalbiochemistrypage.org/steroid-hormones.html#gonad
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3.2.1 Hormone therapy: brief overview  

 

Hormone therapy has been in use for decades, particularly in the management of both type I and 

type II diabetes (insulin) and human growth hormone (hGH) for children with growth problems 

(Roelfsema and Clark, 2001). Steroid hormones have been also used to control asthma (Payne 

and Bush, 2004). Other common therapeutic applications for hormones include hormone 

replacement therapy (HRT) to ease menopausal symptoms and thyroid hormone therapy for 

hypothyroidism.  

 

In addition, testosterone hormone therapy is used in genetic disorders such as Klinefelter’s 

syndrome, a chromosomal disorder wherein males are born with the karyotype XXY. This 

results in a more feminine physique, which can be counteracted to a degree by administration of 

extra testosterone. Hormone therapy is also used in some cancer therapy, such as prostate cancer 

(Hellerstedt and Pienta, 2002). A semi-synthetic oestrogen molecule known as diethylstilbestrol 

(DES) may be used as a non-surgical method of treating prostate cancer, though severe side 

effects such as cardiovascular toxicity has prevented more widespread usage.  

 

In a similar manner to cytokine therapy, it appears that a shift towards local delivery of smaller 

amounts of hormones would provide greater benefits to patients. This will be explored and 

discussed further below. 

3.2.2 Hormone delivery by recombinant bacteria 

 

The data discussed shows the use of recombinant E. coli and B. subtilis as hormone secretion 

systems. While this system is strictly not a bacterial delivery vector for a host, the data presented 
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show that bacteria are able to express bioactive and structurally correct hormones. This suggests 

that recombinant bacteria may be used to therapeutically deliver hormones. 

3.2.2.1 Escherichia coli – delivery of pro-insulin and human growth hormone (hGH) 

E. coli is a Gram-negative, rod shaped bacterium that colonises the gut of warm blooded 

organisms. This bacterial species is harmless, though there are few strains that can cause disease 

in both humans and animals. It is widely used in microbiology as an effective research tool to 

examine various bacterial processes.  

 

The research examining the suitability of E. coli as a hormone secretion system has shown 

promising data. Early data published in 1981 on pro-insulin, the insulin precursor demonstrated 

implications for the treatment of diabetes (Chan et al., 1981). Published data showed that 

plasmid encoded human pre-pro-insulin (an un-cleaved version of pro-insulin, the insulin 

precursor) gene can be successfully produced by recombinant E. coli. The recombinant pre-pro-

insulin protein was secreted into the periplasmic space via and was found to have been cleaved 

appropriately, to produce the pro-insulin hormone. The study also confirmed that the 

recombinant protein was structurally correct, and enzymatic digestion can convert the pro-insulin 

to insulin.  

 

hGH (or somatotropin) is an important therapeutic used to treat injuries, burns, bone fractures 

and more recently HIV. In 1986, published data showed successful expression of human growth 

hormone (hGH) into the periplasm of E. coli (Becker and Hsiung, 1986). The plasmid, pOmpA-

hGH2 was used, which was a high expression plasmid that contained the periplasmic secretion 

signal of outer membrane protein A (OmpA) and the hGH gene. The E. coli K12 strain was 

transformed with the plasmid construct, and characterised.  
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SDS PAGE analysis confirmed that the protein’s signal peptide was cleaved, and that the cell 

localisation of the expressed protein was in the periplasm.  High expression of hGH was 

examined via radioimmunoassay and micro ELISA; it estimated that of the total periplasmic 

protein concentration, hGH was estimated at 30%. Spectrometry showed that correct folding and 

disulfide bonding of the recombinant hGH had occurred within the bacteria.  

 

Another group also published data which examined a similar system (Gellerfors et al., 1989). 

The difference lay in the use of the periplasmic secretion signal sequence of heat-stable 

enterotoxin II (STII) instead of the OmpA sequence. This was thought to mimic the natural 

secretion of the hormone by somatotropic cells in the pituitary gland. Other results concerning 

the structural characteristics and sequence of the recombinantly expressed hGH was observed to 

match those of naturally secreted hGH.   

 

Another group demonstrated that recombinant E. coli strain can be engineered to secrete 

bioactive hGH via fusion to the Bacillus amyloliquefaciens neutral protease gene (npr) signal 

sequence (Uchida et al., 1997). The recombinant protein was purified and tested in vivo in 

hypophysectomised rats (surgically removed pituitary glands) for bioactivity. It was observed 

that the recombinant protein was able to cause weight gain activity in test rats, and was able to 

stimulate lipolysis (hydrolysis of lipids into triglyceride components). Further analysis of 

purified recombinant hGH showed that it retained its native structure; this indicated that the host 

cell was able to produce and process a mature, bioactive hormone.  

3.2.2.2 Bacillus subtilis – delivery of hGH 

B. subtilis is a Gram-positive, rod-shaped, obligate anaerobe. It is not considered a human 

pathogen; it may contaminate food, though food poisoning is a rare outcome. It is used in 

industrial applications, particularly in enzyme production for use in detergents. B. subtilis is also 

frequently used as a model organism for sporulation and responds well to genetic manipulation. 
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More recently, B. subtilis has been studied as an expression system for human somatotropin 

(Özdamar et al., 2009). This study aimed to develop a system by which B. subtilis can be used 

to express heterologous proteins. The plasmid construct containing the human hGH and the 

signal sequence of an extracellular serine protease from Bacillus licheniformis was transformed 

into recipient B. subtilis. Western blot analysis of the bacterial supernatant showed extracellular 

secretion of the recombinant hGH, which had the same size as the standardized and purified 

hGH. The protein was purified and examined by mass spectrometry which confirmed that the 

secreted protein also had the correct molecular mass and structure.  

3.2.3 Leptin as a therapeutic for obesity  

Leptin is a 16 kDa, non-glycosylated gut hormone that is produced by adipose tissue and the 

stomach to regulate appetite (Rosenblum et al., 1998, Bado et al., 1998). It is able to cross the 

blood-brain barrier via a specific transporter, and is able to reduce food intake and thus, reduce 

body weight (Banks, 2006). Leptin is pleiotropic, able to influence satiation via the size of the 

meal eaten, and plays a role in signal relay to the CNS to modulate energy expenditure and 

nutritional status (Rosenblum et al., 1998). Studies have shown that injection of recombinant 

purified leptin in both human and mice subject can cause weight loss (Pelleymounter et al., 

1995, Heymsfield et al., 1999). 

3.2.3.1 Local delivery of Leptin by engineered gut cells 

This observed effect was further investigated and it was demonstrated that engineered, leptin 

expressing gut cells transplanted into leptin deficient (ob/ob) mice also caused weight loss by 

(Oosman et al., 2008). The recombinant gut cells contained an expression control system which 

allowed for dose dependent induction of leptin by an inducing agent (mifepristone). The results 

showed that upon induction with mifepristone, ob/ob mice consumed approximately 63% less 

food per day; at week two after transplant, these mice lost an average 16% of their body weight, 
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compared to pre-transplant weight. This data was comparable to a previous study on the effects 

of daily injections of 10 µg/g body weight leptin in ob/ob mice (Pelleymounter et al., 1995). 

This study also verified that the delivered, recombinant leptin was bioactive, due to the observed 

therapeutic effect in test mice.  

3.2.3.2 Bacterial delivery of Leptin 

Recombinant leptin (rleptin) can be derived from engineered E. coli. This rleptin has been used 

in both human and mice experiments, and is proven to have a therapeutic effect (Pelleymounter 

et al., 1995, Heymsfield et al., 1999). Studies have shown E. coli production and secretion of 

bioactive rleptin. Secretion vectors containing either mouse (mOb) or human (hOb) leptin fused 

to the periplasmic secretion signal OMP A were studied (Guisez et al., 1998). Subsequent 

purification via anion-exchange, hydrophobic interaction and size exclusion chromatography 

yielded correctly folded leptin, with the preservation of the two disulfide bonds present. The 

bioactivity of the purified rleptin was verified by intra-peritoneal injections over 5 days into 

obese ob/ob mice. A significant reduction in weight and food intake in comparison to control 

saline or empty plasmid injected obese mice was observed.  

 

A similar study showed production of bioactive rat leptin in E. coli (Park et al., 2001). A 

chemically inducible expression vector coding the rat leptin DNA was transformed into recipient 

strains. Synthesised rat leptin was contained within bacterial inclusion bodies and was harvested 

via high-speed centrifugation. Flow cytometry analysis revealed that the recombinant leptin was 

able to bind the cell surface leptin receptor.  

 

Bioactivity was assessed via a cell proliferation MTT assay. The purified leptin was added to a 

leptin-sensitive cell line; the resulting proliferation was assessed via measuring the decrease in 

the crystal metabolite within the reaction reagents. To further characterise the bioactivity of the 

purified leptin, a luciferase assay was performed. Leptin reactive cells were engineered such that 



 41 

the luciferase gene was under the control the same promoter as the leptin responsive gene. Upon 

activation of transcription by the purified leptin, the cells proliferated and transcribed the 

inserted luciferase gene. Bioactivity was measured by a luminometer which tracked the increase 

in production of luciferase via the light signal it emitted. The result from this study demonstrated 

a dose-dependent increase in luciferase production by the proliferating cells, when treated with 

the E. coli derived rat leptin. 

 

For the aims of this project, it is proposed that since it is feasible to produce bioactive leptin in E. 

coli, the same may be attempted in H. pylori. The advantage of H. pylori secreting leptin is that 

unlike E. coli, the leptin may be secreted within the stomach. It is already known that leptin is 

secreted within the stomach, and thus is able to exert its effects from that site (Bado et al., 1998).  

The following experiments will attempt to use H. pylori as a delivery system for leptin using the 

same constructs described for the delivery of cytokines (Chapter 2 - Delivery pathways).  
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4 Helicobacter pylori 

4.1 Characteristics 

 Helicobacter pylori are Gram-negative, motile, spiral and rod shaped (Figure 1) (Marshall and 

Warren, 1984). H. pylori colonize the antrum of the host stomach, underneath the protective 

mucus layer that covers the gastric epithelia (Marshall and Warren, 1984). These bacteria are 

found within mucosal pits or the grooves found between gastric epithelial cells. Here the pH of 

the mucosa is near neutral, making H. pylori a neutralophile. 

 

 H. pylori is widely known as the cause of antral gastritis and stomach ulcers, after a study by 

Marshall and Warren (1984) showed that the bacteria could not be cultured unless there was 

histological confirmation of gastritis and H. pylori colonisation, which was then known as 

‘Pyloric campylobacter’. H. pylori infect approximately 50% of the world’s population, and not 

all individuals develop clinical symptoms (Hofreuter, Odenbreit and Haas, 2001). Transmission 

of the bacterium between individuals is through oral-oral or faecal-oral, with transfer occurring 

more commonly within families (Hatakeyama and Higashi, 2005).  
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Figure 1.1. Helicobacter pylori 

Helicobacter pylori are motile, Gram negative and spiral shaped. H. pylori are capable of acid acclimation, which 

enables them to survive the acidic gastric environment and colonise the gastric mucosa. 

(Taken from http://www.cuhk.edu.hk/ puo/bulletin/issue/199702/english/ehp.htm). 
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4.1.1 Genetics of H. pylori 

H. pylori are naturally transformable and readily take up and assimilate DNA into its own 

genome (Hua et al., 1998). Type ІV transport systems found in H. pylori are said to help 

mediate DNA uptake (Hofreuter, Odenbreit and Haas, 2001). This was demonstrated in an in 

vitro study using different H. pylori strains and a metronidazole resistance marker (Hua et al., 

1998). It was observed that an increase in transformation frequency resulted when the 

concentration of the donor DNA also increased. High frequency transformation occurred 

whether or not the DNA fragment transformed contained homologous or heterologous 

sequences (Israel, Lou and Blaser, 2000). 

 

This feature facilitates the introduction of heterologous DNA coding for antigens and negates 

the need to use plasmids to introduce DNA coding foreign vaccine antigen. Plasmids are often 

unstable and require systems to ensure their maintenance in a live, recombinant vaccine in vivo. 

 

Another useful feature in H. pylori genetics is that a counterselection system may be used in 

order to select recombinant strains via its Streptomycin resistance gene. Recipient strains used 

for this project already harbour the Str
+
 gene, which is a recessive trait. Insertion of the rpsL,cat 

cassette introduced Chloramphenicol resistance, which is a dominant trait in H. pylori, thereby 

making recipient strains Str
-
 and Cm

+
. Replacement of this cassette with the insert will yield 

Str
+
 and Cm

- 
strains. This will allow for the initial screening of strains which had the cassette 

inserted into the ureAB locus. The replacement of the cassette with the NDA fusion insert 

restored streptomycin resistance as well as urease activity (Dailidiene et al., 2006).
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5 Helicobacter pylori as a cytokine delivery system 

5.1 H. pylori as a delivery system 

H. pylori are able to persist in the gastric mucosa despite the presence of circulating antibodies 

and non-protective immunity (Marshall and Warren, 1984). This chronic state can be exploited 

for vaccine purposes, as it allows for the continuous presentation of an antigen or delivery of a 

therapeutic molecule to the host by the recombinant strain of H. pylori. Eradication of the 

vaccine/therapeutic strain can be mediated by a pre-engineered system which leads to bacterial 

apoptosis via ingestion of an inducer which is harmless to the patient. Alternatively, engineering 

an auxotroph mutant dependent on an exogenous nutrient would allow for control and 

eradication of the bacteria. 

 

H. pylori can persist in the host due to its ability to survive the acidic milieu of the stomach and 

establish infection in the gut mucosa. Persistence is also maintained by evasion and modulation 

of the host’s immune system. H. pylori are immunogenic and result in the generation of specific 

circulating antibodies and a cell-mediated Th1 immune response. Despite the presence of high 

levels of antibodies, these responses are not protective. These characteristic and the fact that 

vaccines against H. pylori have so far failed in humans, could enable H. pylori to be used to 

deliver bioactive molecules such as cytokines.  

 

Many of the studies discussed in this introduction have chosen bacterial species which infect or 

colonise the mucosa; in particular, the gut mucosa as a delivery route for bioactive proteins. 

These studies have demonstrated that immunisation through the oral, mucosal route can result in 

both local and systemic immune responses that involve the activation of cell or antibody based 
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immune responses. Because H. pylori infects the gastric mucosa, and is assumed to be capable 

of infecting via the oral route, it presents the possibility of being developed as an oral vaccine. 

5.1.1 Safety issues for H. pylori as a vaccine/protein delivery system 

Another concern with the use of live, bacterial vectors is the potential to cause a disease state in 

immuno-compromised patients. A study by Olmos et al (2004) demonstrated that the frequency 

of H. pylori in the gastric mucosa of HIV and non-HIV patients were very similar. This 

indicates that despite the immune-compromised state of the host, H. pylori growth and 

colonization proceeds as for a host with a functional immune system. The occurrence of H. 

pylori related lesions were also similar for both groups (Olmos et al., 2004).  

 

There is a lower prevalence for H. pylori associated peptic ulcer disease in AIDS patients (Chiu 

et al., 2004). This indicates that a recombinant H. pylori vaccine would also be safe to use on 

individuals whose immune system is compromised by a disease state or by therapeutic immune 

suppressants such as steroids.  

 

It also widely known that H. pylori is the causative agent for gastric ulcers and gastric cancers. 

While this means that there is a need for attenuation, it is evident that not all H. pylori strains 

cause ill effects in the host. This can be observed in infected individuals who maintain lifelong 

colonisation, without any apparent illness. Virulence factors such as VacA (present in all 

strains) and CagA (which is not present in all infecting strains) are also important 

considerations. Future development of H. pylori as a delivery system will require the attenuation 

by deleting or inactivating these genes, and investigating whether or not such changes will have 

a large impact the ability of the recombinant bacteria to colonise a host. Also, investigation of 

long term colonising strains from infected but asymptomatic individuals as possible delivery 

vectors may be done. 
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5.2 Summary  

Live, recombinant bacterial delivery systems have several advantages over conventional 

vaccines. Firstly the bacterial vector presenting the antigen can behave as an adjuvant. This not 

only facilitates recognition of the antigen by the immune system, but decreases the total number 

of doses required to induce protective immunity, as well as increase responses in both young 

and old patients (Lee et al., 2000a, O'Hagan, MacKichan and Singh, 2001). Secondly, it is 

possible to create a multivalent vaccine containing antigens from different pathogens, which can 

protect against a range of disease (Lee et al., 2000).  

 

Thirdly, live recombinant vaccines can be orally or intranasally administered (Guillobel et al., 

2000). Syringes are not needed, so they do not require trained personnel to administer. Fourthly, 

live bacterial vaccines can also be more stable than pure antigen or DNA preparations, which 

often require refrigeration. This allows for easier vaccine distribution.  

 

However, there are also disadvantages with the currently studied live bacterial vaccine systems. 

Among the concerns is the stability of the inserted DNA within the host vector; the encoded 

antigen or protein may be lost during subsequent bacterial divisions due to naturally occurring 

DNA recombination events. In addition, the bacterial vector used in previously discussed 

studies are also human pathogens (except Lactobacillus), which cause serious, life threatening 

infection (Salmonella and Shigella spp); hence, there is a requirement for attenuation which may 

affect the colonising ability of the recombinant strain. Thus, the vaccine strain may not be 

present within the host long enough to stimulate a protective immune response. Similarly, there 

are bacterial species (such as LAB) which are inherently transient colonisers. These 

disadvantages have been considered during the course of this study and were discussed in 

Section 5.1.1. 
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5.3  Aims of proposed project 

The aim of this project is to assess H. pylori as a delivery system for biologic molecules. The 

following project will assess the feasibility of this proposed idea by delivering a selection of 

cytokines and a gut hormone (leptin) via several pathways, as described in Section 4. H. pylori 

strain X47 will be transformed with either plasmid of fragment DNA constructs containing the 

molecule to be delivered fused to either a signal sequence, or a carrier protein (Table 4). The 

recombinant H. pylori will then be characterised via: 

1. Counter-selection on agar plates – recombinant clones will be screened for antibiotic 

resistance on streptomycin agar and confirmed by susceptibility to chloramphenicol on 

agar.  

2. Colony PCR – to confirm presence of cytokine/gut hormone at the correct locus in H. 

pylori. 

3. Western blot – to assess if the recombinant fusion product is being produced by H. 

pylori. 

4. Urease assay – since urease is vital for the colonisation of H. pylori, an enzyme kinetics 

assay will be done in order to ensure that the DNA manipulations have not affected 

enzyme activity.  

5. Mouse colonisation – to test colonisation efficiency of recombinant, cytokine/gut 

hormone expressing H. pylori. This is an initial assessment of whether or not the DNA 

manipulations will adversely affect the fitness of H. pylori to colonise. Since various 

delivery systems will be explored with the view to develop the most appropriate system 

for further work, it is important to examine which systems will not be feasible at an early 

stage. 
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Table 1.4. Summary of strains to be constructed for the proposed project. 

Carrier protein Molecule to be delivered Locus 

 
VacA 

 
IL-2, IL-4, IL-10, IFN-γ, Leptin 

 
vacA (VacA cytotoxin autotransporter) 

 

YadA 

 

IL-2, IL-4, IL-10, IFN-γ, Leptin 

 

Mdab (Mdab, NADPH quinone 
reductase) 

 
HopE 

 
IL-2, IL-4, IL-10, IFN-γ, Leptin 

 
ureAB (Urease locus) 

 

Lpp20 

 

IL-2, IL-4, IL-10, IFN-γ, Leptin 

 

ureAB (Urease locus) 
 

Signal sequence (sec) - 

hitchhiker 

 

IL-2, IL-4, IL-10, IFN-γ, Leptin 

 

ureAB (Urease locus) 
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6 Materials  

6.1 Bacterial Strains 

The X47 mouse-infecting strain of Helicobacter pylori used in this study was supplied by 

Professor Douglas Berg, Washington University, St. Louis, USA. 

6.2 Reagents 

All reagents used in this study are listed in Tables 1.5 to 1.7 and were used and stored as per 

manufacturer’s instructions. 
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Table 1.5. Reagents used in this study. 

 

Reagent 

 

Source 

10 x PCR Reaction Buffer Roche Applied Sciences, Germany 

10 x Pwo Superyield PCR Buffer Roche Applied Sciences, Germany 

10 x Tango Buffer Fermentas, Canada                                                                                                                               

10 x Thermopol TM  Reaction Buffer New England Biolabs, USA 

1kb DNA Ladder Promega Corporation Ltd, Australia 

30% Acrylamide/Bis Bio-Rad, USA 

Acetic Acid BDH, England 

AccuPrimeTM Pfx Supermix Invitrogen Life Technologies, USA 

Alkaline Phosphatase Roche Applied Sciences, Germany 

Ammonium Persulfate Bio-Rad, USA 

Ampicillin Sigma Chemical Company, USA 

Bacto Agar BDH, England 

Blocking Reagent Roche Applied Sciences, Germany 

Bovine Serum Albumin (BSA) Sigma Chemical Company, USA 

Brain Heart Infusion Broth (BHIB) Oxoid, England 

Bromophenol Blue BDH, England 

Brucella Broth Difco Laboratories, France 

CampyGen - Campylobacter System TM Oxoid, England 

Chloramphenicol Sigma Chemical Company, USA 

Columbia Agar Base Oxoid, England 

DeepVentR DNA Polymerase New England Biolabs, USA 

Dent  Selective Supplement Oxoid, England 

Deoxynucleotide triphosphate (dNTP) set Gibco BRL, USA 

Dimethyl Sulfoxide (DMSO) BDH, England 

DNA marker XIV,100 bp ladder  Roche Applied Sciences, Germany 

Erythromycin Sigma Chemical Company, USA 

Ethanol Merck, Germany 
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Table 1.6. Reagents used in this study (continued). 

 

 

Reagent 

 

Source 

Ethylenediamine tetra-acetic acid BDH, England 

GC Rich Solution Roche Applied Sciences, Germany 

Glycine BDH Laboratory Supplies, Australia 

Goat Anti-mouse IFN-γ IgG Abcam Inc., USA 

Rabbit Anti-goat IgG – HRP conjugate Jackson Immunoresearch, USA 

Goat Anti-mouse IL-10 IgG Abcam Inc., USA 

Goat Anti-mouse IL-2 IgG Abcam Inc., USA 

Goat Anti-mouse IL-4 IgG Abcam Inc., USA 

Goat Anti-mouse Leptin IgG Abcam Inc., USA 

Jackbean Urease Sigma Chemical Company, USA 

Lambda Hind III Ladder Fisher Biotec, Australia 

Difco Luria Broth  BDH, England 

Mercaptoethanol BDH, England 

Methanol Merck, Germany 

Monoclonal Anti-FLAG M2 Antibody Sigma Chemical Company, USA 

Orange G Loading Dye Sigma Chemical Company, USA 

Phenol Red Sigma Chemical Company, USA 

Phosphate Buffered Saline (PBS) Tablets Oxoid, England 

Polyoxyethylenesorbitan monolaurate 

(Tween 20) 

Sigma Chemical Company, USA 

Pre-stained Page Ruler Protein Ladder Fermentas, Canada 

Pwo Superyield DNA Polymerase Roche Applied Sciences, Germany 

PVDF Membrane 0.2μm (Western Blot) Bio-Rad, USA 

Rabbit Anti-Helicobacter pylori 

Immunogen 

Dako, USA 

SDS-PAGE Protein Standard Bio-Rad, USA 

Skirrow’s Selective Supplement Oxoid, England 

Sodium Bicarbonate (NaHCO3) BDH, England 

Sodium Carbonate (Na2CO3) BDH, England 

Sodium Chloride BDH Laboratory Supplies, Australia 
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Table 1.7. Reagents used in this study (continued). 

  

  

Reagent 

 

Source 

Sodium dodecyl sulphate (SDS) BDH Laboratory Supplies, Australia 

Sodium dihydrogen orthophosphate 

monohydrate 

BDH Laboratory Supplies, Australia 

Sodium Hydroxide (NaOH) BDH, England 

Streptomycin Sigma Chemical Company, USA 

SYBR Green Invitrogen Life Technologies, USA 

Taq DNA Polymerase Roche Applied Sciences, Germany 

Temed  Bio-Rad, USA 

Tris Base Invitrogen Life Technologies, USA 

Tween-20 Sigma Chemical Company, USA 

UltraPure Agarose Invitrogen Life Technologies, USA 

Urea  Merck, Germany 

X-gal Solution Fisher Biotec, Australia 
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6.3 Culture Media 

All media were sterilised by autoclaving at 121° C for 15 min prior to use. Media was 

kept molten at 50° C and approximately 20 – 25 mL of media was poured into each 

Petri dish. Agar plates were allowed to set and dry at room temperature before storage at 

4°C.   
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Table 1.8. Culture media used in this study. 

Media Components 

 

Dent Selective Media 

 

39 g/L of Columbia agar base 

60 mL/L of Horse blood 

4 mL/L of Dent supplement (Oxoid) which contained 

Vancomycin 10 mg/L, Trimethoprim  

5 mg/L, Cefsulodin 5 mg/L and Amphotericin B 

 5 mg/L. 

 

Blood Agar (BA)  Plates 

 

Purchased from PathWest Laboratory Medicine, Western 

Australia. Each plate contained 5 % (v/v) horse blood in 

a Columbia Agar base. 

 

 

Acidified Urea Plates/Acidified Urea + Streptomycin 

Plates 

 

 

2.8 % Brucella broth 

1.5 % Bacto agar 

10 % Phenol red 

40 % (w/v) Horse serum 

6 mg/mL of Vancomycin  

 

And where appropriate Streptomycin or Erythromycin 

was added to media where required. HCl was added until 

plates became yellow-orange. 

 

 

Campylobacter Selective Media 

 

39 g/L of Columbia agar base 

4 mL/L of Skirrow’s selective supplement 

5 % (v/v) of Horse blood 

Columbia agar base was dissolved in ddH2O before 

autoclaving. Skirrow’s selective supplement 

(Vancomycin 10 mg/L, Trimethoprim Lactate  

5 mg/L, Polymyxin B 2500 IU/L)  and horse blood was 

added after autoclaving and supplemented with 

Amphotericin B (5 g/mL). 

 

 

 

6.4 Primers 

Primers were synthesised by Geneworks, Australia and Ocimum, India. Primers used in 

this study are listed in Tables 1.11 and 1.12. 
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6.5 Synthetic gene sequences 

Synthetic genes were synthesised by GenScript, USA. Genes were received as cloned 

into the pUC57 plasmid and transformed into E. coli strain Top10 and inoculated into 

agar vials for transport. The sequences are listed in Table 1.9. 
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Table 1.9. Synthetic gene DNA sequences. 

 

Gene 

 

 

Sequence 

 

mIL-2 

 

GCGGCCGCGCTCCTACCAGCAGCAGCACCAGCAGCA

GCACCGCTGAAGCTCAACAACAACAACAACAACAAC

AACAACAACAACAACATTTAGAACAATTATTAATGGA

TTTACAAGAATTATTAAGCAGAATGGAAAATTATAGA

AATTTAAAATTACCTAGAATGTTAACCTTTAAATTTTA

TTTACCTAAACAAGCTACCGAATTAAAAGATTTACAA

TGCTTAGAAGATGAATTAGGGCCTTTAAGACATGTGT

TAGATTTAACCCAAAGCAAAAGCTTTCAATTAGAAGA

TGCTGAAAATTTTATTAGCAATATTAGAGTGACCGTG

GTGAAATTAAAAGGGAGCGATAATACCTTTGAATGCC

AATTTGATGATGAAAGCGCTACCGTGGTGGATTTTTT

AAGAAGATGGATTGCTTTTTGCCAAAGCATTATTAGC

ACCAGCCCTCAAGGCGATCGC 

 

 

mIL-4 

 

GCGGCCGCCATATTCATGGGTGCGATAAAAATCATTT

AAGAGAAATTATTGGGATTTTAAATGAAGTGACCGGG

GAAGGGACCCCTTGCACCGAAATGGATGTGCCTAATG

TGTTAACCG 

CTACCAAAAATACCACCGAAAGCGAATTAGTGTGCA

GAGCTAGCAAAGTGTTAAGAATTTTTTATTTAAAACA

TGGGAAAACCCCTTGCTTAAAAAAAAATAGCAGCGT

GTTAATGGAAT 

TACAAAGATTATTTAGAGCTTTTAGATGCTTAGATAG

CAGCATTAGCTGCACCATGAATGAAAGCAAAAGCAC

CAGCTTAAAAGATTTTTTAGAAAGCTTAAAAAGCATT

ATGCAAATGG 

ATTATAGCGGCGATCGC 

 

 

mIL-10 

 

GCGGCCGCCAATATAGCAGAGAAGATAATAATTGCA

CCCATTTTCCTGTGGGGCAAAGCCATATGTTATTAGA

ATTAAGAACCGCTTTTAGCCAAGTGAAAACCTTTTTT

CAAACCAAAG 

ATCAATTAGATAATATTTTATTAACCGATAGCTTAAT

GCAAGATTTTAAAGGGTATTTAGGGTGCCAAGCTTTA

AGCGAAATGATTCAATTTTATTTAGTGGAAGTGATGC

CTCAAGCTG 

AAAAACATGGGCCTGAAATTAAAGAACATTTAAATA

GCTTAGGGGAAAAATTAAAAACCTTAAGAATGAGAT

TAAGAAGATGCCATAGATTTTTACCTTGCGAAAATAA

AAGCAAAGCTGTGGAACAAGTGAAAAGCGATTTTAA

TAAATTACAAGATCAAGGGGTGTATAAAGCTATGAAT

GAATTTGATATTTTTATTAATTGCATTGAAGCTTATAT

GATGATTAAAATGAAAAGCG 

GCGATCGC 

 

 

mIFN-γ 

 

GCGGCCGCCATGGGACCGTGATTGAAAGCTTAGAAA

GCTTAAATAATTATTTTAATAGCAGCGGGATTGATGT

GGAAGAAAAAAGCTTATTTTTAGATATTTGGAGAAAT

TGGCAAAAAG 

ATGGGGATATGAAAATTTTACAAAGCCAAATTATTAG

CTTTATTTAAGATTATTTGAAGTGTTAAAAGATAATC

AAGCTATTAGCAATAATATTAGCGTGATTGAAAGCCA

TTTAATTA 

CCACCTTTTTTAGCAATAGCAAAGCTAAAAAAGATGC

TTTTATGAGCATTGCTAAATTTGAAGTGAATAATCCTC

AAGTGCAAAGACAAGCTTTTAATGAATTAATTAGAGT

GGTGCATC 

AATTATTACCTGAAAGCAGCTTAAGAAAAAGAAAAA

GAAGCAGATGCGGCGATCGC 

 

 

mLeptin 

 

GCGGCCGCGTGCAAGCTGTGCCTATTCAAAAAGTGCA

AGATGATACCAAAACCTTAATTAAAACCATTGTGACC

AGAATTAATGATATTAGCCATACCCAAAGCGTGAGCG

CTAAACAAA 

GAGTGACCGGGTTAGATTTTATTCCTGGGTTACATCCT

ATTTTAAGCTTAAGCAAAATGGATCAAACCTTAGCTG

TGTATCAACAAGTGTTAACCAGCTTACCTAGCCAAAA

TGTGTTAC 

AAATTGCTAATGATTTAGAAAATTTAAGAGATTTATT

ACATTTATTAGCTTTTAGCAAAAGCTGCAGCTTACCTC

AAACCAGCGGGTTACAAAAACCTGAAAGCTTAGATG

GGGTGTTAG 

AAGCTAGCTTATATAGCACCGAAGTGGTGGCTTTAAG

CAGATTACAAGGGAGCTTACAAGATATTTTACAACAA

TTAGATGTGAGCCCTGAATGCGGCGATCGC 
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6.6 Buffers and Solutions 

6.6.1 Agarose Gel Electrophoresis 

 

 

Agarose Gel Electrophoresis 

 

SYBR Green Gel Staining 

Solution 

 

 

10 µL of SYBR Green  

100 mL of ddH2O 

SYBR green solution was prepared as a stock solution of  

1:10, 000. This was used as a post stain solution. 

 

50 x Stock 

Tris-Acetate 

Electrophoresis (TAE) 

Buffer (pH 8) 

 

 

400 mM of Tris-acetate 

1 mM of EDTA 

The pH was adjusted to 8.2 using glacial acetic acid. The solution was autoclaved at 

121° C for 15 min prior to use and was stored at 4°C.  A working solution was made by 

diluting 50 x stock 1:50 to give a final 1 x concentration.  

 

10X Orange G DNA 

loading buffer 

 

 

100mg of Orange G was added to 30% v/v glycerol (15mL glycerol in final volume of 

50mL ddH2O). Store at -20˚C 
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6.6.2 SDS PAGE  

 

Sodium dodecyl sulfate polyacrylamide Gel Electrophoresis (SDS PAGE) 

 
 

Resolving Gel Buffer (0.5 M Tris-HCl, 

pH 6.8) 

 

 

7 g of Tris-base 

100 mL of ddH2O 

pH was adjusted to 6.8 by the addition of 6 N HCl. The solution was 

stored at 4 º C. 

 

Stacking Gel Buffer (1.5 M Tris-HCl, pH 

8.8) 

 

 

18.15 g of Tris base 

100 mL of ddH2O 

pH was adjusted to 6.8 by the addition of 6 N HCl. The solution was 

stored at 4 º C. 

 

10% (w/v) Ammonium Persulphate 

(APS) 

 

 

100 mg of Ammonium persulfate 

1mL of ddH2O 

APS solution was made fresh daily. 

 

Monomer Solution 

 

 

50 µL of 10 % APS 

5 µL of TEMED 

Monomer solution was prepared fresh daily. 

 

15% Resolving Gel 

 

 

 5 mL of 30% degassed Bis/Acrylamide 

100 µL of  10% (w/v) SDS 

2.5 mL of Resolving gel buffer 

10 mL of SDS monomer solution 

2.4 mL of ddH2O 

Solution was degassed for 15 minutes prior to use. 
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6.6.3 SDS PAGE (continued) 

 

 

Sodium dodecyl sulfate polyacrylamide Gel Electrophoresis (SDS PAGE) 

 
 

15% Stacking Gel 

 

 

5 mL of 30% degassed Bis/Acrylamide 

100 µL of 10% (w/v) SDS 

2.5 mL of Stacking  gel buffer 

10 mL of SDS monomer solution 

2.4 mL of ddH2O 

Solution was degassed for 15 minutes prior to use. 

 

 

SDS-PAGE Loading 

Buffer (Biorad) 

 

 

1.25 mL of 0.5 M Tris-HCl (pH 6.8) 

2 mL of 10% (w/v) SDS 

2 mL of Glycerol 

200 µL of 0.05 % Bromophenol Blue 

3.55 mL of ddH2O 

Two parts loading dye/mercaptoethanol was added to each 1 part of sample, and heated 

at 95°C for 5 min prior to electrophoresis. 

 

 

Running Buffer (pH 8.3) 

 

 

30.3 g of Tris  base 

144 g of Glycine 

10 g of Sodium dodecyl sulfate (SDS) 

1 L of ddH2O 

pH was recorded to ensure it was 8.3 and the buffer was stored at 4 ºC.  
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6.6.4 Western Blot 

 

Western Blot 

 
 

Electrotransfer Buffer 

 

 

3 g of Tris  base 

144 g of Glycine 

200 mL of Methanol 

800 mL of ddH2O 

Stored at 4 ºC.  

 

 

Tween-Tris Buffered Saline 

(TTBS) 

 

 

0.1% of Tween-20 

100 mM of Tris-HCl (pH 7.5) 

0.9 % of NaCl 

1 L of ddH2O 

 

 

5 % Non-Fat Dried Milk 

(NFDM)/TTBS 

 

 

50 g of NFDM 

1 L of TTBS 

Stored at room temperature.  

 

 

1 % Non-Fat Dried Milk 

(NFDM)/TTBS 

 

 

10 mL of 5 % NFDM/TTBS 

40 mL of TTBS 

 

Detection Buffer 

 

 

0.1 M of Tris (pH 9.5) 

0.05 M of MgCL2 

0.1 M of NaCl 

Tris, MgCL2 and NaCl were diluted from stock solutions of 0.5 M Tris, 1 M 

MgCL2 and 4 M NaCl.  
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6.6.5 Urease Assay 

 

Urease Assay 

 
 

Phenol Red Solution 

 

Dissolve 8 mg phenol red in 100 ml of dH2O 

 

 

Urea Solution (0.5M) 

 

Dissolve 2.89 g of Urea in 100 ml of dH2O 

 

 

Phosphate Buffer (25 mM, 

pH6.8) 

 

Prepare two solutions: 

A) dissolve 2.765g NaH2PO4 in 100 ml dH2O 

 B) dissolve 2.840g Na2HPO4 in 100 ml dH2O 

 Mix 32ml of solution A and 31ml of Solution B, make up to 500ml with dH2O. 

Set pH with solution A (acidic) or solution B (basic).   

 

 

1x PBS 

 

Prepare 10x PBS by dissolving in 800mL of dH2O: 

80g NaCl 

2g KCl 

11.6g Na2HPO4 

2g KH2PO4 

Adjust pH to 7.4; adjust volume to 1L with dH2O. To make 1x PBS, add 100mL 

10x PBS to 800mL dH2O. Adjust pH to 7.4, then adjust final volume to 1L with 

dH2O. 

 

 

Jack bean Urease standard 

 (1 U/µl) 

 

Dissolve urease (powdered) in PBS at a concentration of 1 U/µl. Enzyme should 

be on ice while in use and frozen for storage. 
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6.7 Restriction Enzymes 

Table 1.10. Restriction enzymes used in this study. 

 

Restriction  Enzyme 

 

 

Source 

 

AsiS1 

 

 

New England Biolabs, USA 

 

BglII 

 

 

New England Biolabs, USA 

 

Cla1 

 

 

New England Biolabs, USA 

 

EcoR1 

 

 

New England Biolabs, USA 

 

Not1 

 

 

New England Biolabs, USA 

 

SfaA1 

 

 

Fermentas, Canada 

 

XbaI 

 

 

New England Biolabs, USA 

 

Dpn I 

 

Roche Applied Sciences, Germany 
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Table 1.11. Primers used for DNA construction 

 

Construct Primer sequence 

HopE  Amplification of HopE/FliC and addition of EcoR1 and BglII sites for cloning. 

HopE EcoR1 Fwd CTGCTAATCTTTTTCATTTCTTAGCATCTGCTTCTTTTTCTTTTTCTTAAGCTG 

HopE BglII Rev TAAGATCTAATGGGAAATGAAAAAGATTAGC 

UreB for BI Fwd GACGGTGGTACCAAGCTTCATGCGTTAGATGTTGCAGACAAATAC 

UreI for BI Rev AACTATCTAGAGGATGTGAATGACTTCAGAATCCAAG 

Periplasmic 

expression  

 
Three fragments were amplified to create an insert which contained the synthetic gene to be inserted, flanked by regions for homologous recombination. 

Fragment 1 
IL-2R1 CAGCCCTCAATAAGAAATGAAAAAGATTAGCAGAAAAGAATATG 

IL-4R1 GATTATAGCTAAGAAATGAAAAAGATTAGCAGAAAAGAATATG 

IL-10R1 GAAAAGCTAAGAAATGAAAAAGATTAGCAGAAAAGAATATG 

IFN-γR1 CTAAGAAATGAAAAAGATTAGCAGAAAAGAATATGTTTCTATGTATG 

LeptinR1 CTGAATGCTAAGAAATGAAAAAGATTAGCAGAAAAGAATATG 

T20F1 GAGGGCGGATCCTTGAATCAGCGAAC 

Fragment 2 
IL-2F2 GTAGGAGCAGCTAAAGCAGTATAAAAAGCGCCGCTAG 

IL-4F2 CATGAATATGAGCTAAAGCAGTATAAAAAGCGCCGCTAG 

IL-10F2 CTTCTCTGCTATATTGAGCTAAAGCAGTATAAAAAGCGCCGCTAG 

IFN-γF2 ATCACGGTCCCATGAGCTAAAGCAGTATAAAAAGCG 

LeptinF2 CACAGCTTGCACAGCTAAAGCAGTATAAAAAGCGCCGCTAG 

T20R2 GCTCAGTTGGTAGAGCACTACCTTG 

Fragment 3 
IL-2F3 CTAATCTTTTTCATTTCTTATTGAGGGCTGGTGCTAATAATGCTTTG IL-2R3 CTTTTTATACTGCTTTAGCTGCTCCTACCAGCAGCAGCAC 

IL-4F3 CTAATCTTTTTCATTTCTTAGCTATAATCCATTTGCATAATG IL-4R3 CTGCTTTAGCTCATATTCATGGGTGCGATAAAAATC 

IL-10F3 CTGCTAATCTTTTTCATTTCTTAGCTTTTCATTTTAATCATCATATAAG IL-10R3 CTGCTTTAGCTCAATATAGCAGAGAAGATAATAATTG 

IFN-γF3 CTGCTAATCTTTTTCATTTCTTAGCATCTGCTTCTTTTTCTTTTTCTTAAGCTG 
IFN-

γ2R3 
CTTTAGCTCATGGGACCGTGATTGAAAGCTTAG 

LeptinF3 CTGCTAATCTTTTTCATTTCTTAGCATTCAGGGCTCACATCTAATTG LeptinR3 CTGCTTTAGCTGTGCAAGCTGTGCCTATTCAAAAAGTG 

SOE PCR 
T20R2 GCTCAGTTGGTAGAGCACTACCTTG 

T20F1 GAGGGCGGATCCTTGAATCAGCGAAC 
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Table 1.12. Primers used for colony PCR. 

 

 Colony PCR Primer sequence 5’ to 3’ 

HopE 
UreB AB R (MS) GGATTGGCTCATGCCTTCTCTC 

UreA AB F (MS) ATTGACATTGGCGGTAACAG 

MdaB locus (YadA) 
Mdab up F1 GAGTTTGGAGCAATTGTTGAAAGTG 

Mdab down R1 CAAAAGCTTGGCAACAAACCTTAC 

Lpp20 
RevLpp20YD GTGGGCTTGGATAAGCAAATTGT 

UseqF3 CAGTAGCAGGACCTACGCTAA 

Periplasmic (hitchhiker method) 

IL-2F3 CTAATCTTTTTCATTTCTTATTGAGGGCTGGTGCTAATAATGCTTTG 

IL-4F3 CTAATCTTTTTCATTTCTTAGCTATAATCCATTTGCATAATG 

IL-10F3 CTGCTAATCTTTTTCATTTCTTAGCTTTTCATTTTAATCATCATATAAG 

IFN-γF3 CTGCTAATCTTTTTCATTTCTTAGCATCTGCTTCTTTTTCTTTTTCTTAAGCTG 

LeptinF3 CTGCTAATCTTTTTCATTTCTTAGCATTCAGGGCTCACATCTAATTG 

T20R2 GCTCAGTTGGTAGAGCACTACCTTG 

VacA 

VacAR16 CTGCTTGAATGCGCCAAAC 

CysSF4 TGCTAAGAATTCAGCGAGCGAGTATTTAGACGCTAT 
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7 Methods 

7.1 Bacterial Culture 

200 μL of thawed bacterial stocks frozen in BHI broth plus glycerol were inoculated 

onto Blood Agar (BA) plates. Bacteria were grown in a sealed container with a 

CampyGen Campylobacter System™ sachet which ensured a micro-aerophilic 

environment. A vial of sterile water was added to each container to ensure a high 

relative humidity. Bacteria were incubated in a warm room at 37°C.  

 

7.2 Genomic DNA Preparation 

Genomic DNA was purified according to manufacturer’s instructions using the 

PureLink™ Genomic DNA Mini Kit (Invitrogen). 

 

7.3 Agarose gel electrophoresis 

Gels were electrophorised in TAE buffer at 90 V. The electrophoresis times were 

determined by the position of the bromophenol blue marker dye on the gel. DNA was 

detected by staining in a 1:10, 000 solution of SYBR™ Green and visualized using UV 

illumination (peak wavelength 260 nm). The Gel Doc 1000 system (Bio-Rad) was used 

in conjunction with Molecular Analyst Software, Ver 1.4 (Bio-Rad), to record and store 

gel images. 
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7.4 Purification of PCR product from agarose gel  

PCR products were extracted from agarose gel according to manufacturer’s instructions 

provided in the PureLink™ PCR Purification Kit (Invitrogen). 

 

7.5 Polymerase chain reaction (PCR) 

A standard polymerase chain reaction (PCR) reaction mix is shown below (Error! 

Reference source not found.) 

 

 

Table 1.13. Primers used for colony PCR 

 

Reagent 

 

 

Concentration 

 

DNA polymerase 

 

1 U 

 

dNTP 

 

0.25 mM 

 

Forward primer 

 

10 µM 

 

Reverse primer 

 

10 µM 

 

DNA template 

 

2 µL 

 

ddH2O 

 

Make up to 50 μL 
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All PCR reactions were carried out using an Eppendorf ep Gradient Mastercycler 

(Germany). The amplification conditions consisted of an initial denaturation step at 94 

°C, for 2 minutes. The cycling conditions for a 30 cycle standard PCR reaction was as 

follows: 

 

Table 1.14. Standard PCR reaction conditions. 

Cycle Temperature 

(°C) 
Duration 

 

Denature 

 

94 

 

15 s 

 

Anneal 

 

58 

 

30 s 

 

Extension 

 

72 

 

60 s 

 

 

Cycling was followed by a 5 minute final extension period, at 72 °C. Samples were held 

at 10 °C until gel analysis. Amplification products were analysed via agarose gel 

electrophoresis. 
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7.6 Splicing with overlapping extension PCR (SOE PCR) 

 

 

 

Figure 4.9 SOE PCR for hitchhiker gene expression. 

A: Fragments 1 and 2 were amplified from recombinant H. pylori containing the HIV signal sequence 

(ss). Overlapping sequences coding the synthetic gene was added via, a specific primer. Fragment 1 

constructs was amplified using primer T20F1, with a gene specific reverse primer (i.e. IL-2 R1). 

Fragment 2 was constructed similarly using UseqR3 with a specific forward primer (i.e. IL-2 F2). 

Fragment 3 was amplified using only synthetic gene specific primers, using the pUC57/synthetic gene 

plasmid as a template. B: Final fusion product and insertion site into ureAB locus. 

 

 

SOE PCR 

Cytokine/Gut hormone gene ss 

Sequence for homologous recombination 

1 

 
2 

3 

T20R2 T20F1 
A 

IL-2 R1 IL-2 F2 

Signal sequence  

ureA ureB 

B 

Cytokine/hormone Gene  
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A standard SOE PCR reaction mix is shown below (Table 1.15). 

 

Table 1.15. Standard SOE PCR reaction mix. 

 

Reagent 

 

 

Amount/Concentration 

 

AccuPrime™ Pfx Supermix 

 

22.5 µL 

 

dNTP 

 

0.25  mM 

 

Forward primer* 

 

10 µM 

 

Reverse primer* 

 

10 µM 

 

DNA template 

 

2 µL (1 µL of right and left flank fragments) 

 

ddH2O 

 

Make up to 50 μL 

 

*primers were added after the pre-SOE PCR cycle. 
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7.6.1 Thermocycler conditions 

SOE PCR required specific thermocyling conditions. A pre-PCR cycle was required to 

anneal the fragments to be fused, together. This involved an initial denaturation step at 

94 °C for 2 minutes followed by 10 cycles of: 

 

Table 1.16. SOE PCR reaction conditions: pre-cycle 

 

Cycle 

 

 

Temperature (°C) 
 

Duration 

 

Denature 

 

94 

 

15 s 

 

Anneal 

 

55 

 

20 s 

 

*Extension 

 

72 

 

1.5 min 

 

 

The SOE PCR cycle followed, to fuse the DNA fragments amplified in the standard 

PCR reaction. Primers used for this reaction were added at this point. An initial 

denaturation step, at 94 °C for 2 minutes was required, followed by 35 cycles of: 

 

Table 1.17. SOE PCR standard reaction conditions. 

 

Cycle 

 

 

Temperature (°C) 

 

Duration 

 

Denature 

 

94 

 

15 s 

 

Anneal 

 

55 

 

20 s 

 

*Extension 

 

72 

 

1min/kb 

 



 

 

72 

72 

 

A final extension step at 72 °C for 3 minutes was included to ensure complete 

extension. Samples were held at 10 °C until gel analysis. Amplification products were 

analysed via agarose gel electrophoresis.  

 

*Note: Extension and final extension steps for reactions using the Accuprime 

polymerase mix is 68˚C (as directed by manufacturer).  
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7.7 Preparation of Transforming DNA 

7.7.1 Restriction digestion 

7.7.1.1 Diagnostic Digest 

 

A restriction digest reaction mix was prepared following the outlined protocol. The 

reaction mix was incubated for 30-60 min at 37°C. A 1 or 1.5% agarose gel was 

prepared. The higher percentage gel was used if the expected product is smaller or is 

similar in size to the vector, as this provides better separation. Approximately half of the 

digest reaction was loaded onto the gel. 

 

Table 1.18. Standard diagnostic digest reaction mixture. 

 

Reagent 

 

 

Amount (µL) 

 

DNA 

 

1-2 µL 

 

10x Buffer 

 

2 µL 

 

Restriction Enzyme 

 

0.5 µL 

 

Water 

 

16.5-17.5 µL 

 

Total 

 

20 µL 
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7.7.1.2 Preparative Digest 

 

Preparative restriction digests were performed in larger volumes, depending on the 

concentration of DNA used in the reaction. Digested DNA molecules can be de-

phosphorylated with alkaline phophatase, prior to purification if required. 

 

The restriction digest was prepared as described by Table 1.6. Reaction mix was 

incubated for 2 h at usually 37°C in a water bath. DNA was purified using a column-

based purification system (PureLink™ PCR Purification kit, Invitrogen), or 

alternatively run the digested product on a gel for excision and purification (PureLink™ 

Quick Gel extraction kit, Invitrogen). Restriction enzymes in the reaction were heat 

denatured if required in a thermocycler at 98°C for 20 min. the digestion product was 

approximately quantified and qualified on 1-1.5% agarose gel, depending on expected 

product size. Product can be used in ligation reactions. 

 

Table 1.19. Standard preparative digest reaction mixture. 

 

Reagent 

 

 

Amount (µL) 

 

DNA 

 

500-3000 ng 

 

10x Buffer 

 

As required 

 

BSA (100x) 

 

As required 

 

Restriction Enzyme 

 

2-3 µL 

 

Water 

 

16.5-17.5 µL 

 

Total 

 

200 µL 
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7.7.2 Purification of ligation products 

7.7.2.1 Gel purification 

 

Ligation products were extracted from agarose gel according to manufacturer’s 

instructions provided in the PureLink™ Quick Gel Purification Kit (Invitrogen). 

7.7.2.2 Purification from ligation mix 

 

Ligation products were extracted from agarose gel according to manufacturer’s 

instructions provided in the PureLink™ PCR Purification Kit (Invitrogen). 

7.7.3 Ligation 

The ligation reaction was allowed to proceed at 16°C for 2 hours in a Thermocycler 

(Eppendorf Mastercycler epgradient S). The protocol was as follows: 

 

Table 1.20. Standard ligation reaction. 

 

Reagent 

 

 

Amount (µL) 

 

DNA fragments 

 

1:3 ratio vector to insert, depending 

on estimated concentration* 

 

10x Ligase buffer 

 

4 µL 

 

Ligase 

 

1 µL 

 

H2O 

 

Make up to 40 µL 

 

Total volume 

 

40 µL 

 

*Note: DNA was quantified via estimation from agarose gel electrophoresis. 
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7.7.4 DpnI Restriction Digest 

Digestion was allowed to proceed at 37 ºC for 2 hours to remove genomic DNA 

contaminants, following ligation and prior to bacterial transformation. DNA was 

purified further by using the PureLink™ PCR Purification Kit (Invitrogen) following 

manufacturer’s instructions. 

 

Table 1.21. DpnI restriction digest reaction mix. 

 

Reagent 

 

 

Amount (µL) 

 

Buffer A 

 

17.5 µL 

 

Transforming DNA 

 

23.5 µL 

 

DpnI 

 

2 µL 

 

ddH2O 

 

157 µL 

 

Total volume 

 

200 µL 

 

 

7.8 Transformation of competent DH10β E. coli 

First, the transforming DNA was prepared by DNA purification using an appropriate 

kit. For each plasmid DNA to be transformed, a 1.5 ml tube was labeled according to 

the DNA to be transformed, and chilled on ice. A maximum of 10 µl transforming DNA 

was added to the ligation mix. An aliquot of RbCl (Rubidium chloride) competent E. 

coli was transferred from –80°C and placed on ice for approximately 10 min to allow 

the bacteria to thaw.  

 

Thawed, competent bacteria were re-suspended using a micropipette, and 100 µl was 

aliquoted into the pre-chilled, appropriately labeled 1.5 ml tube. Bacteria and 

transforming DNA were mixed by gentle pipetting. This mixture was allowed to 

incubate on ice for 45 min. Following this, bacteria were heat shocked in a 43°C water 
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bath for 45 seconds and were immediately placed on ice for approximately 2 min. 1 ml 

of LB was then added to heat-shocked bacteria and incubated for 20-45 min at 37 ˚C.  

During this time, bacteria were gently mixed by agitation of the tube by hand. It is 

important not to vortex this mixture.   

 

Bacteria were centrifuged (Eppendorf Centrifuge 5415R) for 30 seconds at maximum 

speed. The supernatant was removed. Approximately 100 µl was left in each tube in 

order to re-suspend the bacteria for plating onto LB selective media. Inoculated LB 

media were incubated overnight at a 37 ˚C (New Brunswick Scientific I26R). Growth 

was visible after 14-16 hr*.  

 

*Note: If the density of colonies cannot be anticipated, the transformed bacteria were 

plated at different dilutions. 

 

 

7.9 Transformation of X47 H. pylori recipient strains 

Recipient strains for use with the rpsL,cat counterselection system were kindly provided 

by Dr. Tobias Schoep, and Ms. Carola Schwan (Table 1.22).  

 

Recipient bacterial strains were grown on BA agar overnight to prepare for 

transformation. 50 µL of sterile saline may be added and mixed with the inoculum to 

encourage confluent growth. Bacteria were harvested from each BA plate and 

inoculated onto Dent selective plates in dense spots, approximately 10mm in diameter. 

Bacteria were incubated for 5 hours in order to reach log phase. Following this, 10 - 15 

µL of purified transforming DNA was added to each spot and mixed well with the 
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bacteria. Transformation was allowed to occur overnight at 37 ºC in an incubator 

containing 10% CO2.  

 

Table 1.22. Recipient strains used in this project. 

 

Recipient Strain 

 

 

Source 

 

X47:rpsL,cat:Mdab 

 

Carola Schwan 

 

X47:rpsL,cat:ureAB 

 

Carola Schwan 

 

X47:rpsL,cat:VacA 

 

Dr. Tobias Schoep 

 

X47:rpsL,cat: ureAB site1-5 

 

Dr. Tobias Schoep 
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7.10   Screening transformants 

7.10.1   Counterselection 

Recipient strains were screened via a counter selection system. Parent strains already 

contained the recessive Str
R
 gene prior to transformation with the rpsL,cat cassette. The 

cassette itself contained the Str
S
 gene, Cm

R
 gene and the flanking regions specific for 

the target locus which facilitated homologous recombination (Dailidiene et al., 2006). 

The Str
S 

gene located within the rpsL,cat cassette conferred streptomycin sensitivity as 

it is a dominant gene, while Cm
R
 conferred chloramphenicol resistance (Figure 1.2). 

Successfully engineered recipient strains were therefore streptomycin sensitive and 

chloramphenicol resistant. 

 

Transformation and homologous recombination within recipient strains resulted in 

replacement of the rpsL,cat cassette, which restored streptomycin resistance and 

chloramphenicol sensitivity. Growth of transformants can then be selected on media 

supplemented with streptomycin. Streptomycin resistant clones can be further verified 

via replica plating on chloramphenicol media which should result in no growth.  
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Figure 1.2. Counterselection system. CAT replaced Erm for the purposes of this 

project. 

 

Counterselection system: recipient strains for this project contained a modified rpsL.erm cassette. Erm 

was replaced with the chloramphenicol (CAT) resistance gene which has been observed to work more 

effectively in our laboratory. Counterselction allowed for the initial screening of strains which had the 

cassette inserted into UreA/B. The replacement of the cassette with the insert (or in this example, MdaB) 

restored streptomycin resistance as well as Urease activity (Dailidiene et al., 2006).  

CAT 

CAT 
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7.10.2    Selective media 

Screening for transformants was initially done by plating on streptomycin plates. 

Chloramphenicol plates were used to further screen transformants. The replacement of 

the rpsL,cat counterselection cassette at the correct locus was confirmed via replica 

plating single colonies on plates supplemented with streptomycin or chloramphenicol.   

 

7.10.3    Colony PCR 

Colony PCR was performed to screen transformants following plating on selective 

media, and to confirm that bacterial colonies recovered from mice in the colonisation 

experiment were the H. pylori recombinants originally inoculated. Primers used in the 

colony PCR were designed so that DNA products obtained would demonstrate a size 

difference, which would indicate the insertion of transforming DNA. Alternatively, 

primers were also designed to target the gene of interest itself, should the size difference 

reaction not be effective. In this case, the presence of a product will indicate the 

presence of the gene, while the absence of a product will indicate the absence of the 

gene of interest. 
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The protocol for colony PCR followed the protocol for standard PCR reactions, with the 

addition of a pre-cycle PCR reaction which encouraged pairing of the overlapping ends 

of the fragments to be fused, for 10 cycles (Table 1.16). This was done in order to 

facilitate better annealing of the screening primers to the template. Colonies were 

prepared prior to amplification by re-suspension in 50 µL cold ddH2O and heat lysed at 

98 ºC for 20 minutes to liberate genomic DNA. 

 

Table 1.23. Reaction conditions for standard colony PCR. 

 

Cycle 

 

 

Temperature (°C) 

 

 

Duration 

 

Denature 

 

94 

 

15 s 

 

Anneal 

 

45 

 

20 s 

 

Extension 

 

72 

 

1 min 
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7.11  Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS PAGE) 

7.11.1 Preparation of protein samples for SDS PAGE 

H. pylori strains were grown on blood agar plates. Bacteria were harvested after 24 

hours and placed into 1.5 mL Eppendorf tubes containing 0.5 mL of ice cold PBS. This 

was stored on ice during preparation of the next stage of the experiment.  

 

Next, plastic spectrophotometric cuvettes were prepared by adding: 1 mL (blank) or 0.9 

mL (test) of PBS. To the test cuvettes, 0.1 mL of bacterial suspension was added, and 

the post-blank optical density (OD) was measured at 600 nm in a spectrophotometer 

(UV 1601, Shimadzu, Japan). Following this, the cells were standardized to an OD of 5 

by diluting in PBS. Cells were then sonicated (Ultrasonic Processor XL2020 Misonix 

Inc.) to obtain a crude lysate using the following settings:  

70% power 

Pulse on: 30s 

Pulse off: 30s 

Total sonication time: 10 minutes 

 

Following this, 80 µL of sonicated, standardized cells was added to 80µL of 2 x Tricine 

loading dye. Samples may be stored for up to 2 weeks at -20ºC. 
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7.11.2  SDS PAGE 

7.11.2.1 Glass cassette and casting stand assembly 

 

The manufacturer’s instructions were followed to assemble the gel and casting stand 

assembly (Bio-Rad). 

7.11.2.2 Glass cassette and casting stand assembly 

 

A comb was placed gently into the assembled gel cassette. The glass plate was marked 

1 cm below the comb teeth. This is the level to which the resolving gel was poured. The 

comb was removed prior to proceeding.  

7.11.2.3 Gel Casting: Discontinuous Polyacrylamide Gels 

 

The resolving gel (15%) monomer solution was prepared by combining all reagents 

except APS and TEMED. The APS and TEMED solution were added immediately 

before pouring the gel solution to the mark with a glass or disposable plastic pipette. 

The solution was poured slowly and smoothly to prevent bubbles forming. The 

monomer solution was immediately overlaid with water (water was add slowly and 

evenly to prevent mixing). The gel was allowed to polymerize for 45 minutes to 1 hour 

before the surface was rinsed with distilled water*. 

 

The stacking gel (4%) monomer solution was prepared by combining all reagents 

except APS and TEMED (as for preparing the resolving gel – see Figure 1.3). The top 

of the resolving gel was dried prior to overlay with the stacking gel using filter paper.  

APS and TEMED was added to the degassed stacking gel monomer solution and poured 
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over the polymerized resolving gel. Enough stacking gel solution was poured so as to 

reach the top of the short plate of the casting assembly.  

 

A comb was inserted carefully between the spacers, making sure that the tabs at the 

ends of each comb are guided between the spacers. The comb in the gel cassette was 

secured by aligning the comb ridge with the top of the short plate. The stacking gel was 

allowed to polymerize for 30–45 minutes. The comb was gently removed and the wells 

rinsed thoroughly with distilled water or running buffer. 

 

*Note: At this point the resolving gel can be stored at room temperature overnight. 5 ml 

of 1:4 dilution of 1.5 M Tris-HCl, pH 8.8 buffer (for Laemmli system) may be added to 

the resolving gel to keep it hydrated. If another buffer system was used, 5 ml 1x 

resolving gel buffer was added for storage. 
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Figure 1.3. Protocol for making various percentage gels for SDS PAGE (taken from 

Ondek SOP 60-003). 

 

7.12   Western Blot Analysis 

7.12.1    Electrotransfer 

The gel (from SDS PAGE), filter paper, membranes and fibre pads in were pre-soaked 

electrotransfer buffer for 15 minutes. The western blot apparatus was assembled 

according to manufacturer’s instructions (Genie Blot System, Idea Scientific Company). 

A 0.2 µm membrane (Bio-Rad) was used for transfer. Transfer occurred at 100V, 350 

mA for 1 hour 15 min at 4˚C using cold, stirred electro-transfer buffer.  

7.12.2    Western Blot 

The membrane blot was removed and soaked in TTBS for 15 minutes and was repeated 

once again, after which the membrane was marked for orientation. The blot was then 
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blocked with 5% NFDM/TTBS. It was placed on a shaker and allowed to gently rock 

for 24 hours at 4˚C. The blot was rinsed 3 times in TTBS afterwards. 

 

The blot was probed with primary antibody diluted in 1% NFDM/TTBS (final 

concentration 1 µg/mL). The antibody was allowed to bind for 1 hour at room 

temperature. The excess antibody was removed by rinsing 3 times in TTBS and probed 

with the secondary antibody diluted in 1% NFDM/TTBS (final concentration 1 µg/mL) 

for 30 minutes at room temperature. The blot was rinsed with 20 – 50 mL TTBS for 5 

minutes to remove the excess antibody. This was repeated twice more. 

7.12.2.1 Chemiluminescent Detection 

 

The working solution was prepared by mixing 1 part of the Chemiluminescent Reagent 

(Product Code C 7364) with 1 part of the Chemiluminescent Reaction Buffer (Product 

Code C 7239). The solution was mixed well and equilibrated at room temperature for 30 

minutes before use. It is recommended to use 0.043 to 0.125 ml per cm
2
 of blotting 

membrane. The blotting membrane was kept damp while equilibration was allowed to 

occur.  
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The membrane was placed on a flat sheet of plastic film (or on any clean plastic 

surface), and the Chemiluminescent Peroxidase Substrate-3 Working Solution was 

added, before a 5 minute incubation at room temperature without agitation*. Excess 

substrate was drained carefully before placing the membrane in a holder, or wrapping in 

plastic film. Chemiluminescense was detected using the FujiFilm LAS-3000 Imager and 

software. 

 

*Note: Agitation or excessive movement of the substrate may result in smearing of the 

substrate signal across the blot. 

7.13   Animal studies 

Thirty female C57BL/6 mice were obtained from the Animal Resources Centre, 

Canning Vale Western Australia. 10 week old, pathogen-free, mice were used for 

experimentation. Mice were maintained in accordance with the standard housing 

conditions and guidelines for the care and use of laboratory animals in the M Block 

Animal Facility at the QEII Medical Centre, Perth. During all animal handling, Dr. Wei 

Lu and Ms. Robyn Himbeck supervised my work. All experiments were carried out 

with the approval of the Animal Ethics Committee of the University of Western 

Australia. OGTR #: NLRD 2234/2006. 

7.13.1   Preparation of bacterial samples for gavage 

Bacteria were harvested using cotton swabs and resuspended in 2.5 mL BHIB. OD was 

standardised to an absorbance of 1.5 using a spectrophotometer at 600 nm wavelength. 

Mice were inoculated by oral gavage with 200 µL of standardised bacterial suspension. 
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7.13.2   Colonisation experiment 

Mice were sacrificed at 14 days post inoculation and stomachs were collected. The 

antrum of the stomach was removed (Figure 1.4). 

 

Figure 1.4. Dissection of mouse stomach (Taken from Akada et al., 2003). 

 

7.13.2.1 Preparation of mouse antral tissue for H. pylori culture 

 

First, 0.5 mL BHIB and one 5 mm metal bead was added to sterile 2 mL eppendorfTM 

safe lock tubes and pre-weighed. Excised antral tissues from humanely sacrificed mice 

were placed into sterile 5 mL vials containing 200 μL of saline, and placed on ice.  

 

Following this, the contents of the mouse stomach was gently rinsed in saline in a Class 

II biohazard hood. Place half of the excised antrum (the other half may be prepared for 

histology by storing in formalin) in the pre-weighed 2 mL eppendorfTM 
safe lock tube 

with 0.5 mL BHIB. The tube was weighed the value recorded. 
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Each prepared tube was placed into the Qiagen Tissue Lyser (Cat# 85220). Tissues were 

lysed for 25 seconds with the speed frequency set as 1/30 second. Serial dilutions of 

homogenized tissue followed, using BHIB. 100 μL of bacteria was spread on to 

Campylobacter selective media. The inoculated selective media was placed into a 

CampyGen
TM

 (OXOID) jar system; bacterial colonies were counted after 3-4 days 

growth. 

7.14   Urease assay 

7.14.1 Sample Preparation 

Bacteria were harvested using sterile swabs and re-suspended in 300 μL cold PBS. 

Bacterial optical density (OD) was standardised to 4.0 at a 600 nm wavelength in a 

spectrophotometer. Once samples were standardised, 50 µL of 0.2% Tween/PBS was 

added to 50 µL of sample. Samples were kept on ice. 

 

7.14.2  Preparing standard curve using Jackbean urease 

 

A serial dilution of stock Urease solution (1U/ µl) was performed by mixing 50 µl of 

stock solution with 50 µl PBS. 50µl of this mixture was transferred into 50 µl PBS and 

so on. Following this, 50 µl of cold PBS/Tween (0.2%) was added to 50 µl of each 

dilution. This mixture was kept on ice. 
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7.14.3  Urease assay protocol 

The following solutions were prepared prior to the experiment: 

 

a. 25 mM Phosphate buffer, pH 6.8: 

b. Phenol red solution 

c. 0.5 M Urea 

d. Jack bean Urease standard 

 

To a 96 well plate, 130 µl of PBS (pH 6.8) and 20 µl Phenol red solution was added. 

Following this, 25 µl of each standard dilution was transferred into the wells according 

to pre-determined assay layout, in duplicates. One blank was added (PBS only). Next, 

25 µl of each sample was added into the wells according to pre-determined assay layout. 

Sampled were added in triplicate. The test plate was incubated at 37°C for 5 minutes. 

Immediately prior to reading, 75 µl of 0.5 M Urea was added to the wells containing the 

standard, as well as the test. Kinetics was then measured at 560nm. 
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8 Results 

8.1   Construction of recombinant H. pylori 

8.1.1 Construction of vector plasmids for introducing synthetic gene 

fusions into H. pylori 

Four of the five delivery pathways discussed in the introduction of this thesis required 

plasmid manipulation to introduce the protein/synthetic gene fusions into the H. pylori 

genome. The proposed strains to be constructed are outlined below (Table 1.24). The 

synthetic genes used are from mice, and are codon optimised for H. pylori. 

 

Table 1.24. Proposed strains to be constructed for this project. 

 

 

Delivery pathway and 

insertion locus 

 

 

Fused synthetic genes 

 

 

Plasmid vector 

 

HopE, ureAB locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pbluHopE 

 

Lpp20, ureAB locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pbluLpp20 

 

VacA, vacA locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pUCVS 

 

YadA, mdaB locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pbluMdabYadA 
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8.1.1.1 Constructing plasmid for insertion of DNA coding cytokine/hormone 

fused to HopE at the ureAB locus 

The pbluHopE plasmid (Figure 4.0) used for the construction of these strains was 

already engineered with hopE/fliC flanked by regions for homologous recombination 

into ureAB, by Dr. Tobias Schoep prior to further genetic manipulations. This plasmid 

construct was already used for a previous delivery system which expressed FliC on the 

surface of H. pylori via fusion to HopE. 

 

DNA coding the hopE/fliC insert was amplified from recombinant X47 H. pylori which 

contained hopE/fliC within the ureAB locus using the primer combination HopE EcoR1 

Fwd and HopE BglII Rev as templates (Table 1.11). These primers incorporated EcoR1 

and BglII restriction sites at the termini of the amplified insert. Purified amplicon was 

digested with EcoR1 and BglII (Methods section 7.7.1). The plasmid pbluHopE was 

similarly digested (Methods section 7.7.2). The cleaved backbone of plasmid pbluHopE 

and amplicon were ligated and transferred to chemically competent E.coli (Methods 

section 7.7 and 7.8). Following selection on Str
+
 media, pbluHopE was purified, and a 

restriction digestion confirmed the presence of the hopE/fliC insert. 

 

Following this, fliC was excised via SfaA1 and Not1 to allow replacement with the 

synthetic gene of interest. This produced the final pbluHopE/synthetic gene plasmid.  

 

To confirm presence of the synthetic gene insert a restriction digest using SfaA1 and 

Not1was performed. The expected size for all inserts (IL-2, IL-4, IL-10, IFN-γ and 

Leptin) the expected size of approximately 500bp.  Insertions of IL-2 (Figure 4.2), IL-4 

(Figure 4.3), IL-10 (Figure 4.3), IFN-γ (Figure 4.2) and Leptin (Figure 4.4), into 

plasmids was confirmed by the presence of 500 bp restriction enzyme products. 
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The suicide plasmid pbluHopE/synthetic gene was transformed into recipient H. 

pylori, and transformants were selected via the counterselection system previously 

discussed (Methods Section 7.10.1).A colony PCR was performed on Str
R
 and Cat

S
 H. 

pylori clones recovered from selective media.  

 

The expected product size of positive clones (hopE/synthetic gene) was approximately 

1.3-1.5kb. The expected size of the X47 control PCR reaction was approximately 0.4-

0.3bp.The insertion of the DNA coding the murine cytokines IL-2, IL-4, IL-10 and gut 

hormone Leptin fused to HopE at the ureAB locus was confirmed using colony PCR. 

Primers flanking the insertion site at the ureAB locus showed products at approximately 

1.5kb (Figure 4.5, Gel A and B). 

 

Product sizes observed for IFN-γ engineered strains correspond to the original hopE/fliC 

construct (2 kb) and were considered negative.  
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Figure 4.0. Plasmid map of pbluHopE for gene expression via the ureAB locus of H. 

pylori. 

UP and DS regions were used for homologous recombination of the hopE/synthetic gene fusion into the 

H. pylori genome. US: upstream region for homologous recombination between ureA and ureB, DS: 

downstream region for homologous recombination between ureA and ureB. 
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Figure 4.1. Constructing the pbluHopE/synthetic gene plasmid 

To construct the final vector plasmid to be transformed into H. pylori, fliC was excised by sequential 

digestion using SfaA1 and Not1. Similarly, the synthetic gene has been excised from pUC57 using the 

same restriction enzymes. Both pbluHopE and the synthetic gene were ligated to produce the final 

plasmid construct. 

 

 

 

 

 

pUC57 (carrier plasmid for synthetic gene) 

Synthetic gene 

pbluHopE/FliC 

+ 

pbluHopE /synthetic gene 

FliC 

Region for homologous 
recombination (ureAB) 

HopE 

Synthetic gene 

HopE 
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Figure 4.2. Restriction digest of pbluHopE/synthetic gene with SfaA and Not1 (IL-2 

and IFN-γ). 

Results of restriction digestion to confirm insertion of cytokine/hormone encoding genes into the plasmid 

pbluHopE in a 1% agarose gel. Lane 1: 1 kb marker; Lanes 2, 4, 6, 8, 10, 12, 14 and 16: uncut plasmid 

control; Lanes 3, 5, 7, 9: pbluHopE /IL-2 digested with SfaA1 and NotI; Lane 11, 13, 15 and 17 - 

pbluHopE/IFN-γ digested with SfaA1 and NotI. Arrows show excised synthetic gene.  
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Figure 4.3. Restriction digest of pbluHopE/synthetic gene using AsiS1 (SfaA1) and 

Not1 (IL-4 and IL-10). 

Lane 1 – 1kb marker, Lane 2, 4, 6, 8, 10, 12 and 14 - uncut plasmid controls, Lane 3, 6, 7, 9 and 11 -. 

Pblu HopE/IL-4 digested with SfaA1 and NotI, Lane13 and 15 – pblu HopE/IL-10 digested with SfaA1 

and NotI. Arrows show excised synthetic gene. 
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Figure 4.4. Restriction digest of pbluHopE/synthetic gene using AsiS1 (SfaA1) and 

Not1 (Leptin). 

 Lane 1 – 1kb marker, Lane 2, 4, 6 and 8 - uncut plasmid controls, Lane 3, 6, 7 and 9 – pbluHopE/Leptin 

digested with SfaA1 and NotI. Arrows shows excised synthetic gene. 
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Figure 4.5. Colony PCR results from H. pylori clones selected on DENT and 

streptomycin plates. 

Gel A: Lane 1 – 1kb marker,  Lane 2 to 9 – hopE/IL-2, Lane 10 – X47 control, Lane 11 to 18 - hopE/IL-

4, Lane 19 – X47 control, Lane 20  to 27 – hopE/IL-10. Gel B: Lane 1 – 1kb marker, Lane 2 - X47 

control, Lane 3 to 10 - hopE/IFN-γ,   Lane 11 – blank lane, Lane 12 to 19 - hopE/Leptin. Negative clones 

are indicated by arrows.  
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8.1.1.2 Constructing plasmid for insertion of DNA coding cytokine/hormone 

fused to Lpp20 at the ureAB locus 

 

The pbluLpp20 plasmid (Figure 4.7) used for the construction of these strains was 

already engineered with lpp20 flanked by regions for homologous recombination into 

ureAB, by Dr. Yakhya Dieyeprior to further genetic manipulations. This plasmid 

construct was already used for a previous delivery system which expressed proteins 

extracellularly and within OMVs via fusion to Lpp20. 

 

The plasmid pbluLpp20 was purified from E. coli previously transformed with the 

plasmid for another project. A sequential digest was performed using SfaA1and Not1 

(Methods Section 7.7.1). The synthetic genes were also cleaved from the pUC57 vector 

using the same sequential digest process (Figure 4.8). A two-way ligation which fused 

the synthetic gene DNA to the vector backbone was performed, and the ligation reaction 

was transformed into E. coli for cloning and screening via Amp
+
 agar plates (Methods 

Sections 7.7.3 and 7.8 respectively). 

 

A colony PCR was performed on E. coli in order to identify clones which harboured the 

lpp20/synthetic gene fusion (not shown). Clones confirmed for all lpp20/synthetic gene 

fusion constructs were further expanded, and purified using a plasmid purification kit 

(Invitrogen) and transformed into recipient H. pylori. 

 

The suicide plasmid pbluLpp20/synthetic gene was transformed into recipient H. pylori, 

and transformants were selected via the counterselection system previously discussed 

(Methods Section 7.10). A colony PCR was performed on H. pylori clones recovered 

from selective media (Table 1.12).  
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The insertion of the DNA coding the murine cytokines IL-2, IL-4, IL-10, IFN-γ and 

gut hormone Leptin fused to Lpp20 at the ureAB locus was confirmed using colony 

PCR. Primers flanking the insertion site at the ureAB locus showed products at 

approximately 1.3 to 1.5kb (Figure 4.9, Gel A and B). The expected size of the X47 

control PCR reaction was approximately 0.2-0.3bp. The results observed on the gel for 

IL-2, IL-4, IL-10, IFN-γ and Leptin were positive, showing products at approximately 

1.5kb.  
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Figure 4.6. Plasmid map of pbluLpp20. 

This figure shows the vector plasmid already digested with SfaA1 and Not1.  This plasmid contained the 

Lpp20 gene flanked by regions for homologous recombination into the ureAB locus. The synthetic gene 

was fused at the open site shown above for expression at the ureAB locus of H. pylori. 
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Figure 4.7. pUC57 synthetic gene carrier plasmid and pbluLpp20 

A separate plasmid which contained the DNA sequence for the cytokines was also digested with SfaA1 + 

Not1 in order to excise the synthetic gene engineered within (synthetic construct plasmids obtained from 

GenScript, USA). To obtain the final construct, pbluLpp20 was ligated with the excised synthetic gene. 

Lpp20 gene, also digested with SfaA & Not1 

to allow ligation of synthetic gene insert 

pUC57 (carrier plasmid for synthetic gene) 

Synthetic gene 

Digested with SfaA & Not1 Synthetic gene 

+ 

Region for homologous recombination (ureAB 
locus) 

pbluLpp20 
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Figure 4.8. Colony PCR results from H. pylori clones growing on selective media. 

Gel A: Lane 1- 1kb marker, Lane 2 - pbluLpp20 empty vector control, Lane 3 to 10 – lpp20/IL-2, Lane 

11 to 16 -  lpp20/IL-4, Lane 17 to 24 -  lpp20/IL-10. Gel B: Lane 1- 1kb marker, Lane 2 - pbluLpp20 

empty vector control, Lane 3 to 10 – lpp20/IFN-γ, Lane 11 to 18 - lpp20/Leptin.  Negative clones are 

indicated by arrows.
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8.1.1.3 Construction of hitchhiker gene construct  

 

The hitchhiker gene strategy involved the insertion of a DNA fusion construct 

containing a periplasmic secretion sequence fused to synthetic genes, into to the ureAB 

locus of H. pylori. The signal sequence DNA used for this construct codes the secretion 

peptide of the HIV-1 gp120 protein (this signal sequence is referred to hereafter as sec) 

and was fused to the synthetic gene of interest as it is able to behave as a signal 

sequence in bacteria, to export the construct into the bacterial periplasm. The 

construction of the insert required the amplification of three DNA fragments: Fragment 

1 and 2 coded for a region of homologous recombination within ureAB, as well as 

sections overlapping Fragment 3 (which contained the sec and synthetic gene sequence). 

Primers sets were designed for each specific synthetic gene to be expressed (Table 

1.11). Following this, the fragments were fused together via SOE PCR (Methods 

Section 7.6).  

 



 

 

107 

107 

 

 

8.1.1.3.1 Amplification of fragments 1 to 3 for SOE PCR for periplasmic 

expression of synthetic genes 

A standard SOE PCR with a 55°C annealing temperature (Methods Section 7.6) was 

initially used to amplify fragments 1 to 3 for the construction of the hitchhiker gene 

insert (Figure 4.9). Fragment 1 amplified successfully for all constructs, with an 

expected size of 1kb. Fragment 2 did not amplify to the correct size showing a product 

of approximately 100bp instead of the expected size which ranged from 1.2 - 1.3kb. 

Fragment three yielded mixed results; amplification of the IL-4, IL-10 and Leptin gene 

from pUC57 was observed, though no products were observed for IL-2 or IFN-γ. The 

expected product sizes for fragment 3 ranged from 390 – 500bp. 

 

A gradient PCR was performed in order to determine the optimal conditions for 

amplifying fragment 2 for all constructs. A range of annealing temperatures, from 45°C 

to 55°C were used in two reaction groups, one set using Deep Vent polymerase and the 

other, Taq. It was determined that at 55°C the annealing temperature still produced 

optimal results when using Taq polymerase. The Deep Vent polymerase did not 

successfully amplify fragment 2 to the expected size of 1.2-1.3kb. Accuprime was 

substituted (which required 68°C during extension) and the fragments were successfully 

amplified (Figure 4.11).  

 

A gradient PCR was also performed to amplify fragment 3 for IL-2 and IFN-γ in order 

to determine the optimal conditions. A range of annealing temperatures from 45°C to 

55°C was used in two reaction groups (as for amplification of fragment 2). It was 
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observed that an annealing temperature of 52°C was optimal for amplifying fragment 3 

for IL-2 but not for IFN-γ for both Deep Vent and Taq.  

The gradient PCR optimisation reaction (using a range of 45°C to 55°C) was then 

repeated for IFN-γ fragment 3, using Deep Vent. It was determined that an annealing 

temperature of 52°C resulted in the expected size of approximately 470bp (Figure 4.10, 

Figure 4.12).  

 

Results of the SOE PCR to amplify the hitchhiker gene construct using Accuprime 

showed that for IL-4, IL-10 and Leptin there was a band of approximately 2.6kb that 

corresponded to the expected size. The SOE PCR product observed for IL-2 resulted in 

a product of approximately 2.1kb, which is approximately 400bp too small. For IFN-γ, a 

product of 1.5kb was observed, which indicated that approximately 1.1 kb was missing 

(Figure 4.13).  

 

The SOE PCR protocol to amplify the correct sized IL-2 and IFN-γ SOE constructs was 

altered by increasing the annealing time in the pre-SOE cycle to 30 seconds instead of 

20. Accuprime was used in place of Deep Vent. This reaction yielded the desired 

product of 2.6kb for both IL-2 and IFN-γ constructs (Figure 4.14).  

 

Purified DNA insert coding for the synthetic gene fused to the sec sequence which were 

confirmed via PCR were transferred  into recipient X47:rpsL,cat:ureAB site1-5 H. 

pylori using natural transformation. The recipient strain contains the genes rpsL and 

CAT conferring streptomycin sensitivity and chloramphenicol resistance at the inserted 

between ureA and ureB. Selected clones which were Str
R
 and Cm

S
 were expanded for 

colony PCR, to further verify the presence of the sec/synthetic gene insertion at the 

intergenic region between ureA and ureB at the urease locus. 
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The first round of transformation resulted in positive clones for the IL-2, IL-10, IFN-γ 

and negative for the IL-4 and Leptin fusion constructs (Figure 4.15). IL-4 failed to 

produce more than 7 colonies on the agar plate, and all were colony PCR negative. A 

further four transformations were attempted using re-amplified SOE PCR constructs, 

which yielded the same results.  

 

A total of five transformations resulted in IL-2, IL-10 and IFN-γ clones which were 

consistently positive. All IL-4 clones were tested and all were negative for the sec/IL-4 

fusion product. All Leptin clones recovered were also negative.  
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Figure 4.9. Amplifying fragments 1 to 3 for construction of hitchhiker gene 

construct. 

Lane 1- 1kb marker, Lane 2, 7 and 12 – fragment 1 – 3 respectively of sec/IL-2, Lane 3, 8 and 13 – 

fragment 1 – 3 respectively of sec/IL-4, Lane 4, 9 and 14 – fragment 1 – 3 respectively of sec/IL-10, Lane 

5, 10 and 15– fragment 1 – 3 respectively of sec/ IFN-γ, Lane 6, 11 and 16 – fragment 1 – 3 respectively 

of sec/Leptin. Arrows indicate negative result. 
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Figure 4.10. PCR results of Accuprime amplification of fragment 2 for all constructs 

following optimisation. 

Expected product size was 1.2-1.3 kb, which is observed for all constructs. Lane 1- 1kb marker, Lane 2 - 

IL-2 fragment 2, Lane 3 - IL-4 fragment 2, Lane 4 - IL-10 fragment 2, Lane 5 - IFN-γ fragment 2, Lane 6 

- Leptin fragment 2. 
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Figure 4.11. Re-amplification of sec/IFN-γ and sec/IL-2 fragments for hitchhiker gene 

expression 

Gel A: sec/IFN-γ fusion for hitchhiker gene expression via the urease locus. Lane 1 – 1kb marker, Lane 2 

- Fragment 1, Lane 3 - Fragment 2, Lane 4 - Fragment 3. Gel B: sec/IL-2 fusion for hitchhiker gene 

expression via the urease locus. Lane 1 – 1kb marker, Lane 2 - Fragment 1, Lane 3 - Fragment 2, Lane 4 - 

Fragment 3. 
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Figure 4.12. SOE PCR results for fusion of fragment 1, 2 and 3 for hitchhiker gene 

construct. 

Lane 1 – 1kb marker, Lane 2 – sec/IL-2, Lane 3 - sec/IL-4, Lane 4 - sec/IL-10, Lane 5 - sec/Leptin. The 

expected product size - approximately 2.6kb for all constructs. All constructs except IL-2 (indicated by 

the arrow) are the correct size. *At this stage, the sec/IFN-γ fusion construct was still undergoing 

optimisation. 

 

 

 

2kb 

1kb 

3kb 

1.5kb 

0.5kb 

   1                2                 3               4                5 



 

 

114 

114 

 

 

Figure 4.13. Optimised SOE PCR results for sec/IL-2 and sec/IFN-γ constructs 

Lane 1 – 1kb marker, Lane 2 – sec/IL-2, Lane 3 - sec/IFN-γ. 
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Figure 4.14. Colony PCR of fifth transformation for sec/synthetic gene constructs. 

Gel A: Lane 1 – 1kb marker, Lane 2 -  X47 WT control, Lane 3 - X47:rpsL,cat:ureAB site1-5, Lane 4 to 

8 – sec/IL-2, Lane 9 to 13 - sec/IL-4, Lane 14 to 17 - sec/IL-10. Gel B: Lane 1 – 1kb marker, Lane 2 - 

X47 WT control, Lane 3 - X47:rpsL,cat:ureAB site1-5, Lane 4 to 9 – sec/IFN-γ, Lane 10 to 15 - 

sec/Leptin. Negative clones are indicated by arrows. 
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8.1.1.4 Constructing plasmid for insertion of DNA coding 

cytokine/hormone fused to VacA at the vacA locus 

The pUCVS plasmid used for the construction of these strains was made by Dr. Tobias 

Schoep (Figure 4.16). The pUCVS contained regions for homologous recombination 

into the vacA locus and the vacA gene engineered with SfaA1 & Not1 restriction sites 

with the auto-transporter coding region. The SfaA1 and Not1 restriction sites present in 

pUCVS was used to digest the plasmid in to two fragments: SfaA1 + EcoR1 and Not1 + 

EcoR1 (Figure 4.17).   

 

A separate plasmid pUC57 contained the DNA sequence for the synthetic genes to be 

fused were also digested with SfaA1 + Not1 in order to excise the synthetic gene 

engineered within (Figure 4.18). The cleaved backbone of plasmid pUCVS and 

synthetic gene were ligated and transferred to chemically competent E.coli (Methods 

section 7.7 and 7.8). Following selection on Str
+
 media, pUCVS/synthetic gene was 

purified, and a restriction digestion confirmed the presence of the synthetic gene insert. 

 

To confirm presence of the synthetic gene insert a restriction digest using SfaA1 and 

Not1 was performed. The expected size for all inserts (IL-2, IL-4, IL-10, IFN-γ and 

Leptin) was approximately 500bp (Figure 4.20, Figure 4.21).  

 

Following this the pUCVS/synthetic gene suicide plasmids were transformed into 

recipient X47:rpsL,cat:vacA H. pylori (Counterselection, Methods Section 7.10.1; 

Figure 4.19). Clones which were StrR and CmS were tested in a colony PCR, to further 

verify the presence of the vacA/synthetic gene fusion at the VacA locus. 
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Colony PCR results from clones selected on DENT and streptomycin media yielded 

three out of three positive clones for vacA/IL-2, vacA/IL-4 and vacA/IL-10 (Table 1.12). 

Two out of two positive clones were observed for vacA/IFN-γ.  Leptin showed three 

products of approximately 850bp, which is closer to the expected size for the WT strain. 

A product of approximately 2.5kb was also observed and is the expected size for a clone 

still harbouring the rpsL,cat cassette. The expected product size of the positive clones 

ranged from 1.1 to 1.5 kb (Figure 4.22). Clones screened from the re-transformation of 

recipient strains with the pUCVS/Leptin plasmid resulted in bands at approximately 

1.1kb and was the expected size for this construct (Figure 4.23). 
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Figure 4.15. pUCVS 

pUCVS, the vector plasmid used for expression at the vacA locus in H. pylori. UP and DS regions were 

used for homologous recombination of the vacA/synthetic gene into the vacA locus of the H. pylori 

genome.  
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Figure 4.16. Preparing pUCVS for a three-way ligation. 

Digestion of pUCVS to produce two fragments which was ligated with the synthetic gene insert. The 

vacA gene was flanked by regions for homologous recombination (shown in orange) within the vacA 

locus.  
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Figure 4.17. pUC57 

pUC57 the carrier plasmid for the DNA sequence of the cytokines. The synthetic gene (shown in lilac) 

was excised via digestion with SfaA1 and Not1 and ligated with the cleaved fragments of pUCVS. 
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Figure 4.18. pUCVS+vacA/synthetic gene 

The three fragments obtained from the previous digests were ligated together to form the final plasmid 

construct, pUCVS+vacA/synthetic gene which was transformed into H. pylori, with the aim of 

homologous recombination at the ureAB locus. 
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Figure 4.19. Restriction digests of a pUCVS/synthetic gene plasmid (purified from E. 

coli) to confirm presence of synthetic gene insert. 

Lane 1 – 1kb marker, Lane 2 – empty vector control (pUCVS), Lane 3 - pUCVS/IL-2 digested with 

SfaA1 and Not1, Lane 4 - pUCVS/IL-4 digested with SfaA1 and Not1, Lane 5 - pUCVS/IL-10 digested 

with SfaA1 and Not1, Lane 6 - pUCVS/IFN-γ digested with SfaA1 and Not1, Lane 7 - pUCVS/Leptin 

digested with SfaA1 and Not1, Lane 8 - empty vector control (pUCVS). 
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Figure 4.20. Restriction digests of re-constructed pUCVS/synthetic gene (IL-10) 

plasmid. 

Lane 1 - λ/HindIII marker, Lane 2 - empty vector control (pUCVS), Lane 3 to 6 – pUCVS/IL-10 digested 

with SfaA1 and Not1. 
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Figure 4.21. Colony PCR results from three random clones selected on DENT and 

streptomycin media. 

Lane 1- 1kb marker, Lane 2 – X47 WT control, Lane 3 to 5 – vacA/IL-2, Lane 6 to 8 - vacA/IL-4, Lane 9 

to 11 – vacA/IL-10, Lane 12 to 13 - vacA/IFN-γ, Lane 14 to 17 - vacA/Leptin. Negative clones are 

indicated by arrows.  
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Figure 4.22. vacA/Leptin fusion colony PCR 

Four random clones were chosen following re-transformation and selection on DENT and Str
+
 media. 

Lane 1 – 1kb marker, Lane 2 to 5: vacA/Leptin fusion colony PCR product. 
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8.1.1.5 Constructing plasmid for cytokine/gut hormone and YadA fusion 

(mdaB locus)             

The pbluMdabYadA plasmid (Figure 4.24) used for the construction of these strains 

was engineered with the auto-transporter domain of yadA flanked by regions for 

homologous recombination into the H. pylori mdaB locus by Ms. Jiulia Satiaputra prior 

to further genetic manipulations. This plasmid construct was used for a previous 

delivery system which expressed small proteins from the mdaB locus, on the surface of 

H. pylori via fusion to YadA. 

 

The mdaB gene in pbluMdabYadA contained SfaA1 & Not1 restriction sites adjacent to 

the auto-transporter domain site. The SfaA1 and Not1 restriction sites were used to 

digest the plasmid in preparation for the insertion of the synthetic gene.  A sequential 

digest was performed, first using Not1, followed by SfaA1 with its corresponding buffer 

(Methods Section 7.7.1). A separate plasmid, pUC57 which contained the synthetic 

gene inserts to be fused, also digested with SfaA1 and Not1 was ligated with the 

digested vector plasmid to create the final construct, pbluMdabYadA/synthetic gene 

(Figure 4.25).  

 

The ligation products were transferred to chemically competent E.coli (Methods section 

7.7 and 7.8). Following selection on Str
+
 media, pbluMdabYadA/synthetic gene was 

purified, and a restriction digestion confirmed the presence of the hopE/fliC insert. 

Insertions of IL-2, IL-4, IL-10, IFN-γ and Leptin into plasmids were confirmed by the 

presence of 500 bp restriction enzyme products. 
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The final construct pbluMdabYadA/synthetic gene was transformed into H. pylori 

where homologous recombination would occur at the mdaB locus of the recipient strain 

(which contained the rpsL,cat contra-selectable marker).  A colony PCR of H. pylori 

clones recovered from selective media was performed. The expected product size of the 

positive clones (mdaB/synthetic gene) was approximately 800 bp. The expected size of 

pbluMdabYadA empty vector control was approximately 1.5 kb. Positive H. pylori 

clones are observed for all synthetic gene constructs (Figure 4.26). 
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Figure 4.23. pbluMdabYadA 

A plasmid map of the pbluMdabYadA vector plasmid. UP and DS regions were used for homologous 

recombination of the yadA/synthetic gene into the mdaB locus of the H. pylori genome.  
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Figure 4.24. pbluMdabYadA/synthetic gene 

A separate plasmid which contained the DNA sequence for the cytokines was also digested with SfaA1 + 

Not1 in order to excise the synthetic gene engineered within (synthetic construct plasmids obtained from 

GenScript, USA). To obtain the final construct, pbluMdabYadA was ligated together with the excised 

synthetic gene. 
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Figure 4.25. Colony PCR results from H. pylori clones selected on DENT and 

streptomycin plates. 

Gel A: Lane 1 – 1kb marker, Lane 2 – empty vector control, Lane 3 to 10 – mdaB/IL-2, Lane 11 to 18 - 

mdaB/IL-4, Lane 19 to 26 - mdaB/IL-10. Gel B: Lane 1 – 1kb marker, Lane 2 – empty vector control, 

Lane 3 to 9 – mdaB/IFN-γ, Lane 10 to 17 - mdaB/Leptin. Negative clones are indicated by arrows. 
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8.2 Summary of strains successfully constructed for this 

project 

Table 1.25. Summary of successfully constructed strains in H. pylori 

 

 

Delivery pathway and 

locus 

 

Synthetic genes to be 

fused 

 

Plasmid vector 

 

Successfully fused 

synthetic genes 
 

HopE outer membrane 

domain, ureAB locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pbluHopE 

 

IL-2, IL-4, IL-10, Leptin 

 

Lpp20 protein, ureAB 

locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pbluLpp20 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

VacA protein, vacA locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pUCVS 

 

IL-2, IL-4, IL-10, 

IFN-γ and Leptin 

 

YadA autotransporter 

domain, mdaB locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

pbluMdabYadA 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

Priplasmic secretion (via 

hitchhiker gene strategy) 

from ureAB locus 

 

IL-2, IL-4, IL-10, IFN-γ, 

Leptin 

 

N/A 

Transformed DNA fusion 

construct used to engineer 

these strains 

 

IL-2**, IL-10 and 

IFN-γ** 

 

 

 
 

 

 

**These strains did not survive to be characterised for Western Blot or Urease assay. 
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8.3 Characterising recombinant H. pylori 

8.3.1 Detecting cytokine/gut hormone as a denatured protein in crude 

isolates  

8.3.1.1 Western Blot data 

The Western Blot experiments required optimisation before clear, useable results could 

be obtained. The Western Blot protocol as described in the methods sections was altered 

as following: 

 Following SDS PAGE, the gel to be blotted was rinsed 3 times in ddH2O and 

equilibrated in cold transfer buffer for 30 minutes. The gel was transferred onto 

the membranes at 4ºC for 1 hour. Following this, the membrane was rinsed 3 

times in ddH2O and blocked with TBS + 2% BSA overnight at 4ºC. Detection of 

proteins via antibody binding and HRP chemiluminescence followed the 

Western Blot protocol as described in the methods section, excepting that 

following binding by the 2º antibody, and prior to detection, the membrane was 

washed 3 times at 5 minutes/wash with TBS + 2% BSA. 

o Results: Faint bands were detected for some samples (mdaB IL-4 and IL-

10) but were obscured by dark background luminescence, indicating 

non-specific antibody binding. No other bands were observed.  
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8.3.1.1.1 HopE and YadA fusions 

The results for the Western Blot show that all but the HopE/Leptin fusion constructs 

yielded a positive result and all YadA fusions but IFN-γ were negative (Figure 4.27, 

Figure 4.28). The expected size range for the HopE/cytokine/gut hormone fusion 

protein constructs is between 34 to 42 kDa, while the YadA/ cytokine/gut hormone 

fusion constructs are expected to fall within the range of 30 to 34 kDa. If the protein 

product of the synthetic gene is cleaved from the fusion construct, the expected sizes for 

each synthetic protein are as follows: 

IL-2 – 17.6 kDa 

IL-4 – 14 kDa 

IL-10 – 19 kDa 

IFN-γ – 16.3 kDa 

Leptin – 17 kDa 

 

These results are summarised in Table 1.26 and Table 1.27.
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Table 1.26. Summary of results from Western Blot Gel A of HopE 

and YadA fusions 

Strain 

(X47:locus:fusion 

construct) 

Cytokine/fusion 

construct 

Positive/negative 

(+/-) 

Approx. size of 

band/s 

(kDa) 

Gel Result 

 
X47:ureAB:hopE/IL-2 

 

 
HopE/IL-2 

 
+ 

 
30, 38 & 40 

 
Positive for 

fusion; 

degradation  or 
aggregation of 

products may 

have occurred 
to give multiple 

bands. 

 
X47:ureAB:hopE/IL-4 

 
HopE/IL-4 

 
+ 

 
38 

 
Positive for 

fusion. 

 

X47:ureAB:hopE/IL-10 

 

 

HopE/IL-10 

 

+ 

 

38, 40 & 45 

 

Positive, result 

as for the IL-2 
fusion. 

 

X47:mdaB:yadA/IL-2 
 

 

YadA/IL-2 

 

- 

 

N/A 

 

No detectable 
product. 

 

X47:mdaB:yadA/IL-4 
 

 

YadA/IL-4 

 

- 

 

N/A 

 

As above. 

 

X47:mdaB:yadA/IL-10 

 

 

YadA/IL-10 

 

- 

 

N/A 

 

As above. 

 

Table 1.27. Summary of results from Western Blot Gel B of HopE 

and YadA fusions 

Strain 

(X47:locus:fusion 

construct) 

Cytokine/fusion 

construct 

Positive/negative 

(+/-) 

Approx. size of 

band/s (kDa) 

Gel Result 

 

X47:ureAB:hopE/IFN-γ 

 

 

hopE/IFN-γ 

 

 

N/A 

Was not constructed 

 

N/A 

 

No detectable 

product. 

 

X47:ureAB:hopE/Leptin 

 

hopE/Leptin 

 

- 

 

N/A 

 

As above. 

 

X47:mdaB:yadA/IFN-γ 
 

 

yadA/IFN-γ 

 

+ 

 

20, 23, 25, 30, 35, 70 
and 110 

 

Positive for 
fusion 

(expected 

product size 30-
35kDa); 

degradation  or 

aggregation of 
products may 

have occurred 

to give multiple 
bands. 

 

X47:mdaB:yadA/Leptin 
 

 

yadA/Leptin 

 

- 

 

N/A 

 

As for IFN-γ 
And Leptin 

fusion results.  
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Figure 4.26. Western Blot to detect HopE/synthetic gene and MdaB/synthetic gene 

fusions. 

Lane 1 – Protein marker, Lane 2 – HopE/IL-2, Lane 3 – MdaB/IL-2, Lane 4 – WT H. pylori, Lane 5 – 

HopE/IL-4, Lane 6 – MdaB/IL-4, Lane 7 – WT H. pylori, Lane 8 – HopE/IL-10, Lane 9 – MdaB/IL-10, 

Lane 10 - WT H. pylori.  Primary antibody: Goat Anti-mouse IgG, cytokine specific. Secondary antibody: 

Rabbit Anti-goat IgG – HRP conjugate. Proteins visualised in a 17% Bis/Acrylamide gel. 
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Figure 4.27. Western Blot to detect HopE/synthetic gene and MdaB/synthetic gene 

fusions. 

Lane 1 – MdaB/IFN-γ, Lane 2 – WT H. pylori, Lane 3 – HopE/Leptin, Lane 4 – MdaB/Leptin, Lane 5 – 

Protein marker. Primary antibody: Goat Anti-mouse IgG, cytokine specific. Secondary antibody: Rabbit 

Anti-goat IgG – HRP conjugate. Proteins visualised in a 17% Bis/Acrylamide gel. 
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8.3.1.1.2 Lpp20 fusions and hitchhiker gene (periplasmic expression) 

 

The results for the Western Blot show that all but the Lpp20/Leptin and Lpp20/IFN-γ 

fusion constructs yielded a negative result (Figure 4.29, Figure 4.30). The sec/IL10 

fusion construct appears to be positive. The expected size range for the Lpp20/synthetic 

gene fusion constructs is between 32 to 37 kDa, while the sec/IL-10 fusion construct 

size was expected to be approximately 19 kDa. If the protein product of the synthetic 

gene is cleaved from the fusion construct or degraded, the expected sizes for each 

synthetic protein are as follows: 

IL-2 – 17.6 kDa 

IL-4 – 14 kDa 

IL-10 – 19 kDa 

IFN-γ – 16.3 kDa 

Leptin – 17 kDa 

 

These results are summarised in Table 1.28 and Table 1.29. 
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Table 1.28. Summary of results from Western Blot Gel A of Lpp20 

fusions 

Strain 

(X47:locus:fusion 

construct) 

Cytokine/fusion 

construct 

Positive/negativ

e 

(+/-) 

Approx. size 

of band/s 

(kDa) 

Gel  Result 

 
X47:ureAB:Lpp20/IL-

2 

 

 
Lpp20/IL-2 

 
- 

 
N/A 

 
No detectable 

result. 

 

X47:ureAB:Lpp20/IL-

4 

 

Lpp20/IL-4 

 

- 

 

N/A 

 

As above. 

 

 

 

Table 1.29. Summary of results from Western Blot Gel B of YadA 

fusions and sec/IL-10 

Strain 

(X47:locus:fusion 

construct) 

Cytokine/fusion 

construct 

Positive/negative 

(+/-) 

Approx. size 

of band/s 

(kDa) 

Gel  

Result 

 

X47:ureAB:Lpp20/IL-

10 
 

 

Lpp20/IL-10 

 

- 

 

N/A 

 

No detectable 

result. 

 

X47:ureAB:Lpp20/IFN
-γ 

 

 

Lpp20/ IFN-γ 
 

 

+ 

 

16, 19, 23, 35, 
70, 80 and 95 

 

Positive for fusion 
(expected size 30-

40kDa); 
degradation  or 

aggregation of 

products may have 
occurred to give 

multiple bands. 

 
X47:ureAB:Lpp20/Lep

tin 

 

 
Lpp20/Leptin 

 
+ 

 
16 and 19 

 
Though there two 

bands are observed, 

these results show a 
product 

approximately half 

the expected size. 

Degradation  of the 

protein fusion could 

be the case. 
 

X47:ureAB:sec/IL-10 

 

 

sec/IL-10 

 

 

+ 

 

Appears negative, 

though band at 65 
shows a strong 

signal compared 

to the control. 
 

 

Strong band at 

65kDa may 
indicated 

aggregation of 

sec/Il-10 fusion 
products perhaps 

due to the reducing 

conditions within 
the periplasmic 

space. 
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Figure 4.28. Western Blot to detect Lpp20/synthetic gene fusions. 

Lane 1 – Protein marker, Lane 2 – Lpp20/IL-2, Lane 3 –WT H. pylori, Lane 4 – Lpp20/IL-4, Lane 5 – 

WT H. pylori. Primary antibody: Goat Anti-mouse IgG, cytokine specific. Secondary antibody: Rabbit 

Anti-goat IgG – HRP conjugate. Proteins visualised in a 17% Bis/Acrylamide gel. 
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Figure 4.29. Western Blot to detect Lpp20/synthetic gene fusion and periplasmic 

(sec/synthetic gene) secretion hitchhiker gene construct. 

Lane 1 – Protein marker, Lane 2 – Lpp20/IL-10, Lane 3 – sec/IL-10, Lane 4 – WT H. pylori, Lane 5 – 

Lpp20/IFN-γ, Lane 6 – WT H. pylori, Lane 7 – Lpp20/Leptin, Lane 8 –WT H. pylori. Primary antibody: 

Goat Anti-mouse IgG, cytokine specific. Secondary antibody: Rabbit Anti-goat IgG – HRP conjugate. 

Proteins visualised in a 17% Bis/Acrylamide gel. 
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8.3.1.1.3 VacA fusions 

The results for the Western Blot show that excepting VacA/Leptin, all VacA/synthetic 

gene fusion constructs yielded a positive result (Figure 4.31, Figure 4.32). The expected 

size range for the VacA/synthetic gene fusion constructs is between 70 to 74 kDa.  If the 

protein product of the synthetic gene is cleaved from the fusion construct, the expected 

sizes for each synthetic protein are as follows: 

 

IL-2 – 17.6 kDa 

IL-4 – 14 kDa 

IL-10 – 19 kDa 

IFN-γ – 16.3 kDa 

Leptin – 17 kDa 

 

These results are summarised in Table 1.30 and Table 1.31. 
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Table 1.30. Summary of results from Western Blot Gel A of VacA 

fusions  

Strain 

(X47:locus:fusion 

construct) 

Cytokine/fusion 

construct 

Positive/negative 

(+/-) 

Approx. size of 

band/s 

(kDa) 

Gel Result 

 
X47:vacA:vacA/IL-2 

 

 
vacA/IL-2 

 
+ 

 
27 and 95 

 
Positive for fusion 

product at 95kDa. 

The signal 
detected at 25kDa 

may be due to 

degradation of the 
fusion construct. 

 

X47:vacA:vacA/IL-4 
 

 

vacA/IL-4 

 

+ 

 

18, 25, 30, 45, 50, 60 
and 80 

 

Positive for 
fusion; 

degradation  or 

aggregation of 
products may have 

occurred to give 
multiple bands. 

 

X47:vacA:vacA/IL-10 
 

 

vacA/IL-10 

 

+ 

 

30 

 

Result is smaller 
than the 

anticipated 70-

74kDa product. 
Perhaps this could 

also be degraded 

fusion construct. 

 

 

 

Table 1.31. Summary of results from Western Blot Gel B of VacA 

fusions 

 

 

 Strain 

(X47:locus:fusion 

construct) 

Cytokine/fusion 

construct 

Positive/negative 

(+/-) 

Approx. size of 

band/s 

(kDa) 

Gel Result 

 

X47:vacA:vacA/IFN-γ 

 

 

vacA/IFN-γ 

 

+ 

 

>170 

 

Result observed is 

much larger than 
anticipated. 

Aggregation of 

protein products 
could explain this 

result. 

 
X47:vacA:vacA/Leptin 

 

 
vacA/Leptin 

 
- 

 
N/A 

 
No detectable 

result. 
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Figure 4.30. Western Blot to detect VacA/synthetic gene fusions. 

Lane 1 – Protein marker, Lane 2 – VacA/IL-2, Lane 3 – WT H. pylori, Lane 4 – VacA/IL-4, Lane 5 – WT 

H. pylori, Lane 6 – VacA/IL-10, Lane 7 –WT H. pylori. Primary antibody: Goat Anti-mouse IgG, 

cytokine specific. Secondary antibody: Rabbit Anti-goat IgG – HRP conjugate. Proteins visualised in a 

17% Bis/Acrylamide gel. 
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Figure 4.31. Western Blot to detect VacA/synthetic gene fusions. 

Lane 1 – Protein marker, Lane 2 – VacA/IFN-γ, Lane 3 – WT H. pylori, Lane 4 – VacA/Leptin, Lane 5 – 

WT H. pylori. Primary antibody: Goat Anti-mouse IgG, cytokine specific. Secondary antibody: Rabbit 

Anti-goat IgG – HRP conjugate. Proteins visualised in a 17% Bis/Acrylamide gel. 
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8.3.2 The effect of cytokine/gut hormone fusion on the activity of 

recombinant urease  

8.3.2.1 Urease assay 

A urease enzyme activity assay was performed following the described protocol in the 

(Methods Section 7.14). Insertion of a construct between ureA and ureB may affect the 

urease activity of H. pylori as these genes code for the ureA and ureB subunits which 

assemble to form the urease enzyme complex. Though care has been taken to make sure 

all insertions are done in-frame, the transcription of these genes may still be affected, 

and these genes are highly expressed and essential for colonisation within a host. The 

results indicated that except the strains harbouring the Lpp20/IFN-γ and Lpp20/Leptin 

fusions, recombinant H. pylori expressing synthetic genes had approximately half the 

enzyme units of the WT H. pylori strain (Figure 4.33). Recombinant H. pylori 

engineered to express Lpp20/IFN-γ did not give readable results, despite repetition of 

the experiment, while H. pylori engineered to express Lpp20/Leptin had approximately 

one third of the enzyme units of the WT H. pylori strain.  
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Figure 4.32. Graph showing results from Urease activity assay of H. pylori strains 

engineered at the ureAB locus. 

 

Urease enzyme activity results of recombinant H. pylori vs. WT X47 H. pylori. Results show that there is 

an overall 50% reduction in enzyme activity, though Lpp20/IFN-γ (labelled as Lpp20 IFNg) showed 

negative activity and Lpp20/Leptin (labelled as Lpp20 Lept) showed approximately one third of the 

activity of the X47 WT strain.
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8.4 Colonisation of H. pylori VacA/synthetic gene fusions 

strains in a mouse model 

Thirty ten week old C57BL/6 mice were grouped into cages of three animals each and 

inoculated by oral gavage with recombinant H. pylori producing a cytokine or gut 

hormone. Pooled clones from each recombinant strain were tested (i.e. IL-2, clone 1 and 

2, IL-4, clone 1 and 2, etc.). Bacteria were allowed to colonise for 14 days before the 

mice were euthanized and the stomachs were collected. This was performed under 

supervision and with the aid of both Ms. Robyn Himbeck and Dr. Wei Lu. The antrum 

was dissected and prepared for plating on selective media to recover single colonies of 

recombinant H. pylori. Single colonies were streak plated onto BA plates for colony 

PCR confirmation. 

 

Colonisation results show (Figure 4.34) that IL-2, IL-4 and IFN-γ recombinants were 

able to colonise the mouse gut mucosa well. All three mice in each of the two clone 

groups were colonised with the recombinant strain, which was demonstrated by 

approximately 70 - 100 colonies growing on each selective agar plate. IL-4 clone 1 only 

colonised one mouse out of three, while clone 2 colonised all three inoculated mice. 

Approximately 20-40 colonies were recovered from each agar plate for this strain. 

Leptin clones showed the weakest colonising ability, with clone 1 not colonising at all, 

while clone 2 colonised all three inoculated mice. Approximately 10-20 colonies were 

recovered from each agar plate for this strain. 
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The colonisation efficiency was reflected by the number of clones recovered from the 

mice (Table 1.32, Table 1.33). An approximate number of visible colonies were 

determined by counting visible colonies on the selective media for each strain and clone 

tested.  

 

Table 1.32. Colonisation results for each mouse inoculated with recombinant 

H. pylori expressing VacA/cytokine or gut hormone fusions via the VacA 

locus 

 

 

 

 

 

 

Cytokine Clone 1 

 

Cytokine Clone 2 

 

Cytokine 

 

Result (# colonising 

out of 3) 

 

Cytokine 

 

Result (Yes/No) 

 

IL-2 

 

3/3 
 

IL-2 

 

3/3 

 

IL-4 
 

 

1/3 

 

IL-4 

 

3/3 

 

IL-10 
 

 

3/3 

 

IL-10 

 

3/3 

 

IFN-γ  

 

3/3 

 

IFN-γ 

 

3/3 

 

Leptin 
 

 

3/3 

 

Leptin 

 

0/3 
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Table 1.33. Summary of colonisation efficiency of X47 recombinants in 

C57BL/6 mice. 

 

Strain 

 

Colonisation ability 

 

X47:VacA:IL-2:vacA 

 

+++ 

 

X47:VacA:IL-4:vacA 

 

++ 

 

X47:VacA:IL-10:vacA 

 

+++ 

 

X47:VacA:IFN-γ:vacA 

 

+++ 

 

X47:VacA:Leptin:vacA 

 

+ 

 

Bacteria expressing IL-2, IL-4 and IFN-γ from the vacA locus retained the ability to colonise mice, 

indicating that recombination at this site for this fusion construct did not have a negative effect on urease 

production. IL-4 engineered strains showed a reduced ability to colonise. Leptin engineered recombinants 

demonstrated an impaired colonising ability. Colonisation efficiency was proportional to the number of 

colonies growing on the agar plate. A +++ rating is equivalent to 70 -100 colonies, ++ is equivalent to 20-

50, and + is equivalent to <20 colonies. Each rating is given as an average of the total colonies recovered 

from each mouse. 
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8.4.1.1 Confirmation that recovered colonies were recombinants at the 

vacA locus 

Colony PCR was used to confirm that strains were harbouring cytokine/hormone coding 

genes. Results for X47 recombinant VacA/synthetic gene fusion strains showed that the 

strains harbored the cytokine or hormone coding gene for VacA/IL-2, VacA/IL-4, 

VacA/IL-10 and VacA/IFN-γ. Approximate expected sizes for each construct were as 

follows: mIL-2 = 465bp, mIL-4 = 390bp, mIL-10 = 490bp, mIFN-γ = 420bp, mLeptin = 

465bp. There was problem with amplifying the control PCR product (X47 rpsL,cat), 

which should have yielded a product of approximately 1.4kb. This problem was not 

resolved due to time constraints. PCR products observed for mLeptin were too small; 

the large band observed is also the wrong size. The recovered strains were negative for 

the Leptin gene.  
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Figure 4.33. Colony PCR results for X47 recombinant VacA/synthetic gene fusion 

strains. 

 
Gel A: Lane 1 – 100bp marker, Lane 2 - X47 rpsL,cat control,  Lane 3 to 8 – vacA/IL-2, Lane 9 to 14 - 

vacA/IL-4, Lane 15 to 20 - vacA/IL-10. Gel B: Lane 1 – 100bp marker, Lane 2 - X47 rpsL,cat control,  

Lane 3 to 8 – vacA/IFN-γ, Lane 9 to 14 - vacA/Leptin. Negative clones are indicated by arrows. 
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9 Discussion 

9.1 Construction of recombinant H. pylori 

 

The HopE fusion strains were successfully constructed, with the exception of the HopE/ 

IFN-γ fusion strain. Colony PCR results of IFN-γ engineered clones corresponded to the 

original hopE/fliC construct (2 kb) and were therefore considered negative. After re-

transformation of H. pylori, a positive hopE/IFN-γ H. pylori clone could not be 

produced. The results of the colony PCR of these strains showed amplified product that 

corresponded to the rpsL,cat cassette, indicating that homologous recombination of the 

transformed plasmid had not occurred at all. There is the possibility that the gene may 

be mutated in such a way that prevented recombination. Sequencing of the hopE/fliC/ 

and IFN-γ  DNA fragments can be done to determine if this is the case.  No hopE/IFN-γ 

clones could be obtained for this project. 

 

The construction of the Lpp20 fusion strains proved to be easier than the construction of 

the HopE fusion strains. A colony PCR performed on clones transformed with the 

suicide plasmid constructs indicated the presence of the gene of interest at the correct 

locus.  

 

The construction of the hitchhiker gene strains required a different approach to plasmid 

engineering, and proved to be the most difficult. The construction of the transforming 

DNA fragment coding a region for homologous recombination in between the ureA and 

ureB gene, the sec sequence for periplasmic secretion and the synthetic gene to be 

expressed required several attempts and optimisation. 
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There was difficulty in obtaining recombinant H. pylori for this delivery system. The 

first round of transformation resulted in colony PCR positive clones for the IL-2, IL-10, 

and IFN-γ fusion constructs. The Leptin and IL-4 colonies growing on selective media 

failed to produce colony PCR positive clones despite 5 attempts at transformation. 

These results suggested that perhaps transformation of the recipient strain was occurring 

but the transformation resulted in death or static growth.  

 

It is known that IL-4 is a glycosylated protein, which contains a hydrophobic 

extracellular secretory signal and three disulfide bonds essential for bioactivity (Kruse, 

Lehrnbecher and Sebald, 1991, Solari et al., 1989, Ohara et al., 1987). Targeting IL-4 to 

the bacterial periplasm may have resulted in mis folding of the protein due to lack of 

specific chaperone proteins. The available Cysteine residues would not be able to form 

disulfide bridges, thus leading to misfolding. These proteins may form aggregates, or 

inclusion bodies which could have caused ‘blockage’ of H. pylori transport systems, 

leading to toxicity (Schrodel and de Marco, 2005, Stefani and Dobson, 2003, Mogk et 

al., 2003). The hydrophobic extracellular secretory signal may also cause problems 

particularly if the signal sequence is still able to initiate transport of the misfolded 

protein. Once again, there is the possibility of disrupting cell transport processes 

essential for viability.  

 

In contrast, the sec/Leptin transformation produced many colonies but no positive 

clones by colony PCR, suggesting that transformation was not occurring at all. Perhaps 

the transforming DNA was degraded or altered by the bacteria during the transformation 

and homologous recombination process (Lin et al., 2009). Another explanation may be 

that the DNA sequence of the construct contained restriction sequences recognised by 
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endonucleases produced by H. pylori and was degraded (Chan et al., 2010, Humbert and 

Salama, 2008).  

 

It was also observed that in all successfully engineered strains, growth was impaired 

and slow. The growth of sec/IL-2 and sec/IL-10 was initially robust following 

transformation. However, following four cycles of freezing/ thawing and inoculation on 

BA (blood agar) plates there was an observed decline in growth. Both sec/IFN-γ and 

sec/IL-2 showed a rapid decline in viability from both sub-culturing and freeze/thawing. 

Both strains did not survive for further characterisation due to poor or no growth. The 

remaining strain, sec/IL-10 grew well enough for further experiments, thought it must 

be noted that growth was also noticeably slower and bacterial mass was low.  

 

The delivery of synthetic genes via secretion into the bacterial periplasm appeared to be 

the reason for the observed decline in growth and viability. It has been previously 

observed that this method of delivery can compromise the viability of recombinant 

bacteria (Bessette et al., 1999). The conclusion drawn was that method of cytokine/gut 

hormone delivery is not a suitable pathway in H. pylori.  

 

These results suggest that the DNA modifications have weakened the cell via the 

production of endogenous proteins which interfered with processes within periplasm or 

with secretion systems/transporters which are vital for cell viability. It is also unknown 

whether cellular processes resulted in the attempt to secrete the cytokine or gut hormone 

extracellularly. This may have resulted in blockage of transport systems such as 

channels and pores, due to the structure of the protein. There may also have been 

competitive binding between the delivered cytokine/gut hormone and a bacterial 

protein/substrate. 
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Another explanation may be that the proteins were not transported into the periplasm, 

but rather, formed aggregates within the cytosol. Since the promoter used to express 

these proteins is strong, it is possible that the cell could not transport the large volume 

of proteins being produced, fast enough into the periplasm.  

 

To understand fully the causes of these results, further characterisation of these strains 

are required. The engineering of these strains should be revised so as to produce strains 

which still grow quite well. Perhaps the use of a less active promoter will yield better 

results. Following this, a Western Blot analysis should be done to visualise the unfolded 

protein within a crude lysate. It would also be interesting to examine the localisation of 

these proteins within the cell. Cell samples may be taken from lysed cell fractions 

containing proteins from the periplasm and cytosol. A Western Blot may be performed 

in order to determine if the proteins were present in the periplasm. A FACS analysis 

may also be done to observe if the proteins are present in the periplasm. This method 

uses fluorescently labelled antibodies which bind to the target molecules which can then 

be detected by a FACS machine to indicate the presence or absence of the protein/s of 

interest. 

 

A Western Blot of extracellular media (supernatant) from a liquid culture of these 

strains would also indicate whether or not the proteins are being exported extracellularly 

via an unknown transporter system in H. pylori. A FACS based analysis of the bacterial 

cell surface of these strains would also provide information as to whether the protein is 

cell surface/membrane associated should the supernatant provide a negative result.  

 



 

 

156 

156 

The construction of the VacA delivery system was less problematic, and positive clones 

were engineered after the first round of transformation, for all fusion constructs 

excepting Leptin. A second transformation was performed, which did produce positive 

vacA/Leptin clones. Once again, Leptin proved to be problematic with respect to 

engineering H. pylori. 

 

Perhaps H. pylori were degrading the plasmid DNA or the DNA constructs were 

inherently unstable. Perhaps leptin ise toxic to H. pylori and bacteria are unable to grow. 

It seems that DNA degradation or instability may be the likely result as the second 

transformation yielded transformation positive clones which were robust and viable.   

 

The construction of recombinant H. pylori harbouring the yadA/synthetic gene fusion 

was completed in a similar manner to the construction of the hopE and lpp20 fusion 

constructs did not present any difficulties.  

9.2 Characterising recombinant H. pylori 

9.2.1 Detection of cytokine/gut hormone in crude isolates via Western 

Blot 

9.2.1.1 HopE/synthetic gene fusions expressed via the ureAB locus 

Western Blot results confirmed expression of the HopE/IL-2, HopE/IL-4 and HopE/IL-

10 fusions by recombinant H. pylori. The expected sizes of the products ranged between 

approximately 34 to 42 kDa. For the HopE/IL-2 expressing strain, products were 

observed at 30, 38 and 40 kDa, all which fall within the expected product size range. 

The varying sizes are likely caused by degradation caused by the method used to 
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prepare the bacteria for Western Blot. This is result is also observed for the HopE/IL-10 

expressing strain which showed products at 38, 40 and 45 kDa.  

  

Only one product was detected for the HopE/IL-4 expressing strain at 38 kDa. This 

product falls within the expected size range, and is also an observed product in the 

HopE/IL-2 and HopE/IL-10 expressing strains. It is likely that some degradation has 

still occurred, though perhaps the Goat anti-mouse cytokine specific primary antibody 

used was not sensitive enough to detect it.  

 

No product was observed for HopE/Leptin H. pylori strain, despite colony PCR 

confirmation that the fusion construct has been inserted within the ureAB locus, and the 

use of polyclonal antibodies for detection. The cause may be due to degradation of the 

product which may have occurred during preparation of the bacteria for the experiment. 

This is not the likely answer however, as degradation products should still be detected, 

such as that observed for the HopE/IL-2 and HopE/IL-10 expressing strains. This 

sample was tested in conjunction with the YadA/Leptin fusion strain however, and both 

show the exact same product results, though the expected sizes for YadA/Leptin is more 

than 10 kDa less, suggesting that the results observed is non-specific antibody binding. 

Thus, it is highly likely that the fusion protein is either not expressed, or expressed 

below detectable levels for a Western Blot detection method. Future work should 

include repetition of the Western Blot with an appropriate positive control. A FACS 

analysis of the supernatant and intracellular compartment may detect the fusion 

construct.  

9.2.1.2 YadA/synthetic gene fusions expressed at the mdaB locus 

The only Western Blot positive result from the YadA fusion strains was the YadA/IFN-

γ recombinant H. pylori strain.  The expected product size range was between 30 and 34 
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kDa; for the positive strain, a range of product sizes was observed, from as low as 20, 

23 and 25 kDa, to the expected size range of 30 and 35 kDa. The smaller sizes observed 

can be explained once again, via degradation of the protein construct either during the 

sample preparation process or an inherent instability. However, product sizes of 70 and 

110 kDa were also observed. This result is likely due to the tendency for IFN-γ to form 

dimers and tetramers (Mironova et al., 2003, Miyata et al., 1986, Langer et al., 1994). 

Past studies on the structure of bioactive IFN-γ have repeatedly shown the formation of 

a dimer or tetramer (via association of two dimers). The large products observed are 

close enough in size to either a dimer (70 kDa) or a tetramer (110 kDa).  

 

The negative results obtained for the YadA/IL-2, IL-4, IL-10 and Leptin strains may be 

explained by either a low level of transcription and translation which are undetectable 

by this assay, or perhaps not expressed at all. This outcome is the same as the Western 

Blot negative strains observed for HopE/Leptin, these strains were colony PCR positive 

for the presence of the construct within the desired locus. As previously discussed, a 

FACS analysis should be performed as it may detect the fusion construct. Also, perhaps 

a YadA specific antibody should be used for detection instead of the cytokine/gut 

hormone specific polyclonal antibodies used in these experiments. 

9.2.1.3 Lpp20/synthetic gene fusions expressed via the ureAB locus 

A positive result was obtained for only the Lpp20/IFN-γ and Lpp20/Leptin recombinant 

strains. The detected product sizes observed for Lpp20/IFN-γ once again exhibits a wide 

range, beginning at 16 kDa, through to 19, 23, 35, 70, 90 and 95 kDa products. This 

further supports the previously proposed idea (see discussion of YadA/synthetic gene 

fusions; section) that the expressed IFN-γ is forming dimers and tetramers (Mironova et 

al., 2003, Miyata et al., 1986, Langer et al., 1994). The expected size range for these 

fusion constructs is between 32 and 37 kDa; the observed 35 kDa band falls within this 
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range, while the 16, 19 and 23 kDa bands in all likelihood corresponds to a degraded 

version of the fusion constructs (caused as previously discussed, by either the sample 

preparation process or inherent instability of the construct). The large band observed at 

70, 90 and 95 corresponds to dimers or tetramers of the fusion construct, caused by the 

physical properties of IFN-γ. Should this be the case, this means that that treatment of 

the proteins with SDS did not break the protein-protein associations of IFN-γ. 

 

The Lpp20/Leptin expressing strains also show the presence of a 16 and a 19 kDa 

product, which was also observed for the protein fusion. These sizes correspond to the 

size of a Leptin (~ 16.9 kDa) or IFN-γ (~16.3 kDa) molecule. This suggests that these 

molecules were expressed, and was either cleaved from the carrier protein by the cell 

through unknown proteases or perhaps the overall fusion construct was unstable, 

resulting in the dissociation of the cytokine. There is also the idea that sample 

preparation may have caused this degradation, though it may not be likely for Leptin, as 

no other degradation products are observed, which is expected for degradation caused 

by sonication.  
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9.2.1.4 Periplasmic secretion signal sequence (sec) /synthetic gene fusions 

expressed via the ureAB locus 

Of the sec/synthetic gene fusions constructed, only the sec/IL-10 strain survived to be 

examined by Western Blot. The sec/IL-2 and sec/IFN-γ strains did not grow on nutrient 

rich agar after several passages.  

 

The Western Blot result did not give clear, conclusive evidence that the sec/IL-10 fusion 

was expressed. Comparison to the WT X47 strains did not show a unique band with the 

expected size between 18 to 20 kDa. However, despite sharing a band at 65 kDa with 

the WT strain, the signal is significantly stronger in the recombinant strain. Though this 

product size is much bigger than anticipated, the expressed IL-10 may have aggregated 

to form the observed band at 65 kDa, despite a solution of 10% SDS used. It has been 

shown that proteins may still aggregate despite treatment with SDS (Sagne et al., 1996). 

The expression of this cytokine within the cytoplasm may have caused mis-folding of 

the protein, which then leads to the observed protein aggregation (Arnesano et al., 2009, 

Mogk et al., 2003, Schrodel and de Marco, 2005) 

9.2.1.5 VacA/synthetic gene fusions expressed via the vacA locus 

A positive result was obtained for all VacA/synthetic gene fusion constructs except for 

the VacA/Leptin recombinant strain. The expected sizes of the fusion product were 

quite large, ranging between 70 to 74 kDa.  

 

Two products were observed for VacA/IL-2, one at 27 kDa, the other at 95 kDa. The 95 

kDa product is most likely the full fusion construct, though the size is approximately 20 

kDa too large. The smaller protein of 27 kDa may be caused by degradation of the 
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fusion construct.  Small products were also observed for other strains and may be 

explained by degradation; VacA/IL-10, at 30 kDa and VacA/IL-4 showed several small 

products, at 18, 25, 30, 45, 50 and 60 kDa. Fusion of these genes to a protein carrier 

may be resulting in the small sizes seen for this and other recombinant protein 

constructs. The cell itself may contain an unknown protease which is cleaving these 

constructs via a recognised cleavage site, introduced by fusing the two genes together. 

Another consideration is that the method of preparing the bacterial cells may be causing 

the degradation. Perhaps revision of the Western Blot protocol to omit one of the steps 

which require centrifugation or reduce the ‘Pulse On’ time during sonicating from 30 

seconds to 10 will address this.  

 

The result observed for VacA/IFN-γ once again supports the idea of aggregation that 

was introduced previously. Only one band was observed, which was larger than 170 

kDa, which would correspond approximately to dimerisation of the VacA/IFN-γ fusion 

protein.  

 

Once again, no expression can be observed from VacA/Leptin and may be explained 

again, by low levels of transcription/translation, or no expression. This outcome is the 

same as the Western Blot negative strains observed for HopE/Leptin and YadA/Leptin. 

As previously discussed, a FACS analysis should be performed as it is may detect the 

fusion construct should the problem be low expression.  
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9.2.2 The effect of cytokine/gut hormone fusion on the activity of 

recombinant urease (ureAB locus) 

9.2.2.1 Urease assay 

Urease activity is known to play an essential role in the colonisation of H. pylori in a 

given host. It was necessary to examine whether the genetic changes to H. pylori at the 

ureAB locus affected overall urease enzyme activity. In order to assess if the insertion of 

a protein and cytokine/gut hormone fusion has affected the urease activity of the 

recipient strain, a urease enzyme assay was performed. 

 

Recombinant H. pylori strains expressing synthetic gene fusions to HopE, Lpp20 and 

the sec periplasmic secretion at the ureAB locus showed an overall 50% reduction in 

urease enzyme U/mL when compared to the WT X47 parent strain.  

 

There appears to be a relationship between urease activity and expression in the Lpp20 

fusion strains.  Strains harbouring the Lpp20/ IFN-γ showed negative urease activity, 

despite sample duplication and repetition of the assay. The Lpp20/Leptin fusion strain 

was observed to have approximately one-third of the urease activity of the WT strain. 

Both these strains were positive via Western Blot analysis, indicating protein 

expression, while the Lpp20 fusions to IL-2, IL-4 and IL-10 were Western Blot 

negative, but showed better urease activity at approximately half that of the WT parent 

strain.  
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Unpublished data from experiments by other members of the lab have also reported 

similar results. H. pylori strains engineered at the ureAB locus to express foreign 

proteins show positive results for colony PCR analysis, and show Western Blot negative 

results, and the preservation of urease activity. The converse was also observed, with 

Western Blot positive strains showing little to no urease activity.  

 

The insertion of the protein fusion may have resulted in less efficient transcription of 

urease mRNA by disruption of RNA polymerase binding. Though care has been taken 

to plan insertions which would not disrupt the ORF at the ureAB locus and cause gene 

inactivation, unknown distal regulatory mechanisms or binding sites may have been 

affected. However, there appears to be an overall observed negative correlation between 

the successful expression of proteins from this locus and urease activity. 

 

Comparison of the Western Blot data results of the HopE and sec fusion strains with 

their corresponding urease activity data show that expression does not necessarily result 

in very low urease activity.  Of the HopE strains, only the HopE/Leptin fusion strain 

showed a negative result in the Western Blot analysis. All strains showed a diminished 

urease activity of 50% of the WT strain. Similarly, the sec/IL-10 hitchhiker gene 

construct was Western Blot positive and also showed similar urease activity to the 

HopE fusion strains. Protein size appears to not be a factor – the HopE/fusion strain 

expected sizes ranged from 34 to 42 kDa, which is not significantly larger than the 

Lpp20 fusion strains. The sec/IL-10 hitchhiker gene construct is even smaller, with a 

predicted size no larger than 20 KDa.   

 

The effect on urease activity by these genetic changes may thus be specific to each 

construct.  It is known that Urease requires accessory genes for urease activity (Mobley, 
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Island and Hausinger, 1995, Sachs et al., 2006, Rektorschek et al., 2000, McGee et al., 

1999). Insertion of the fusion construct at the ureAB locus could be causing unknown 

downstream effects to other genes required by Urease for activity, resulting in the 

observed disruption of urease activity. 



 

 

165 

165 

 

9.3 Colonisation of H. pylori VacA/synthetic gene fusions 

strains in a mouse model 

Thirty ten week old C57BL/6 mice were grouped into cages of three animals each and 

inoculated by oral gavage with recombinant H. pylori producing a cytokine or gut 

hormone. Two clones from each recombinant strain were tested were given to mice via 

oral gavage and allowed to colonise for 14 days. Colonisation results demonstrated that 

strains engineered at the vacA locus can colonise the mice gut mucosa. 

 

Of the strains tested, the IL-2, IL-4 and IFN-γ VacA fusion recombinants were able to 

colonise the mouse gut mucosa well. However, VacA/IL-4 clones showed impaired 

colonisation ability, while VacA/Leptin clones showed the weakest colonising ability, 

with three out of three mice from clone #1 showing no colonisation. These results 

normally suggest that Urease activity may have been affected, though this is unexpected 

as these strains were expressed from the vacA locus. Another possibility is that the 

expressed Leptin may have been bioactive, which resulted in less efficient colonisation. 

It is known that Leptin is capable of behaving like a cytokine, and can elicit and 

immune response (Otero et al., 2006).    

 

Review of the Western Blot results demonstrated that except for the VacA/Leptin strain, 

there was detectable expression of the protein fusions. Throughout this project, 

problems have often been encountered with either constructing the DNA product to 

transform H. pylori or detecting protein expression. In this case, a second 

transformation was necessary to obtain construct the VacA/Leptin fusion strain; a 

colony PCR of colonies recovered confirmed the presence of the gene at the vacA locus. 
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However, these strains were Western Blot negative, suggesting that the fusion protein 

may not be expressed. It thus was expected that colonisation should not be affected, yet 

these strains showed the weakest ability to colonise.  

 

The negative Western Blot data may simply be attributed to the primary antibody not 

being able to detect the fusion protein. This may be due to low expression of 

VacA/Leptin or alternatively, the antibody itself did not bind well enough to the target 

molecule. If this is so, a more sensitive method of detection such as a FACS analysis 

may provide a positive result. It must also be noted that this inability to detect Leptin 

via Western Blot was observed for all strains except Lpp20/Leptin, which in turn 

showed a reduced Urease activity, of approximately 1/3 of the WT strain. A Urease 

activity assay of all VacA/synthetic gene strains should be performed. Of particular 

interest, is the Urease activity of the VacA/IL-4 and VacA/Leptin strains. Should the 

enzyme activity of these strains be comparable to WT X47, then there may be a possible 

correlation between Leptin expression and its role in affecting H. pylori colonisation. 

Further to this, it would also suggest that the VacA/Leptin fusion delivery system 

results in the expression and delivery of bioactive Leptin to the mouse gut mucosa.  
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9.4 Summary and future work 
 

This study aimed to investigate the use of H. pylori as a delivery system for biological 

molecules such as hormones and cytokines. This bacterial presentation system used 

various mechanisms for the delivery of cytokines and a gut hormone. Results 

successfully showed it was possible to introduce gene fusions into the mdaB, vacA and 

ureAB loci of H. pylori.  

 

However, genetic manipulation at the ureAB locus did cause reduction in urease activity 

for most strains, some of which was deleterious. There was an observed correlation 

between results obtained from the Western Blot and Urease assay. For Lpp20/synthetic 

gene fusion strains, synthetic gene expressing strains confirmed by Western Blot had 

less than 50% Urease activity when compared to WT X47 H. pylori. However, strains 

showing a negative Western Blot result resulted in a 50% reduction in Urease activity. 

Data from other projects that expressed other proteins from the ureAB locus also yielded 

similar observations. This result was not observed for all strains however, suggesting 

that the severe reduction in Urease activity may also be related to the properties of the 

expressed protein rather than strictly caused by the expression locus. 

 

A mouse colonisation assay using the VacA/synthetic gene strains demonstrated that 

protein/synthetic gene fusion expressing H. pylori are capable of colonising the 

stomach. It would also be interesting to measure the urease activity of the 

VacA/synthetic gene strains tested in mice to check urease activity. Urease activity is 

not expected to be affected as these strains express the fusion proteins at the vacA locus, 

yet there was an observed impairment in colonisation for two of the tested strains. The 
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Urease activity of the vacA/IL-4 and vacA/Leptin should be compared with the 

colonisation data. 

 

Several aspects of this project such as Western Blot and the Urease assay require re-

visiting to confirm the observed results. Also, mouse colonisation assays on the 

remaining constructs, HopE/synthetic gene, YadA/synthetic gene, Lpp20/synthetic gene 

and sec/synthetic gene should be completed. It would be of interest to see if the 

impaired urease activity observed would greatly affect the colonising ability of the 

strains in a mouse model or whether the strains would remain fit enough to colonise the 

mouse stomach. 

 

Results obtained from this study are promising but require further investigation to fully 

evaluate the use of H. pylori as a biological delivery system. This study has 

demonstrated that H. pylori can be genetically modified to deliver small proteins via 

multiple pathways, using secretion signals and autotransporter domains. However, 

further experiments to determine localization (FACS analysis) and in vivo activity 

(mouse model) are essential to fully characterize whether cytokine and hormone-

expressing H. pylori strains are a viable bio-molecular delivery system. 
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It has successfully been demonstrated that it is possible to use L. lactis to deliver 

therapeutically effective IL-10 locally to relieve IBD symptoms (Steidler, 2002).  H. 

pylori have the potential to become an alternative to L. lactis For IL-10 delivery.  H. 

pylori have the advantage of being able to colonise the gut mucosa for continuously to 

deliver IL-10, as opposed to the transient colonisation of L. lactis. Thus, a single dose 

offers a continuous in vivo supply of the delivered therapeutic. 

 

Other advantages to using H. pylori as a delivery system include cost effective 

production of the therapeutic vaccines in rapid scale up processes. Added to this, and 

the vaccine may be administered by non-medical personnel via the oral route, which 

offers a more hygienic and simple approach to inoculation. Furthermore, unlike other 

live bacterial delivery systems, multiple administrations of H. pylori are possible. Much 

like L. lactis, H. pylori does not raise protective immunity, which will allow for 

repeated inoculation.   
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This same principle of using a H. pylori based delivery system can be applied to the 

delivery of other cytokines for therapeutic purposes, such as IL-11, IL-2, TNF-α and 

anti-viral cytokines such as IFN-γ (Bermudez-Humaran et al., 2008a, Moreland et al., 

2001, Costa and Drabkin, 2007, al-Ramadi et al., 2001). The question of whether or not 

delivery of a bioactive molecule at the stomach mucosa will show any therapeutic 

benefits is yet to be answered; however, there is a strong chance that the delivery of a 

potent, systemically acting molecule such as a cytokine will show encouraging results in 

light of existing data using other live bacterial delivery systems. It is already known that 

current cytokine therapy methods cause a range of unwanted side effects due to system-

wide administration via intravenous delivery (Costa and Drabkin, 2007, Tayal and 

Kalra, 2008). Adverse reactions have also been reported for intra-muscular and 

subcutaneous delivery. The sustained, low-level delivery of bioactive cytokines at the 

stomach mucosa may result in cytokine specific therapeutic benefits without the side 

effects observed with traditional methods of cytokine delivery. Should this be possible, 

an H. pylori bio-molecule delivery system may be used as a non-invasive treatment for 

a number of diseases, including cancer.  

 

Another possible therapeutic potential offered by this delivery system is treatment of 

disease or disorders by delivering a bio-molecule which the host is unable to produce 

naturally, such as insulin and growth hormone. Delivery and production of these 

hormones has already been demonstrated in two other Gram-negative bacteria species, 

E. coli and B. subtilis (Chan et al., 1981, Becker and Hsiung, 1986, Uchida et al., 1997, 

Özdamar et al., 2009). 
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It may also be possible to use H. pylori to deliver Leptin or other gut hormones involved 

in appetite regulation or satiety to the gut for the treatment of obesity. Local delivery of 

leptin by engineered, transplanted gut cells in mice showed promising results (Oosman 

et al., 2008). It has also been shown that E. coli can be engineered to produce bio-active 

Leptin which can be extracted and used as a therapeutic in its purified form (Guisez et 

al., 1998, Park et al., 2001). Since bioactive Leptin may be produced by bacteria, it is 

feasible that H. pylori may then be engineered as a local delivery system for this gut 

hormone. Leptin receptors have been found within the stomach, which may allow the 

delivered Leptin to exert its therapeutic effects locally as well as systematically 

(Trayhurn, 2001, van Dielen et al., 2002, Wehrens et al., 2008). 

 

Taken together a live bacterial delivery system based on H. pylori provides a new and 

novel opportunity for the continuous delivery of bioactive molecule for the treatment of 

chronic disease such as IBD (irritable bowel disease), cancer, auto-immune diseases and 

for anti-viral cytokine therapy.  
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