Investigation of the Contributions of Phase-Variable Genes to Adhesion and Invasion by Campylobacter jejuni
Abstract

Bacterial pathogen surface structures undergo stochastic, reversible ON and OFF switches in gene expression mediated by mutations in tandem DNA repeats. Campylobacter jejuni, a commensal of chickens causes food poisoning. Phase-variable genes contribute to adhesion and invasion of host tissues by C. jejuni. We will test contributions of individual and combinations of phase-variable genes to adhesion and invasion by Campylobacter of eukaryotic cells. Deletion and fixed-ON mutants will be constructed and tested for adhesion and invasion. Most current research has been performed with European isolates. This project will contribute to building capacity by testing Kenyan isolates of Campylobacter. 
Background and aims
Worldwide, Campylobacter infections are associated with the consumption of contaminated food or water (Newell et al., 2011). Campylobacter infections do not compromise the health status of poultry thus colonized birds represents a foodborne hazard to man. Estimated incidences of Campylobacter jejuni subsp. jejuni and C. coli in some industrialized countries have been shown to range from 27 to 880 cases per 100,000 individuals with human gastroenteritis annually (Unicomb et al., 2006). Campylobacteriosis can lead to severe toxic mega-colon, hemolytic uremic syndrome, Reiter’s syndrome, Miller Fisher syndrome, and Guillain Barré syndrome (GBS) (Zilbauer et al., 2008). It is worthwhile to note that due to a breakdown in research systems, lack of research funding, inadequately trained personnel and lack of infrastructural capacity to address research needs, case estimates of Campylobacter infections are generally nonexistent in Kenya.  

Inflammations associated with bacterial infections 

Various disease conditions such as mild diarrhea, non-inflammatory, self-limiting, inflammatory and severe bloody diarrheas occur due to bacterial infections (Zilbauer et al., 2008). Bacterial outer membrane structures and their gene products directly interact with host cells thus contributing to adhesion, invasion and inflammations. Type three and type four secretion systems also produce effector proteins which are injected through the flagella to the host leading to cell colonization and internalization (Desvaux et al., 2006). Published reports indicate that the Cia group of proteins are secreted by type three secretion systems in Yersinia and C. jejuni and can influence bacterial-host interactions leading to the onset of inflammation (Neal-McKinney et al., 2012). In bacteria, motility is aided by the flagella and regulated through a complex-chemotaxis system allowing swimming towards attractants and away from repellants (Lertsethtakarn et al., 2011). Identification of adhesion and invasion proteins is essential for developing therapeutics to treat infections as well as enhancing our understanding of campylobacteriosis pathogenesis.

Adhesins and invasins reported in C. jejuni
Several adhesins and invasins in C. jejuni have been characterized including Campylobacter invasion antigen B (CiaB), a 73-kDa protein which is homologous to T3SS effectors of other pathogens (Konkel et al., 1999). The CiaB protein, like the other Cia proteins such as CiaC and CiaI facilitates adherence and invasion of host cells (Eucker and Konkel, 2012). FlaC, a homolog of the flagellin subunit proteins FlaA and FlaB, has been reported to mediate C. jejuni host cell invasion (Song et al., 2004). It has been reported that Campylobacter jejuni adhesion and invasion protein CadF, is a 37-kDa protein that binds to fibronectin an extracellular matrix component (Ziprin et al., 1999). FlpA is a protein that has been reported to mediate adherence of C. jejuni to epithelial cells as well as colonization of chickens (Konkel, 2010). Chloramphenicol treatment retards the expression of Cia proteins but not CadF or FlpA. JlpA, a 42-kDa which is a lipoprotein that is N-linked glycosylated at two residues and its derivatives are important in host cell pathogenicity (Scott et al., 2009). Peb proteins are a 26 to 30-kDa group of C. jejuni surface molecules including Peb1 which mediate variable adhesion and invasion to host epithelial cells. Peb4 is a chaperone which exports proteins to the outer membrane of bacterial cells and is thus important in adherence whereas, Peb3, is a transport protein involved in the utilization of 3-phosphoglycerate (Kale et al., 2011). Campylobacter protein A (CapA) is a known autotransporter protein that mediates adherence and invasion to host cells. It has also been reported that, KpsE and KpsM proteins are involved in capsule production and play a role in invasion and colonization of host cells (Bachtiar et al., 2007). Lipooligosaccharide (LOS) sialylation, has also been seen to be involved in adhesion to host epithelial cells (Louwen et al., 2012). Similarly, chaperone and serine proteases such as HtrA, mediates host cell adhesion and invasion (Baek et al., 2011). 
Justification of the study

Extraordinary genetic diversity has been reported in C. jejuni subsp. jejuni lipooligosacharide (LOS) and capsular polysaccharide (CPS) gene clusters (Parker et al., 2008). Different gene expression states in Campylobacter jejuni have been associated with adaptation to the host (Kelly et al., 2015). Phase-variable genes in Campylobacter jejuni have been shown to exhibit high mutation rates and specific mutational patterns during host colonization (Bayliss et al., 2012). The contribution of phase-variable genes to adhesion and invasion by Campylobacter in the host has not received much research attention. This project seeks to evaluate the contribution of phase-variable genes in adhesion and invasion of Campylobacter in the host. Here a small number of phase-variable genes will be selected for analysis with target genes being those conserved in Kenyan isolates or exhibiting distinct expression patterns in poultry versus disease isolates. Deletion and fixed-ON mutants will be constructed and tested for disease phenotypes and environmental persistence. Assays will include adhesion and invasion of mammalian and chicken cells, biofilm formation, motility and environmental survival tests.    

Aims

1. To determine if there is selection for specific phase variants when Campylobacter jejuni adheres to and invades eukaryotic cells 

2. To determine whether phase variants have higher efficiencies of adhesion and invasion   

3. To compare adhesion and invasion of Kenyan isolates of Campylobacter jejuni to UK isolates  

•
Reasons for attending the IFIB 2015 conference

My institution and the group in which I work, has a lack of adequately trained personnel in food safety and microbial genetics in particular. Dr. Bayliss and I are in the process of developing an exchange program aimed at establishing a long-term partnership and collaborative research in food safety and microbial genetics. Dr. Bayliss, an expert in microbial genetics, has invited me to his laboratory so that we can develop the collaborative program research. During this period, I will have a chance to work on phase-variable genes in Campylobacter jejuni. This skill transfer and capacity building training is aimed at creating competences for the anticipated long-term exchange program. Dr. Bayliss has considerable expertise in the study of phase variation in Campylobacter and has created mutants in several phase-variable genes. The training will contribute to the discovery of essential genes and molecules which can be used for the development of drug targets. My main reason for attending this meeting being to develop business, research & technology transfer relationships, to discuss potential projects for the EU programme "Horizon 2020" and to establish joint activities
•
Significance and expected outcomes

Campylobacter is a major agent of food-borne gastroenteritis leading to as many as 400–500 million human cases annually (Oyarzabal and Backert, 2011). Infection rates are higher in developing countries with more fatalities in children and the elderly but, actual estimates are lacking due to a break-down of research system in these countries. Leicester University offers high quality and state-of-the art affordable research solutions in the area of microbial genetics, proteomics and bioinformatics. Therefore I will acquire skills, capacity, and initiate an exchange program. 

•
Approach and methodology

Studying outer membrane proteins is an attractive target for the development of antimicrobial drugs or vaccines. In this research project, we will utilize novel methods including multiplex GeneScan assays to elucidate the expression states of genes and proteins involved in adhesion and invasion of host cells. Adhesion and invasion assays will be performed using a gastrointestinal cell line (Caco-2), colonic epithelial cells (HCA-7) (Kirkland, 1985) and either chicken embryo fibroblasts or an immortalized chicken cell obtained from the ATCC.
Cell lines will be grown as monolayer cultures in Dulbecco's Modified Eagle's Medium supplemented with foetal calf serum at 37 or 42°C in 5% (vol/vol) CO2 (Al-Sayeqh et al.,2010). Cell monolayers will be challenged with bacterial cells at a range of multiplicities and incubated for 3 h. One monolayer will be washed with sterile phosphate-buffered saline, lysed by adding 0.1% (vol/vol) Triton X-100 and viable bacterial counts enumerated as an estimate of total adherent and invaded cell numbers. To assess invasion, infected monolayers will be treated with gentamicin for 2 h to kill extracellular bacteria.  

Changes in prevalence of phase variants for multiple genes will be detected by performing multiplex GeneScan assays on multiple colonies from output populations.
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