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ABSTRACT 


A 1.6kb DNA fragment isolated from a C. concisus genomic library was found to give C. 

concisus specific restriction fragment length patterns when used as probe in Southern 

hybridisation studies. In all of the strains tested the probe hybridised to a 500bp HindIII 

fragment. Signals were obtained from C. curvus and C. sputorum subsp faecalis but could 

not be confused with the patterns obtained for C. concisus. DNA sequencing of this 

fragment revealed three ORFs. The first open reading frame encodes the 3' end of the 

gyrase B subunit. The translation products of the two other ORFs showed similarity to 

hypothetical proteins, previously identified in C. jejuni. DNA: DNA hybridisation studies 

using a fragment internal to ORF3 demonstrated that this sequence was responsible for the 

signals obtained with the 500bp fragment. Significantly, no hybridisation signals were 

obtained with DNA from all the all other Campylobacter species tested, suggesting that this 

sequence was unique to C. concisus and could be used as a species specific marker. A rapid 

PCR assay based on the 1.6kb DNA sequence was developed. Using primers designed to 

anneal to the extremities of this sequence, an amplicon of the correct size was obtained for 

C. concisus reference strains, local clinical isolates, and clinical isolates from Denmark. 

PCR products of the correct size were not obtained from other Campyiobacter species. 

In the second part of the study, genetic variability within C. concisus isolates from children 

with diarrhoea was demonstrated using the established genotyping methods PFGE and 

RFEL. In addition RAPD analysis of C. concisus isolates was developed using a simple 

(GTG)s oligonucleotide repeat as a primer. Although the study was small, there was good 

agreement between the fingerprints generated by RAPD, PFGE and RFEL. The technique 

was found to be rapid and ideal for the primary characterisation of isolates, especially in the 

absence ofan established typing technique for C. concisus. 
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CHAPTER! 


LITERATURE REVIEW 


1.1 INTRODUCTION 

Traditionally the genus Campylobacter has been recognised in veterinary medicine as a cause 

of sporadic abortion in cattle and sheep reviewed by Skirrow (1984). More recently some 

species of this genus have been shown to be responsible for human gastrointestinal disease. 

This has resulted in renewed· interest in the group, with most research concentrating on the 

species Campylobacter jejuni, a bacterium now recognised as one of the prime causes of acute 

and infectious enteritis in humans (Healing et al., 1992; Skirrowand Blaser, 1992). 

1.1.2 Morphology and isolation 

Campylobacter are gram-negative, non-spore-forming rods with a length that varies from 0.5 

J.ml to 6.0 )..lm and a width of0.2 J.ml to 0.5 J.ml. The cells may occur in short or long chains and 

appear coccoid on exposure to oxygen or in old cultures. The latter form, which is difficult to 

subculture, is also found in bodies of water, and is thought to represent the dormant stage'in the 

life cycle of the bacteria (Rollins and Colwell, 1986). Campylobacter have an optimum growth 

temperature range of between 30°C and 42°C and are motile through the use of a single polar 

or dipolar flagella. Members of this genera are defined as non-saccharolytic, micro-aerophilic 

vibrios with a low G + C DNA base composition ranging from 30 to 46%. Inability to break 

down complex sugars, coupled with a non-fermentative type metabolism, indicates the 

dependence of the bacteria on amino acids and intermediates of the citric acid cycle as an 

energy source. 

The isolation of Campylobacter is cumbersome as the bacteria have fastidious growth 

requirements, are inhibited at normal atmospheric oxygen tension and are slow growing, taking 

up to three days to form colonies on agar plates. Selective media have been used to enhance the 

growth of C. jejuni and C. coli, at the expense of other campylobacters (Corry et al., 1995). 

Due to the fastidious nature of Campylobacter, it remains a distinct possibility that the current 

culture media may not support the growth of other potentially pathogenic species. The recent 
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This era was also characterised by the isolation and description of a number of microaerophilic 

vibros living as saprophytes or commensals in a wide variety of domesticated animals and 

man. The present day C. jejuni was isolated from faeces of cattle by Smith and Orcutt (1927). 

Jones and co-workers (1931) named the bacteria Vibrio jejuni, after a causal relationship 

between these bacteria and bovine dysentery was established. The closely related species 

Vibrio coli, subsequently named Campylobaeter coli, was initially isolated from pigs with 

diarrhoea by Doyle (1944). Due to a limited set of differentiating phenotypes this period was 

also characterised by the description of novel species based on different biotypes of a pre­

existing taxon. Vibrio bubulus, an isolate from bull semen (Florent, 1953), Vibrio sputorum a 

bacteria named by Prevot (1940) and initially isolated from the sputum of a patient suffering 

from bronchitis by Tunicliff, in 1914, and Vibrio feealis, a catalase positive isolate, from ovine 

faeces (Firehammer, 1965), were thOUght to be closely related. Nevertheless, the bacteria were 

thought to constitute separate species. 

In 1963 Sebald and Veron transferred v. fetus and V. bubulus into a new genus Campylobaeter. 

Ten years later, Veron and Chatelain published a more comprehensive study on the taxonomy 

of the microaeriphilic Vibrio-like organisms. They considered the genus Campylobaeter to 

have four distinct species: Campylobaeter fetus (the type species), Campylobaeter coli, 

Campylobaeter jejuni and Campylobaeter sputorum (comprised of two subspecies, C sputorum 

subsp. sputorum and C. sputorum subsp. bubulus). 

On the realisation that catalase activity was not taxonomically significant and with the 

subsequent aid of DNA: DNA hybridisation studies (Roop et al., 1985), the then known 

species C. sputorum and C. feealis were found to be the same species. They considered all 

three species as biovars of Campylobaeter sputorum. The species designations were then 

changed to reflect these findings, and were consequently known as C. sputorum biovar 

sputorum, C. sputorum biovar bubulus and C. sputorum biovar feealis respectively. C. 

sputorum has recently undergone a taxonomic revision and based on catalase and urease 

activity, the biovars have currently been amended to C. sputorum biovar paraureolyticus, for a 

urease producing variants, C. sputorum biovar sputorum for catalase negative strains and C. 

sputorum biovarfeealis for catalase positive strains (On et ai., 1988). 

3 
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The early years of th~ newly created genus Campylobacter were plagued by confusion with 

regards to the nomenclature. A situation perpetuated by the loss of the of the original viable 

cell cultures of Vibrio fetus described by Smith and Taylor (1919). In the eighth edition of 

Bergey's manual of determinative Bacteriology, Smibert (1974) erroneously published the 

strains causing infertility as C. fetus subsp. fetus and those causing sporadic abortions as C. 

fetus subsp intestinalis. More confusion was sown by referring to the two species of C. jejuni 

and C. coli as one species, C. fetus subsp jejuni. Currently the accepted nomenclature is as 

outlined by Veron and Chatelain (1973) with modem amendments as outlined by Vandamme 

and De Ley (1991). 

Most of the taxa that make up the genus Campylobacter were assigned fairly recently. These 

consist of C. concisus, C. rectus (Tanner et al., 1981) and C. curvus; bacteria isolated from the 

human oral cavity that thrive in a H2 rich atmosphere during culture. Campylobacter strains 

associated with adenomatosis in pigs, C. mucosalis were isolated in 1981 (Lawson et al., 1981) 

and C. hyointestinalis in 1983 (Gebhart et al., 1985). A recent addition, C upsaliensis, was first 

isolated from dogs (Sandstedt et al 1983) and is now a recognised emerging pathogen 

associated with human disease (Goosens et ai, 1990a, Goosens et al., 1990b; Lastovica .et al., 

1989). Due to the limited set of differential phenotypic characteristics, most species could not 

be identified fully, so some taxa were conveniently referred to by vernacular names. In most 

cases these names pertained to aberrant phenotypes displayed by these species in question 

(Vandamme et al., 1996). The members of present day genus Helicobacter, a genus closely 

related to that of Campylobacter were loosely referred to as gastric Campylobacter-like 

organisms (GCLO) (Warren and Mashall, 1983). Atypical variants of Campylobacter lari were 

referred to as urease positive thermophilic Campylobacter (UPTC group) and nalidixic acid­

sensitive Campylobacters (NASC-group) 

1.1.2.2 Current taxonomy 

The advent of nucleic acid techniques such as 16S rRNA sequencing and their use in 

classification, revealed the genus Campylobacter to be genotypically diverse and helped to 

draw major border lines across the taxonomically hierarchy of this genus and related genera. 

New genotypic approaches, such as DNA base ratios helped describe taxa from species to 

4 



Univ
ers

ity
 of

 C
ap

e T
ow

n

generic level while DNA: DNA hybridisation studies became benchmarks for describing 

speCIes. 

The genera Campylobacter and Arcobacter together make up the family Campylobacteraceae 

(Vandamme and De Ley, 1991). The two genera share similar structural, morphological and 

genotypic characteristics, but differ in physiological properties, in that members of the genus 

Arcobacter are psychrophilic and more aerotolerant. The genus Arcobacter presently 

comprises of 4 species. A. nitrofigilis (the type strain), which colonises the roots of the salt 

marsh plant Spartina alterniflora (McClung et al., 1983), A. cryaerophilus, A. butzleri and A. 

skirrowii. While the presence of a flagella sheath was used to separate Helicobacter from 

Campylobacter and Arcobacter, more recent data has demonstrated several non-sheathed 

Helicobacter species. Through 168 sequencing the genus Helicobacter has been found to be 

different from true Campylobacter, with a closer relationship to Wolinella succinogenes than 

campylobacters (Paster and Dewhirst, 1988). 

Modem Campylobacter taxonomy was resolved after extensive analysis of partial 168 rRNA 

homology studies subdivided the pre-scribed genus into three main homology ~roups 

corresponding to the present day genera Helicobacter, Arcobacter and Campylobacter (Paster 

et al., 1988; Romaniuk et al., 1987; Thompson et al., 1988). The general taxonomic structure 

based on partial 168 rRNA has been found to be in overall agreement with partial sequences of 

238 RNA (Van Camp et al., 1993) and also with DNA-rRNA hybridisation analysis studies 

(Vandamme et al., 1995). In 1987 Romaniuk and associates (1987), found Campylobacter to 

belong to a distinct phylogenic group among the gram-negative group of the eubacteria. It was 

within this group, now known was as RNA superfamily six, which three rRNA homology 

groups comprising of the genus Campylobacter. Arcobacter and Helicobacter were described 

(Thompson et al.. 1988). 

The three related genera Campylobacter, Arcobacter and Helicobacter presently comprise 14, 

4 and 18 validly described species respectively. Even within these three genera, there is great 

sequence variability in the 168 rRNA data of each genus, Campylobacter has a 5.7% 

difference, Helicobacter 8.6% and Arcobacter 5.7% (Vandamme et al., 1996). To date the 

genus Campylobacter comprises 14 species and 6 subspecies (Table 1.1). C. lanienae, an 

5 
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isolate from human faeces has recently been described (Logan et al., 2000). This review will 

concentrate only on the species of the genus Campylobacter while the term Campylobacteria 

will refer to all the genera in rRNA superfamily six. A phylogenic tree, extracted from 

Vandamme et al (1995), indicating relationships among members of the Campylobacter is 

shown in Fig 1.1. 

rRNA
(% Difference) 

ClulterIi' I , i 

,....---Wo/inellellUccifIDgtIf'I" 

HeUcobect., pylori 


Helicobtctef' ,ellil 
 l 
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H.llf1tJb.ct., mUII,./e. 

Fig. 1.1. Phylogenetic tree ofrRNA clusters within Superfamily VI (taken from 
Vandamme et al., 1 995). Scale bar = 5% difference in nucleotide sequence, 
determined by measuring the lengths of the horizontal lines connecting two species. 
The values to the left of the nodes are the percentage of times that the strains to the 
right of the nodes occur together by bootstrapping. Bootstrapping values less than 
50% are not shown. 

1.1.3 Ecology and habitats 

Campylobacters are ubiquitous in nature, colonising a diverse range of host species (table 1.1). 

They also thrive in a host of aquatic environments and may be isolated from rivers, ponds 

(Healing et al., 1992) and seawater (Hernandez et al., I 995a; Hernandez et ai., 1995b). A free­
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Table 1.1 Campyl()bacter Hosts and Associated Diseases (taken from On, 1996) 

Species Subspecies biovar Main hosts Disease in humans Disease in animals 
C.jejuni jejuni Birds, mammals Gastroenteritis, septicemia, GuIIian Gastroenteritis, Avian hepatitis 

Barre syndrome 
C.jejuni doylei Gastroenteritis, septicemia, gastritis 
C.fetus fetus Sheep, cattle Gastroenteritis, septicemia Spontaneous abortion in ovine + 

bovine 
C.fetus venerealis Cattle Septicemia Bovine infectious infertility 

~ 

C. coli Pig, birds, bulls, sheep Gastroenteritis, septicemia Gastroenteritis 
C. lari Birds, dogs, cats, Gastroenteritis, septicemia Avian gastroenteritis 

monkeys, horses 
C. hyointestinalis hyointestinalis \ Pig, cattle, hamster Gastroenteritis Porcine and bovine enteritis 
C. hyointestillalis lawsonii Pigs 
C. concisus Humans Periodontal disease, gastroenteritis 
C. mucosalis Pigs Porcine enteritis 
c.curvus Humans Periodontal disease, gastroenteritis 
C. rectus Humans Periodontai disease , 

C. upsaliensis 
.. " 

Dogs, cats Gastroenteritis, septicemia, abscesses Canine and feline gastroenteritis 
C. helveticus" Dogs, cats Canine and feline gastroenteritis 
c. showae" Humans Periodontal disease 
C. sputorum sputorum Humans, cattle, pigs Abscesses, gastroenteritis 
C. sputorum paraureolyticus Cattle 
C. sputorum /ecalis Cattle, sheep 
C. gracilis Humans Periodontal disease, Deep tissue 

infection 

,; . 

7 
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misleading incidence rate. While reporting of Campyfobacter infection is compulsory in some 

states in the United States and in the United Kingdom, inappropriate culture techniques will not 

detect fastidious Campyfobacter species such as C. concisus. 

Campyfobacter enteritis is characterised by severe stomach cramps, the disease is usually self­

limiting lasting approximately 5 days. In developed countries the pathology of infection 

manifests itself as inflammatory diarrhoea and affects all age groups, with the majority of 

infections occurring in young children, with little asymptotic carriage (Skirrow and Blaser, 

1992). Complications rarely occur, although infections are sometimes followed by an onset of 

bacteremia, or very uncommonly a serious condition of paralysis known as Gullian-Barre 

syndrome (GBS) (Kuroki et af., 1991). This condition is thought to be brought about by. 

cellular or humoral immunopathogenic response to outer membrane lipopolysacharides of C. 

jejuni, which mimic certain human gangliosides (AlIos, 1997). The most frequently associated 

antibody to GBS is anti-GM1, an antibody which has been linked to C. jejuni infection in 

several studies (Kuroki et af., 1991; Rees et af., 1995; Yuki et af., 1990). Campyfobacter 

strains with 0:19 and 0:41 serotypes have been associated with GBS (Fujimoto et af., 1992; 

Kuroki et af., 1993) The 0: 19 serotype has been found to be genetically homogenous group 

(Nishimura et af., 1997), but no differences have been identified between isolates from GBS 

symptomatic patients and from isolates from patients without GBS. This has led to the 

assumption that GBS is primarily host dependent rather than strain specific (Wassenaar and 

Newell, 2000) 

In developing countries diarrhoea is usually inflammatory and predominates in the infant 

population (Skirrow and Blaser, 1992). There is also a noticeably higher incidence rate, but a 

lower number of symptomatic infections. This is probably due to congenital protection, where 

protection is conferred by immune mothers to their young through breast-feeding. This line of 

reasoning is yet to be proven. The observed difference in age distribution and susceptibility to 

disease between children in developing countries and developed is thought to be accounted for 

by the early acquisition of immunity by children in developing counties living in hyper­

endemic areas of infection (Taylor, 1992). 
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Apart from the well documented roles of C. jejuni, and C. coli as causes of gastroenteritis C. 

lari, and very recently C. upsaliensis, are also known to be gastrointestinal pathogens (Patton 

et al 1989; Tauxe et al 1985) albeit contributing a small percentage of total cases of 

Campylobacter induced enteritis. Other campylobacters are also known to be opportunistic 

pathogens exerting their effects on immuno-compromised patients to cause bacteremia, 

peritonitis, meningitis and septic arthritis and abortions (Mishu et al., 1992). C. fetus stibsp. 

fetus is well known as a cause of septic abortions in domestic animals and as a frequent cause 

of bacteremia in elderly man. C. sputorum and its biovars have been predominately isolated 

from abscesses. The pathogenic role of C. concisus has yet to be defmed although it has been 

implicated in periodontal infection and associated with diarrhoea. 

1.1.4.1 Pathogenic mechanisms 

Two types of diarrhoea are observed with C. jejuni infection. Inflammatory diarrhoea is 

characterised by slimy stools with pus from disrupted leukocytes. This condition is usually 

accompanied by fever and the stools have traces of blood. Then there is non-inflammatory 

diarrhoea, with watery stools, with no pus or blood. Although there have been several reviews 

on the pathogenesis of Campylobacter (Ketley, 1997; Wassenaar, 1997; Wooldridge and 

Ketley, 1997), the exact pathogenic mode of infection in these bacteria still remains unclear. 

The flagella seem to be an important virulence determinant, as it is needed for motility, a 

crucial activity required for the colonisation of the mucous lining of the gut and intestine. 

Flagella are also thought to playa direct role in the active invasion of the epithelial cells. Non­

motile mutants have been shown to have a lowered invasive capacity (Grant et a!., 1993; 

Wassenaar et al., 1991). However it is doubtful that the disruptive effect caused by invasion of 

the epithelial cells induces diarrhoea as low levels of bacteria are known to invade a mono­

layer of in-vitro cells and the efficient intracellular killing capacity of epithelial cell is well 

documented (Wassenaar et al., 1991). It therefore seems reasonable to assume that the 

production of toxins seems to be the most virulent mode ofactivity. 
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Members of the pathogenic enterobacteria can draw one of the causes of diarrhoea 

characterised by watery stools, from enterotoxin production. Vibrio eholerae toxin (CT) and 

Esehereehia eoli heat-labile toxin (LT), deregulates the andenylate cyclase regulatory system 

of host cells, causing an excess secretion of fluid. Although several studies have reported on 

enterotoxin production in Campylobaeter (Nachamkin et al., 1992), enterotoxin production as 

a virulence factor has been shrouded in controversy. Most research groups have been unable to 

show enterotoxin activity in Campylobaeter strains and the homologue enterotoxin gene to 

those of Vibrio eholerae and E. eoli have yet to be shown to be present in Campylobaeter 

(Wassenaar, 1997). 

Cytotoxins produced by Campylobaeter have been described in the literature and are best 

covered in depth by Wassenaar (1997). Cytotoxins have specific target cells and can either act 

by disrupting the cell membrane or by intracellular inactivation. In the case of the latter 

cytotoxins have to be processed by the host cell before eliciting their cytotoxic effects in the 

cytoplasm. Wassenaar (1997) reports that cytotoxins produced by Campylobaeter are not well 

classified, with little comparative studies against the cytotoxic effects of well-characterised 

cytotoxins. A 70-kd cytotoxin, which is toxic to Chinese hamster ovary cells (CHO), human 

tumour epithelial cells (HeLa), Hep-2 cells and INT407 cells but not African green monkey 

kidney cells (Vero) has been described (Wong et aI., 1983; Mahajan and Rodgers, 1990). 

Cytolethal distending toxin (CDT) in Campylobacter was first described by Johnson and Lior 

(1988). The toxin acts by arresting the phase prior to cell division, causing extensive cell 

elongation that culminates in cellular disintegration. Sensitive cells include CHO, VERO, 

HeLa, and Hepp-2 cell lines. Recently human colon carcinoma cell lines (Caco-2 cells) have 

also been shown to be sensitive to C. jejuni CDT (Whitehouse et al., 1998). Hemolytic toxins 

and shiga-like toxin are also described for C. jejuni and C. eoli strains (Wassenaar, 1997). The 

combination of flagella assisted invasion of epithelial cells and the production ofcytotoxins are 

the most likely pathogenic determinants in the onset of diarrhoea. Direct linkage of the 

cytotoxic effect to inflammatory diarrhoea has yet to be established. 
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Table 1.2 Growth and biochemical tests for the identification of Campylobaeter (Adapted from Alios et al., 1995) 

Campylobacter 
Species/subsp 

I Growth tests H2S production Inhibition Biochemical tests 
H2 25°C 37°C 42°C Rapidm Lead aceD TSIO Nalk Ceph' CatC Nit redt lnd aceg Pyt Arylh Hippl 

C. jejunijejuni I - - + + - ++ - S R + + + + - + 
c.jejunijejuni 2 - - + + + ++ - S R + + + + + + 
C. jejuni doylei d - + (+) - - - S (S) (+) - + + - (+) 
c. fetus fetus - - (+) + + (-) - + - R S + + - - - - , 

C.fetus 
venerealis 

- + + - - + - R S + + - - - -

C. coli - - + + - ++ - S R + + + + - -
C. lari - - + + + + - R R + + - + - -
C. hyointestinalis 
hyointestinalis 

d (+) + + - 5+ 3+ R S + + - - - -

C. hyoitestinalis 
lawsonii 

d (+) + + - 5+ 3+ R S + + - - - -

C. concisus + - + (-) - 3+ (+) (R) S - + - + + -
C. mucosalis + (-) + (-) - 5+ + R S - + - - - -
c.curvus + - + + - 5+ + R S - + + + + -
c.rectus + - + + - 3+ + S R - + + + + -
C. upsaliensis d - + (+) - (+) - S S {+l + + + - -
C. helviticus + - + - 2+ - - + + + - -
C. sputorum 
(bv) sputorum 

- - + + + 5+ 3+ R 
, 

S - + - + + -

C. sputorum 
(bv) bubulus 

- - + (+) + 5+ 3+ R S - + - - + -

C. sputorum 
(bv) fecalis 

- - + + + 5+ 3+ R S + + - + + -

+, Positive; (+), most strains positive;-, negative;(-), most strains negative; R, Resistant;(R), most strains resistant; S, susceptible;(S), most strains susceptible; 
some isolates grow much better in H2- enhanced growth conditions; C catalase; f nitrate; k nalidixic acid resistance; I cephalothin resistance; m Rapid Hz-S method 
of Skirr ow and Benjamin. Journal of Clinical Pathology (1980) 33:1122; n lead acetate; ° triple sugar iron .NB C.jejuni subspjejuni biotypes land 2 refer to 
Skirrow's biotyping scheme. Susceptibilities are based on 30J.1g disks. 
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the atypical members of the thermophilic Campylobacter. However, biochemical analysis, is 

still reliable in the identification of species to the subspecies level a fact given credence by On 

and Holmes (1995) when they examined 67 phenotypic characteristics in 47 different species 

encompassing the genera Campylobacter, closely superfamily members and the genus 

Anaeriospirillum. By applying numerical analysis to the data, significant correlation between 

identification based on phylogenetic rDNA data and biochemical analysis data was achieved. 

Apart from the problem of atypical strains the main problem with the effectiveness of 

biochemical testing in the identification of Campylobacter is in the lack of standardisation of 

the tests used. Different schemes and tables in biochemical identification have been published 

comprising different procedures unique to each laboratory. Seemingly insignificant differences 

in inoculum size and quantities in basal medium have been shown to have a bearing on results, 

especially growth inhibition tests (On and Holmes, 1991a; On and Holmes, 1991b). Despite 

some of the problems discussed above, biotyping still serves as an invaluable tool in the 

identification of Campylobacters. It has a low operational cost and its relative ease of use 

compared to more sophisticated tests like DNA:DNA hybridisation and 16S-rDNA analysis 

makes this method indispensable and essential for routine diagnostic work. 

1.2.2 Serological tests 

. Through the years commercial identification systems based on antibody mediated agglutination 
/

to Campylobacter antigens have been developed. The methodologies are extensively covered 

in the review by On (1996). These systems which consist of latex particles coated with 

immunoglubins are principally designed for the presumptive identification of Campylobacter. 

Although a number of false positive results and failure to detect some strains of the intended 

target species have been reported (Hodinka and Gilligan, 1988; Nachamkin and Barbagallo, 

1990), the commercial kits are useful in preliminary diagnosis of Campylobacter infection. 

Effectiveness of these systems in direct detection of Campylobacter in faecal and food samples 

also suggested a lack of sensitivity (Griffiths et al., 1989; Hazeleger et al., 1992,). Apart from 

the lack of sensitivity care should be taken when evaluating results in clinical material when 

using agglutination assays, as positive latex tests have been recorded with nonviable cells 

(Griffiths et al., 1989). 
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The use of enzyme-linked immunosorbent assays (ELISAs) has also been described in the 

identification of Campylobacter species. Griffiths et al (1992) have reported tests capable of 

differentiating between C. jejuni, C. coli, C. lari and C. upsaliensis. While antibodies' specific 

to outer membrane proteins (OMPs) have been used by Taylor and Chang (I987) to detect C. 

coli, C. jejuni subsp. jejuni and C. lari. Complex immunodiffusion assays with taxonomic 

value have been developed around a method originally described by Falsen (1983), but this 

method has had little success in the definitive identification of Campylobacter. 

1.2.3 Whole cell protein analysis 

Sodium deodecyl sulphate-polyacrylamide gel electrophoresis of whole cell proteins, depends 

on the differential electrophoretic mobility of cellular proteins to discriminate between isolates. 

This method has been tried and tested for the differentiation of the so called asaccharolytic 

nonpigmented gram negative members of the human oral cavity (Tanner, 1986) and 

specifically for the identification of the species C. concisus. The similar morphology and 

biochemical characteristics amongst the members of the EF 22 rRNA homology group ~ome 

times results in the misidentification of C. concisus as C. mucosalis (Figura et al., 1993; 

Lastovica et al., 1993). By comparing electrophoregrams of whole cell protein extracts, 

improved differentiation between these two species has been achieved (Vandamme et al., 

1989; On, 1994). This method has also been used in confirming the reclassification of C. 

sputorum sub 

sp. mucosalis as a separate species, C. mucosalis (Costas et al., 1987). 

1.2.4 Cellular fatty acid analysis 

Cellular fatty acid profiles of bacterial cells have proved to have limited use in the 

identification and classification of Campyiobacter. Whole cell extracts of fatty acid methyl 

esters are used to generate species specific profiles by separation using gas chromatography. 

With the aid of computers or by visual assessment, C. jejuni, C. fetus, C. sputorum, C. 

mucosalis and C. coli can be differentiated (Blaser et ai., 1980; Leaper and Owen, i981; Moss 

et ai., 1984). However, at times more than one species can occur within a defined fatty acid 
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group and conversely, strains from a single species may have fatty acid profiles designating 

them to different fatty acid groups. 

1.3 THE TYPING OF CAMPYLOBACTER 

The main challenges in the epidemiological investigation of Campylobacter related infections 

are due to a number of factors. The bacteria are widely distributed making the routes of 

transmission complex, involving a wide range of zoonotic hosts and environmental reservoirs. 

It is widely believed that the major source of infection is food borne, with contamination 

coming by the way of ingestion of undercooked pOUltry and unpasteurised milk (Healing et aI, 

1992). Most. cases of human infection are sporadic, making the accurate identification of the 

source of infection difficult. As previously described, the phenotypic methods such as 

biochemical testing and serotyping are useful for epidemiological monitoring but usually lack 

the adequate discriminatory power. To provide detailed epidemiological infonnation, high­

resolution methods of identification are needed. DNA based molecular typing methods are 

thought to be the answer, especially as they have the prospect of universal availability and 

standardisation of protocols. 

1.3.1 Serotyping 

Serotyping is one of the most commonly used phenotypic typing schemes for C. jejuni. Based 

on immunological properties, this method exploits the variation in bacterial antigenic 

detenninants to discriminate between strains. The serotyping scheme developed by Lior (Lior 

et at., 1982) detects heat labile (HL) surface based detenninants by a passive slide 

agglutination technique. At present, 108 HL serotypes based on this technique are used to type 

C. jejuni and C. coli. An alternative serotyping scheme described by Penner and Henessey 

(1980) identifies 47 heat stable serotypes of C. jejuni, and 19 serotypes of C. coli and is 

commonly referred to as heat stable (HS) or 0 serotyping scheme. Although both methods 

have been used with success in the tying of C. jejuni and C. coli, the latter technique has 

enjoyed. extensive usage with HS1, HS4 and HS2 being the most common serotypes isolated 

from man (Gibson et al., 1995; Owen et al., 1995). However, in certain cases serotyping is 

rendered redundant, as some strains cannot be serotyped (Asrat et al., 1997; Jacobs-Reitsma et 
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al., 1995). At times cross reactivity between serotypes, as is the case with the HS4 complex of 

C. jejuni, causes serotyping to be ineffective. Only a few reference laboratories are capable of 

serotyping Campylobacter at the present time. 

The Laboratory of Enteric Pathogens (LEP), Public Health Laboratory Service in the United 

Kingdom has developed an improved serotyping scheme based on the method by Penner. This 

scheme identifies 48 HS serotypes in C. jejuni and 17 in C. coli. The method is more 

reproducible in that direct agglutination to the bacterial sample is carried out, and 

nonspecificity is reduced by taking readings immediately after the agglutination procedure. By 

using absorbed antisera instead of unabsorbed antisera, problems with cross-reactivity of 

isolates have been eliminated, although problems with non-typeability of some isolates still 

persists (Newell et ai., 2000). However, some Campylobacter strains auto agglutinate, and may 

have to be subcultured up to ten times before the LEP serotyping system can be applied . . 

1.3.2 Molecular typing (genotyping) 

Unlike phenotypic properties which are generally influenced by environmental factors, DNA 

based techniques are relatively stable from external forces. In molecular typing bacterial 

isolates are assigned to clonally related lineages by the determination of the underlying DNA 

sequence polymorphism. The determination of nucleotide sequence variation between isolates 

can be tackled through various approaches. The most direct method involves sequencing of the 

target gene, this is a long, laborious and expensive method. What most typing techniques seek 

to establish is an estimation of genetic polymorphism in a rapid and cost effective way. 

Some genotypic typing techniques sample part of the genome to get a representation of the 

overall genomic variation. Specific gene loci are targeted and either sequenced or analysed by 

restriction fragment length polymorphism (RFLP) to determine genetic polymorphism. Critical 

to the success of the method is the appropriate selection of the genetic marker, to attain this a 

few guidelines are followed. Ideal genes are the ones least affected by recombination and void 

of mutational hot spots, as these tend to undergo rapid base substitution, resulting in 

homoplasy (Aquodrq and Greenberg, 1983). Again genes that are too conserved like 168 RNA 

suffer from lack of polymorphisms resulting in low discriminatory power and are therefore 
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appropriate for speciation. Genes involved in housekeeping activities such a DNA replication, 

transcription and translation, preferably occurring in single copies have been found to be 

useful. For typing purposes genes with an ideal mutation rate depends on whether the study is a 

long-term surveillance study or a short-term outbreak case. 

In general an ideal typing method should have the following properties. A high discrimination 

potential, in that the target gene should be highly polymorphic. However the gene should also 

display stability of the genotype over time. Apart from the method having high reproducibility, 

it should also have the ability to assign an ambiguous genotype to each isolate, or what is 

known as the typeability factor. For a method to be routinely applicable in clinical or reference 

laboratory it should also be time and cost effective. 

1.3.2.1 Plasmid typing 

In general plasmid typing has not been used to differentiate members of the genus 

Campylobaeter, primarily because plasm ids have been found to occur in low frequen~y, in 

members of the well recognised thermophillic species (Bradbury et al., 1984; Mayer, 1988). 

However, many of the catalase negative or weakly positive C. upsaliensis strains do carry 

plasmids (da Silva Tatley et al., 1992; Owen and Hernandes 1990). For this reason most 

plasmid profiling studies of campylobacters are related to this species. 

By comparing plasmid profile types of C. upsaliensis isolates from patients in distinct 

geographical regions, an association between specific plasmid profiles and defined 

geographical proximity was drawn (Owen and Hernandes 1990). Using plasmid profiling in 

combination with 16S RNA typing, distinct genotypes of C. upsaliensis were also found to be 

prevalent in canine and humans, suggesting the existence of host-specific strains (Stanley et 

al., 1994). In a study in which isolates from human faeces were analysed no correlation was 

found between plasmids containing strains of C. upsaliensis and antibiotic resistance (Goosens 

et al., 1990b). Although plasmids often encode virulence or antibiotic resistance determinants 

and would ideally be suited for epidemiological typing purposes, their use as genetic markers is 

not recommended due to their susceptibility to horizontal transfer. 
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1.3.2.2 Ribotyping 

The ribosomal ribonucleic acid (rRNA) genetic locus displays a high degree of conservation 

across both prokaryotes and eukaryotic organisms and therefore has significant implications on 

the organisational and evolutionary relationship of living organisms (Cedergren et al., 1988). 

While sequence analysis of 168 rRNA has helped redefine phylogenetic relationships at 

species level, rRNA cistron gene restriction fragment analysis, commonly referred to as 

ribotyping, relies on the different genetic location of the mUltiple copies of rRNA genes, as 

well as the surrounding restriction sites in differentiating between genotypes. In 

Campylobacter species there are about 2-4 copies of the rRNA genes in the chromosome 

(Romaniuk and Trust, 1987). Although some studies have successfully used ribotyping to 

differentiate between C. jejuni in an outbreak situation (Tee et al., 1992), generally ribotyping 
I 

has limited discriminatory power and is best suited for speciation (Kielbauch et al., 1991). By 

analysis with a combination of 168 plus 238 RNA gene cistrons, subspecies differentiation of 

C. jejuni subsp. jejuni and C. jejuni subsp. doylei has been achieved (Hernandez et al., 1991). 

Limited subtyping has also been achieved with C. jejuni and C. coli isolates (Fayos et al., 

1992). In both cases the differentiation of C. coli from C. jejuni was not attained and was only 

possible through the utilisation of two restriction enzyme in genomic digests and a 168 RNA 

gene specific probe (Fitzgerald et al., 1996). 8tanley et al (1995) also carried out 168 rRNA 

gene specific ribotyping of C. coli with a clear distinction of C. jejuni isolates. With respect to 

the subtyping of Campylobacter PstI and HaellI seem to be the enzymes of choice. 

Ribotyping compared to other molecular typing techniques is relatively laborious and time 

consuming, taking up to a week to attain results. The method is also technically demanding and 

expensive and cannot be carried out in a routine clinical laboratory. The use of biotinelated 

probes has meant the use of radioactive labelled probes can be avoided making the method 

safer. A number of rapid PCR based methods based on rRNA restriction polymophisms have 

been derived. Amplified ribosomal DNA restriction analysis looks at restriction length 

polymorphisms, intraspecific to the 168 rRNA gene. 
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1.3.2.3 Ribosomal DNA analysis 

PCR mediated analysis of ribosomal genes, has also been used for epidemiological and 

identification purposes. In analogy to ribotyping, the different length or sequence 

polymorphism between 168 and 238 spacer regions of rRNA operons are detected by 

amplification with primers located in conserved regions of the 168 and 238 genes. There is 

enough sequence length variation in this region to generate profiles useful for epidemiological 

analysis (Kostman et 01., 1992) and for taxonomic purposes (Jensen et 01., 1993). 

Primers designed to amplify 168 or 238 rDNA, or both these regions have largely been used 

for rapid speciation. PCR products are digested with an array of restriction endonucleases and 

to generate restriction fragment length polymorphisms of rRNA genes in a method called 

amplified rDNA restriction analysis (ARDRA). Due to the conserved nature of the rRNA 

genes species specific DNA profiles have been generated for a number of bacteria (Gurtler et 

01., 1991; Laguerre et 01., 1994; Marshall et 01., 1999; Vaneechoutte et 01., 1992). 

1.3.2.4 Chromosomal restriction fragment length polymorphism analysis 

Genomic restriction fragment length polymorphism analysis allows for the determination of 

genetic variation by the mapping of restriction endonuclease sites thoughout the genome. 

Using 4-6 base pair recognition restriction endonucleases, chromosomal changes brought about 

by DNA recombination, loss or gain of a restriction site by a mutational event is detected by 

resolving the restriction fragment patterns using gel electrophoresis. This is one of the early 

methods applied to various members of the genus Campylobacter (Bradbury et 01., 1984; 

Collin and Ross, 1994; Kakoyiannis, 1988; Owen et 01., 1985). Enzymes found to yield stable 

restriction profiles are HaeIII, HindIII and .ThoI (Owen et 01., 1989). The only setback of this 

technique is that it results in the production of numerous bands, which are not distinct and are 

difficult to resolve by conventional gel electrophoresis and the use of ethidium bromide stained 

agarose gels. The recent development in numerical methods of analysis has enabfed limited 

determination of relationships between Campylobacter. 
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1.3.2.5 Pulsed field gel electrophoresis 

A method, which samples the whole genome for restriction endonuclease sites, is pulsed field 

gel electrophoresis (PFGE). The method first described by Schwartz and Cantor, (1984) and 

later developed by Smith et al., 1987 to map the E. coli genome, uses rare base cutters to 

produce genotypic restriction profiles also called macrorestriction profiles (MRP) (Owen et al., 

1995; Stanley et al., 1995). Unlike conventional agarose gel electrophoresis which cannot 

separate fragments larger than 20 kilobase pairs (kb) (Fangman, 1978), PFGE uses a variation 

in the direction of the electric current across multiple electrodes to separate large DNA 

fragments of between 20kb and 1000kb (Smith et al., 1987). The technique produces fewer 

fragments than conventional chromosomal RFLP making analysis easier and as a result has 

been used in numerous epidemiological studies of Campylobacter (On and Vandamme, 1997; 

Stanley et al., 1995; Van et al., 1991). However, due to the fewer number of fragments 

generated, the method carries a notable risk of homoplasy, in that DNA bands that co-migrate 

at the same molecular weight are not necessarily the same DNA molecule. To avoid this error, 

restriction with an additional restriction endonuclease is recommended (Gibson et al., 1997). 

PFGE in typing exercises has been found to be highly discriminatory in the analysis of 

Campylobacter isolates (Owen et ai, 1995; Van et al., 1991). Compared with other typing 

techniques, the method has been found to have more discriminatory power than phagetyping, 

ribotyping (Gibson ei al., 1995) serotyping and fatty acid profiling (Steele et al., 1998). A 

direct comparison between PFGE and Permer heat stable serotypes has indicated some degree 

of correlation between some MRP types with HS9 and HS38 serotypes (Lorenz et al., 1998). 

However, isolates with some serotypes in general do not necessarily reflect the same genetic 

similarity and conversely different serotypes have been found to belong to the same genetic 

lineage (Gibson et ai, 1997). C. jejuni, which was serologically nontypeable, could also be 

assigned to knoWn serotypes using this technique (Gibson et ai., 1997). Suggesting that non­

expression of genetically encoded antigenic properties rendered serotyping redundant. 
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1.3.2.6 Random amplified polymorphic DNA analysis. 

The polymerase chain reaction (PCR) methodology has had a significant impact on the 

identification and typing of microorganisms. One method which has gained appeal as a DNA 

fingerprinting tool due to its simplicity, rapid turn over of results and prospect of universal 

applicability is random amplified polymorphic DNA (RAP D) analysis or arbitrarily primed 

PCR (AP-PCR). Both methods, which were simultaneously described by Williams et al. 

(1990) and Welsh and McClelland (1990) respectively, generate strain-specific DNA 

fingerprints by selective amplification of genomic DNA, using a single primer of arbitrary 

choice. PCR amplification is carried out at low primer annealing temperature. While the 

method described by Welsh and McClelland (1990) used primers of 20 bp, that of Williams et 

al. (1990) uses primers of 10 to 12 bp. A variation of the PCR method called DNA amplified 

fingerprinting (DAF), described a year later by Caetano-AnoUes et ai. (1991), used a short 

primer of 5bp. 

The main attraction with the methods described above is that no prior DNA sequence of the 

microorganism to be typed is required and thus the selection or synthesis of specific primers is 

avoided. This is attributed to the low stringency primer annealing temperature conditions 

during PCR amplification which do not require perfect primer matches with the 

complementary target sequence, for synthesis of product. However, slight variation of the 

methodology whereby limited knowledge of the genetic characteristics of the test 

microorganism is required has been described. Collectively, these techniques design primers to 

consensus motifs of sequences occurring in multiple copies in genomes and exploit these as 

priming sites. Complementary sequences to conserved motifs in class I repetitive extragenic 

palindromic elements (REPs) (Stern et ai., 1984) and class II enterobacterial repetitive 

intergenic consensus sequences (ERIC) (Sharples and Lloyd, 1990) have been used to detect 

DNA sequences diversity among bacterial isolates (de Bruijn, 1992; Endtz et ai., 1993; 

Giesendorf et ai., 1993; Versalovic et ai., 1991). Targets have also included conserved areas of 

tRNA fragments (McClelland et ai., 1992) which have been used to differentiate at the 

intraspecies level (Welsh and McClelland, 1992). 
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One of the greatest challenges of RAPD analysis is its universal application as a typing 

technique. The generation of reproducible DNA fingerprints remains a problem, which is 

attributable to many factors, such as the amount of DNA template, the molar quantity of 

primers and the particular brand of Taq polymerase used in the reaction. Although, 

reproducible profiles are attainable when the method is carried out according to carefully 

optimised conditions, standardisation of the technique for inter-laboratory comparisons is 

elusive. A problem linked to the sensitive nature of the PCR assay itself, where, running 

identical protocols in different thermocyclers results in aberrant results. (MacPherson et al., 

1993; Meunier and Grimont, 1993). , 

1.3.2.7 Flagellin gene typing 

One of the most extensively used typing technique for C. jejuni and coli is flagellin gene 

typing. Flagellin is the immunodominant antigen and essential structural component of the 

flagella filament (Cover and Blaser, 1989; Guerry et al., 1991). Flagellin is transcribed from 

two genes designatedflaA andflaB. These genes are approximately 1730 base pairs long and 

arranged in tandem with a 170 nucleotide spacer region. The conserved nature of the fla~ellin 

gene (Nuijten et al., 1990) and the role of flagella motility as an important pathogenicity factor 

(Black et al., 1988; Cover et al.~ 1989; Morooka et al., 1985) makes flagellin an ideal 

molecular typing marker. 

Most of flagellin gene typing has been carried out on C. jejuni using two primers designed to 

the conserved flanking regions offlaA (AIm et al., 1993a; Nacharnkin et al., 1993; Nishimura 

et al., 1996). fla A typing has also been reported for other species like C. lari, C. coli and C. 

helveticus (Owen et al., 1993). Most flagellin typing methods amplify an approximate 1.5kb 

fragment of j/aA which is digested with an array of enzymes with DdeI, HaeIII, HinjI and a 

combination of EcorI and PstI being the most popular (AIm et al., 1993a; Bumens et al., 1995; 

Nachamkin et al., 1993; Owen ,et al., 1993). Most of the described flagellin typing methods 

have slight variations in DNA preparations, areas to which primers are designed and the 

restriction enzymes used, making consolidation of data between different laboratories difficult 

(Table 1.3). Flagellin gene restriction fragment typing carried out by Ayling et al. 1996 is 

distinct in that bothflaA andflaB gene products are amplified for analysis. This is achieved by 
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the use of three primers, with one primer designed to the identical conserved 5'end offlaA and 

flaB and the other two designed to specific 3' ends of both genes (Table 1.3). 

The immunogenic property of the flagellin and its heat labile nature has led to the speculation 

that it might contribute to the number of antigens detected in the Lior typing scheme (Wenman 

et ai., 1985). However, the contribution of flagellin genes to the Lior agglutination reactions 

remains controversial as limited correlation between flagellin typing and Lior serotyping has 

been shown (AIm et aI., 1991). In a study by Nachamkin et al. (1993), flagellin gene typing 

could be used to differentiate within a particular serotype and correlation between flagellin gene 

types and some HL and 0 serotypes in investigating C. jejuni outbreak strains was shown. 

However, little correlation between flagellin RFLP and Lior serogroups has been reported 

(Bumens et aI., 1995). 

Table 1.3 Flagellin Gene Typing Methods for Campylobacter. 

PCRproduct 
and size 

Forward, 5'-3' end, 

Authors Primers 

Reverse 5'-3' end, 


Alm et al.. (1993a) 
 fla A and fla B GCACc[CTlTIAAG[A TlGT[ ATGGGATrICGTATrA c.jejuni 
1448bpAG]GTIACACCTGCAC C. coli 

AAGGATITAAAATGG 

, GTITIAGAATAAACAC 

! C 


jlaAGTIGATGTAACTIGATnTTACTACAGGAGTIGAG HaelII, A/aI, MhoI i, Nishimuru et al., C.jejuni 
702bpCTI G(1996) 

CTGTAGTAATCITAAAAC jlaAGGATrrCGTATI'AACA DdeINachamkin et al., C.jejuni 
CAAATGGTGC 1728bpATTITG(1993) 

AAAGGATCCGCGTA 1'1' GATITGTIATAGCAGTTIC jlaA andjlaB Ddel, AluI, HinfIAyling et al., (1996) C.jejuni
AACACACAAATGTIGC TGCTATATCC 1490bp 
AGC 

, AAAGGATCCGAGGAT 
i AAACACCAACATCGGT 


Burnens et al,,(1995) 
 ccggatcccA'rGGCA'rITC ttcgaattCJ'ArTG'I'AA'rAA'rC jlaA AluI, DdeI. HaeIII, C. jejuni 
GTA'IT 'ITAAAACAT 1731bp HinfI C. coli 

ATGGGA'n'rCGTATrA CJ'i\'rl'G'IAAJ'AA'rClTAAA jlaA and jlaB HaeIIl, BglII C.jejuni 
(1991) 
King and Clayton 

A 1723bpACAC 

Regions of DNA homology are indicated in red for forward primers and blue for reverse primers, Lower case nucleotide bases 
indicate sequences used for cloning purposes, 
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1.3.2.8 Amplified fragment length polymorphism analysis 

Amplified fragment length polymorphism (AFLP) analysis is a patented method originally 

developed for the fingerprinting of plants (Vos et al., 1995), and is currently showing great 

promise as a universal method for bacterial typing and evolutionary studies (Keirn et al., 1997; 

Kokotovic and On, 1999; Janssen et al., 1996; Valsangiacomo et al., 1995). This method is 

essentially similar to restriction fragment length polymorphism in that it detects variation in 

restriction fragments caused by DNA recombination events or point mutations in restriction 

sites. Slight variations to the technique have been described in different studies but in general 

the methodology is essentially the same. 

Genomic DNA of the test organism is digested with a restriction endonuclease of choice. 

Usually the choice of enzyme is dependent on the G +C content and the size of the genomic 

DNA. This information is used to select an average cutting enzyme paired with a frequent 

cutter or at times only one restriction endonuclease is used (Gibson et al., 1998; 

Valsangiacomo et al., 1995). The sticky ends of the restriction fragments are ligated to adapters 

synthesised from double stranded oligonucleotides, designed with compatible ends of the 

restriction endonuclease used. Selective amplification of restriction fragments is achieved by 

stringent PCR conditions in combination with the use of primers that extend beyond the 

adapter and the restriction site sequence. Only a perfect match at the 3' end of the primer and 

the sequence flanking the restriction site results in a product. The PCR products are either 

resolved in agarose by staining with ethidium bromide (Gibson et al., 1998; Valsangiacomo et 

al., 1995) or in polyacrylamide gels after labelling one of the primers with a radioactive 

nucleotide (Vos et al., 1995: Huys et al., 1996) or fluorescent dyes (Kokotovic and On, 1999). 

The results allow for computer assisted numerical analysis using software such as GelCompar 

(Applied Maths, Kortrijk, Belgium). This enables the method to be used in species 

identification or strain typing. 

AFLP has been used with success 10 determining genetic diversity and evolutionary 

implications in the spread of Bacillus anthrax (Keirn et al., 1997), the differentiation between 

isolates of H pylori and Campylobacter (Gibson et al., 1998; Kokotovic and On, 1999). The 

method has high discriminatory power (Huys et al., 1996; Savelkoul et al., 1999) and has been 
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found to correspond well with classification results obtained by ribotyping and DNA-DNA 

hybridisation studies (Clerc et al., 1998). Although the method is reproducible, partially 

digested genomic DNA may complicate results. Overall the method fulfils all the requirements 

of an ideal typing technique, and has the additional advantage of generating fingerprints 

without the prior knowledge of sequence using minimal amounts of DNA. The technique also 

has the potential for universal standardisation. 

1.4 AIM OF STUDY 

Traditionally Campylobacter concisus has exclusively been recovered from, and considered as 

part of the bacterial flora, of the human oral cavity (Tanner et al.,1979; Tanner et al., 1981; 

Tanner et aI., 1987). C. concisus was predominantly isolated from gingival crevices, associated 

with the onset of periodontal disease (Moore et al., 1985; Tanner et aI., 1981; Tanner et al., 

1987). However, the pathogenic role of C. concisus with respect to a causative role in the onset 

of periodontal disease is still unknown (Johnson et al., 1985). Subsequently strains from the 

extra-oral cavity have been isolated; however these were initially misidentified or not 

classified. The strains include: Nine strains from faeces; two strains from an antrum biopsy: 

one strain from a blood sample from an adult male, and one strain from the oesopHagus 

01andamme et al., 1989). 

Recent studies have increasingly reported on the isolation of C. concisus from the stools of 

patients with diarrhoea (Engberg et al., 2000; Lauwers et al., 1991; Van Etterijck et aI., 1996). 

This has largely been attributed to an improvement in culture techniques, where the adoption of 

the membrane filter technique has improved isolation rates (Lauwers et al., 1991). At the Red 

Cross Children's War Memorial Hospital in Cape Town, South Africa, since the inception of 

'The cape Town Protocol' (Le Roux and Lastovica, 1998), which utilises the membrane filter 

technique in combination with a H2 enriched microaerobic environment, the prevalence of C. 

concisus has increased to 23% of the total Campylobacter isolates. This is only second to that 

of C. jejuni subsp jejuni (Table. I A ). Similar results were obtained by Engberg et al. 2000 in a 

reevaluation of conventional culturing methods, whereby using the filtration technique, yielded 

a significant increase in C. concisus isolates. This indicates that currently the Ca';'pylobacter 
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isolation protocols used in most laboratories are inefficient, and in fact. the prevalence of C. 

concisus amongst children is higher than anticipated. 

Table 1.4 Distribution of Campylobaete, and related species isolated from 20 123 
diarrhetic stools of paediatric patients at the Red Cross Children's Memorial Hospital, 
Cape Town, South Africa, from October 11990 to May 31, 2000. 

ISpecies/subspecies Number Percentage (%) 

I c. jejuni subsp. jejuni biotype 1 1179 28.06 

C. concisus 993 23.64 
I c. uvsaliensis 978 23.28 

C. ieiuni subsp. doylei 383 9.11 
H fennelliae 265 6.30 
C. coli 119 2.84 

. C. ieiuni subspjejuni biotvve 2 119 2.84 
C. hyointestinalis 53 1.26 

i H cinaedi 42 1.00 
I tCLOIHLO 35 0.83 
Arcobacter butzleri 16 0.38 
C. fetus subsp. fetus 7 1.16 
"H ravvini" 4 0.10 
C. lari 2 0.05 
C. curvus 2 0.05 
C. rectus 2 0.05 
C. svutorum biovar svutorum 2 0.05 
TOTAL 4201 100 

Data from Lastovlca and Le Roux (2000) 
*Biotype of Skirrow and Benjamin (1980) 

t CLOf HLO Campylobacter 'like' organisms or Helicobacter 'like' organisms 


Whether C. concisus is associated with diarrheal disease is still a matter for conjecture. In a 

study carried out by Van Etterijck (1996). the differences in isolation rates of C. concisus from 

Belgian children with and without diarrhoea, was found to be statistically insignificant. 

suggesting that C. concisus played no pathogenic role and was most probably not a primary 

pathogen. This was also demonstrated in the study by Engberg et al., (2000), where carriage 

rates from healthy children were on par with diarrhoeic patients. The results are similar to the 

enteric Campylobacter isolation rates observed in developing countries, including South Africa 
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where although there is a significantly higher prevalence rate, there is no difference in carriage 

rate among healthy children and children with diarrhoea above 8 months (Asrat et al., 1997; 

Bokkenheuser et al., 1979; Taylor, et al., 1988). This finding, together with the apparent lack 

of epidemics, combined with the milder forms of diarrhoea as witnessed in developing 

countries, has led to the speculation that Campylobacter species as a whole may not be 

pathogens in developing countries (Taylor, 1992). However, the lack of epidemics may also be 

attributed to lack of poor surveillance, a problem prevalent in most of the developing world. 

In Cape Town, C. concisus displays clinical and seasonal characteristics similar to that of C. 

jejuni, an established gastrointestinal pathogen (Lastovica and Engel, 2000). Monthly isolation 

frequencies showed that both C. concisus and C. jejuni were notably higher in the three-month 

period towards the end of summer (February-April). Clinical symptoms of diarrhoea, such as 

severity and stool consistency were similar to that of C. jejuni. However, C. concisus was 

predominantly found in children 1 year or older, while C. jejuni was mostly found in children 

under 12 months. C. concisus was also more likely to be associated with children of mixed 

descent, than indigenous black children. The latter could not be explained by age, gender 

differences, genetic susceptibility, eating habits or geographical location (Lastovica and Engel, 

2000). C. jejuni is recognised as one of the main leading causes of gastro-enteritis in the world 

(Healing et al., 1992; Skirrow and Blaser, 1992), the role of C. concisus and its association 

with diarrhoea has yet to be clearly defined 

The study by Van Etterijck (1996) is the only epidemiological surveillance study published to 

date in which genotyping of C. concisus was carried out. As C. jejuni and C. coli are important 

human pathogens, most epidemiological typing studies have concentrated on these species. At 

present, there is no established typing procedure available for C. concisus. As a result, little is 

known about C. concisus with regards to reservoirs, mode of transmission and its potential as a 

pathogen. Like other campylobacters, C. concisus is also fastidious and biochemically inactive, 

making identification by the few prescribed phenotypic tests difficult. The aim of the study was 

therefore two fold, one was to devise a rapid and specific identification method for C. concisus. 

The second objective was to evaluate potential genotypic typing techniques for prospective 

epidemiological studies and to gain insight into the genetic characteristics of C. concisus 

isolates in paediatric patients. 
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CHAPTER 2 


ISOLATION, CHARACTERISATION OF A DNA SEOUENCE FROM C. 

CONC/SUS AND ITS USE AS AN IDENTIFICATION PROBE 

2.1 INTRODUCTION 

hike other members of the genqs, C. concisus is fastidious and is characterised by a relatively 

low biochemical activity, properties that make the identification of C. concisus problematic 

using conventional phenotypic techniques. Within the, genus Campylobacter, C. concisus is 

phenotypically most similar to the species C. mucosalis. Both species 'require H2 and are 

reductase, nitrate and oxidase positive. They both produce H28, tolerate 1 % glycine and are 

sensitive to 1.5% NaCL Using the prescribed phenotypic tests sometimes results -in the 

misidentification of these species (Figura et al., 1993). Although susceptibility to cephalothin 

and differences in growth, temperature and colour can be used to distinguish C. concisus, the 

problem associated with strain variability makes these tests unreliable (Lastovica et al., 1993). 

Numerical analysis of sixty four phenotypic properties, was used to unequivocally differentiate 

between C concisus and C. mucosalis (On, 1994). However, no phenotypic test on its own was 

sufficient to differentiate between the two species and instead a few tests based on the 

differential growth ability ofstrains on a number of inhibitory media were recommended. 

Apart from extensive phenotypic testing described above, the most common methods used to 

identify C. concisus have been DNA-DNA hybridisation assays, immunotyping and whole cell 

protein electrophoresis (Lastovica et al., 1994; Tanner, 1986, Vandamme et al., 1989). 

Identification using methods such as DNA-DNA hybridisation and whole cell protein 

electrophoresis requires considerable technical expertise. In addition, the techniques are time 

consuming and labour intensive. 

To date, only one method for the rapid identification of C. concisus has been published 

(Bastyns et al., 1995). This method depends on the PCR amplification of 238 rDNA, and is 

different from the one described by Marshall et al. (1999), in which differentiation of 
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2.2 EXPERIMENTAL PROCEDURES 

2.2.1 Bacterial strains and plasmid vectors 

Campylobacter reference strains used in the study are given in Table 2.1. Campylobacter 

clinical isolates (Table 2.2) from the Children's Red Cross Memorial Hospital in Cape Town 

were isolated using cultural conditions delineated in Appendix A, and identified by E. Le 

Roux. using the biotyping scheme of Skirrow and Benjamin (1980a). Also included in Table 

2.2 are two Danish clinical isolates of C. concisus from children, and two C. concisus 

reference strains provided by Dr S. L.W. On from the Veterinary research laboratory in 

Denmark. 

Table 2.1. Bacterial reference strains used in study 

j Bacterial strains 
I 

Other strain designations Sources 

C concisus NCTC 11485 ATCC33237 Human gingival sulcus 
! C concisus NCTC 11684 

i C concisus CCUG 13144 LMG 7788, FDC 484 Gingival sulcus 
C concisus CCUG 19995 LMG 7966 Human faeces 
C curvus NCTC 11649 

C rectus NCTC 11489 CCUG 20446, FDC 371 Human periodontitis 
i C soutorum bv fecalis NCTC 11415 CCUG 17761, LMG8531 Ovine faeces 
i C coli CCUG 11283 LMG 6440. CIP 7080 Porcine faeces 
i C lart NCTC 11352 I LMG 8846. CCUG 23947 Cloacal swab of a herring gull 

C upsaliensis NCTC 12183 Human blood 
C helvitivus NCTC 12470 Feline faeces 
Bacteroides ureolvticus NCTC 10941 CCUG7319, LMG 6451 Amniotic fluid 
C ieiuni subsp doylei NCTC 11847 CCUG 18265. LMG7790 Human gastric biopsy 
C.;ejunisubsp ieiuni NCTC 11168 CCUG 6824, LMG 8553 Human faeces 
C mucosalis NCTC 11000 CCUG 6822, LMG 6448 Porcine small intestine 

"FDC- Forsyth Dental Center, Boston, massachusetts; LMG-Culture Collection ofthe Laboratorium voor Microbiology, University ofGhent. 
Ghent Belgium; CCUG- Culture collection ofthe University ofGotenborg, Department ofClinical Bacteriology. University ofGotenborg, 
Gotenburg, Sweden; NCTC National collection ofType Cultures, Central public Health Laboratory, London. U.K; CIP- Collection de I 
Institute Pasteur, Paris. Paris, France; ATCC-American Type Culture Collection, Rockville, Md. 
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Table 2.2 Bacterial clinical strains used in DNA: DNAhybridisation studies 

No C. concisus strain Sex of patient Age (months) Clinical condition 

I 1 204-92 N/A N/A N/A 
·2 291-92 M 18 Diarrhoea 
• 3 20-93 M 6 Bilarv atresia 

4 58-93 A 18 N/A 
5 271-93 F 14 Twin A watery stool 
6 282-93 F 14 Twin A watery stool 
7 285-93 F 14 TwinB 
8 286-93 F 14 Twin B watery stool 
9 361-93 F 66 Chronic colitis 
10 25-94 F 24 Microcytic anaemia 
11 339-94 M 12 Loose anaemia 
12 68-95 F 12 Loose dysentery 
13 157-95 F 48 Dvsentety 
14 133-95 M 25 Diarrhoea +convulsions 
15 238-95 M 48 Typhoid 

! 16 1-96 M 60 Bloody diarrhoea 
17 207-96 M 60 B100dv diarrhoea 
18 211-96 F 38 Diarrhoea 

! 19 214-96 N/A 7 Diarrhoea 
120 215-96 M 57 Loose stool 

21 218-96 M 37 Dvsentery 
122 275-96 F 37 Diarrhoea 

23 297-96 F 84 Chronic dYsentery 
24 314-96 F 12 Dysentery 
25 317-96 F 24 Dysentery 

i 26 330-96 N/A N/A N/A 

• 27 334-96 M 21 Dysentery 
28 337-96 F 56 N/A 

.29 341-96 F 18 Loose stools 
30 343-96 N/A N/A N/A 
31 361-96 N/A 12 Watery stool 
32 370-96 F 132 Chronic diarrhoea 
33 377-96 IF 5 Chronic diarrhoea 

134 '2Q")96 1M I 12 well child 

• 35 393-96 F 15 stools 
36 394-96 M 132 Dvsentery 
37 395-96 F 13 Pneumonia I!astroenteritis 

138 396-96 F 6 Diarrhoea + vomiting 
39 389-96 F 20 Chronic diarrhoea 
40 402-96 W 19 Bloodv stools 
41 404-96 33 Hirshsprung disease 
42 406-96 3 Loose stools 
43 415-96 F 1 B100dv stools 
44 426-96 M 11 Diarrhoea 

.45 173-97 M 49 Loose stool + Blood 
46 182-97 M 13 Chronic diarrhoea 
47 199-97 N/A N/A N/A 
48 308-98 F 9 Dysentery 
49 311-98 F 14 gastroenteritis 

150 316-98 M 4 Diarrhoea 
I 51 146-99 N/A N/A N/A 

52 199-99 F 26 Persistent Diarrhoea 
N/A Clinical records not available 
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E. coli strains used in transformation studies are also given in Appendix A 

Plasmid vectors used in the study were pUC19 (Messing 1983; Yanisch-Perron et al.; 1985) 

and the suicide vector pEcoR251 (M. Zabeau; Plant Genetics systems N.V.; Gent. Belgium) 

(Appendix A). A schematic representation of the recombinant plasmids constructed are 

presented in Appendix C. 

2.2.2 Solutions and reagents 

Solutions and reagents are presented in Appendix B. All of the reagents were of analytical 

grade or higher. 

2.2.3 Extraction of DNA 

2.2.3.1 Isolation of plasmid DNA 

Bacterial cells were harvested from overnight cultures grown in 5 ml 2 x yeast-tryptone 

(2xYT) broth (Appendix B) containing ampicillin (100 J.1l1ml) and plasmid DNA was isolated 

using the alkaline lysis method of Ish-Horowicz and Burke (1981). 

Large-scale plasmid preparations were carried out using 100 ml overnight cultures containing 

the appropriate antibiotic. Plasmid DNA was isolated using the Nucleobond AX 100 PC IGt 

(Macherey-Nagel, Germany), according to the manufacturer's instructions. 

2.2.3.2 Genomic DNA extraction 

Bacterial genomic DNA was extracted from Campylobacter using the scaled up guanidium 

thiocyanate method as described by Pitcher et al. (1989). A pellet of approximatlylOO J.1g of 

cells was re-suspended in 100 J.11 ofTris-EDTA (TE) buffer (Appendix B) and lysed with 500 

J.11 of guanidium thiocyanate. The rest of the protocol was carried out as described; using 

proportionally scaled up solutions. The DNA pellet was washed four times to remoye traces of 

guanidium thiocyanate and the pellet air dried, before re-suspending in 50 J.11 of TE buffer. 
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2.2.4 Ligations 

Ligations were essentially carried out by the method specified in Sambrook et al. (1989), in 20 

JlI reactions, containing Ix T4 DNA ligase buffer and 10 units of T4 DNA ligase (Boehringer 

and Mannheim). Typically, an approximate ratio of 3 to 1 molar concentration of insert and 

vector were used in ligations, and the reactions incubated at 16°C for 4 to 16 hrs. 

2.2.5 Transformation 

Competent LKlII (Zabeau and Stanley, 1982) and DH5a (Hanahan, 1983) E. coli cells were 

prepared using the method of Dagert and Ehrlich (1979). Ligation mix (20 Jll) was added to 

100 JlI of competent cells and kept on ice for 20 to 30 min, before heat shocking at 42°C for 2 

min. A volume (900 JlI) of 2x YT broth was added and cells incubated at 37°C for 45 min to 

allow for gene expression. The cells were plated on 2xYT agar plates containing the 
, ­

appropriate antibiotic for selection of transformants. 

2.2.6 Analysis of DNA 

2.2.6.1 Restriction endonuclease digestion' 

Restriction endonuclease digestion of plasmid DNA was typically carried out in 20 to 50 JlI 

reactions, in buffer conditions specified by the manufacturers'. Genomic DNA was restricted 

in 50 JlI reactions using 40 units of restriction endonuclease, at 37°C for 24 hrs. 

2~2.6.2 Agarose gel electrophoresis 

DNA fragments were separated on a horizontal flat bed gel electrophoresis system in 0.8- 1.2% 

agarose gels immersed in 0.4 M Tris-acetate and 0.01 M EDTA buffer. Gels were stained with 

ethidium bromide (Sigma chemicals) and DNA visualised at 302 nm. Photographs were taken 

using the Mamiya RB67 pro-S camera or captured on the Kodak DC 120 zoom digital camera. 
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2.2.8 DNA:DNA hybrldisation 

2.2.8.1 Preparation of probes 

DNA of interest was eluted from agarose gels and purified using a phenol extraction procedure 

described by Seth (1984). DNA was labelled with horseradish peroxidase as described in the 

ECL direct nucleic acid labelling and detection system kit (Amersham Life Science). 

A probe for 16S rDNA was amplified using universal primers (Edwards et al., 1989) and 

provided by E. Nelson, Department ofMedical Microbiology, University of Cape Town. 

2.2.8.2 Hybridisation 

Probes were hybridised to genomic DNA restricted with HindIII endonuclease and transferred 

by capillary action to Hybond-W membranes (Amersham International, UK) using the method 

of Southern (1975). Hybridisation was carried out as described in the ECL direct nucleic acid 

labelling and detection system kit manual (Amersham Life Science). Pre-hybidisation. was 

carried out at 42°C for an hour in a rotisserie oven (Techne hybridiser HB-ID). Hybridisation 

was carried outat 42°C for 14-16 hrs, followed by either low or high stringency washes as 

delineated in the protocol, without the use of urea. The signal generated was detected by 

autoradiography, adhering to the instructions delineated in the protocol booklet. 

2.2.9 DNA sequencing 

Automated sequencing (Phamacia Biotech AB S-751 82 Uppsala Sweden) was done at the 

Department of Molecular Biology, University of Cape Town. Sequencing of clones in Ml3 

based vectors was carried out using Thermo Sequenaseflourescent labelled primer cycle 

sequencing kit with deaza-dGTP (Amersham Phamacia Biotech). For internal primers, the 

CyTM Thermo Sequenase Dye terminator kit (Amersham Pharmacia Biotech). All reactions 
. 

were performed to the Manufacturer's instructions using the Chain termination technique of 

Sanger et al.(l977). Reactions were cycle sequenced on a GeneAmp PCR System 9700, perkin 

Elmer, Applied Biosystems. 
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2.2.10 Sequence analysis 

The DNA sequence of the 1595 bp insert of pNeo was analysed by DNAMAN version 4.0 

(Lynnon BioSoft) computer analyses software for nucleic acid and amino acid sequences. 

Protein alignments were carried out by the fast alignment method of Wi bur and Lipman (1983) 

using the Blosum matrix with a k-tuble value of2 and gap penalty of4. 

Sequence similarity searches for nucleic acids and deduced amino acid sequence, was carried 

out against existing nucleotide and protein databases using Blast (Altschul et al., 1990); Basic 

Local Alignment Tool at the National Centre for Biotechnology Information (NCBI), National 

Institute ofHealth. 

2.2.11 Construction of C. concisus genomic library 

The genomic library was prepared using the method described in Ausebel et al (1987), with 

modifications. To determine the ideal enzyme concentration for partial digestion, serial 

dilutions at one half the concentration of the Sau3AI (5 U/fll) restriction endonuclease 

(Boeringer Mainnheim, Germany) were set up, ranging from 0.11 to 3.95 x lO-4U/flL Having 

determined the ideal concentration for partial digestion, genomic DNA digests (200 fll) with 50 

mg ofDNA and 3 units ofSau3AI were prepared in pairs and digestion was carried out at 37°C 

for 30 min. The digests were pooled together and extracted once with an equal volume of 

phenol/chloroform. The DNA was precipitated with isopropanol and washed with 70% ethanol. 

The DNA pellet was dried and re-suspended in 500fll of TE Buffer overnight. 

Sucrose solutions 10% and 40% were prepared in separate cylinders linked by a clamped 

capillary tube. With continuous stirring in the 40% sucrose cylinder the clamp in the capillary 

tube was released and a sucrose gradient gently layered into an open top polyallomer tube 

(Beckman), from a tap leading out of the 40% sucrose solution cylinder. 
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The partially digested DNA sample was heated at 65°C for 10 min and kept at 20°C before 

loading on the sucrose gradient. The sucrose gradient was spun at 22000 revolutions per 

minute (rpm) for 25 hrs 30 min in an ultracentrifuge (Beckman L-70 ultracentrifuge). The 

bottom of the polyallomer tube was punctured and approximately 1 ml aliquots eluted into 36 

eppendorf tubes. An aliquot (20 J..ll) of each fraction was electrophoresed in a 0.6% agarose gel 

and fractions containing the same size fragments, pooled together. The DNA was precipitated 

by adding an equal volume of isopropanol, washed twice with 70% ethanol and each DNA 

fraction sample re-suspended in 1000 J..lI TE Buffer. 

The 4 kb-5 kb Sau3AI fragments were cloned into the BglII restriction endonuclease site of 

pEcoR251 suicide vector. The recombinant plasmids were transformed into competent E. coli 

LKIII cells. Isolation of recombinants indicated inactivation of the EcoRI endonuclease gene 

following insertion of DNA at the BgHI site contained within this gene. 

2.3 RESULTS 

2.3.1 Construction of C. concisus genomic library 

To determine the concentration of Sau3AI suitable for partial restriction of C. concisus 

genomic DNA, serial dilutions ranging from 0.1 to 3.95 xlO""" U/J..lg of DNA were set up. 

Digestion was carried out at 37°C for 30 min. As can be seen Fig. 2.1A (lane 5) partial 

digestion was achieved using 6.25 x 10.3 U/J..lg of DNA. 

Partially digested DNA was prepared and added to a sucrose gradient. Thirty-six aliquots were 

collected, and the fractions collected from eppendorfs 9-16 are shown in Fig. 2.1B (lanes 2-9). 

Fragments presumed to be of the same or similar size were pooled together. Fractions 

containing fragments equal to or greater than 14 kb (Fig. 2.1 B lanes 3 to 5) were pooled and 

similarly, fractions containing DNA fragments of 8 to 5 kb (Fig. 2.1B, lanes 6-9) were also 

pooled. The fragments contained in the 8 to 5 kb fractions were cloned into pEcoR251 suicide 

vector, generating the plasmid library. 
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B 12345678910 
kb 

kb 

-14 
~ W -14

" ·i-H.. ttlH .. -5.0 
-5.0 ;l I I -2.4::
-4.5 

-2.4 

-1 .7 

-1.16 

Fig 2.1 Partial digestion of C. concisus genomic DNA. 
A. DNA partial digests, with serial dilutions of Sau3A 1. Lane 1, undigested 
DNA; lane 2,DNA digested with 0.1 U/~g; lane 3, 0.05U /f,lg; lane 4, 
0.025U/~g; lane 5, 0.0125 U/~g; lane 6, 6.25 10-3 U/~g; lane 7, 3.125 10-3 

U/~g; lane 8, 1.562 10-3 U/~g; lane 9, 7.813 10-4 U/~g; lane 10, 3.95 x 10-4 
U/f,lg; lane 11 lambda DNA digested with Pst!. 
B. Sucrose gradient DNA fractions collected in tubes. Lane 1, lambda DNA 
digested with PstI; lane 2, DNA fraction in tube 9: lane 3, tube 10; lane 4, tube 
11; lane 5,12; lane 6, tube 13; lane 7, tube 14; lane 8, tube 15, lane 9, tube 16; 
lane 10, lambda DNA digested with Pst!. 

2.3.2 Screening of recombinant clones 

The C concisus DNA library was screened for a DNA sequence that would be useful for the 

identification of this species. Inserts from a random selection of clones were excised by 

digestion with BgnI, gel-purified, labelled and hybridised to HindIII restricted genomic DNA 

from a panel of Campylobacter species, in separate experiments. The species comprised C. 

jejuni, C. mucosalis, C. concisus type strains and two pairs of clinical C. concisus strains 

isolated from Cape Town and Denmark. 

After screening approximately 200 clones, one of the inserts hybridised strongly to three bands 

of 2.7, 2.6 and 2.2 kb in C. mucosalis (Fig 2.2.A, lane 2). An additional signal was obtained 

with a 8 kb band in this strain; however, this is assumed to be undigested DNA. A weak signal 

was obtained with a 4.1 kb fragment in C. jejuni. Strong hybridisation signals were obtained 

with four bands (3.0, 1.16, 0.5 and 0.3 kb) with C. concisus NCTC 11485. Weak signals 

obtained with two additional bands (1.5 and 1.8 kb) in this strain probably represent 
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incompletely digested DNA. With respect to the 4 clinical isolates of C. concisus, signals were 

obtained with bands of 1.6 kb and 0.5 kb only. The presence of common bands in the C. 

concisus isolates, combined with the fact that these bands were not present in C. jejuni and C. 

mucosalis suggested that that they could be used as identification markers. 

The recombinant plasmid containing the BglII insert responsible for the observed 

hybridisation patterns was designated pB3C. To refine the probe further, a limited restriction 

map of pB3C was determined (Fig. 2.3) . 

8gnl Ps~ PsN 8gl11 Xbal 8gnl Sat./JA 

I I III II pB3C 

<E 1.6kb -7<E- - 3.4kb > 
PsN Xbal 

pNeo insert 

<E 3kb ~ 

Fig 2.3. Restriction map of insert in pB3C. Red indicates pEcoR251 sequence; 3.0 kb 
fragment (redfblack) was cloned into pUC19, generating pNeo. 

Plasmid pB3C contains an insert of 5kb. Limited restriction mapping showed that the insert has 

an internal BglII site 400bp from one of the Sau3AI sites (Fig 2.3). Restriction of the 5 kb 

Sau3AI fragment with BglII and XbaI dissected the insert into two fragments of 1.6 kb and 3.0 

kb. The fragments were separated on a 0.8% agarose, gel purified, labelled and used to probe 

the same blot shown in Fig 2.2A, in separate assays. The 3.0 kb fragment gave a strong 

hybridisation signal with a 3.0 kb band, and weak hybridisation signals with 0.5 kb and 0.3 kb 

bands in C. concisus NCTCl1485. Hybridisation signals, albeit weak, were also obtained with 

1.16 kb bands in two of the Danish clinical isolates (Fig. 2.2B lanes 4 and 5). 

When the 1.6 kb XbaVBglII fragment was used as a probe, strong signals were obtained with 

bands of 1.16 kb and 0.5 kb, and a weak signal was obtained with a 0.3 kb band in C. concisus 

NCTC 11485. A hybridisation signal was obtained with a 1.6 kb band in all the clinical C. 
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A 1234567891011121314 B 2 3 4 5 6 7 8 9 10 11 121314 

Kb Kb 

10.0­10.0­

3.0­3.0­

2.0­

1.0­ 1.0­

0.5­ 0.5­

Fig.2.4 Genomic DNA from Campylobacter type species hybridised with the 1.6 
kb fragment from pNeo. 
A. DNA from Campylobacter species digested with HindIII; lane I, 1 kb marker, 
lane 2, C concisus NCTC11485; lane 3, C mucosalis NCTCllOOO; lane 4, C 
curvus NCTC11649; lane 5, C rectus NCTCII489; lane 6, C sputorum subsp 
fecalis NCTC11415; lane 7, C coli CCUGII283; lane 8, C jejuni NCTCII168; 
lane 9, C lari NCTCI1352; lane la, C upsaliensis NCTC12183; lane II, C 
helveticus NCTC12470; lane 12, Bacteroides uroelyticus NCTCI0941; lane 13, C 
jejuni subsp doylei NCTC10847; lane 14, Cfetus sUbspfetus NCTCI0842. 
B Autoradiograph of DNA shown in (A) probed with the 1.6 kb BglII-XbaI 
fragment. 

2.3.4 Hybridisation profiles among C. concisus clinical strains 

To evaluate further the 1.6 kb fragment as an identification tool for C concisus, DNA from 52 

clinical isolates of C concisus from the Children's Red Cross Memorial Hospital was 

hybridised to the 1.6 kb probe. Analysis of all the hybridisation profiles showe~ a limited 

number of restriction fragment length polymorphisms among the isolates. It is important to 
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note that the profiles described below were reproducible. profiles could be identified 

amongst the isolates (Table 

2.2 Summary of RFLP groups identified by probing with 1.6kb fragment 

Fragments to 
which probe 

. Isolates 

l.I6kb 
O.5kb 
O.3kb 
314-96 
392-96 
393-96 
389-96 
182-97 

II 

1.6kb 
O.5kb 
O.3kb 
1-96 
215-96 

III 

O.8kb 
O.5kb 

199-97 
25-94 
271-93 
286-93 
311-98 
199-99 

IV 

1.16kb 
O.5kb 

1 238-95 
218-96, 207-96 
275-96,297-96 
330-96, 334-96 

341-96 
343-96, 361-96 
31 133-95 
291-92,58-93 
.c.U"'-7L.. 285-93 
282-93,361-93 

68-95 
211-96,377-96 
394-96,395-96 
396-96,402-96 
404-96, 406-96 
415-96, 20-93 
426-96, 173-97 
308-98, 146-99 

The first "'''''''1''>'.''''''''''' profile I comprised 5 isolates, which had a profile identical to 

NCTC 11485, probe hybridised to bands of 1.16 kb, 0.5 kb and 0.3 kb in strains 314-96, 


2.5C, lane 8), 392-96, 393-96, 389-96, 182-97 lane 3, 4, 8 and 15). 


Profile II, was present in only two isolates. In these isolates the probe hybridised to fragments 


of 1 kb, 0.5 kb and 0.3 kb in 1 215-96 (Fig. 
 2 and repieatf:a 

panel lanes 6 and 7). 

Profile III was observed in six strains. This profile was characterised by fragments of 0.8 kb 


and 0.5 kb that hybridised to the probe. The isolates with this profile are 199-97, 25-94, (Fig. 


lanes 5 7), 271-93, 286-93, 311-98 and 199-99 (Fig. 2.5D, 3, 4, 13 and 1 


The largest group (36 strains) comprised profile IV. All of these strains contained bands 


1.16 and 0.5 kb, which hybridised to the probe. 
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It is not possible to assign a profile to strain 214-96, (Fig 2.5A lane 3) because the DNA from 

this strain was not digested to completion. Interestingly no hybridisation signals were obtained 

for strains 317-96 (Fig. 2.5A lane 10) and 370-96 (Fig. 2.5C lanel), presumably because they 

are not C. concisus. These strains are addressed in Chapter 3. 

Similar hybridisation studies were carried out on an additional 15 clinical C. concisus strains 

taken to represent genetically diverse groups by pulsed field gel electrophoresis (PFGE) typing 

(Chapter 4). Strains 205-94, 47-99, CCUG 13144, CCUG 19995, 38-99, 64-99 and 207-94 

(Fig. 2.6 lane 1,2,4,6,11,12 and 13) have profile type I. One isolate 24-99 (Fig. 2.6 lane 14) 

had a unique profile: the 1.6 kb probe hybridised to fragments of 1.6 kb, 1.16 kb and 0.5 kb. 

Seven strains demonstrated profile type II. 

A 1 234 567 8910111213141516 B 2 3 4 5 6 7 8 9 10 111213141516 

kbkb 

14.4­

5.0­
2.8­

2.8­

1.7­
1.7­

1.2­
1.2­

0.5­

0.5­

Fig. 2.6. Genomic DNA from genetically diverse C. concisus strains hybridised to the 1.6 
kb fragment from pNeo. 
A. DNA from C. concisus isolates digested with HindIII; lane 1, Pst! digest of·lambda,; 
lane 2,205-94; lane 3, 47-99; lane 4, 204-94; lane 5, CCUG13144; lane 6, 51-99; lane 7, 
CCUG19995; lane 8, 52-99; lane 9,61-99; lane 10,45-99; lane 11, D9; lane 12,38-99; 
lane 13,64-99; lane 14,207-94; lane 15,24-99; lane 15,204-93. 
B. Autoradiograph of DNA shown in (A) probed with the 1.6 kb fragment. 
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Significantly, all the strains examined contained a 0.5 kb HindlII fragment which hybridised 

to 1.6 kb probe, suggesting a genetic for the identification of concisus. a 

step to further insight into the DNA of the 0.5 kb fragment, DNA 

sequence of the 1.6 kb fragment was determined. facilitate sequencing, a 3.0 PstI-XbaI 

fragment (Fig. 2.3), which included a portion ofpEcoR251 (1.375kb PstI-BgnI fragment) 

1.6 kb BgnI-XbaI fragment from concisus was subcloned into the PstI-XbaI of 

pUC 19 and introduced into E. coli UGH. The recombinant plasmid was eSll~alea pNeo. 

2.3.5 Sequence analysis of 1.6 kb fragment from concisus 

DNA the 1.6 kb from was determined on both 

(Fig. 2.7). major reading frames (ORF) were located on sense strand, while no 

significant coding region was apparent on the negative strand. The first ORF (ORF 1), "'''''.'''.. , • ., 

from the start the C. concisus at nucleotide 2 and with a stop codon (T AA) at 

nucleotide 370. second open reading immediately downstream of ORF1, is 

located at nucleotides 424 to 858 and the third, ORF3 starts with ATG (nt. 1064) and 

terminates in (nt. 1 The deduced amino sequence for each ORF is given b~low 

the nucleotide sequence. 

Analysis of the DNA sequence upstream of ORFI did not identify bacterial 

signals; this combined with the of the ORF (nt. 2-370) suggested that the ORF extends 

upstream and beyond the start site of the cloned fragment. comparison of the deduced amino 

acid of this ORF with the (Swissprot usmg 

Blastx (Altschul et al., 1990) showed the encoded the 3' of the GyrB subunit. An 

alignment amino acid with corresponding regions GyrB proteins of 

jejuni and Helicobacter pylori showed 76% and 58% similarity to the proteins of C. jejuni and 

H pylori, respectively. 

The second and third (ORF2 and ORF3) are preceded by ribosomal binding sites (RBS) 

upstream (6 bp) of the ATG transcription initiation sites. The sequences are identical to the C. 

jejuni consensus described by Wosten et 1998, which is shorter than 

that (AGGAGG) proposed by Kim et al., (1995) for C.jejuni. 
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The sequences immediately upstream of the start codons of ORF2 and ORF3 are rich. 

Putative promoter sites resembling the (TTTAAGTNIT) and 0 (T AT AAA IT) 

consensus described for jejuni (Wosten et al., 1998) were identified for 

putative promoter for ORF2, consists of a -35 (ITTAAAAGG), separated 

by 20 bp from a -10 (TAGTAA) 2.7). is preceded by the TTTAAACAAA, 

and -10 TGA T AA promoter The -16 (TTTTTTTG)N consensus promoter sequence 

for jejuni as proposed by Wosten et al. 1998, was found to be lacking both ORFs. 

The translation product of ORF2 was found to share similarity to a 

hypothetical protein of 127 amino acids in C. jejuni (CDS Cj 1724c). Alignment of the 

hypothetical protein deduced amino acid sequence of ORF2 showed 70% sequence 

identity. The of ORF3 was found to 70% similarity with the first 142 amino 

acids at the amino terminal a 408 amino conserved hypothetical protein of jejuni 

(CDS Cj 001 

From the DNA sequence it is clear that there is an internal HindI II-HindI II fragment. that 

corresponds to the 300bp hybridisation to left of (towards 

the XbaI) is too long to contain the HindIII 500bp fragment, this must be the 

hybridising to the 1.16 HindIII -HindIII fragment. The other end hydridises to the 500bp Hind 

III-HindIII fragement. This was confmned by PCR ,..,""... ,,"',.., probes [Chapter .6]. 
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1 
LEE L V V N E N L F T N PLY E E A L 

XbaI 
61 TTATATCAGCCAAAAGATAAAAGAGCGCGGCCTAGACTTGCATAGTGACGTTATAGACGT 

Y I S Q K IKE R G L G L H S 0 V I D V 

121 GCTTGATGAAGTAGAGAAAAATGCGAAAAAAGGTGCATATATCCAGCGTTATAAAGGTCT 
L 0 EVE K N A K K GAY I Q R Y K G L 

181 TGGTGAGATGAACCCTGAGCAGCTTTGGGAGACTACGATGAACCCTGAGAACAGAAGACT 
GEM N P E Q L WET T M N PEN R R L 

241 TTTAAAGATCGATATAAACGACGCTATAAGCGCCTCTGATACGTTTAATCTCTTTATGGG 
L KID I N D A I S A S D T F N L F M G 

Pcisus2 
301 CGATGAGGTCGAGCCAAGAAGAAACTATATCCAAGACCACGCAAAAGACGTTAAACACTT 

D EVE P R R N Y I Q D H A K D V K H L 

Pcisus3 
421 AAAATGAGCGAAGAGCTAGATATGAAATATGGCGAGAAAATTTTGAAAGAATTTGACGTA 

M SEE L D M K Y G E K ILK E F D V 

361 
D I *-35 10 RBS 

481 
E S D LEV WEN K Q T ROY V I KIT 

541 CTGCCTGAGTTTTGCTGCCTTTGCCCTCGCTCTGGTTATCCTGACTTTGCGACGATCTAT 
L P E FCC L CPR S GYP D FAT I Y 

601 CTTGAGTATATCCCAAATAAGTTAGTTGTTGAGCTAAAAGCGATAAAGCTTTATATAAAT 
LEY I P N K L V VEL K A I K L YIN 

HindIII 
661 AGTTTTATGAACCGCAACATCAGCCATGAAGATAGTATAAATGGAATTTACTCTGTTTTA 

S F M N R N ISH E 0 SIN G I Y S V L 

721 GAGAAAAAGCTAGAGCCAAAATTTATGAAGATAGTTGGCGACTTTAACCCACGTGGAAAT 
E K K L E P K F M K I V G 0 F N P R G N 

Pcisus4 
781 GTCCATACAGTTATCGAGATCAGCTCTGATCTAGTGGTGAAAAGCCAGTTGAGGAGAAGA 

V H T V I E ISS D L V V K S Q L R R I 

841 ATTTACTCCAAGAACTAGAGAGAGAAGTAGCTTTGGTGATAAGCCACGTGAGAGATCGTA 
Y S K N * 

901 GCACGAGCTATCGTGGCAGTAGTAGAGCTGGTGGCAGCAGAGGTGGCAGAGATGATAAAT 

961 

1021 
10 RBS MIS A K L 

1081 
Pcisus5 ~ HindIII 

TATAGAACATATCTTTAAAGCAGCATCTATATCACGTTGGAACGACTATCCAAAGATGGC 
I E H I F K A A SIS R W N D Y P K M A 

1141 AAATTTAGTCGAGCTTGATAAACAGGCTCATAAATTTATCATCGCTTATTTCATAGCAAA 
N L VEL D K Q A H K F I I A Y F I A K 

1201 ACAAGGGCAAAATGCCGACATAAACTATATCATAGAGGCTGGAATTTTTGAGTTTTTAAG 
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I 
Q G Q N A DIN Y I I E A G I F E F L S 

R V V V T D I R P D V F H H I Q K T K K 

G Q INS W V L S N LEE LIS E lED 

G K F L E R F K N H F K N D K THE K E 

1261 

1321 

1381 

1441 
R L ILK A A S Y L A T G G NFL S P I 

- __--t:Pci sus 6 
1501 CAAACGGGCCAATTTTAAGCGATATCGACGAGCTTAGGCGAAGGTTGAAGAGGAGATGGA 

K RAN F K R Y R R A * 
1561 GGATTATTATGAACTAATTGGCGTTAGAAAGATCT 

BglII 

Fig.2.7 The nucleotide of the 1.595 kb insert cloned into 
pUC19 (pNeo). deduced acid sequence ORFI (3' of 
gyrase B subunit), and ORF3 are indicated below the nucleotide 
sequence. Potential ribosomal binding sites (RBS) are underlined. The 

co dons are indicated by an asterix. The .xbaI and Bgffi restriction 
indicating the extent of the 1.595 insert are indicated bold 

location of the internal HindUI restriction sites is also type. 
bold text. 

2.3.6 Hybridisation studies using DNA sequences internal to ORF, 1, 2 3 as probes. 

To identify the DNA sequence responsible for the hybridisation signal observed with 500 bp 

band in all isolates eoneisus studied, primers were designed to amplify portions of 

ORF shown in This approach was necessary of the of appropriately 

located restriction in the 1.6 kb sequence. The PCR products obtained were separated on a 

labelled hybridised to DNA the 

panel of Campylobaeter species used previously for determining the specificity of 1.6 kb 

0.8% 

When the fragment internal to ORFI (gyrB) was used to probe the blot, a strong signal was 

obtained with a 1.16 kb band eoncisus lane 1). In addition a hy,bridisation 

signal was obtained with the 2.4 kb band in C. eurvus 2.8B, lane 3), a 2.1 kb band in 

sputorum bv. feealis lane 5) and a 0.5 kb band in C. helvetieus. Weak hybridisation 
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c 

A 2 3 4 5 6 7 8 9 10 11 12 13 14 B 2 3 4 5 6 7 8 9 1011121314 

kb kb 

10.0­ 10.0­

3.0­ 3.0­

2.0­ 2.0­

1.0­ 1.0­

0.5­ 0.5­

2 3 4 5 6 7 8 9 10 11 121314 o 2 3 4 5 6 7 8 9 10 11 1213 14 

kbkb 

10.0­ 10.0­

3.0- 3.0­

2.0- 2.0­

1.0- 1.0­

0.5- 0.5­

Fig. 2.8 Autoradiographs of 
Campylabaeter shown internal to 
ORFl, ORF2 and ORF3. 

Autoradiograph of hybridised with 1.6kb fragment from pNeo. 

Autoradiograph of DNA hybridised with kb fragment internal to ORFI 


C. Autoradiograph of DNA hybridised 0.338 kb fragment internal to 
D. Autoradiograph DNA hybridised with 0.414 fragment to ORF3 
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~.e.••~.~ were obtained with 1.5 kb and 1.8 kb fragments in concisus and with fragments 

than 1.2 kb in C. mucosalis, cuvus, rectus, C. sputorum bv. jecalis, C. coli, C. 

upsaliensis, C. helveticus, Bacteroides ureolyticus, C. jejuni doylei. No hybridisation 

signals were obtained for jejuni, C. lari and C. fetus subsp fetus. 

Similar studies using the probe for ORF2 resulted signals with bands of 1.16 kb and 

0.3 kb C. concisus (Fig. lane 1), indicating that the amplified sequence a 

HindIII Analysis of the DNA showed this to the case: a HindIII is present 

at nuc1eotides 641-646 in ORF2. Weak signals were observed with bands (0.5 kb, 1.5 kb and 

1.8 kb) in this A strong hybridisation signal was also obtained with a 2.4 kb band in C. 

curvus. Weak signals were obtained with DNA C. rectus, sputorum bv. fecalis and 

Bacteroides ureolyticus. 

As the membrane shown in Fig 2.4 had been used in a number of experiments, a fresh blot was 

Conditions with respect to amount of DNA hybridisation were the same as 

those used in the preparation of the blot shown in Probing with the PCR product of 

ORF3 resulted in a strong signal with the 500 bp fragment in concisus (Fig 2.8D). Weak 

signals were obtained with bands of 0.7 kb and 5 kb in this strain (probably undigested DNA). 

Significantly, no signals were observed with DNA C. curvus sputorum fecalis, 

or indeed with DNA from any of the other Campylobacter species. 

In another hybridisation experiment, the internal fragment from ORF3 was used to probe 

membranes DNA from of the profile groups (Fig 2.5D) 

described subsection 2.3.4. A strong hybridisation signal was obtained with a 500 bp band in 

(Fig. 2.9), indicating that ORF3 was for with 

the 0.5 kb fragment observed in earlier experiments (2.3.4). As the 0.5 kb hybridisation band 

was also the fourth profile group represented the NCTC1l485 type strain (Fig. 

1), it is conceivable that hybridises to the 0.5 kb DNA in all 

hybridisation profiles observed for C. concisus. presence of the kb fragment all C. 

concisus and its in the campylobacters, suggests that it is unique to 

C. concisus and could be used as an identification marker. 

52 



Univ
ers

ity
 of

 C
ap

e T
ow

n

A 2 3 4 5 6 7 8 910111213141516 B 2345678910111213141516 


kb 

14.4­

5.0­

2.8­

1.7­

1.2­

0.5­

kb 

14.4­

5.0­

2.8­

1.7­

1.2­

0.5­

Fig. 2.9. Genomic DNA from C. concisus probed with portion of ORF3 
A. Genomic DNA from C. concisus isolates digested with HindIII; lane 1, PstI 

digest oflambda; lane 2, 20-83; lane 3, 361-93; lane 4,271-93; lane 5, 286-93; lane 

6,25-94; lane 7, 1-96; lane 8,215-96; lane 9,337-96; lane 10,341-96; lane 11,343­
96; lane 12,361-96; lane 13,308-98; lane 14,311-98; lane 15, 146-99; lane 16, 199­
99 

B Autoradiogram of DNA shown in (A) hybridised to 0.414 kb fragment internal to 

ORF3. 
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2.4 DISCUSSION 

~u.::o'.".H'J"''' nature relatively biochemical activity of Campylobacteria makes them 

difficult to identify phenotypic and biochemical tests. in of 

eoncisus in faecal samples children with diarrhoea highlighted the necessity for a rapid 

reliable identification technique. In the absence of such a technique, the epidemiological 

and clinical significance of eoncisus cannot be Molecular techniques offer an 

alternative approach to identification. 

1.6 kb fragment, containing a portion of gyrB (ORFI) two ORFs, isolated a 

concisus genomic library, generated hybridisation patterns unique to C concisus strains. 

This pattern was observed 63 clinical isolates examined as well as in three reference strains 

which included concisus NCTC 11485 type strain. When the same DNA sequence was used 

to probe from other Campylobacter were obtained with only two SOt~CH~S 

C sputorum lecalis C curvus. hybridisation profiles observed in two strains 

could not be confused with the profiles identified in eoneisus (Fig However, that a 

signal was generated with DNA from C sputorum bv.lecalis and C curvus suggests that 

SDi::CH~S may be more closely related to coneisus are the other species. is 

supported by phylogenetic rRNA studies (Vandamme el al., 1995) which demonstrated an 86% 

similarity level between the ......." ......'" of the two Significantly, no signal was detected 

for C mueosalis a bacteria phenotypically similar and "nnn..T1 ISlClen1tlIH~a as C coneisus 

el al., 1993). 

A total five profile patterns were observed in C eoncisus strains probed. All ofthe 

strains contained a 0.5 kb band that hybridised to the probe. profiles obtained were 

consistent both and Danish clinical isolates. In addition, a profile indicative C 

concisus was observed in two reference strains CCUG 13144 and CCUG 19995, identified by 

Vandamme el al. (1989) as falling into two DNA: DNA hybridisation homology This 

is an indication that hybridisation pattern is probably universal among C eoncisus and not 

confined to a "...,"'.... 11"1 M-''''M'~P''''- region. 
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I 
DNA analysis of 1.6 kb fragment revealed a total of three open frames. 

ORFI comprised the 3' end of the gyrB which included the conserved domain of the 

carboxyl-terminal, belonging to the protein family of prokaryotic DNA topoisomerase II 

(Pfam:PF00986). This of the carboxyl terminus is thought to support complex formation 

with the DNA gyrase A protein and m relaxation of supercoiled DNA 

(Roca, 1995). In this respect, that signals were obtained with DNA from the majority of 

Campylobaeter species, following hybridisation with a portion of ORF 1, was not surprising. 

Strong signals were obtained with DNA from C. eurvus, sputorum and C. helvetieus (Fig 

2.8B), that the gyrB of these are closely related to their cOtmte:rpalrt 

C. 

The fragment internal to ORF2 hybridised to DNA from C. C. eurvus. ORF2 

contains a HindIII site, two (1.16 kb and kb) in eoncisus hybridised to the probe. 

On hand, only one band kb) in the DNA from curvus hybridised to the probe. 

Since ORF 1 also hybridised to a fragment of 2.4kb in this strain it is likely that as in C. 

coneisus, ORF1 and ORF2 are contiguous in C. eurvus. Weak hybridisation were 

observed with DNA restriction fragments from C. rectus, sputorum bv. fecalis and 

Bacteroides ureolyticus, but no hybridisation signals were detected other Campylobacter 

speCIes. 

Hybridisation studies using a fragment internal to showed that this sequence was 

responsible for the signal obtained with the kb band in concisus. That all of the 

investigated contained this 0.5 kb fragment SUQQES:ts that the HindIII at 

the 5' and 3' sites of ORF 3 are conserved. Signals were not obtained with the DNA from any 

other Campylobacter species. 

Other workers developed species specific probes from randomly cloned genomic 

fragments (Gebhart et al., 1989; et 1992; Bustamante et 1995). In studies 

probes were used in colony blot hybridisation assays, with the aim of making them appropriate 

for routine purposes. The described this work does not depend on the 

specific homology for identification. Rather, gene arrangement and loci of the 

three open reading frames identified seem to be unique to coneisus. With species-specific 
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probes designed as described above, chances of cross-hybridisations in closely related 

is always a possibility. the study by Bustamante al. 1995, CjOl a specific probe 

for jejuni was found to to some clinical isolates coli, while in another study, 

two of three probes developed the specific identification of C. helveticus, were found to 

cross-hybridisation with upsaliensis DNA (Stanley e/ al., 1992). 

Campylobacter have been described as having fairly fluid susceptible to 

recombination with extragenic DNA (Wang and Taylor, 1990). This is thought to 

responsible for the observed high level of genetic among most members of this 

raIses question of the stability the locus of the 1.6 kb and in turn, 

stability and reliability of the hybridisation patterns identified. The complete rr"' ...n ....'''' 

of jejuni suggests the counterparts of gyrB, and ORF3 in C. concisus 

are located close to the replication, a conserved of the bacterial chromosome 

(Ogasawara and Yoshikawa, 1992). Thus it could be that the patterns observed in C concisus 

may be stable, although this would have to be monitored over time. 
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CHAPTER 3 

IDENTIFICATION OF CAMPYLOBACTER CONC/SUS USING 


POLYMERASE CHAIN REACTION 


3.1 INTRODUCTION 

The polymerase chain reaction (PCR), due to its relative ease and speed, has become an 

attractive option for diagnostic purposes as a rapid identification tool for microorganisms 

(Thiele et al., 1990). PCR has also been exploited in numerous studies for the identification of 

Campylobacter (Bastyns et al., 1995; Cardarelli-Leite et al., 1996; Eyes et al., 1993; Hurtardo 

and Owen, 1997; Linton et al., 1997; Marshall et al., 1999). Essential to the development of 

most species-specific PCR identification methods, is prior knowledge of the target DNA 

sequence. Consequently, most of the PCR identification methods are based on rRNA gene 

sequences, because these sequences are readily available due to their taxonomic value as 

phylogenetically conserved genetic loci. 

PCR methods targeting rRNA sequences rely on pnmers designed to anneal to specific 

sequences of conserved nucleotides within rDNA, and exploit the variable regions within this 

locus to generate species specific amplicons. Methods targeting 23S rRNA genes have been 

described for the identification of thennophillic campylobacters (Eyes et al., 1993) and for C. 

concisus (Bastyns et al., 1995). However, for some PCR methods targeting 23S rRNA (Fenner 

and Engvall, 1999; Hurtardo and Owen, 1997) and 16S rRNA genes (Cardarelli-Leiti et al., 

1996; Marshall et al., 1999), species differentiation requires an additional step of restriction 

fragment length analysis of the amplicons. 

Apart from ribosomal genes some of the genes which have proved useful for PCR 

identification purposes, and in most cases for the differentiation of the phenotypically closely 

related species, C. jejuni and C. coli, are hippuricase (Linton et al., 1997), flagellih (Oyofo et 

al., 1992), GTP binding protein (Van-Doorn et al., 1997) membrane protein (MapA) (Stucki et 

al., 1995) and an iron transport protein (CeuE) (Gonzalez et al., 1997). 
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3.2.2 PCR assay for the identification of C. concisus, using pcisusl and pcisus6 

Oligonucleotide primer pcisusl (5'-GAGCTIGTGGTAAATGA-3') which anneals to nucleotides 

5-24 of the gyrB in ORFI and pcisus6 (5'-CCCGTTIGATAGGCGATAG-3'), complementary 

to nucleotides 1508-1489 ORF3 (Chapter 2 2.7) were used in amplification assays. 

PCR mix was made up to III and consisted of 50 of genomic DNA, 2.5 U Thermus 

aquaticus (Taq) polymerase (TaKaRa, biochemicals), 50 pM of primer, nM of each dNTP 

in TaKaRa buffer (100 mM (PH8.3), 500 mM 15 mM) (TaKaRa, 

biomedicals). The PCR was carried out in a Perkin Elmer (Gene Amp 2400) thermo cycler, 

usmg following an initial denaturation at 94°C for 2 min, followed by 30 

consecutive cycles of 94°C for 1 min,45°C 1 and 72°C 2 A extension 

step at was carried out 10 min. 

3.2.3.Identification of Campylobacter using 16S-rDNA restriction fragment length 

polymorphism 

Identification Campylobacter was carried out using the amplified ribosomal DNA 

restriction analysis (ARDRA) method as described by Marshall et al. (1999). 

Oligonucleotide primers CAH16S lA (5'-AATACATGCAAGTCGAACGA-3') and CAH16S IB 

...., ...... ....,\J .........,.-J') were synthesized by GIBCO-BRL (Life Technologies). 

Amplification reactions (50 Ill) consisted of 50 ng of DNA, primers at 50 pM, 2.5 nM of each 

dNTP in TaKaRa buffer (TaKaRa biomedicals) and 1 units of polymerase (TaKaRa 

biomedicals). The amplification cycle consisted of initial denaturation at 95°C for 2 min, 

followed by 30 cycles at 94°C 1 52°C for secs for 2 min. The PCR was 

....UlU!.1.I .... ~~,U by a final at for 10 min. 
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A12345678 B 1 2 3 4 5 6 7 8 9 1011 12 

kbkb 

10.0­10.0­
6.0­6.0­

2.0- 2.0­

1.0- 1.0­

0.5- 0.5­

Fig 3.1 DNA from Campylobacter species and other bacteria amplified with 16S universal 
pnmers 
A. lane 1, 1 kb DNA ladder (Promega); lane 2, No DNA template; lane 3, C. concisus 
NCTC11485; lane 4, C. jejuni NCTC11168; lane 5, C. lari NCTC11352; lane 6, C. 
upsaliensis NCTC 12183; lane 7, C. helveticus12470; lane 8, Bacteroides ureolyticus 
NCTC 10941. 
B. lanes 1, lkb DNA Ladder (Promega); lane 2, No DNA template; lane 3, C. concisus 
NCTC11485; lane 4, C. sputorum lecalis NCTC11415; lane 5, C curvus NCTC116490; 
lane 6, C. mucosalis NCTC11000; lane 7, C. rectus NCTC11489; lane 8, Helicobacter 
pylori; lane 9, Acinetobacter; lane 10, Mycobacterium BCG; lane 11, Esherichia coli; lane 
12, Salmonella typhi. 

Using the primers directed against sequences of gyrB (pcisus 1) and ORF3 (Pcisus6) of the 1.6 

kb XbaI-BgnI fragment, originating in C. concisus [Chapter 2], a PCR product of the expected 

size (1.5 kb) was obtained for C. concisus type strain NCTC11485 (Fig 3.1A lane 3). No PCR 

product was obtained from C. jejuni NCTCII168, C. lari NCTC11352, C. upsaliensis 

NCTC12183, C. helveticus NCTC 12470, and Bacteroides ureolyticus NCTC 10941 (Fig. 3.2B 

lanes 4-8). Similarly in additional assays no PCR product were obtained for C. sputorum 

lecalis NCTC11415, C curvus NCTC11649, C. mucosalis NCTCl1000, C. rectus NCTC11489 

(Fig. 3.2B lanes 4-7) and from super-family member, Helicobacter pylori, (Fig 3.2B lane 8) or 

from the distantly related Acinetobacter, Mycobacterium BCG, Esherichia coli, and Salmonella 

typhi. (Fig 3.2B from lanes 9-12). It must be noted that PCR products were not obtained with 

C. curvus and C. sputorum subsp. Iecalis, even though a hybridisation signal was obtained 

62 



Univ
ers

ity
 of

 C
ap

e T
ow

n

when these strains were probed with the 1.6 kb fragment [Chapter 2 Fig 2.4]. This was an 

expected result as no hybridization signal was obtained with the probe for ORF3 and the DNA 

from these organisms [Chapter 2 Fig. 2.80 ]. Thus, a primer set that includes a primer targeting 

ORF3, makes the assay specific for C. concisus. 

A12345678 B 1 2 3 4 5 6 7 8 9 10 11 12 

kb 
kp 

10.0­
10.0­ 6.0­
6.0­

2.0­2.0­

1.0­1.0­

0.5­0.5­

Fig.3.2. Amplicons using primers pcicus I and pcisus6 
A. lane 1, 1 kb DNA ladder (Promega); lane 2, No DNA template; lane 3, C. concisus 
NCTC1l485; lane 4, C. jejuni NCTCll168; lane 5, C. lari NCTCl1352; lane 6, C. 
upsaliensis NCTC12183; lane 7, C. helveticus12470; lane 8, Bacteroides ureolyticus NCTC 
10941. 
B. lanes 1, 1kb DNA Ladder (Promega); lane 2, No DNA template; lane 3, C. concisus 
NCTC11485; lane 4, C. sputorumJecalis NCTC11415; lane 5, C curvus NCTCl16490; lane 
6, C. mucosalis NCTC 11 000; lane 7, C. rectus NCTC 11489; lane 8, Helicobacter pylori; lane 
9, Acinetobacter; lane 10, Mycobacterium BCG; lane 11, Esherichia coli; lane 12 Salmonella 
tvohi. 

3.3.2 Evaluation of peR for the identification of clinical isolates of C. concisus 

Using pcisus 1 and pcisus6, PCR assays were carried out on 92 clinical isolates, including the 

52 clinical isolates previously used in hybridisation studies. With respect to the latter group, a 

single PCR product of the expected size (1.5 kb) was obtained from each of the 49 isolates 

which demonstrated a C. concisus specific hybridisation profile, showing good agreement 

between the hybridisation studies and the PCR assay. Although isolate 297-96, demonstrated a 
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2 3 4 5 6 7 


kb 

11 .5­

2.56­

1.16­

Fig. 3.3.PCR amplification with C. concisus specific primers pcisus 1 and 

pcisus6. 

Lane, 1 Lambda digested with PstI; No DNA template; lane 3, C. 

concisus NCTC11485; lane 4,- 296-96; lane 5,297-96; lane 6, 317-96; 

lane 7, 370-96, 


1 2 3 4 5 


kb 

14.0­

5.08­

1.7­

1.16­

Fig. 3.4. Hybridisation with 1.6 kb C concisus species specific probe. 

Lane l-C concisus NCTC11485, 2- C. curvus NCTC 11649; lane 3, 297­
96; lane 4, 317-96; lane 5, 370-96, 
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concisus specific hybridisation profile, 3 PCR products, of which one was the correct size, 

were obtained from strain (Fig 3.3 5). This strain is assumed to be concisus. to 

incomplete digestion DNA, it was impossible to the hybridisation of 21 

(Chapter 2 Fig.2.5A 2) however, an amplicon was obtained from this (Results 

not shown) and it too is assumed to concisus. In the preceding chapter no hybridization 

signals were obtained with DNA from 31 and when strains were probed with 

the 1.6 fragment 1, respectively].On repeating 

experiment, were obtained 3.4 4 and 5), but not with fragments associated 

with concisus. The results the PCR assay were consistent this finding as amplicons 

were not obtained or were not of the correct size 3.3 lanes 6 and 7), suggesting 

strains are not concisus or locus to which gyrB or ORFI and ORF3 belong is not 

conserved in strains. Additional studies ARDRA (Marshall et al., 1999) were 

performed on these two strains. Following amplification of rDNA and digestion with DdeI, the 

restriction profile 317-96 lane 7) was consistent with for C. upsaliensis as 

indicated Marshal et aI, (1999). restriction profile of 370-97 (Fig 3.5 lane 8) did not 

facilitate its identification to species These suggests that both strains were 

originally misidentified as C. concisus and highlights shortcomings of phenotypic ......,U..il:::.. 

With respect to additional 42 clinical isolates 3.1), a product the correct was 

obtained from all but 2 isolates: 36-93 and 318-96. These were SUbjected to the 

hybridization assay described in Chapter The hybridization profiles obtained were not 

consistent with those concisus isolates not To findings 

the 16S rDNA-based method (ARDRA) of Marshall et af. 1999 was performed. The resulting 

DdeI profiles of amplicons were different to all Campylobacter 

specified lane 3 and 4). Thus, strains are not C. concisus. For 

some samples the PCR repeated, isolate 296-96 an amplicon of the correct 

size was obtained on the (Fig 3.3 lane 4). identity this isolate was 

confirmed by restriction fragment polymorphism analysis method Marshall et al. 1999 

lane 5). 
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2345678 

KB 

2.176­

1.033­

0.653­

0.394­

0.154­

Fig. 3.5. Amplified ribosomal DNA restriction analyses with DdeI. 
Lane I, DNA marker VI ( Boehringer Mannheim): lane 2, C concisus 
NCTC11485; lane 3, Isolate 36-93; lane 4, Isolate 318-96; lane 5, Isolate 
296-96; lane 6, Isolate 297-96; lane 7, Isolate 317-96; lane 8, Isolate 370­
96. 

A rapid PCR assay for the identification of C. concisus was developed and evaluated using 

primers that annealed to the 3'end of gyrB and ORF3, respectively [Chapter 2]. The assay was 

specific for C. concisus suggesting that it could be used to identify this organism. Unlike the 

method of Marshall et ai, (1999), amplicons did not require an additional restriction 

endonuclease analysis step, making the method rapid. Although most of the strains tested were 

isolated in Cape Town, amplicons were obtained from two Danish clinical isolates and 

importantly, from two reference strains shown to be genetically diverse (Vandamme et al., 

1989). 

Sequences from randomly selected DNA fragments have also been used to develop PCR based 

identification schemes for C. jejuni and C. coli (Bustamente et al., 1995), and for Helicobacter 

(Valentine et al., 1991). In the study by Bustamente et al. 1995 one of the DNA probes for C. 

jejuni cross hybridised with five clinical strains of C. coli. However, using primers based on 

the DNA sequence of the probe in a PCR assay, a false positive was obtained from only one of 
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the C. coli isolates. This indicates conservation within region to which the 

were the two species. Genomic stability and specificity of the target IS 

therefore important in PCR to identify 

The described in this study offers the IJV.~';)"J' of investigating epidemiology 

and clinical significance of C. concisus. It has the requiring minute of 

DNA and can be using stored, frozen pellets. It was this property "''''f'TPr1 

that processing of additional 42 clinical Although the described 

here was not used on similar have to detect 

amDVloOtlCI(~r species directly from stool samples (Oyofo et al., 1992). amplification 

from boiled pure bacterial colonies, offers a prospect ;)1J\;;;{';;UJlH~ up the ...."'..u,.."'......,'.. assay, 

although this remains an option to be investigated 

method was to be fast, simple when f'A,mn'::''''''t'1 to Southern 

blot described in '-'U'''-v'''''' 2 and is more for routine application. However the 

results obtained do not between the n;::>,"\",t-,,...,.,,..,, identified 2. In order to 

potential pathogenic strains of C. concisus, subtyping within the "'IJ""''''''' is desirable. 

polymorphism of the locus identified Chapter 2 is not for typing 

, ......,f'\<:!".<:! with 74% of the strains investigated falling into one (profile IV). 

genotyping .......un......'" with higher were investigated. 
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CHAPTER 4 


LABELLING 


4.1 INTRODUCTION 

Conventional methods such as biotyping and serotyping have used with success in 

the epidemiology Campylobacter (Owen et al., 1994: et ai., 1995; Patton et al., 

1991). Although are cost effective and role in the primary 

characterisation have a major they lack sufficient 

discriminatory ....,."11"".. phenotypic ......",...."".-t. to environmental pressure 

and therefore has called for e!1ectlve methods, with high 

discriminatory ""/"",,"",. lllJ\.,al.")1J many Campylobacter HAL'_"''''U''''' and need robust 

typing techniques to trace the source of infections. As a result ...v • ..,,,,........ typing methods 

have been utilised the study of Campylobacter isolates: a examples being, flagellin 

gene et ai., 1996; Nachamkin et ai., 1993), (Gibson et ai., 1997) and 

amplified polymorphism analysis (Duim et 1999; Kokotovic and On, 

1999). their ability to differentiate oerwefm isolates and the ease with 

which can generated and interpreted. 

Pulsed because of its to restriction fragment length 

polymorphism across the entire genome, is ....v,'.......,UL".... as being a highly sensitive technique 

for bacterial strain differentiation (Tenover et al., 1 technique also fulfils most of 

from an ideal typing to type a wide of 1'\!l;I'T"".... 

highly reproducible which are unambiguous to 

interpret. a result this technique is now 'gold standard' in the typing 

v'"",,"v ......,...., (Maslow and Muligan, 1996; .""....","""1" et ai., 1997). The method 

the genome sizes of C. jejuni, coli, lari, C. upsaliensis and fetus, 

et al., 1996; Chang and Taylor, 1990; Stanley et aI., 1995). It has also been m 
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numerous epidemiological investigations of coli (Owen et al., 1 

et al., 1 and Taylor, 1991), "'-"'L.UU,", et al., 1994) and in 

(Chang and Taylor, 1990) ........ >u"'""',,. this method never 

to C. concisus. 

The was to investigate .,."",.,,,r\M'\l'f' variation of C. concisus ."'vu....,." a 

population of paediatric patients with diarrhoea, pulsed field gel and a 

relatively new technique, restriction fragment end labelling. The latter technique previously 

in typing of Actinobacillus actinomycetemcomitans (Van et aI., 

analyses length polymorphisms in lower1995), 

(l00-500 bp) by on a 

The authors the method corn08lfes favourably with other restriction 

polymorphism DNA analysis techniques, but has since been used to a limited with the 

only known study being that of Helicobacter pylori (Van Doom et ai., 

1998). method as a result has not fully evaluated as a technique by other 

workers and one of the intentions of the was to assess its potential as typing technique for 

C. 

DNA was ",,....... "",f'I out with the 

P. Jordan at the Danish Laboratory, LopellOalge:n, under the 

of Dr S.L.W. On. 

4.2 Experimental procedures 

Bacterial strains 

strains used in this are Table 4.1 and the 46 C. 

used for 4.1), 41 were ."VlU.""U with 

<>.,.,.1"1 ....,.", admitted to the Red Memorial Hospital One of the 

l"VU"",'_,, was from an adult patient who had diarrhoea. Two strains from adults with dental 

two C. concisus rPT,"'rp,,.,l"P were also included 
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Table 4.1 concisus strains used for 

No C. concisus strains Sex of patient Age (Months) Clinical symptoms 

1 20·93 M 6 ~2 104-93 F 33 
3 204-93 M 9 Diarrhoea 

ii-A 
24 Microcytic anaemia 
12 Diarrhoea 

F 19 Diarrhoea with blood 
7 207-94 M 3 ±=astroenteritis 

F 11 d diarrhoea 
M 9 Dysentery 

~ 
F 

~~O 
Dysentery 

11 IF Chronic diarrhoea 
12 F Loose stools 
13 396-96 F 6 n. .. 

14 305-98 IF 117 Dvsentery 
15 306-98 M 19 Hirsprung's disease 
16 311-98 F 14 (",!, 'tis 

17 1M 16 Diarrhoea 2 weeks 
18 313-98 M 9 Abdominal pain loose stool 

19 318-98 1M 1 Hiv+ and Diarrhoea 
20 328·98 M ' uosaliensis 

• 21 331-98 F 
122 8-99 

* 
~Ult Diarrhoea 

23 15-99 Hiv+ and Diarrhoea 
24 17-99 Acute gatroenteritis 

125 24-99 F 40 Fever ventilated 
26 28-99 F ! 14 I Tarrhoea co-isolate C~tosporidium27 35-99 F 12 

128 38-99 M 13 P 
29 45-99 M 12 ~rsistent loose diarrhoea 
30 47-99 15 
31 51-99 M 7 Post liver transplant 
32 52-99 M 18 Diarrhoea 
33 59·99 F 9 Chronic diarrhoea single granulomar 
34 61-99 M 12 Dysentery 
35 62-99 F 13 Chronic diarrhoea 
36 64-99 F 27 Dysentery 

7 113·99 F 15 Prolonged diarrhoea 
115-99 M II Aplastic anaemia 

39 126-99 M 10 Chronic diarrhoea with blood 
40 131·99 F 25 Dysentery 
41 135-99 F 6 

~ 
42 140·99 F ~t ery 
43 26A~ isolate 
44 D9# Adult Dental isolate 
45 CCUG 19995* NA ~t
46 CCUG 13144* NA 
H C. concisus dental isolates from adults. * C. concisus reference strams. NI A Information not avaIlable, 
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Table 4.2 Bacterial strains for restriction fragment labelling 

No C. concisus strain Sex of patient Al!e (months) Clinical condition 
1 

~ 
1M 15 Chronic diarrhoea 

2 F 12 

d M 9 Chronic diarrhoea 
86-95 M 7 kwashiorkor 

5 89-95 N/A N/A N/A 
6 207-95 60 diarrhoea 

1 
211-96 F 38 Diarrhoea 
214-96 N/A 7 Diarrhoea 
215-96 M 57 Loose stool 

10 219-96 N/A II Prolonged diarrhoea 

~~r 
M 26 Dysentery 

i 12 96 M 23 Diarrhoea + vomiting 
• 250-96 F 22 Watery stool 

259-96 M 35 Diarrhoea +vorniting 
15 260-96 M 26 Diarrhoea 
16 265-96 F 3 Diarrhoea 
17 315-96 M 16 Chronic diarrhoea 
N/A Clinical mformatlon not available 

4.2.2 Preparation of DNA 

Chromosomal DNA embedded agarose blocks was prepared as described by and 

fellow (Gibson et aI., 1994) with modifications. A loopful of cells for hrs 

on BHI was and in 2 ml of Pett buffer. Formaldehyde (300 

1-11) was added and the cell suspension was for 90 at room tenlPerature Absorbance 

values at 450 nm (MR 7000 LA""'",,,,, laboratories, Denkendorf, Germany) for 150 1-11 cell 

suspension aliquots in microtitre plates (Nunc, AJS Rosklide, Denmark) were determined. 

Volumes were adjusted to give an absorbance value of 1 The cells were washed times 

with 1 ml of Pett buffer and finally resuspended in 600 J.ll of same buffer. Cell 

suspension aliquots (300 J.lI) were mixed with 700J.lI of molten 1 % (w/v) chromosomal 

"''''-'!.lV.,,,, (Bio-rad #162-01 and cooled to 65°C. mixture was dispensed into plastic 

moulds (Phamacia) using a pipette. For each ".....,,1.1,'''' 5 DNA blocks were prepared allowed 

to set at 4°C for 15 

the cells, blocks were incubated in 3 ml 0.5M EDT A, 1% Sarko~yl 5 mg/ml 

Proteinase K buffer for 48 consecutive washes with 2 ml of pre­
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wanned to 56°C were out at 30 set blocks was stored at In 

vials containing TE. 

4.2.3 Restriction endonuclease digestion 

0",.,,...,,,,, slices (approximately 1.0-1.5 mm) were cut from DNA-containing blocks and 

incubated for 1 hr in a 100 !J,l of the appropriate restriction buffer, with BSA Triton 

(Amersham life was out at 37°C 5 hrs in a 50 !J,l buffer mix 

20 U ofNotI, SalI, KpnI and SmaI (Amersham life sciences). 

4.2.4 Separation and detection of restriction of 

digested blocks were loaded on a 1.0% agarose gel (Bio-Rad #1 137 made in 

0.5 x 	 and wells with 1.0% (w/v) made 

in H20). DNA in 0.5 TBE by electrophoresis 

a contour-damped homogenous field apparatus (Bio-Rad model 

Copenhagen, Denmark). first pulse times were ramped from 3-10 sec for. 4 

and the second phase from 10-15 sec for 18 hrs. 

DNA was visualised by staining the in ethidium bromide for 10-15 min and In 

water. Photographs were taken under Ultraviolet (302 nm) using a Polaroid camera. 

Calculation of genome size 

Photographic were captured Kodak DC 120 digital camera (Kodak 

science). detection of restriction fragments bands for lane was carried out by 

computer the ID version 3.0 (Kodak digital SCIence 

Using lambda ladder marker (New ___,..,____ BioLabs) loaded with the samples, and 

following instructions delineated in the software booklet, molecular weights were assigned to 

The weights of in each were up, 

to obtain the total size each DNA sample. The mean of the total sizes calculated for each 

DNA sample was taken as the genome 
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4.2.6 Restriction fragment end Labelling 

Restriction fragment end-labelling (RFEL) was carried out as described by Van Steenbergen et 

al. 1 with modifications. Genomic DNA (2 /-ig) from concisus isolates was 

restricted to completion overnight at 37°C in a 30 /-il volume, with 10 of BglII, (Boeringer 

Mannheim). The was inactivated by phenol/chloroform extraction and the DNA 

precipitated with ethanol. The 3' recessed termini of the DNA were in and 

labelled with [a)2P]dATP (2.SmCi per I/-iCi 37kBq), using 1 of Klenow 

fragment DNA polymerase (Boehringer Mannheim) a 20/-i1 reaction containinglmM of 

dCTP, dTTP. was incubated at for 30 min, unincorporated dNTPs were 

removed washing in 70% ethanol. The was precipitated and in 6 of 

(PH 7.6). Efficiency of the labelling was determined by taking readings 1 J..lI sample, 

using a scintillation counter. Equal quantities labelled samples, were mixed with an equal 

volume of stop solution (Phamacia Biotech) and denatured by heating at 90°C for 3 min. 

Samples were loaded on a 6% polyacrylamide gel restriction fragments 

separated electrophoresis for approximately 3 at 1600V with dye as 

guide for the length the run. The polyacrylamide was transferred onto Whatman 3 M 

paper and vacuum dried. The restriction fragment (RFEL) generated detected 

autoradiography. 

4.2.7 Numerical analysis of restriction fragment end-labelling data 

Resulting autoradiograms were captured a Kodak DCI digital camera (Kodak Digital 

Science) and images stored as files. Images were processed and analysed using 

GelCompar 3.1 (Applied Maths, Kortrijk, Belgium). Lanes were assigned to 

profile according to the instructions in supplier's manual (GeICompar). DNA restriction 

profile patterns were normalised by alignment using a labelled HinjI or 

~ 174 HinfI (Promega) included at regular intervals as a reference standard. the curve-

fitting algorithm, the background was subtracted from all and selection of bands 

by a minimal profiling value of 4%. For band comparison, band position tolerance 
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value of 1.0% was at, to compensate aberrant gels after running duplicate 

on the same gel. 

4.3 RESULTS 

4.3.1 PFGE typing of C. concisus 

For the generation of restriction profiles suitable for pulsed gel electrophoresis analysis, 

several enzymes were evaluated. The San and SmaI were found to cut C. concisus 

DNA inefficiently (data not shown), while digestion with KpnI generated too many bands 

separation was with clustering at low molecular weight levels (data not 

shown). On other hand, the restriction fragments CTpr,pr",tp,; by NotI (GC/GGCCGC) and 

separated by were well dispersed, with most DNA samples having 5-12 ranging 

from 45 to 530 kb lA and 4.1 B). 

Based on a selection NotI DNA digests that generated DNA fragments from approximately 

10 kb to 600 kb SIze C. concisus was calculated Table 4.3). 

Table 4.3 calculation of concisus genome size 

'"-c: 
4,j 

E 
I:>Jl 
t'II 

228.2 174.1.:: .... 106.5 159.6Q 

94.3 112.7 
37.0 50.3 

... 22.4 37.2 
t'II 

7.0-; 
<.) 
4,j 

'0 
~ 

1645. 1636.5 1883. 1752.0 1840.4 1871.6 1766.0 1614.4 
5 6 

Mean 1.84Mb 
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A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


Kb 

533.5­
436.5­

339.5­

242.5­

145.5­

48.5­

B 
2 3 4 5 6 7 8 9 10 11 12 13 14 


Kb 

533.5­
436.5­

339.5­

242.5­

145.5­

48.5­

Fig 4.1. PFGE of NotI restricted C concisus DNA 
A. Lane 1, 389-96; lane 2, 51-99; lane 3, 28-99; lane 4, 45-99; lane 5, 17­
99; lane 6, 64-99,; lane 7, lambda Ladder PFGE standard (New England 

BioLabs); lane 8, 15-99; lane 9, 377-96; lane 10, 24-99; lane 11, 61-99; 

lane 12, 328-98; lane 13,8-99, and lanel4, 59-99. 

B. Lane 1, 131-99; lane 2, 35-99; lane 3,140-99; lane 4,113-99; lane 5, 
135-99; lane 6, 207-94;lane 7 lambda ladder PFGE standard (New England 
BioLabs); lane 8, 306-98; lane 9,331-98; lane 10,393-96; lane 11,318-98; 
lane 12,305-98; lane 13,396-96, and lane 14,312-98. 
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mean size of C. concisus calculated from 10 isolates is 1.84 Mb with a range in 

between 1.64 Mb and 19 Mb. Using NOLI, restriction patterns were obtained for 42 of 

the 44 clinical isolates, including the two dental The DNA from the remaining two 

isolates 12-98,45-99) was refractory to digestion with Noll 4.lB lane 14; lane 

. Fig. 4.2 2) profiles were not obtained for these two strains. 

Macro-restriction profiles Noll restriction showed considerable heterogeneity of 

the isolates. Variability was observed with respect to both the number of restriction 

fragments (Fig. 4.2) and the distribution of restriction fragments. Only isolates and 104-93 

(Fig 17 20) had identical fingerprints, the profiles of the remaining 42 isolates 

were 

Despite heterogeneity, based on the number distribution of NotI fragments, it was 

possible to identify three distinct groups. Fig. 4.2 lanes 1-5 represents the group 

by relatively Lanes 6-14 depict a group of strains, 

which can be described terms of even band distribution. All of 

well fragments ranging from 45 kb to 530 kb. last group is shown lanes 16­

20: The common denominator of this group being that most of the fragments cluster 

below 300kb. Representatives from 	 of three groups were .,"'"."' .....u for 

with other genotypic typing techniques. From the first group, strains were 

"''''''"....... y 
 51-99, 45-99, 38-99 (Fig 2.4 lanes 1, 2 and 5), six strains CCUG 13144, 205-94, 64­

99, D9, 61-99, 207-94 (Fig 4.2 lanes 6, 8, 10 and 11; 4.lB lane 6) were selected from the 

""'''''J''''' group and representative from the last group 204-93, 52-99, 204-94, 47-99, 

CCUG 19995 and 24-99 (Fig 4.2 16, 18, and 21-24) were chosen. 
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1 2 3 4 5 6 7891011121314151617181920212223242526 

Ks 

533.5­
336.5­

339.5­

242.5­

145.5­

45­

Fig 4 2. PFGE of NotI restricted DNA from grouped C. concisus strains. 

Lane 1, 51-99; lane 2, 45-99; lane 3, 312-98; lane 4, 15-99; lane 5, 38-99; lane 6, 

CCUG 13144; lane 7, 205-94; lane 8, 64-99; lane 9, 220-96; lane 10, D9; lane 11,61­
99; lane 12,25-94; lane 13, 115-99; lane 14,219-96; lane 15, lambda Ladder PFGE 

standard (New England BioLabs); lane 16, 204, 93; lane 17, 26A; lane 18, 52.99; lane 

19,377-96; lane 20, 104-93; lane 21, 204-94; lane 22, 47-99; lane 23, CCUG 19995; 

lane 24, 24-99; lane 25, 402-96; lane 26,20-83. 


Given the genetic variability observed, the identical profiles observed in the unrelated strains 

26A and 104-93, were unexpected. The strains were isolated approximately four months apart; 

strain 104-93 was isolated from a patient with gastro-enteritis, while 26A was a dental isolate. 

4.3.2 Restriction fragment end labelling analysis 

Several restriction endonucleases that result in 5' overhangs were tested for their ability to 

generate RFEL profile patterns. The enzymes EcoRl and BamHI were found to restrict the C. 

concisus DNA inefficiently while, HindIII resulted in numerous bands which were too 

complex for analysis. Following restriction with Bgm the patterns consisting of 30 fragments 

77 



Univ
ers

ity
 of

 C
ap

e T
ow

n

between 75 bp and 421 bp could be analysed. An intermittent problem with the analysis of 

restriction labelling was the high noise or profiles 

some samples. For some samples, high background noise was attributed to degradation during 

DNA extraction, but for some other inefficient labelling and high background was not 

consistent between consecutive experiments and could not be attributed to any reason. 

However, this did not hinder interpretation for most samples as autoradiograms of the 

profiles were by distinct typical 

indicating restriction profiles obtained is shown in 4.3A. 

4.3.3 Reproducibility of restriction fragment end labelling patterns 

determine if the restriction fragment end labelling profiles generated were reproducible, 

DNA samples 5 C. concisus, labelled in separate were run duplicate 

on the same 4.3A). PBR322 digested with Hinfl was loaded on the to act as a 

molecular weight standard. The resulting autoradiogram was analysed using Gelcompar 

numerical analysis program. Although weak bands were obtained for duplicate samples 222­

94a (Fig. 2 7), manual within the band search window of 

Gelcompar, enabled analysis. All duplicate samples clustered together at a correlation level 

90% or above, with the of samples and 222-94b which clustered above the 

87% similarity level. (Fig. 4.2.B). The lower value observed IS 

probably due to inefficient labelling attained for the samples and this result was disregarded in 

arriving at a intragel correlation value 90% or greater for identical or clonal isolates. 
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2 3 4 5 6 7 8 9 10 11 


bp 

344­

320­

298­

221­

154­

... 

... -= • 
1 / 

Fig 4.3A Restriction fragment end labelling of BglIJ digested DNA with 
duplicate samples labelled in separate assays. 
Lane 1, pBR322 digested with Hinfl; lane 2, 222-94; lane 3, 260-96; lane 4, 

219-96; lane 5, 86-95; lane 6, 247-96; lane 7, 222-94; lane 8, 260-96; lane 9, 
219-96; lane 10,86-95; lane 11,247-96. 

79 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

~o 

...~__~~~~~~~__~__~~__~~~-L~ 

I 

i 
I 

I 
I 

I 
I 

86-95a 
86-95b 
2 -96a 
219-96b 
222-94a 
222-94b 
260-96a 
2 96b 

-96a 
247­

To evaluate inter-gel t'pn1~..... rl1 separate experimental 

assays could be correlated, samples from the isolates above were again subjected 

to with another selection of isolates. The results from two gels were combined 

and analysed. Clustering between individual isolates run on different gels was observed only 

between two (219-96 and 260-96) of five replicated samples (Fig. Even then different 

labelled 219-96a 219-96b run on same gel clustered at a correlation level 

about 95%. This was higher than the 73% linkage level to sample 219-96, which was run on 

++"'.''''".,+ gel. Following analysis of profile 260-96c, this strain was linked at the 86% 

to correS'DOfldlflg duplicate (260-96a and 260-96b) loaded on same geL 

Correlation of samples on different gels was consistently lower than when samples were loaded 

on same This was not due to generation of inconsistent profiles, but to 

shift length of the run between the two This could not be compensated by 

normalisation function, in GelCompar program or by the position tolerance value 1.0%, 

set to compensate for aberrant YULJ.AU5 whichgels. A case in point being sample 

to other replicate samples run on the same (247-96a and an identical 

96b), but due to a shift in runmng gel, appears unrelated to other in the 
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Fig. 4.4 Dendrogram of relatedness for RFEL repeated samples run on different gels. Isolates labelled a and b are 
samples used in intra-gel analysis shown in Fig 4.3A. Isolates labelled c represent repeat samples loaded on 

a different gel. Similarity between samples was calculated using the Dice coefficent and the dengrogram drawn by 
UPGMA with a tolerance value of 1.0% and optimisation of 0.50%. 
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dendrogram generated. Inter-gel comparison of data FREL under the 

conditions specified, was misleading not practised data 

4.3.4 Numerical analyses of profiles for strains grouped by PFGE 

Representatives of the three subgroups 45-99, 13144,205-94,64-99, 61-99, 

207-94, 204-93, 204-94, 47-99 24-99) identified following 4.3.1] were 

subjected to As was observed with each the strains had unique profile with 

isolates with clustering starting below a similarity level of 78% (Fig 4.5). grouping 

observed within PFGE was not apparent the of the 

12 selected strains. concisus CCU G 13144 and 204-93 were least related to isolates. 
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205-94 
61-99 
47-99 
204-94 
51-99 

I D9 
64-99 
24-99 
207-94 
45-99 
CCUG 13144

i, 204-93 

Fig. 4.5 Dedrogram of relatedness for C. concisus isolates using RFEL 
carried out on isolates found to represent genetically diverse strains 
using PFGE. Strain relatedness was calculated using the Dice coefficient 
and the dendrogram constructed using UPGMA with a tolerance value of 
1.0% and optimisation of 0.50%. 
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4.4 DISCUSSION 

study the genomic diversity of concisus, DNA from 46 isolates was digested with NotI 

and separated by PFGE. It is noteworthy that preparation of DNA blocks, 

inactivation of exonucleases with formaldehyde was necessary, a procedure described for 

Dnase positive strains of C. jejuni (Gibson et al., 1994). It was not possible to obtain suitable 

1"\<>1'1'",..."" following digestion with KpnI, San SmaI; however, fingerprints of 

44 clinical isolates were following digestion with NotI. for two isolates 

all the strains had unique Noll profiles, an indication of marked variability within the 

species. An observation, which was reinforced by the with the exception CCUG 13144 

CCUG 19995 all the studied were obtained the same 

geographic UJ"""'''.." It is high genomic variability observed could have been 

amplified by the time frame (1993-1999) during the samples were taken. However, 

marked within 21 collected in 1999. genotypic 

is greater that for (Chang Taylor, 1990, Van 

et al., 1991), and H mustalae (Taylor et al., 1 Similar genotypic diversity been 

observed in pylori (Taylor et al., 1992) and C. upsaliensis (Bourke et al., 1996). 

The of concisus was found to vary 1.64 to 1 Mb, which is not surprising 

the amount of genotypic heterogeneity evident in mean O"pn,l"\rri 

size of concisus approximated to which IS very to 1.7 Mb as 

estimated for and C coli (Chang and 1990). 

Restriction fragment end labelling was evaluated as a typing technique for concisus. Using 

HU'..,l"",Ck)"" Bgm, 20-30 restriction fragments ranging 75 bp to 421 bp were 

generated. number was large enough to sufficient discrimination without being too 

cumbersome. This allowed for implementation of numerical analysis and the subsequent 

plotting of a similarity for The restriction end-labelling 

profiles obtained were distinct and reproducible although presence of doublets arising 

complementary DNA fragments at times could confuse data interpretation. An intra-gel 

comparison of duplicate was linked at a correlation of than 90%, while 

from separate experiments could not compared due to aberrant migration achieved by 
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flat back sequencing electrophoresis system used. Results could probably improved 

by using a more cooling electrophoresis system. 

By subj ecting 12 of the 15 suggested by PFGE to represent subgroups genetic 

diversity, a comparison between PFGE and was out. Although both techniques 

look restriction fragment length polymorphism, they contrast in that looks for macro 

in the genome, while samples genome RFLP in 

fragments below 500 bp. 12 strains were found to genetically diverse by RFEL 

with having a similarity less than Based on these results, it can be assumed 

that RFEL a discriminatory power on par with that of However, no correlation was 

found between subgroups identified PFGE clustering by The only 

major drawback RFEL was intermittent, occasional high background and feint 

profiles obtained due to inefficient labelling. warranted repetition samples and was 

time consuming. The also additional hazard working with radioactivity. 

was reliable and is suitable as a secondary technique ngorous 

discrimination is required. 

depth in concisus variability been alluded to by Vandamme et al (1989), when 

DNA were compared C. isolates collected from 

diverse sources. This study is first report demonstrating strain variability within 

isolates. number of have been advanced to account for this genomic variabilty. 

coli C. jejuni have been shown to naturally competent and readily take up naked DNA 

by transformation and 1990). variability be 

achieved spontaneous genomic rearrangements, a phenomenon that described in C. 

coli (On, 1998). Following successive passages, restriction profile of was different 

that of parent suggesting intracellular molecular events (On, 1998). 

events playa role the observed genetic variation prevalent in concisus. 
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CHAPTERS 

INTRODUCTION 

DNA fingerprinting techniques such as and as described in the previous Chapter, 

although reliable and discriminatory, are time consuming and laborious. number of 

techniques have used to type Campylobacter species (Wassenaar and Newell, 2000), 

jlaA typing, a rapid which has extensively the typing of 

jejuni (AIm et al., 1993; Nachamkin et al., 1 . Nishimura et al., 1996) and to a limited 

degree in typing coli, C. helveticus (Owen et al., 1993). During course of 

these latter ,,,,,,,,u..,",, was used a small study to type concisus. Using JJHJ'U"L 

by Owen et al. no amplicons were obtained. of the 

sequences (Harrington et ai, 1997; Wassenaar et al., 1 could explain this result and the 

technique was not evaluated further. 

Random amplified polymorphic DNA (RAPD) analysis (Welsh and McClelland, 1990) which 

is essentially the same as arbitrarily primed PCR (AP-PCR) described by Williams et al., 1990, 

is a rapid that used to type many microbial including 

Campylobacter (Hernandez et al., 1 lriarte and Owen, 1996; Madden el al., 1998). The 

method uses arbitrary primers to amplify DNA products under low stringency PCR conditions 

to generate strain-specific patterns. 

A poly-GTG oligonucleotide has previously been used for the identification 

Mycobacterium tuberculosis when as a radiolabelled probe Southern 

hybridisation analysis of HinfI restricted DNA (Wiid et al., 1994). oligonucleotide 

also as a in the of nontuberculosis mycobacteria (CiUiers et al., 

1997) as well as in Salmonella and Shigella isolates (Doll et al., 1993). According to our 

knowledge, it has not yet been used before as a RAPD primer. Following modification of the 

amplification protocol for analysis as described Williams et 1990, the (GTG)s 

oligonucleotide was as a primer PCR assays the typing concisus. 
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5.2 METHODS 

Bacterial strains 

A total C. concisus strains (listed in 2.2 and 3.1) collected from the Red 

Cross Children's Memorial Hospital bacterial culture collection were typed using RAPD 

collection comprised both frozen and samples. Before 

the were identified by biochemical testing and by the rapid PCR identification 

protocol based on the 1.6 kb fragment described in Chapter 3. 

RAPD analysis 

The PCR were carried out in III containing approximately 500 ng of 

DNA template and pmole of (GTG)s primer. improve reproducibility Ready To 

RAPD analysis beads (Amersham Pharmacia biotech) were used to provide a consistent and 

uniform source of polymerase, dNTPs and buffer conditions. Amplification was performed 

starting with 4 cycles of low specificity at 9SoC for 2 min, 36°C for 2 min and 72°C for 2 

were followed 30 consecutive of high at for 1 min, 50°C 1 min 

and 2 A extension step at was out. PCR products 

were separated by electrophoresis in 1.4% agarose (Techcomp Ltd). gels were run at 80 V 

for 2 in 1 TAE, stained with ethiditml bromide (Sigma chemicals) and visualised using an 

ultraviolet transilluminator run). 

5.2.3 Field inversion gel electrophoresis 

Preparation of genomic DNA agarose blocks and restriction with NolI endonuclease was 

essentially as described previously [Chapter 4J, with minor modifications in preparations of 

blocks. washing with formaldehyde, C. cells were in 1 

PettY buffer and mixed with Iml of 2% (w/v) low melting point agarose (FMC seaplaque) 

pouring into moulds. 
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Restriction endonuclease digestion agarose embedded DNA with NorI was as described 

previously [Chapter 4]. The digested agarose blocks were loaded on a 1.0% (w/v) agarose 

(Agarose MP. Boehringer Mannheim) made in 0.5 X and the wells sealed with 2.0% 

(w/v) low melting point Separation DNA restriction fragments was carried out 

0.5 X TBE field inversion gel electrophoresis (FIGE) using a horizontal flatbed submarine 

electrophoresis unit Scientific Instruments) a pulse controller (Hoeffer 

Scientific Instruments). Conditions for included a voltage gradient 5 V/cm with an 

initial forward pulse 2.4 sec a reverse pulse time 0.8 sec. A forward to reverse 

3: 1 pulse ratio was maintained for a total run of 40 hrs with a ramp factor of 1 

were stained with ethidium bromide (Sigma chemicals) for 10 min and in water. The 

DNA was visualised under ultraviolet light (302 nm) and photographs taken using a Kodak 

120 zoom digital camera (Kodak digital science). 

5.3 RESULTS 

5.3.1 RAPD of clinical isolates 

A total 98 concisus isolates from children with diarrhoea and two dental isolates' from 

adult patients were subjected to RAPD analysis. Isolates were collected over an 8 year period 

(1992-1999), with 44% of isolates collected the year 1996. Using the (GTG)s 

PCR conditions were optimised by varying amount of primer and DNA template. 

Varying the DNA template between 10 ng 100 ng did not significantly affect the profile 

patterns obtained (results not shown), while using a primer concentration of 50 pm per 

reaction, resulted in and discrete bands than using primer concentrations of and 100 

pm. To obtain reproducible informative patterns high stringency cycles had to preceded 

an initial 4 cycles at low stringency, with a primer annealing temperature of 

resultant DNA fingerprints were characterised by a low intensity smeary background and 2 to 7 

bands between 0.15 kb and 1.2 kb. A typical example of the profiles obtained 

is shown in Fig 5.1. 
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1114­

501­

242­

110­

Fig 5.1 . RAPD typing using (GTG)s on isolates found to be genetically diverse by PFGE 
Lane 1, DNA marker VIII (Boehringer Mannheim); lane 2 , 205-94; lane 3, 47-99; lane 4, 
204-94; lane 5, CCUG 13144; lane 6, 51-99; lane 7, CCUG 19995; lane 8, 52-991ane 9,61­
99; lanelO, 45-99; lane 11, D9; lane 12,38-99; lane 13,64-99; lane 14,207-94; lane 15,24­
99; lane 16, 204-93 . 

The RAPD fingerprints obtained were scored by visual analysis. There was a high degree of 

genotypic diversity evident among C concisus strains, 86 of the 100 isolates had unique RAPD 

profile types, including in the 15 strains identified by PFGE [Chapter 4] as representing 

heterogeneous lineages. The profiles of the strains are shown in Fig 5.1. Isolates 207-94 and 

24-99 (Fig. 5.1 lanes 14 and 15) appear to have similar profile types, but close inspection 

suggests that 24-99 contains a doublet of 350 bp, whereas 207-94 contains a single band of that 

size. 

Five profile groups could be identified in 14 of the remaining isolates. Isolate 29-94 and 417­

93 (Fig 5.2A lanes 4 and 5) obtained from the same paediatric patient admitted at different 

times, had the same profile (RAPDI). Strain 271-93 (Fig 5.2A lane 8), isolated from a girl and 

strain 286-93 (Fig 5.2A lane 9), isolated from her twin sister had identical profiles designated 
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A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 


bp 

1114­
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242­

110­

B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 


bp 

1114­

501­

242­

110­

Fig 5.2. RAPD analysis using (GTG)5 primer. 
A. Lane 1, Marker VIII; lane 2, 20-83; lane 3, 20-93;lane 4 29-94;lane 5, 417-93; 

lane 6, 36-93; lane 7, 157-94;lane 8, 271-93; lane 9, 286-93; lane 10,263-94; lane 

11,223-96; lane 12,62-93; lane 13, Q-26; lane 14, 26A. 

B. Repeat of RAPD analysis. Lane 1, Marker VIII (Boehringer Mannheim); lane 2, 

20-93; lane 3, 87-94; lane 4, 29-94; lane 5, 417-93; lane 6, 271-93; lane 7, 286-93; 

lane 8, 331-96; lane 9, 311-96; lane 10,157-94; lane 11,223-96; lane 12,62-95; lane 

13, Q26; lane 14, 26A; lane 15,337-96; lane 16, 84-95; lane 17, 104-93. 
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II. Interestingly, concisus with unique profiles were isolated from of the 

twins (data not shown). RAPD patterns (RAPDIII) were obtained an 

additional pair and 311-96 5.2B lanes 8 and 9). The fourth and largest 

of identical contains RAPDIV. 157-94, 62-95, Q-26, 26A, 337­

96 104-93 (Fig lanes 1 0-15 17) have same profile. of 84-94 was 

originally thought to be identical to RAPDIV, but close inspection that it does not 

contain a doublet (404 bp), implying it has a unique profile (RAPDV). For of these 

RAPD was repeated at least In most cases the were 

reproducible, but in some cases different amplifications in the 

greater than 900 bp. For the 1114 bp band is present 286-93 5.2A lane 9), 

it is in this (Fig 7), following a repeat Thus, based on profile 

"h"",,...,,,,'; in Fig 5.2B, strains 286-93 271-93 could construed as different however; Fig 

5.2A, that they are Similarly, the profile of 157-94 shown Fig 5.2A 7) 

differently to that shown in 5.2B (lane 10). 

5.3.2 Restriction fragment end labelling of identical RAPD isolates 

the RAPD identified above were to as described 

Chapter Included analysis were a selection 395-96, 307-96 

and 20-93 which had unique RAPD For restriction fragment 

with a linkage greater 80% were related or 

to the same 286-93 (RAPDII) the value 

was 82%. Thus for was good agreement between RAPD and RFEL 

analysis. In and 41 at a similarity 

(73%), suggesting that the two strains are not related. this data may be misleading 

RFEL obtained for 29-94 was feint and therefore not for analysis. of the 

seven suggested to clonal by RAPD (RAPDIV) were analysed using RFEL. 

the similarities between the profiles of in RAPDIV that of 84-95 [section I], 

the strain was also included this study. All the isolates, including were found 

to be clustering above the 80% correlation value. 
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Fig. 5.3 Numerical analysis ofRFEL patterns from C. concisus strains. 
Clustering of the C. concisus isolates is based on the Dice coefficient and the 
dendrogram constructed using UPGMA with a tolerance of value of 1.0% and 
optimiation of 0.50%. 
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5.3.3 FIGE analysis of strains with RAPD profiles I and II. 

Strains 417-93, 29-94 (RAPDI) and strains 271-93, 286-93 (RAPDII) were analysed using 


FIGE. Four isolates with unique RADP profiles were also included in the study. The FIGE 


profiles of the isolates belonging to RAPDI (Fig 5.4 lanes 4 and 5) and RADP II (Fig 5.4 lane 2 


and 3) were identical. Thus, there was perfect agreement between RAPD, RFEL and FIGE 


analysis on these strains. All of the strains with unique RAPD profiles also had unique FIGE 


profiles. 


2 3 4 5 6 7 8 9 10 


kb 

339.5­

242.5­

145.5­

48.5­

Fig 5.4 Field inversion gel electrophoresis of C. concisus DNA restricted with Nolll. 
Lane 1 lambda ladder PFGE marker (New England BioLabs); Lane 2, 271-93; lane 3, 
286-93; lane 4,417-93; lane 5, 29-94; lane 6, 361-93; lane 7, 285-93; lane 8, 58-93; 
lane 9, 282-93; lane 10, lambda ladder PFGE marker. 
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DISCUSSION 

and are not techniques epidemiological investigations , an 

alternative rapid technique was evaluated. oligonucleotide [(GTG)s] has used as a 

probe to type a nwnber different (Doll et al., 1 . CiUiers et al., 1997), but has not 

been as a I-'LUU.... L m a assay. Chapter suggests that RAPD 

usmg primer is a useful tooL 

typing using (GTG)s olgonucIeotide as primer yielded a simple banding "",t-t.....", which 

were nevertheless discriminatory, with 86% of all the strains typed yielding unique 

profiles. test the of ability and the technique was used to a 

selection of isolates found to be diverse by [Chapter All the PFGE types unique 

profile patterns when typed with RAPD. In addition, isolate 51-99, which was non-typable by 

restricting with NotI using was typed using this technique. 

RAPD analysis identified related Repetition in some samples resulted variation 

DNA fingerprints obtained, although the assay was carned out in carefully cont~olled 

conditions. This lack of reproducibility and subjectivity in the interpretation of the results 

been sighted as being the major achilles heel of RAPD typing (Olive and Bean, 

1999;Wassenaar Newell, 2000). lack of reproducibility has been attributed to the low 

u.tlJ""''''HU.f<, temperature required the and nwnerous other factors to the purity of 

inconsistency reagents and thermocycIers (MacPherson et aI., 1993; Meunier and 

Grimont, 1993; Micheli et al., 1994; Penner et al., 1993). To the problem some 

U",,·V""·"" have used primers for enterobacterial repetitive intergenic consensus (ERIC) sequence 

in combination with a randomly chosen primer for typing campylobacters at higher annealing 

temperature (Giesendorf et al., 1994). not eliminate problem, as 

reproducibility of bands than reported in subsequent studies using the 

same technique and 1996). In our study steps to improve reproducibility 

concerned preparation of DNA amount of contaminants. DNA was 

wound on a rod, instead of precipitating DNA by centrifugation thereby eliminating 

the contamination with precipitates (Micheli et 1994). 
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our study in which the collection of spanned a period of eight identical 

isolates were identified using RAPD typing. Although the number investigated was small there 

was good correlation between RADP, and indicating the credibility of the 

obtained using (GTG)5 for typing. 

Restriction fragment labelling was used to effect as a secondary typing .""',llU'-I"''' 

Isolates identified as identical by RAPD where confirmed using method. Furthermore, 

was good correlation between the profile groups and the clustering of isolates 

based on dendograms from results. some instances appeared more 

discriminatory than For isolate 311-96, 271 and were all grouped 

at a correlation of over 82% using Although latter two strains had RAPD 

(RADPII), the of 311-96 was found to to No attempt was 

made to determine similarity isolates based on the RAPD banding profile to the 

small number of bands isolate than 10). was to avoid an error 

introduced by homoplasy. 

Consolidation of all data from the two supporting techniques corroborated results ob!ained 

using (GTG)5 RADP our suggest that using as primer RAPD typing, 

could be used to C. The was and easy to perform the results 

obtained correlated well with generated by and The 

advantages the method, outweigh the of technique, highlighted earlier. 

technique offers the possibility of carrying out regional surveillance of C. 

''''''''''''''w''' and can used in prospective epidemiological studies to determine pathogenic 

potential concisus, routes of transmission and the identification of potential reservoirs. 

95 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CHAPTER SIX 


SUMMARY AND GENERAL CONCLUSIONS 


Campylobacter jejuni has been recognised world as one the leading causes 

gastroenteritis et Skirrow and Blaser, 1992), especially the 

developed countries where C. jejuni is considered a primary pathogen. true 

incidence of human Campylobacter infection may be underestimated due to the fastidious 

nature of the bacteria and the limitations in routine culture use. Most 

cultivation methods are tailor for of jejuni, and as a may the 

growth of other potentially pathogenic Campylobacter species (Corry et ai., 1995). An 

improvement in culture techniques has seen an emerging class of Campylobacter associated 

gas:troIDn:!snmu pathogens, latest addition being upsaliensis et al., 1990). 

The inception of the membrane filter technique in conjunction with ...v.,"'....,,"'.... hydrogen 

tension culture conditions, has resulted in a higher yield in the number of concisus 

isolates in children with In a Town. Unlike jejuni most infections 

are with under months (Bokkenheuser et 1979), C. IS 

prevalent in children over a year old (Lastovica and 2000). This scenario does. not 

seem to conform to the early acquisition of immunity thought to occur children living in 

hyperendemic areas of infection, a theory postulated for C. jejuni infections in developing 

work on C. has out, the association this 

bacterium with diarrhoea is still Epidemiological work is hampered lack 

adequate identification methods and established typing techniques. purpose of this 

study was to address shortcomings by developing an identification technique for C. 

and evaluating potential molecular techniques for future epidemiological 

work on this bacterium. 

other members of the genus Campylobacter concisus is relatively biochemically 

inactive, making identification difficult, using phenotypic identification schemes. 

genomic was for a DNA sequence could to identify 

this species. Following Southern hybridisation studies a 1.6 kb DNA from this library 

generated C. coneisus specific HindIII fragment length patterns. Significantly all of the 

strains contained a 500 bp which hybridised to 1.6 kb probe. the 

Campylobacter species probed, hybridisation signals were only obtained with two 
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species sputorum faecalis and curves. However, the hybridisation patterns for these 

two species could not be confused with the profiles obtained for C. concisus. No signals 

were obtained with DNA from C. mucosalis, rectus, coli, C. C. lart, 

upsaliensis, C. Bacteroides ureolyticus, jejuni doyle; C. fetus subspfetus, 

analysis the sequencing data of 1.6 kb fragment identified The first ORF 

enc:oac~s the 3' of the B subunit. The translational products ORF two and 

three showed similarity to hypothetically proteins identified in jejuni, although 

product ORF3 was smaller than its counterpart jejuni. these were 

preceded by ribosomal binding sites previously described for jejuni. Putative and ­

10 promoter resembling the consensus sequences for C. (Wosten el 

al., 1998) were also identified. the promoters jejuni, regulatory 

described lacked the -15 consensus promoter sites. Apart from published sequencing 

data on rRNA to the best of our knowledge this is the characterisation a DNA 

sequence from C. concisus. 

Probing with a fragments internal to each of the ORFs, showed that ORF3 

was responsible the signal obtained with the 500 bp DNA fragment. Significantly, no 

hybridisation signals were obtained with all the other Campylobacter species tested: 

curvus and sputorum sUbsp.fecalis mucosalis, C. rectus, C. coli, jejuni, lari, 

upsalie ns is, helveticus, jejuni subsp doylei C. fetus subsp fetus. This SU$~ge:ste:d 

that fragment internal to ORF3 was unique to concisus and could used as a 

species specific marker. 

As Southern hybridisation studies are laborious, time consuming and not ideal large 

scale studies that demand a large number of to be processed, a rapid 

identification assay on 1 kb DNA fragment was pnmers 

annealed to extremities of this fragment a 1.5 kb product was obtained from local and 

Danish clinical isolates, as well as from reference strains. No PCR products were not 

obtained C. curvus and sputorum fecalis c. mucosalis, C. C. coli, 

jejuni, lart, C. upsaliensis, C. helveticus, Bacteroides ureolyticus, jejuni doylei and 

fetus subspfetus, making the assay specific to C. concisus. Clearly, identification 

of C. is dependent on the stability of kb within the 

genome. gyrB in jejuni lies adjacent to the origin replication (Parkhill et al., 2000), 
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a region to highly conserved bacteria (Ogasawara Yoshikawa, 1992), it is 

possible to assume that the 1.6 is stabley located. 

Using ""1".'''''''''' ....·"rt"' . ....,'" obtained following PFGE the genome of C. 

I"U"tl"l.,,"'J was approximated to 1.84 which is close to the estimated for 

C jejuni coli (Chang and Taylor, 1990). Using the same technique variability within 

C. concisus was demonstrated. This variability was observed in C. concisus from 

children with over a period of years, strains isolated the 

same Similar were obtained following a study a relatively 

new technique, which has yet to evaluation extensively. Although there was good 

agreement between the obtained with and the latter technique was not 

'user for 32p radio nucleotide, intermittent cases of inefficient 

labelling, of made technique 

Limitations in gel electrophoresis apparatus used did not allow for analysis of 

samples run in different although excellent intragel comparison of samples was 

obtained. This of that could be analysed, as only samples 

loaded on same gel compared. Nevertheless, RFEL was found to reliable 

and informative as a typing technique and is where 

rigorous discrimination is required. 

With a view to recommending a typing method, a simple (GTG)s oligonucleotide 

repeat was used as a primer of two to seven were 

obtained 92 The was highly discriminatory, 87 of strains had 

unique profiles. The method was rapid and to perform, and except in isolated cases, 

were reproducible. clonality of isolates suggested to be identical using 

RAPD was confirmed with RFEL and tested, was perfect agreement 

between RAPD, and Armed with the ability to unequivocally identify 

rapidly type concisus, it is hoped our knowledge organism with to 

potential as a pathogen, its reservoirs and mode of transmission will advance. 
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APPENDIX A 


BACTERIAL STRAINS, PLASMIDS AND ISOLATION OF CAMPYLOBACTER 

A.I Bacterial strains 

Plasm ids 

Table A.2. Plasmids used 

Am 
Am This 

Reference 
Provided b M. Zabeau 
Messing, 1983; 
Perron et al. 1985 

A.3 Isolation of Campylobacter 

Stool were 1:5 with emulsion was filtered through a 0.6 
mm pore size membrane filter (ME 26, &Schuell, Germany) onto 
Tryptose blood plates (Oxoid CM Bassingstoke, UK) without antibiotic. 
Plates were incubated at 37°C in an enhanced H2 microaerophillic atmosphere. 
atmosphere was generated by use of an Oxoid BR or 70304 (Cockeysville, 
Maryland) gaspak with out any catalyst. 
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APPENDIXB 


MEDIA, BUFFERS AND SOLUTIONS 


B.t Media 

2 X yeast-Tryptone (YT) broth 
Tryptone 
Yeast extract 
NaCl 
Distilled water 
Autoclave 

2 X YT agar 
2XYT 
Agarose 
Autoclave 

TBA agar 

16 g 
109 
5g 
1000 ml 

100 ml 
1.5 g 

Tryptose blood agar (Oxoid CM233, Bassingstoke, UK) 
Fresh horse blood 

B.2 Buffers 

Tris-EDTA (TE) buffer 

ESP buffer 

Pett IV buffer 

Tris-CI (lM, pH7.6) 
EDTA (0.5M pH7.6) 
Distilled water 
Autoclave 

EDTA (0.5M pH) 
NaOH 
Sarkosyl 
Distilled water 
Autoclave 
Add 

Proteinase K 


NaCl 

Tris-Cl ( 1 M, pH8) 

EDTA (0.5M pH8) 

Autoclave 

10% 

1 ml 
0.2 ml 
98.8 ml 

18.61 g 
2.0 g 
1 g 
to 100 ml 

2.5 g 

5.84 g 
1 ml 
2 ml 

100 
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0.5 X TBE buffer 

Tris 

Boric 


Distilled water 
Autoclave 

X TAE buffer 

Autoclave 
10 NNB buffer 

Tris 
Boric acid 
EDTA 
Distilled water 
Autoclave 

6% gel mixl<4U''' .....,", 

Acrylamide 50% (w/v) 
Bis-acrylamide 2.5% (w/v) 
10 XNBB 
Urea 
Distilled water 

Guanidinium Thiocyanate solution 
Guanidium 
EDTA(0.5M, 
Distilled water 

(w/v) 
Filter sterilise 

Ampicillin 
Ampicillin (1 OOmgiml) 
Distilled water 
Filter sterilise 

Gel 
Bromophenol blue 

8.1 g 
1.38 g 
0.47g 
to 100 ml 

242 g 
57.1 
100 ml 
to 1000 ml 

162 g 
27.5 g 
9.3 g 
to 1000 ml 

12 ml 
1 ml 
10 m} 

48 g 
to 100 ml 

g 
ml 

20 ml 
5 

2 g 
ml 

g 

g 


to 100 ml 
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APPENDIXC 


RECOMBINANT PLASMIDS 

Partial digest fragment 

.8gl11 
cs::;u3 ' C::;:al;:::::;:=::::;::::::=l~Sau3AIa::::;::A:::;== b= ! ~ I i i 

BamHI 
Pst I 

e'~ , - ­

pB3C 
8349 bps 

5000bpinsert 

1000 2000 3000 4000 5000 

, 1 I ,
i 


(5000 bps) 

1 

Pst I 


ndonuclease 


Bam HI 

Eco RI. Hin d" I 

Pst I. : .Bgill 


Xbal 

Xbal 

~Pstl 

Pst I 102 
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