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ABSTRACT

The purpose of this study is to develop a Campylobacter cultivation method under
normal atmosphere by using oxygen-reducing membrane fragments. Membrane fragments
were extracted from Escherichia coli and Pseudomonas aeruginosa isolates. The isolates with
the highest efficiency of oxygen reduction were selected to obtain purified membrane
fragments. The purified membrane fragments were characterized and investigated for
supporting Campylobacter jejuni growth in broth. Appropriated concentration of membrane
fragments were choosen for formulating the developed culture model of agar-type media. The
culture model was evaluated by culturing Campylobacter from pure culture, artificially
inoculated and contaminated chicken samples.

Purified membrane fragments from E. coli showed good oxygen reduction at 42°C and 50
°C, and at pH 7.5 to pH 8.5, while membrane fragments from P. aeruginosa worked well at
37°C and 42°C, and at pH 7.0 to pH 7.5. Campylobacter growth in the broth containing
purified membrane fragments could be observed within 6 to 12 hours of incubation. Using
0.025 U of membrane fragments in the developed culture model could support Campylobacter
growth from pure culture, artificially inoculated and contaminated chicken samples. Using
developed culture model with oxygen-reducing membrane fragments demonstrates a

possibility for substitution of the conventional method.

KEY WORDS : OXYGEN-REDUCING MEMBRANE FRAGMENT /
CAMPYLOBACTER JEJUNI
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CHAPTER I
INTRODUCTION

Gastroenteritis caused by Campylobacter species has been increasing in both
developed and developing countries for the past 10 years. In USA, an active
surveillance indicated that about 15 cases were diagnosed each year for each 100,000
persons in the population. Many cases went undiagnosed or unreported, and
campylobacteriosis was estimated to affect over 1 million persons every year.
Approximately 100 persons with Campylobacter infections may die each year (1). A
survey in northern Thailand in 2005 reported that the prevalence of Campylobacter in
chickens at the farm, slaughterhouse, and market were 64, 38, and 47%, respectively.
No Campylobacter isolates were obtained from healthy non-farm residents, but
isolates were obtained from 5 and 18% of farm workers and children with diarrhea,
respectively (2). Campylobacter jejuni is the most frequent cause of the disease
followed by Campylobacter coli. Infective doses are as low as about 500 cells.
Campylobacter can be found in natural water sources, pets and poultry especially
chicken. Consumption of uncooked food, raw milk and untreated water often causes
an infection in humans. Besides the public health problem, the economic problem
from contaminated export foods is concern because chicken is a major export product
of Thailand. Campylobacter is different from other pathogenic bacteria of
gastrointestinal tract. This organism needs microaerobic condition containing
approximately 5% O, and 10% CO, for growing. The conventional method to culture
Campylobacter spp. is by using a gas generating pack within a jar to create a
microaerobic condition. Another method uses evacuation and gas replacement with a
gas mixture of 5% O,, 10% CO, and 85% N,. A special incubator or a container is
needed for the gas replacement method. Both methods for culturing Campylobacter
need special equipment and complicated processes that are relatively expensive, so a
few laboratories can provide a service for Campylobacter cultivation. The

development of an easier and cheaper method will be useful to facilitate most
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laboratories to culture Campylobacter regardless using a special and an expensive
equipment.

An important key for Campylobacter cultivation is that the bacteria need less
oxygen. Many bacteria need oxygen to grow and some have membrane bound
enzymes that can catalyze oxidation reactions which consume large amount of oxygen.
These enzymes can be extracted in the form of membrane fragments from oxidative
bacteria such as Escherichia coli and Pseudomonas aeruginosa. Many published
researches have been discussed a success in using membrane bound fragments to
reduce oxygen in culture media for growth of certain bacteria. In the USA, a
commercial product of membrane fragments extracted from E. coli is available but it is
expensive and the high cost is need for import from aboard.

The main research target of this study is to develop an easy, cheap and
convenient culture method for Campylobacter isolation by supplementing membrane
fragments in culture media. Oxygen reducing activity and some characteristics of
membrane fragments extracted from E. coli and P. aeruginosa isolates are investigated

to search for the isolates showing an appropriated enzyme activity.

The objective of this study:

1. To determine E. coli and P. aeruginosa isolates that can provide membrane
fragments with high effective oxygen reduction.

2. To characterize the biological properties of membrane fragments obtained
from the selected isolates in this study.

3. To formulate culture media including broth and agar plate types supplemented
with the membrane fragments for Campylobacter cultivation in normal atmosphere.

4. To evaluate an efficiency of the developed culture model for isolation of
Campylobacter spp. from chicken samples by comparing to a gas replacement

standard method.
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CHAPTER II
LITERATURE REVIEW

2.1 Campylobacter spp.

2.1.1 Introduction

Campylobacter is known as an important enteropathogen and one of the most
common bacteria causing diarrheal illness. Virtually, all human infections occur as
isolated and sporadic events, not as a part of large outbreaks. In USA, active
surveillance through FoodNet indicates about 15 cases are diagnosed each year for
each 100,000 persons in the population. Many cases go undiagnosed or unreported and
campylobacteriosis is estimated to affect over 1 million persons every year, or 0.5% of
the general population (1). In Thailand, Taylor et al (1993) reported that 9.8 % of Thai
children with diarrhea had Campylobacter jejuni in their stool (3). In 2005, Padungtod
et al reported that Campylobacter prevalence in northern Thailand in chickens at the
farm, slaughterhouse, and market were 64, 38, and 47%, respectively. No
Campylobacter isolate was obtained from healthy nonfarm residents, but isolates were
obtained from 5 and 18% of farm workers and children with diarrhea, respectively (2).
Campylobacteriosis occurs more frequently in the summer months than in the winter.
Campylobacter is isolated with high frequently in infants and young adults and male.
Although Campylobacter does not commonly cause death, it has been estimated that
approximately 100 persons with Campylobacter infections may die each year (1).

2.1.1.1 Characteristic
Campylobacter is Gram-negative, non-spore forming, spiral- or curved rod-

shaped bacteria as shown in Figure 2.1.
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Figure 2.1 Campylobacter spp. under scanning electron microscope (5).
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Most species prefer a microaerobic atmosphere containing 3-10% oxygen for
growth. A few species tend to favour an anaerobic environment although they can
grow under a microaerobic condition. There are 16 species and 6 subspecies assigned
to the genus Campylobacter. The most frequently reported in human diseases are C.
jejuni subspecies jejuni and C. coli. C. laridis and C. upsaliensis are also regarded as
primary pathogens but are generally reported less frequently in cases of human
diseases (4).

2.1.1.2 Historical emergence

Campylobacter have been observed since 1880 and the first identification of the
organism came from a sheep by McFadyen and Stockman in 1913. In 1918 Smith had
isolated the similar organisms from aborted bovine fetuses and he was firstly assigned
the organisms to the Vibrio genus as Vibrio fetus due to their spiral shape. The genus
Campylobacter has been proposed in 1963 because this organism could not utilize
sugars and had a different G+C content to that of Vibrio spp. (6).

The isolation method for thermophilic Campylobacter was developed by the
collaboration of King, Dekeyser and Butzler in 1972. This method used membrane
filter with a pore size of 0.64 pum to filter stool samples and then the filtrate was
inoculated on agar plates. In 1977, Martin Skirrow developed the direct technique by
culturing feces directly on blood agar containing vancomycin, polymyxin and
trimethoprim, and the plates were incubated in microaerophilic condition containing
5% Oy, 10% CO, and 85% N,. Since then several modified methods have been
developed and used in routine laboratory works (6). In epidemiological researches, the
development of a better isolation method reveals that Campylobacter is an important
problem both in developed and developing countries.

2.1.2 Campylobacter infection
2.1.2.1 Enteric infection
Campylobacter jejuni and Campylobacter coli are commonly causative agents of
gastrointestinal tract infections. The main symptom is diarrhea with variable severity
and abdominal pain is another frequent symptom. The other symptoms were fever,
headache, asthenia and anorexia. Campylobacters are enteroinvasive bacteria causing

colitis and inflammatory bowel disease. The disease normally occurs two to three days
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after ingestion of contaminated food and the symptoms resolve themselves within a
week. Campylobacter infections are usually mild symptoms but with a high tendency
toward recurrence if no treatment is given when compared with Salmonella or Shigella
infections. In infected patients, stools remain positive for several weeks. Early an
appropriate treatment shows a better recovery during in the course of the disease (7).
Drugs of choice are erythromycin, amoxicillin, fluoroquinolone, or tetracycline.
Campylobacter enteritis occurred in all age groups but the clinical presentation
can vary depending on age. In infants, the risk of dehydration or convulsion exists.
Breast feeding protects against the clinical expression of the infection (8) so symptoms
appear during the weaning period. For unknown reasons, the male gender is also an
important risk factor for Campylobacter infection. Additionally, a decreased gastric
acidity, for example following proton pump inhibitor consumption, also can be
concerned as a risk factor (9). A few local complications have been documented such
as appendicitis, peritonitis, cholecystitis, hepatitis or pancreatitis but are extremely
rare. C. jejuni is responsible for 80 to 85% of all enteric Campylobacter infections
while C. coli ranks second (10 to 15%). The other campylobacters such as C. lari, C.
upsaliensis and C. fetus are more seldomly found but vary depending on different

regions of the world, such as upsaliensis is frequently isolated in South Africa (10).

2.1.2.2 Systemic infection

Campylobacters are the invasive bacteria which may translocate and reach the
blood circulation. The frequency of septicemia detected in the case of Campylobacter
enteric infections remains very low (0.1%), especially when compared to those
associated with Salmonella (11). Campylobacter fetus is often found in systemic
infections but rarely found as a cause of enteritis. Systemic infections from C. fetus
occur more than other Campylobacters. This bacteriemia induces fever and leads to
metastasis localization. A number of tissues can be involved, especially the vascular
endothelium (aneurism, thrombophlebitis, endocarditis), bones, joints, meninges, etc.
Systemic infection from Campylobacter must be treated strongly because of a bad
prognosis. In a survey of more than 100 cases, death occurred in 15% of the cases, one
third being attribuTable to the infection, and a relapse occurred in 10%. Drug for the

treatment of Campylobacter infection is gentamicin and other antibiotics including
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amoxicillin, ciprofloxacin and imipenem can be used according to the location and the

susceptibility profiles (6).

2.1.2.3 Guillain-Barré syndrome

Guillain-Barré syndrome is an important Campylobacter post-infectious disease
(12). This syndrome is an acute demyelinating disease affecting the peripheral neurons
and is characterized by an ascending paralysis. C. jejuni enteritis is most frequently
observed before Guillain Barré syndrome and occurs in 30 to 50% of all cases. It is
estimated to occur in 1 of 3,000 cases of C. jejuni infections. The pathogenic
mechanism occurs by a molecular mimicry between oligosaccharides from the C.
jejuni lipopolysaccharides and the GM1 ganglioside of the peripheral neuron
membrane. Under the influence of host-related factors, such as polymorphisms in
immune response genes and priming of the immune system by previous or
concomitant infections, the immune response is diverted and high titer crossreactive
anti-ganglioside antibodies are produced. Guided by antibodies bound to the outer
surface of the Schwann cell and axon, which cause complement activation,
macrophages attack the Schwann cell and axon (Figure 2.2) (13). This disease is very
severe, leading to a 2 to 3% mortality and major neurological sequelae in 20% of the
cases. The other patients experience a partial or total recovery (14). The severe cases
are induced by C. jejuni (15).
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2.1.3 Prevalence of Campylobacter in food
2.1.3.1 Poultry

The role of poultry in the epidemiology of human campylobacteriosis has shown
in Belgium’s dioxin crisis in 1999. Chicken and eggs were withdrawn from retail
outlets in Belgium as a result of detecting feeds contaminated with abnormally high
levels of dioxins in feeds. This crisis caused a temporary deficit in a supply of poultry
and eggs over subsequent months and also reduced 40% in the numbers of cases of
Campylobacter infection in human reported (16).

The transmission routes of Campylobacter to commercial poultry flocks at the
pre-harvest level remains unclear. However, a number of epidemiolo-gical studies
have suggested that inadequate disinfection between chick placements, age
disposition, the use of multi-unit sites, the proximity of other livestock, season and
lapses in biological security are significant risk factors (17). Other vectors such as
litter beetles, house flies and wild birds have shown to be potential transmission risks
(18). The high prevalence of Campylobacter in poultry flocks at the pre-harvest level
is further exacerbated due to multiple opportunities for cross-contamination to occur
during slaughter and processing. The high throughputs of modern poultry slaughter
plants have necessitated the development of automated equipment in, for example, the
stages of scalding, plucking and evisceration. The high frequence of processing large
numbers of carcases from different sources leads to the dissemination of enteric
pathogens, including Campylobacter from the early stages of the slaughtering process.
As skin is normally not removed from dressed carcasses, large numbers of
Campylobacter can remain in situ on the finished raw products thus increasing the

likelihood of exposure to the consumers (6).

2.1.3.2 Other food animals
The gastrointestinal tracts of other food animal species have also been shown to
be a source of Campylobacter, especially, C. jejuni and C. coli (19). Reported rates of
intestinal Campylobacter carriage in food animals have varied widely between studies
(20). The digestive tract of clinically normal cattle has been demonstrated to be a
significant reservoir of Campylobacter spp. (21), with prevalences ranging from 0-

80%. Prevalences of Campylobacter in sheep showed to be generally lower with
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approximately 20% of animals intestinal carriers (22). The high prevalences of
Campylobacter in pigs have been reported in numerous studies and dressed pig
carcases have been shown to be more frequently contaminated than either beef or
sheep (23). This is likely attribuTable to the fact that the skin remains on the carcase
following all of the dressing procedures during pig carcases undergo a communal
scalding stage early in the slaughter process. Contaminated shellfish have also been
implicated as a vehicle in the dissemination of campylobacteriosis. Harvesting
shellfish from Campylobacter-contaminated waters showed the most likely cause of
the infection (24). Campylobacter have also been isolated frequently from
asymptomatic companion animals, with symptoms of enteritis commonly reported in
younger animals (25). Transmission of Campylobacter from pets to humans has been
confirmed in previous studies and identified as a potential risk factor in
epidemiological investigations, mainly young children in contact with puppies

exhibiting enteritic symptoms (26).

2.1.3.3 Controls in foods of animal origin

Control should aim at the prevention of Campylobacter contamination in food
animals through Hazard Analysis Critical Control Point (HACCP) based risk
management systems (6). Efforts at harvest level should be concentrated on practices
designed to control and to reduce levels of faecal contamination during live bird
transportation, slaughter and carcase dressing (27). In addition consumers and food
handlers must be aware of Campylobacter cross-contamination in kitchens or food
preparation areas (28). Other methods for reducing Campylobacter on food animal
carcasses include irradiation, chemical decontamination, steam pasteurization and hot

water immersion (6).

2.1.4 Campylobacter in environment
2.1.4.1 Water
Waterborne outbreaks associated with contamination of drinking water by
Campylobacter jejuni are rather common in the Nordic countries including Sweden,
Norway or Finland, where in sparsely populated districts groundwater is commonly

used without disinfection. Campylobacter spp., Escherichia coli, or other coliforms
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have rarely been detected in potential sources. Hanninen et al used a combination of
Penner serotyping and pulsed field gel electrophoresis (digestion with Smal and Kpnl)
(29) to study three waterborne outbreaks in Finland caused by C. jejuni and used
sample volumes of 4,000 to 20,000 mL for analysis of Campylobacter and sample
volumes of 1 to 5,000 mL for analysis of coliforms and E. coli, depending on the
sampling sites, confirming the likely reservoir of an outbreak. Poor water quality,
sanitation and hygiene account for about 1.7 million deaths in a year world wide with
3.1% of all died, mainly through infectious diarrhoea. Gastrointestinal diseases are
often severe due to under-nutrition and lack of intervention strategies in the

developing nations and virtually 9/10 account for infant deaths alone (30).

2.1.4.2 Sewage and water treatment plants

Contamination in sewage and water treatment plants increases the environmental
load of pathogens and thereby increases the risk for spreading diseases to people and
animals. Said et al (31) reported outbreaks of infectious diseases over the last 30 years
in England and Wales associated with private water supplies (PWS). The majority (16
outbreaks) were reported after the introduction of enhanced surveillance. Although
PWS only served 0.5% of the population, 36% of drinking water outbreaks were
associated with PWS. The main pathogen, Campylobacter, was implicated in 13
(52%) outbreaks. Most reported outbreaks (88%) occurred in commercial or Category
Two supplies, which potentially affected larger populations. The main factors
implicated in these outbreaks are temporary or transient populations, lack or failure of
treatments and the presence of animals and heavy rains. The public health problem
associated with PWS could be prevented by the identification and understanding of
risk factors, by the proper protection of water sources and by providing adequate
treatment and maintenance. This could be facilitated through the introduction of a risk
assessment as part of a scheme for the water supplies. Ottoson (32) investigated the
prevalence of pathogens (e.g. rotavirus, Salmonella typhimurium, Campylobacter
jejuni, Giardia lamblia and Cryptosporidium parvum) in greywater in a local
treatment system at Vibyasen (north of Stockholm, Sweden) and also studied the
faecal load of these pathogens. His data were used to form the basis of a screening-

level quantitative microbial risk assessment (QMRA) using faecal indicator bacteria
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and chemical biomarkers. Growth conditions for Salmonella in greywater sediments
were also investigated and risk modeling based on replication in the system increased
the probability of infection from Salmonella 1000-fold, but it was still lower than the
risk of a rotavirus infection. The microbial quality of several, usually untreated,
surface domestic water sources, used by rural communities in the Venda Region of
South Africa, was assessed to gauge their fitness for human consumption and to
highlight the possible impact of waterborne diseases. Salmonella, Shigella, Vibrio
cholerae, Campylobacter, Aeromonas and Plesiomonas were isolated from several of
the water sources investigated. The use of these water sources for drinking and
domestic purposes poses a serious threat to the health and well-being of the users and
calls for urgent South African government intervention (6).

2.1.5 Farms

Campylobacter jejuni was commonly found in feces from dairy cows, beef cattle,
sheep and ducks, chicken carcasses, sheep offal and surface waters and C. coli was
commonly found in sheep feces. Minihan et al (33) reported that the prevalence of
Campylobacter spp. in faecal shedding within cattle pens was positively correlated to
the pen, the month of sampling and the Campylobacter spp. contamination status of
the pen dividing bars and the water trough surface. They suggested that
Campylobacter spp. should be considered as a pathogen shed in the feces of a
substantial proportion of feedlot cattle. Guan and Holley (34) reviewed available
international data and the developing situation in Western Canada upon the survival of
major pathogens including Escherichia coli O157:H7 and Salmonella, and found
significant variability in resistance to environmental challenge that are characteristic of
the organisms themselves. The survivals of pathogens were longer in environmental
samples at cool temperatures but their abilities differed when exposed in liquid and
solid manure. Theoretical extrapolations from cattle manure environments, indicated
that holding manure at 25 °C for 90 days would appear to render the cattle manure
with pathogen-free. However, with good hygienic practice during harvest, a very low
level of this pathogen can be achieved on dressed carcasses. Poultry, particularly
chickens, account for the majority of human infections caused by Campylobacter.

Reduction or elimination of this pathogen in the poultry reservoir is an essential step in
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minimizing the public health problem. However, farm-based intervention measures are
still not available because of the lack of understanding of the ecological aspects of C.
jejuni on poultry farms. Sahin et al (35) have elaborately discussed the horizontal and
vertical transmissions of Campylobacter infections affected by immune status of the
poultry host and the environmental conditions in the production system. Gaynor et al
(36) demonstrated via gene expression studies the capacity of C. jejuni to adapt to
multiple environmental niches. The genetic evolutionary mechanisms of adaption
provide the first whole-genome molecular exploration of the effect of laboratory
culture and storage on colonization and virulence properties of this pathogen. In this
respect, it is interesting to note that Campylobacter cases occurring in rural
populations of Michigan, USA, attribuTable to poultry husbandry and of some cases

occurred in individuals who were not poultry farmers by occupation (37).

2.1.6 Antimicrobial resistance

Campylobacter is one of the organisms which have antimicrobial resistance
problem that leads to treatment failure and increase cost of treatment. Antimicrobial
resistance in Campylobacter spp. has been reported in both developed and developing
countries especially countries that have not control utilization of drugs in animals.

Fluoroquinolones and macrolides group are drugs of choice for
Campylobacteriosis treatment. Campylobacter spp. became more resistance with these
drugs (Figure 2.3) (38). In 2005, Boonmar et al had published data about antimicrobial
resistance in Campylobacter isolated in Thailand from both humans and poultry.
According to their reports, Campylobacter isolated from poultry have high resistant
rates with both first generation group of macrolides and fluoroquinolone while the
isolates derived from humans have high resistant rates with first generation

fluoroquinolone but low resistant rates with macrolides group as shown in Table 2.1

(2).
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Figure 2.3 Trends for quinolone resistance rates among Campylobacter coli and C.

jejuni combined from human sources around the world (38).

Table 2.1 Antimicrobial resistance in Campylobacter (2).

Source | No. of isolates % of resistance isolates
Ciprofloxacin | Erythromycin | Nalidixic acid

Human 50 82.0 6.0 78.0

Poultry 29 88.8 55.5 83.3
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2.1.7 Molecular biology of Campylobacter

Campylobacter has extensive genetic variation. Genome sequencing of C. jejuni
showed the presence of hypervariable sequences which consist of homopolymeric
tracts. Hypervariable sequences mostly had been found in proteins encoding regions
that are involved in the biosynthesis or modification of surface-accessible
carbohydrate structures, such as the capsule, lipooligosaccharide (LoS) and flagellum.
Mechanisms such as phase variation, gene duplication and deletion, frameshifts and
point mutations leads to variation in these structures. Campylobacter can take DNA
from environment which leads to gene recombination and can cause more of genetic
diversity. DNA transfer can occur in chick colonization phase. Complete genome
sequencing of some C. jejuni strains and plasmids revealed the mechanism of how this
bacteria associates with the host such as type IV secretion system that has been
demonstrated to have a role in cell invasion and pathogenicity in ferrets. Published
sequence leads to development of some genetic tools including microarrays,
transposons for efficient random mutagenesis, signature-tagged mutagenesis, new
reporter constructs and vectors for constructing in-frame deletion mutants and

chromosomal point mutations (39).

2.1.8 Campylobacter detection

Since its first recognition, detection of Campylobacter organism relied on
culture-based methods. The first culture medium for Campylobacter isolation from
human feces was developed by Martin Skirrow in 1977 (6). Another method
developed in nearly time was using membrane filtration of feces sample onto non-
selective media but this method is labor consumption and cumbersome. Bolton and
Robertson had developed Preston medium for Campylobacter isolation from foods and
environment (6). Culture media for Campylobacter cultivation in the present have

shown in Table 2.2.
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Table 2.2 Selective media and incubation conditions for Campylobacter spp. (40).

Organism

Primary plating media

Incubation conditions

C. jejuni and C. coli

- Modified Skirrow’s media
- Campy-BAP

- Blood free, charcoal-based
selective medium

- CCDA

- Semisolid motility agar

- Campy-CVA

42 °C under microaero-

philic conditions for 72 hr

C. fetus, C. upsaliensis

and others

Same as C. jejuni and C. coli
excluding Campy-BAP

37°C under microaero-
philic conditions for 72 hr
up to 7 days
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To create a microaerophilic condition for Campylobacter cultivation, there are
several methods according to the Bacteriological Analytical Manual (BAM) by U.S.-
Food and Drug Administration (40) including using of gas pack or filling with mixed
gases of 5% O,, 10% CO, and 85% N,. According to the BAM, the general sample

preparation procedure is shown in Figure 2.4 (41)

25 g of sample (50 g for vegetable)

l

100 ml of Bolton broth with
antibiotics in net-lined bag

h 4

Rinse for & min, removed net-lined bag

l

Pre-enrichment 4 hr, 37 °C microaerobic
or > 3°hr,-30 SCthen 2 hr, 37 °C

Enrichment at 42 °C for 20-44 hr

|

Streak on isolation agar

Figure 2.4 BAM’s sample preparation procedure (41).
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Immunoassay was developed for Campylobacter identification. Based on a
development of monoclonal antibody and polyclonal antibody against Campylobacter,
latex agglutination tests can be used as a rapid identification method. Another rapid
method is enzyme-linked immunoassay (EIA), a commercial product called ProSpecT
Microplate assay (Alexon-Trend, USA) showed high sensitivity and specificity (higher
than 95 %) in the study by Tolcin et al (42). These rapid methods are good for early
diagnosis in patients because of less time consuming.

Polymerase chain reaction (PCR) brings large impact on microbiology because it
is useful for detection of pathogenic organisms even a small amount of
microorganisms in a sample. First published research using PCR for Campylobacter
detection was reported by Oyofo et al with specific detection for C. jejuni and C. coli
using flagellin A gene as a target (43). Because normal PCR has many steps before
interpreting results and not suiTable for routine works, hybrid method PCR-ELISA
was developed with easier to obtain results and showing high sensitivity and
specificity as well (44). Real-time PCR showed the possibility of quantitative
detection in foods (45) and water (46).

Molecular methods like PCR-based assays have shown high detection speed,
sensitivity and specificity but they need special and expensive instrument especially
real-time PCR and also need skillfull personel to perform so they are suitable for
research works but may not be suiTable for routine laboratory works. That is why

culture-based methods still need.
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2.2 Oxidative bacterial membrane-bound enzyme

Bacterial membrane looks slightly similar to mitochondrial membrane is a reason
lead to endosymbiosis theory that mitochondria evolve from aerobic bacteria and other
reasons are the size and mitochondria itself has own circular DNA (47). Bacterial
membrane and mitochondrial membrane has enzyme complexs for functioning in

electron transport chain.
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Figure 2.5 The electron transport chain of mitochondria (48, 49).

The electron transport chain is a series of protein complexes that are found in the
membrane of the mitochondria and is a vital component of oxidative phosphorylation.
The protein complexes are named Complex I, 11, 111, and IV (49) (Figure 2.5). During
processing in Complex 1V, cytochrome c passes the electrons to molecular oxygen,
which also picks up 2 protons to go with two electrons to form hydrogen atoms, so

that the product of this reduction is HZO. As electrons are transported from one
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complex to another, protons (H") are pumped out into the space between the inner and
outer membrane of the mitochondria. As protons are pumped into the space between
the two membranes, a proton gradient forms so more protons are present in the space
between the two membranes. The proton gradient is essential in ATP production. The
protons that accumulate between the two membranes are then transported through a
molecule called the ATP synthase. The ATP synthase then acts to produce the ATP

molecules that the cell uses as its source of energy.

The membrane fragments of oxidative bacteria contain several useful enzymes
such as oxidase, dehydrogenase and a whole set of electron transport chain reactions
(50).

2.2.1 Lactate dehydrogenase
This enzyme present in a wide variety of organisms including plants and animals.
In Complex I, it catalyses the interconversion of pyruvate and lactate with concomitant
interconversion of NADH and NAD®. As it can also catalyze the oxidation of
hydroxybutyrate, it is occasionally called hydroxybutyrate dehydrogenase (HBD).
Lactate dehydrogenase is often used as a marker for observing tissue breakdown and

also use as a marker for myocardial infarction (51).

2.2.2 Alcohol dehydrogenase
In yeast and many bacteria, alcohol dehydrogenase plays an important part in
fermentation. Pyruvate resulting from glycolysis is converted to acetaldehyde and
carbon dioxide and the acetaldehyde is then reduced to ethanol by alcohol
dehydrogenase. The purpose of this latter step is the regeneration of NAD", so that the
energy generating glycolysis can continue. Humans exploit this process to produce

alcoholic beverages by letting yeast ferment various fruits or grains (52).

2.2.3 Succinate dehydrogenase
Succinate dehydrogenase is an enzyme complex found in the matrix part of the
inner mitochondrial membrane. This enzyme is inducible, produced when cells grow
on succinate but not glucose (49). The enzyme complex has two main parts, wherein

one is part of the citric acid cycle with the task of converting succinate into fumarate
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and the other is complex Il of the electron transport chain, which uses electrons freed
from succinate, to reduce ubiquinone to ubiquinol. Ubiquinol is the input of the next
complex in the electron transport chain, complex Ill or coenzyme Q - cytochrome ¢
reductase (53).

2.2.4 Oxidase
An oxidase is any enzyme that catalyses an oxidation/reduction reaction
involving molecular oxygen (O,) as the electron acceptor. In these reactions, oxygen is
reduced to water (H.O) or hydrogen peroxide (H,O;) (53). There are many kinds of
oxidase, an important example is cytochrome c oxidase, the key enzyme that allows
the body to employ oxygen in the generation of energy and the final component of the
electron transport chain, the reaction has been shown below (50).

2 cytochrome ¢ (Fe*") + 1/20, — 2 cytochrome ¢ (Fe**) + 0%

2.3 Oxygen-reducing membrane fragment and its application

2.3.1 Oxygen-reducing membrane fragment

In 1981, Adler et al published data that cell membrane fractions derived from
Escherichia coli, Salmonella typhimurium, Gluconobacter oxydans, and Pseudo-
monas aeruginosa contained respiratory enzymes that reduced oxygen directly to
water. The researchers have found that these enzymes could produce anaerobic
environment when adding to any liquid or solid culture media (55) (56). Adler
received patent for this discovery in 1984 (55) and in 1987 his company Oxyrase Inc.
made commercial products from his patent in the name of Oxyrase (57).

Oxyrase is an enzyme system product made from sterile suspension of bacterial
membrane fragment and their associated enzymes. It has ability to eliminated dissolve
oxygen. The removal of oxygen by the bacterial cytoplasmic membrane causes from
the reduction of oxygen to water in a presence of hydrogen donor as a result of
catalytic activity of the cytochrome based electron transport enzyme system (58).
Oxygen reduction activity of Oxyrase has been shown in Figure 2.6.
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Figure 2.6 Oxyrase activity (59).

Figure 2.7 The Oxydish (62).
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There are two kinds of Oxyrase, for broth and for agar (60). The manufacturer
had recommended using Oxyrase for agar with Oxydish (Figure 2.7) (61), a special
plastic Petri-dish developed by the manufacturer themselves. The Oxydish cover has

inner ring that will form tight seal with agar surface (62).

2.3.2 Application of oxygen-reducing membrane fragment

Oxygen-reducing membrane fragment can apply for using in many ways. Adler et
al (55) extracted a particulate fraction derived from the cytoplasmic membrane that
has been partially purified by sucrose density gradient centrifugation. These particles
also contain the cytochrome-based respiratory activity of the cell. Their experiments
showed a correlation between the septation-promoting activity of the particles in
irradiated E. coli mutant and their ability to remove oxygen from the post-irradiation
plating medium. In 1987, Jacobson et al published data about an enzymatic method for
achieving such an anaerobic condition that occured a lactate oxidase activity in the
membrane of Escherichia coli when the enzyme concentration exceeds 0.05 unit/mL
(63).

Many researchers used Oxyrase in their works, mainly adding into culture media
for cultivation of facultative bacteria and anaerobic bacteria. Yu and Fung found that
Oxyrase could stimulate the growth of Listeria in a Fung-Yu tube system and could
use as a rapid detection and isolation of Listeria monocytogenes in foods (57).
According to Niroomand et al, Oxyrase has great effect in rising the growth of
Campylobacter jejuni and Campylobacter coli in brucella broth at 42 °C. The results
showed not much different between shaking and non-shaking condition of the broth
(64). Raben and Slavik evaluated four Campylobacter isolation methods and they
found that the Oxyrase-supplemented brucella broth has slightly lower recovery rate
but it was more rapid and less labor intensive than other methods including Food
Safety and Inspection Service (FSIS), FDA-BAM and modified FDA-BAM methods
(65). Wonglumsom et al succeeded in using Hunt broth containing Oxyrase for
isolation of Campylobacter jejuni from inoculated ground beef and chicken skin under
normal atmosphere, after incubation at 42 °C in water bath with shaker using a speed
of 100 rpm (66). Even the manufacturer of Oxyrase had recommended using Oxyrase

for agar with Oxydish, there are another method which shown that other media
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containers could work with Oxyrase for agar. In 2000, Wonglumsom et al used
Campylobacter blood-free agar supplemented with Oxyrase and the agar was filled in
screw-capped tubes to form agar slant. The results showed that both Campylobacter
jejuni and Campylobacter coli could grow on agar slant in the screw-capped tubes as
they grow on media in Oxydish (67).

Oxyrase provided good result in culturing anaerobic bacteria. Wiggs et al
evaluated the Oxyplate, which is Oxydish containing brucella blood agar and Oxyrase,
that made for ready to use from the manufacturer. The Oxyplate system performed
well for supporting growth of the most commonly isolated anaerobes but was
inadequate for some strains. These results indicated that the Oxyrase Oxyplate system
was effective in creating an anaerobic atmosphere and supporting the growth of
anaerobic bacteria within 72 hr (68). Spangler et al had been tested the susceptibility
of 201 anaerobes to erythromycin, azithromycin, clarithromycin, and roxithromycin by
using agar dilution and E test methods with anaerobic condition acquired by using
Oxyrase in Oxydish. The results of this study indicated that combining Oxyrase plates
with the E test yielded a promise for testing susceptibility of anaerobes to macrolides
and azalides in a routine laboratory without the need for anaerobic chambers (69).

Not only use for helping in bacteria culturing but Oxyrase can also be used in cell
culturing works. Ho et al showed that Chinese hamster V79 and human glioma U373
cells were less sensitive to radiation but more sensitive to the bioreductive agent
tirapazamine (TPZ) in treatment media containing Oxyrase. In addition, Oxyrase
treatment increased the basal activity of mitogenactivated protein kinase (ERK1/2) but
suppressed its activation induced by radiation. The results suggested that this method
might also be useful for others in vitro cancer biological investigations requiring a low
O, condition (70).

Mazur et al used Oxyrase to enhance the ability of mouse sperm to survive after
freezing and thawing. The protection activity by Oxyrase was in part a consequence of
minimizing centrifugation damage, but in part it reflected a reduction in freeze-thaw
damage (71). For application in foods, Tuitemwong’s work in 1993 showed that
Oxyrase and food grade membrane fragments could be used to stimulate growth of
starter cultures resulting in faster production of yogurt, buttermilk, bread, wine, beer

and sausage in laboratory scale experiment (50).



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Medical Technology) / 25

CHAPTER IlI
MATERIALS AND METHODS

3.1 Determination of an efficiency of oxygen reducing membrane
fragments extracted from Escherichia coli and Pseudomonas

aeruginosa isolates.

E. coli and P. aeruginosa were obtained from the stock culture at Department of
Clinical Microbiology, Faculty of Medical Technology, Mahidol University. Totally
45 isolates of E. coli and 44 isolates of P. aeruginosa collected from clinical specimen
were studied. Bacteria was subcultured on tryptic soy agar (TSA, Beckton Dickinson,
Sparks, MD, USA) plate and incubated in 37 °C incubator (Memmert, Schwabach,
Germany) for 18 - 24 hr Gram staining and biochemical tests as shown in Table 3.1

was performed to confirm species of the bacteria.

Table 3.1 Biochemical tests for E. coli and P. aeruginosa identification (40).

Biochemical tests E. coli P. aeruginosa
Oxidase negative positive
Catalase positive positive
TSI K/A or K/IAG? K/K or K/N?
Growth on MacConkey agar LFP NLF°
Indole positive not done
Citrate negative not done
King P not done positive
King F not done positive

a; K =alkaline, A = acid, N = neutral and G = gas formation

b: LF = lactose fermenter, NLF = non-lactose fermenter
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From the TSA plates, bacteria were subcultured in tryptic soy broth (TSB,
Beckton Dickinson, Sparks, MD, USA) at 37 °C for 18 - 24 hr in shaking incubator
(LC FSIE-SPO-35, Labcon, Roodepoort, South Africa) at 150 rpm. Harvesting
protocol was modified from Tuitemwong K.B. et al (72) as following. Bacteria was
harvested from TSB by centrifugation in refrigerated centrifuge (Avanti J-25 with JA-
14 rotor, Beckman, Fullerton, CA, USA) at 7000 x g, 4 °C for 10 min. Pellet was
washed twice with sterilized phosphate buffer pH 7.5 and centrifuged at 000 x g, 4 °C
for 10 and 12 min respectively. Pellet was measured a weight and then added with
sterilized 0.01 M HEPES buffer pH 7.2. A volume of HEPES buffer was calculated by
adding 1 mL of HEPES buffer for 0.4 g of cell pellet. For obtaining crude membrane
fragment, the bacterial cells in HEPES buffer were lysed by a sonicator (Sonicator XL,
Heat Systems, Farmingdale, NY, USA). The solution was kept cooled on ice during
sonication process. Nearly 100% of a cell breakage was confirmed by gram staining of
the homogenate and inspected with light-microscope (Olympus, Tokyo, Japan) using
100X objective lens. The intact bacterial cells should not be observed for more than 3
cells per field. The crude membrane fragment solution was stored at —20 °C. Protein
concentrations in the crude membrane fragment solutions were determined by a dye
binding assay method (Bio-Rad, Hercules, CA, USA) with spectrophotometer (UV-
1601, Shimadzu, Kyoto, Japan). Different concentrations of bovine serum albumin
(BSA, Sigma, St. louis, MO, USA) at 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 mg/mL were used
as standard solutions and the dye solution was used as a blanking solution.

Using dissolved Oxygen (DO) meter (810A+, Thermo Orion, Beverly, MA,
USA), the oxygen reduction ability was determined by measuring %DO in 100 mL of
TSB added with 2 mL of crude membrane fragment. After the solution was mixed by
inverting 4 times, %DO was recorded every 10 min for an hour. The tests were
performed in duplicate. If %DO in the first experiment dropped to zero within 30 min,
%DO of the second experiment was recorded every 5 min. Results of % DO were
plotted on a graph of y axis representing %DO values while x axis representing times
in min. An activity of crude membrane fragment was calculated using the formula

following.
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%DOstart — %DOremain) 100% x
9%DOstart time(sec)
volume _tested (mL)

((
activity(U /mL) =

specific activity (U/mg) = activity (U/mL) + Protein concentration (mg/mL)

Three isolates from each E. coli and P. aeruginosa with high specific activity of
the crude membrane fragments were selected to perform the extraction experiment
again. The isolate with the highest specific activity of effective oxygen reduction
ability from each genous was choosen to be extracted membrane fragments by French
pressure and ultracentrifugation.

Cell breakage was performed using French pressure cell (SLM Aminco,
Rochester, NY, USA) at 15,000 psi. This process was repeated 4 times and the
solution was kept cool on ice during processing. The debris were removed by a
refrigerated centrifugation (Avanti J-25 with JA-14 rotor, Beckman, Fullerton, CA,
USA) at 6000 x g for 10 min at 4 °C. Purified membrane fragments were obtained as a
pellet after ultra centrifugation (L-60 Ultracentrifuge with SWA40Ti rotor, Beckman,
Fullerton, CA, USA) at 175,000 x g, 5 °C for 4 hr. The pellet was measured a weight
and added with a sterilized 0.01 M HEPES buffer pH 7.2 by calculating from 40 mg of
pellet per 1 mL of HEPES buffer. The solution was sterilized by filtering through 0.45
um membrane filter (Millipore, Billerica, MA, USA). The sterility was confirmed by
streaking the solution on blood agar plate, incubating in 37 °C incubator (BD400,
Binder, Tuttlingen, Germany) for 48 hr. The solution of the purified membrane
fragment was kept at -20 °C (SF-C1495W, Sanyo, Bangkok, Thailand) until use.
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3.2 Characterization of the membrane fragments extracted from E.

coli and P. aeruginosa.

3.2.1 Protein composition of the membrane fragments.

Protein composition of the crude and purified membrane fragments from E. coli
no.3 (E3) and P. aeruginosa no.30 (P30) was determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) using protocol modified from
LaemmLi’s method (73). The process was performed by casting a separating gel and
overlying with distilled water. After separating gel was formed at room temperature,
stacking gel was cast. Separating gel composed of 1.5 M Tris-HCI pH 8.8, 10% SDS,
30% acrylamide/bis solution (Bio-Rad, Hercules, CA, USA), 10% ammonium
persulphate and TEMED (Bio Basic, Ontario, Canada) while stacking gel component
was the same as separating gel but using 1.5 M Tris-HCI pH 6.8. Membrane fragment
solution was diluted with HEPES buffer pH 7.2, then mixed with an equal volume of a
loading buffer which composed of 0.25 M tris-HCI pH 6.8, 8% SDS, 40% glycerol,
20% beta-mercaptoethanol and 1% bromophenol blue and heated at 95 °C for 5 min.
After boiling, solution was applied to the stacking gel along with a molecular weight
marker (SM 0441; Fermentas, Ontario, Canada and Precision Plus, 161-0376; Bio-
Rad, Hercules, CA, USA). Final concentration of protein in each well was
approximately 0.5 mg/mL. The electrophoresis was run in Mini Protean 3 Cell (Bio-
Rad, Hercules, CA, USA) with a constant voltage at 150 V (power supply EC250-90,
Thermo, Holbrook, NY, USA) for about 40 min. The gel was removed from a
template and stained with Coomassie Brilliant Blue R250, then destained with
destaining solution I twice and finally destained with destaining solution Il. Destaining
solution I and Il contained similar components but difference in ratio. The ratio of
methanol, glacial acetic acid and distilled water in destaining solution | was 5:1:4

while the ratio in destaining solution Il was 0.5:0.7:8.8, respectively.
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3.2.2 Optimal conditions for oxygen reduction activity of the membrane
fragments.

Optimal conditions for oxygen reduction activity of the purified membrane
fragments from E. coli no.3 (E3) and P. aeruginosa no.30 (P30) were studied. Effect
of acid-alkali environment on enzyme activity were measured by using TSB (100 mL)
adjusted to various pH of 6.0, 7.0, 7.5 and 8.5 by 1 N HCI and 1 N NaOH. Activity
testing was also performed in different temperatures of 25, 37, 42 and 50 °C by
incubating the broth in waterbath (WNB 7, Memmert, Schwabach, Germany). After
adding 1 mL of the membrane fragment, %DO values were measured as the method

described above and monitored for up to 60 min.

3.3 An effect of purified membrane fragments supplemented on liquid

media on Campylobacter jejuni growth.

3.3.1 Campylobacter growth in Bolton broth.

Campylobacter jejuni ATCC 33291 was cultured on blood agar (TSA, Beckton
Dickinson, Sparks, MD, USA with 7% human whole blood) and incubated at 42 °C
(BD115, Binder, Tuttlingen, Germany) for 24 hr under microaerobic condition using a
mixture gas of 5% O,, 10% CO, and 85% N,. Bacteria concentration was adjusted to
achieve a turbidity of OD = 0.08-0.1 at 625 nm with steriled normal saline solution
(NSS; 0.8% NaCl) and diluted to be a concentration of approximately 10° cell/mL.
The bacterial suspension (10 pL) was inoculated into 250 mL screw-cap bottles
containing 100 mL of Bolton broth (CM0983; Oxoid, Hampshire, England) with three
different conditions including; 1) supplementing with 0.05 U (final concentration in
the medium of 0.005 U/mL) of purified membrane fragments from E. coli no.3
(Bolton broth + E3); 2) flushing with the mix gases for 10 sec before closing the cap
(Bolton broth + gas flushing); and 3) using Bolton broth only. All bottles were
incubated at 42 °C for 24 hr. Bolton broth in this experiment did not add any
antibiotics. At 0, 6, 12 and 24 hr of incubation, %DO of each culture was measured
by placing the probe of DO meter in a beaker containing about 5 mL of sampling

culture. Campylobacter counts at 0, 6, 12 and 24 hr were performed by 6x6 drop plate
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method (74) on charcoal desoxycholate agar (CDA, CMO0739; Oxoid, Hampshire,
England) without cefoperazone and amphothericin B and the plates were incubated at
42 °C under microaerophilic condition for 24-30 hr.

The 6x6 drop plate method was performed by sampling 250 pL of the broth and
put in the first column of a sterile round-bottom microtiter plate, then serial diluted 20
pL into 180 pL of sterile NSS as a diagram shown in Figure 3.1. Using a multichannel
automatic pipette (Biohit, Helsinki, Finland), 10 pL of the six ten-fold dilutions were
dropped onto CDA plate and the plate was incubated with the mixed gases at 42 °C for
24 hr. Colony count were performed, calculated and reported as colony forming unit
(cfu) /mL.

\NANANA

TQTn@mgawp

Wl
\_/ J\___/'\.___.fl

!

10°107' 107210 107*10°°10°° 107

10-fold serial dilutions
(20 ul. into 180 ul. medium)

Figure 3.1 Dilution diagram of 6x6 drop plate method (74).

3.3.2 Campylobacter growth in Mueller Hinton broth

Campylobacter jejuni ATCC 33291 was cultured as describe above. Bacteria
concentration was adjusted to achieve a turbidity of OD = 0.08-0.1 at 625 nm and
diluted with 0.1% sterile peptone buffer to be a concentration of approximately 10’
cell/mL. The bacterial suspension (10 pL) was inoculated into 250 mL, screw-cap
bottles containing 100 mL of Mueller Hinton broth (MHB, Beckton Dickinson,
Sparks, MD, USA) supplemented with 0.05 U and 0.08 U of purified membrane
fragments. The media added with membrane fragments extracted from E. coli no.3 and

P. aeruginosa no.30 were incubated at 42 °C and 37 °C, respectively, for up to 24 hr.
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In comparison with using membrane fragments, Campylobacter growth was also
examined in MHB with no flushing and flushing with the mixed gases for 10 seconds.
Measurement of %DO and Campylobacter counts were performed by the same

method as explained above.

3.4 Development of agar-type culture model for cultivation of
Campylobacter jejuni under normal atmosphere by using the

membrane fragment as a supplement.

3.4.1 Development of the culture model.

The culture model, agar-type was created by placing a sterilized ring-shape
stainless steel template with an diameter of 68.5 mm in sterile 87 mm-diameter, plastic
petri-dish (Millionant, Paris, France). Fifteen milliliters of sterilized 17% agar
(Beckton Dickinson, Sparks, MD, USA) were delivered into the chamber outer side of
the template with a 25 mL syringe (Terumo, Tokyo, Japan). After agar solidified for
30 min, the template was removed and the bowl-agar plate was kept at 4 °C before
using. The melted 13 mL of modified CDA supplemented with purified membrane
fragments was added into the bowl-agar plate. After agar solidified and dried for
about 30 min, a round-shape flat glass (85 mm-diameter and 2 mm-thickness) was
placed on the top of the agar and pressed gently. The prepared agar plates were kept in
sealed plastic bag at 4 °C and used within 2 days. The culture model’s diagram was

shown in Figure 3.2.

flat glass

lid of petri-dish

\
| ] |
MANNNNNNN\NNN\\&

RHEIRE

petri-lish
agar

medium with membrane fragment

Figure 3.2 Diagram of culture model, agar-type.
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The modified CDA was prepared from campylobacter blood-free selective agar
base (CM0739; Oxoid, Hampshire, England) (75) according to an original formulation
of Bolton et al (76) which composed of nutrient broth no.2, bacteriological charcoal,
casein hydrolysate, sodium desoxycholate, ferrous sulphate, sodium pyruvate and
agar. Total volume of CDA per plate was 13 mL which required 0.592 g of
campylobacter blood-free selective agar base. Final pH of the medium was adjusted to
7.4+ 0.2 with 1 N HCI or 1 N NaOH. The medium with some water (less than 13 mL)
were boiled to dissolve and then sterilized by autoclaving at 121 °C for 15 min. After
autoclaving, the medium was brought to cool down to about 50 °C in a water bath and
then added the purified membrane fragment solution to make a final volume of 13 mL.

A distance between medium surface and flat glass are approximately 3 mm

which may be reduced after pressing the flat glass to seal the medium.

3.4.2 Efficiency of agar-type culture model for culturing of a pure culture
of Campylobacter jejuni.

Campylobacter jejuni ATCC 33291 was used for evaluation the developed
culture model using purified membrane fragments. Campylobacter on blood agar plate
were diluted with NSS to achieve a turbidity of McFarland no. 0.5, and then diluted to
1:100, 1:1,000 and 1:10,000. Each dilution (10 pL) was inoculated on the developed
CDA plate supplemented with 0.025 U, 0.05 U and 0.1 U of membrane fragments
from E.coli no.3 and P. aeruginosa no.30. After inoculation, the medium was covered
with a round-shape flat glass and incubated at 42 °C for up to 24 hr when using E. coli
fragments and at 37 °C for up to 48 hr for P. aeruginosa fragments. Normal petri-dish
with CDA and the developed CDA plate without adding membrane fragments were

used in comparison the results.

3.4.3 Efficiency of agar-type culture model for isolation of C. jejuni
artificially inoculated in chicken samples.

Chicken leg (drumstick) was placed in a steriled plastic bag and rinsed for 60 sec
with 400 mL of 1% buffer-peptone water (BPW). BPW composed of 1% peptone,
0.5% NaCl, 0.35% Na,HPO, and 0.15% KH,HPO, with a final pH of 7.4 + 0.2.
Chicken rinse was centrifuged at 7000 x g, 4 °C for 12 min (Avanti J30I with JA14
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rotor, Beckman, Fullerton, CA, USA). Pellet was dissolved in 4 mL of NSS. The
dissolved pellet (1 mL) was placed onto 0.45 pm steriled membrane filter (Millipore,
Billerica, MA, USA) that already placed on blood agar plate. After 20 min, the filter
was discarded and the plate was incubated at 42 °C for 48 hr. Typical colonies of
Campylobacter (small and gray) were collected to performed oxidase test and Gram
staining. Campylobacter was Gram-negative, spiral- or curved rod-shaped bacteria.
Rinsed chicken samples shown Campylobacter-negative were collected to use as
normal flora in the experiment.

A rinse from thirteen Campylobacter-negative chicken samples were pooled and
measured total bacterial counts by 6x6 drop plate method on Mueller Hinton agar
(MHA, Beckton Dickinson, Sparks, MD, USA) by incubating at 37 °C for 24 hr.
Campylobacter jejuni ATCC 33291 were suspended in NSS, adjusted to achieve a
turbidity equivalent to 1.5x10’ cells/mL and diluted to 1.5x10° 1.5x10° and 1.5x10*
cellssmL. One milliliter of the pooled chicken rinse and 100 pL of each
Campylobacter dilution were added into 100 mL screw-cap bottles containing 100 mL
Bolton broth supplemented with 20 mg/L cefoperazone (Sigma, St. Louis, MO, USA),
20 mg/L vancomycin (Sigma), 20 mg/L trimethoprim (Sigma) and 50 mg/L
cycloheximide (Sigma). The bottles were closed tightly, invert-mixed 5 times and
incubated at 42 °C for 24 hr. Each culture dulution (10 pL) was streaked in 4
quadrants on the agar-type culture model containing CCDA supplemented with 0.025
U of each membrane fragments from E. coli no.3 and P. aeruginosa no.30. Culture
model in this experiment was used charcoal cefoperazone desoxycholate agar
(CCDA). CCDA was prepared from campylobacter blood-free selective agar base
(CMO0739; Oxoid, Hampshire, England) supplemented with 32 mg/L cefoperazone
(Sigma) and 10 mg/L amphothericin B (E.R. Squibb & Sons, Princeton, NJ, USA).
After inoculation, the medium was covered with a round-shape flat glass and then with
a lid of Petri-dish. The plate was incubated at 42 °C for up to 24 hr when using E. coli
fragments and at 37 °C for up to 48 hr for P. aeruginosa fragments. Experiments were
also performed with normal CCDA plate and incubated with mix-gas at 42 °C for 24

hr to compare the results.
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3.5 Comparison of an efficiency between gas replacement method and
the developed culture model for isolation of Campylobacter spp. from

chicken samples.

3.5.1 Isolation of Campylobacter spp. from chicken sample.

Skin (15 g) of chicken sample was removed aseptically and inoculated into 100
mL sterile screw-cap bottles containing 100 mL of Bolton broth supplemented with 20
mg/L cefoperazone (Sigma, St. Louis, MO, USA), 20 mg/L vancomycin (Sigma), 20
mg/L trimethoprim (Sigma) and 50 mg/L cycloheximide (Sigma). The bottles were
closed tightly, shaked by hands for 20 sec and incubated at 42 °C for 24 hr. Each
culture (10 pL) was streaked in 4 quadrants on the agar-type culture model containing
CCDA supplemented with 0.025 U of each membrane fragments from E. coli no.3 and
P. aeruginosa no.30. After inoculation, the medium was covered with a round-shape
flat glass and then with a lid of Petri-dish. The plate was incubated at 42 °C for up to
24 hr when using E. coli fragments and at 37 °C for up to 48 hr for P. aeruginosa
fragments. Experiments were also performed with normal CCDA plate that incubated
in microaerophilic condition at 42 °C for 24 hr to compare the results. After
incubation, Campylobacter suspected colonies were investigated by Gram staining and
confirmed by a simple polymerase chain reaction (PCR) assay.

3.5.2 Identification and confirmation of Campylobacter by PCR
3.5.2.1 Primers
Three sets of primer used in this study as shown in Table 3.2 were 16S-rRNA for
Campylobacter spp., Cj-GyrA for Campylobacter jejuni and Cc-CeuE for
Campylobacter coli identification. PCR assay was performed on iCycler (Bio-Rad,
Hercules, CA, USA) and PTC-200 (MJ Research, Walthman, MA, USA)
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Primer Sequence PCR Reference
product
size (bp)
16S-rRNA 816 (77)
16S-rRNA-F 5’-GGATGACACTTTTCGGAGC-3’
16S-rRNA-R 5-CATTGTAGCACGTGTGTC-3’
annealing temperature = 55 °C
Cj-GyrA 290 (78)
Cj- GyrA -F 5’-GCTATGCAAAATGATGAGGCA-3’
Cj- GyrA -R 5’-GGAACAAAATCGACCGTATC-3’
annealing temperature = 51 °C
Cc-CeuE 645 (79)
Cc-CeuE2-F 5-GATTTTATTATTTGTAGCAGCG-3’
Cc-CeuE3-R 5’-TCCATGCCCTAAGACTTAACG-3’

annealing temperature = 57 °C
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For 16S-rRNA for Campylobacter spp. identification.

The PCR mixture with the final volume of 25 pL per reaction consisted of 1X
PCR buffer (Fermentas, Ontario, Canada), 0.2 mM of dNTPs (Fermentas), 1.5mM of
MgCl, (Fermentas), 150 ng of 16S-rRNA-F (Bio Basic, Ontario, Canada), 150 ng of
16S-rRNA-R (Bio Basic) and 1.0 U of Tag DNA polymerase (Fermentas).
Amplification process included a denaturation at 94°C for 10 min; followed by 25
cycles of 94 °C for 1 min, 55°C for 1 min, 72 °C 1 min; and with the final extension at
72°C for 10 min.

For Cj-GyrA for Campylobacter jejuni identification.

The PCR mixture with the final volume of 25 pL per reaction consisted of 1X
PCR buffer (Fermentas), 0.2 mM of dNTPs (Fermentas), 1.5mM of MgCl,
(Fermentas), 50 ng of Cj-GyrA-F (Bio Basic), 50 ng of Cj-GyrA-R (Bio Basic) and
1.0 U of Tag DNA polymerase (Fermentas). Amplification process included a
denaturation at 95°C for 4 min; followed by 30 cycles of 95 °C for 30 sec, 51 °C for
45 sec, 72 °C 30 sec; and with the final extension was at 72 °C for 10 min.

For Cc-CeuE for Campylobacter coli identification.

The PCR mixture with the final volume of 25 ul 1X PCR buffer (Fermentas), 0.2
mM of dNTPs (Fermentas), 1.5mM of MgCl, (Fermentas), 100 ng of Cc-CeuE2-F
(Bio Basic), 100 ng of Cc-CeuE3-R (Bio Basic) and 1.0 U of Tag DNA polymerase
(Fermentas). Amplification process included a denaturation at 95°C for 10 min;
followed by 35 cycles of 95 °C for 45 sec, 57 °C for 45 sec, 72 °C 1 min; and with the

final extension was at 72 °C for 10 min.

3.5.2.2 Cell suspension preparation for PCR assay.

Suspected Campylobacter colonies were suspensed into 1 mL NSS and diluted to
achieve the concentration of 10° cell/mL in 1.5 mL-microtubes. Cell suspension was
centrifuged (Micromax RF, Thermo, Milford, MA, USA) at 10,000 rpm for 3 min and
the supernatant was discarded and then added with 500 puL of 0.075 % Triton X-100
(Sigma) and shaked by vortex mixer. After incubating for 30 min at room temperature,
the cell suspension was centrifuged at 10,000 rpm for 3 min. Supernatant was
discarded and added with sterile DW to achieve approximately a volume of 100 pL.

Cell suspension was mixed by a vortex mixer and leaved in 4 °C refrigerator for 20
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min to be dissolved. Prepared cell suspension was kept in a -20 °C freezer before use
as a template for PCR assay. This study used 2 pL of cell suspension per one PCR
reaction (total volume 25 pL).

After running process completed, PCR product was determined by 1.5% agarose
gel (Research Organics, Cleveland, OH, USA) electrophoresis (Mini-Sub Cell GT,
Bio-Rad, Hercules, CA, USA) in 1X TAE buffer (40 mM Tris-acetate and 1 mM
EDTA) at 100 V (EC250-90, Thermo, Holbrook, NY, USA) for about 30 min. PCR
product was mixed with 6X loading dye solution (Fermentas) before loading into the
gel. DNA ladder (GeneRuler 100bp Ladder Plus, Fermentas) was applied in the same
gel as a marker. The gel was stained with ethidium bromide for 30 min and observed
by using gel documentation (Chemi Genius, Syngene, Frederick, MD, USA) with
measurement program (Genesnap, Syngene).
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CHAPTER IV
RESULTS

4.1 Determination of an efficiency of oxygen reducing membrane
fragments extracted from Escherichia coli and Pseudomonas

aeruginosa isolates.

Oxygen reduction activities of crude membrane fragments from 45 isolates of E.
coli and 44 isolates of P. aeruginosa were shown in Table 4.1. Most (23 from 45)
crude membrane fragments from E. coli provided the activities around 0.010 U/mL to
0.015 U/mL while four isolates produced membrane fragments with activity above
0.015 U/mL. Crude membrane fragments from 19 isolates of P. aeruginosa showed
the activity above 0.015 U/mL.

Three isolates from each genus with the best performance for oxygen reduction
activity were showed in Figure 4.1. E. coli no. 3, no. 7 and no. 40 had activity around
0.0455, 0.0188 and 0.0075 U/mL and their protein concentrations were 26.1497,
23.8433 and 24.2176 mg/mL, respectively. Specific activity of E. coli no. 3, no. 7 and
no. 40 were calculated to be 0.0017, 0.00079 and 0.0003 U/mg protein, respectively.
P. aeruginosa no. 26, no. 30 and no. 33 have activity around 0.0256, 0.0300 and
0.0322 U/mL and their protein concentrations were 22.7917, 17.6686 and 21.0868
mg/mL, respectively. Specific activity of P. aeruginosa no. 26, no. 30 and no. 33 were
0.001121, 0.001698 and 0.001526 U/mg protien, respectively. E. coli no. 3 and P.
aeruginosa no. 30 demonstrated the highest specific activity of oxygen reducing,
therefore, they were selected for purification the membrane fragments by French
pressure and ultracentrifugation method.

Crude membrane fragment’s efficiency of oxygen reduction from bacterial
isolate tested was varied. These variations may come from many factors such as type

of enzymes contained in membrane fragments and working condition of enzyme.
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Table 4.1 Oxygen-reduction activity of crude membrane fragments.

Activity level (U/mL) Numbers of isolates

E. coli (n=45) P. aeruginosa (n=44)
above 0.015 4 19
0.010-0.015 23 11
0.005-0.010 15 8
below 0.005 3 6

—e—P26
—a— P30
—— P33
—a—E3
—e—FE7
—o—E40

% Dissolved Oxygen

Time (min)

Figure 4.1 Oxygen reduction curve of crude membrane fragments from E. coli no. 3
(E3), no. 7 (E7) and no. 40 (E40) and P. aeruginosa no. 26 (P26), no. 30 (P30) and no.
33 (P33).
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4.2 Characterization of the membrane fragments extracted from E.

coli and P. aeruginosa.

4.2.1 Protein composition of the membrane fragments.

SDS-PAGE was performed to observe protein composition of crude and purified
membrane fragments as shown in Figure 4.2. SDS-PAGE of crude and purified
membrane fragments showed different molecular weights of proteins. Crude
membrane fragments of E. coli no. 3 (E3) showed many bands of proteins with
molecular weight between 35 kD to 51 kD and over 51 kD while crude membrane
fragments of P. aeruginosa no. 30 (P30) showed larger range of protein bands with
molecular weight between 35 to 51 kD and over 51 kD. Protein bands of crude
membrane fragments were hardly observed while protein bands of purified membrane
fragments showed clearer bands and easier to compare with molecular weight marker
because ultracentrifugation removed some other protein components from the
solutions of membrane fragments.

Purified membrane fragments from E.coli no. 3 had major proteins with
molecular weights of approximately 70-74 kD, 65-70 kD, 50 kD, 30-36 kD (three
bands), 19 kD and 10-15 kD. Molecular weight of major proteins of purified
membrane fragments from P. aeruginosa no. 30 showed different molecular weights
consisting of approximately 50-65 kD, 37-40 kD, 30-35 kD (one band), 25-30 kD, 20-
25 kD, 15-20 kD (three bands) and 10 kD. Different bands of protein components
stated the possibility of different enzymes containing in the purified membrane

fragments from E. coli no. 3 and P. aeruginosa no. 30.
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Lane 1 Lane 2 Lane 3 Lane 1 Lane 2 Lane 3

A

Figure 4.2 SDS-PAGE of crude and purified membrane fragments A) SDS-PAGE of
crude membrane fragments. Lane 1 was a molecular weight marker (SM 0441;
Fermentas, Ontario, Canada); lane 2 was membrane fragments from E. coli no. 3; and
lane 3 was membrane fragments from P. aeruginosa no. 30. B) SDS-PAGE of purified
membrane fragments. Lane 1 and lane 2 were from P. aeruginosa no. 30 and E. coli
no. 3, respectively; lane 3 was a molecular weight marker (Precision Plus, 161-0376;
Bio-Rad, Hercules, CA USA).
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4.2.2 Optimal conditions for oxygen reduction activity of the membrane
fragments.

Purified membrane fragments from E. coli no. 3 showed different oxygen
reduction efficiency at different temperature and pH. High oxygen reduction activity
could be observed in the experiments at temperatures of 42 °C and 50 °C (Figure 4.3
and 4.4), and at pH 7.5 and pH 8.5 (Figure 4.5 and 4.6). Purified membrane fragments
from E. coli no. 3 did not work well at temperature below 37 °C and in acid condition
(pH below 7).

The purified membrane fragments from P. aeruginosa no. 30 showed high
oxygen reduction activity at temperatures of 37°C and 42°C (Figure 4.7 and 4.8), and
at pH 7.0 and pH 7.5 (Figure 4.9 and 4.10) but had low efficiency at high temperature
over 42°C and non-neutral condition (pH below 7 and over 7.5).

The optimal condition for using each membrane fragments from E. coli no. 3 and
P. aeruginosa no. 30 in Campylobacter cultivation were 42 °C, pH 7.5 and as 37°C,
pH 7.5, respectively. Most of Campylobacter media are pH 7.3+0.2 and incubation
time were 24 hr at 42 °C and 48 hr at 37°C.

In this study, activity measurement of purified membrane fragments from E. coli
no. 3 extracted in February 2007 was performed after extraction. The result was
compared with the activity of the same batch membrane fragments kept at -20 °C that
measured in February 2008. The activities of membrane fragments were 0.023 U/mL
and 0.021 U/mL, respectively, with activity decreasing of 8.7%. It may assume that
purified membrane fragments can be kept at -20 °C for around 1 year without

significantly decreasing of activity.
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Figure 4.3 Oxygen reduction at different temperatures of purified membrane

fragments from E. coli no. 3. (#1 = 1% experiment, #2 = 2™ experiment).
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Figure 4.4 Activity of purified membrane fragments from E. coli no. 3 at different

temperature.
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Figure 4.5 Oxygen reduction at different pH of purified membrane fragments from E.

coli no. 3. (#1 = 1% experiment, #2 = 2" experiment).
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Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Medical Technology) / 45

60

50

N
o
|

% Dissolved oxygen
S

—
o
|

o

Time (min)

——25C#1
——25C#2
——37C#1
—0—37C#2
—%—42C#1
——42C#2
——50C#1

——50C#2

Figure 4.7 Oxygen reduction at different temperatures of purified membrane

fragments from P. aeruginosa no. 30. (#1 = 1% experiment, #2 = 2" experiment).
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Figure 4.9 Oxygen reduction at different pH of purified membrane fragments from P.

aeruginosa no. 30. (#1 = 1% experiment, #2 = 2™ experiment).
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Figure 4.10 Activity of purified membrane fragments from P. aeruginosa no. 30 at

different pH.
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4.3 An effect of purified membrane fragments supplemented in liquid

media on Campylobacter jejuni growth.

4.3.1 Campylobacter growth in Bolton broth.

Average growth of Campylobacter jejuni ATCC 33291 in 3 conditions of Bolton
broth from two separate experiments had shown in Figure 4.11. At 6 hr of cultivation,
Campylobacter counts from Bolton broth supplemented with membrane fragments
from E. coli no. 3 were 3.94+0.40 log cfu/mL (meantSD) which higher than
Campylobacter counts from Bolton broth only (3.33+0.25 log cfu/mL) but similar
level was observed in Bolton broth with gas flushing (4.01+0.47 log cfu/mL) (Figure
412 A). At 12 hr of cultivation, Campylobacter counts from Bolton broth
supplemented with the membrane fragments (5.01+0.51 log cfu/mL) were still higher
than Campylobacter counts from Bolton broth only (4.59+0.58 log cfu/mL) while
Bolton broth with gas flushing showed the highest results (6.28+0.11 log cfu/mL)
(Figure 4.12 B). At 24 hr, Campylobacter counts from Bolton broth supplemented
with the membrane fragments (8.06+£0.49 log cfu/mL) was still a bit higher than
Campylobacter counts from Bolton broth only (6.99+0.77 log cfu/mL) while Bolton
broth with gas flushing showed the highest counts (8.72+0.10 log cfu/mL). Average
%DO from each culture at 0, 6, 12 and 24 hr were shown in Figure 4.13. Percentage of
dissolved oxygen in bolton broth supplemented with purified membrane fragments
form E. coli no. 3 was zero for all incubation periods while %DO in Bolton broth only
and Bolton broth with gas flushing reached zero at 12 hr of incubation.

Since Bolton broth composes of meat peptone, lactaloumin hydrolysate, yeast
extract, sodium chloride, alpha-ketoglutaric acid, sodium pyruvate, sodium
metabisulphite, sodium carbonate and haemin (80). Sodium metabisulphite is
considered as chemical reducing agent that used as the component of FBP (ferrous
sulphate, sodium metabisulphite and sodium pyruvate) solution. FBP solution is
usually used in various kinds of media such as Brucella FBP broth/agar and FDA
medium M29 (81) for Campylobacter isolation. Therefore, in order to eliminate the
involvement or synergistic effect of other chemical reducing agents, Mueller Hinton
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broth (MHB) composed of casein hydrolysate, beef extract and starch was used for the

next experiment.

Log cfu/mL

—a— Bolton broth+E3 0.05 U
—e— Bolton broth only
—m— Bolton broth+gas flushing

0 5 10 s 20
Time (hr)

25 30

Figure 4.11 Growth of C. jejuni in different conditions of Bolton broth.
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Dilution

¥
Bolton broth +
gas flushing

Figure 4.12 Campylobacter count by 6x6 drop plate method at 6 hr (A) and 12 hr (B)
of incubation. The first row of each plate was from Bolton broth supplemented with
membrane fragments. The second row was from Bolton broth only and the third row

was from Bolton broth with gas flushing.
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Figure 4.13 %DO in Bolton broth with different conditions.
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4.3.2 Campylobacter growth in Mueller Hinton broth

The purified membrane fragments extracted from E. coli no. 3 was used for
culturing Campylobacter at 42 °C while using the purified membrane fragments from
P. aeruginosa for culturing at 37 °C. Growth of C. jejuni at 42 °C in Mueller Hinton
broth (MHB) supplemented with purified membrane fragments from E. coli no. 3
(MHB+E3) at concentrations of 0.05 U and 0.08 U was compared with the growth in
MHB only and in MHB with mixed gas flushing as shown in Figure 4.14. Bacterial
counts could be observed in MHB with membrane fragments and MHB with gas
flushing at 6, 12 and 24 hr of incubation, while MHB only showed no growth. Growth
of C. jejuni at 37 °C (Figure 4.15) in MHB supplemented with purified membrane
fragments from P. aeruginosa no. 30 (MHB+P30) at concentrations of 0.05 U and
0.08 U was compared with MHB only and MHB with mixed gas flushing. MHB only
showed no bacterial growth up to 24 hr of incubation. At incubation periods of 6 and
12 hr, bacterial counts from MHB added with both concentrations of membrane
fragments from P. aeruginosa no. 30 and MHB with mixed gases flushing were not

significant difference (with the differences less than 0.5 log cfu/mL).
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Figure 4.14 Growth of C. jejuni in different media conditions at 42 °C.
A) the experiment used 0.05 U of purified membrane fragment from E.coli no. 3.

B) the experiment used 0.08 U of purified membrane fragment from E.coli no. 3.
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Figure 4.15 Growth of C. jejuni in different media conditions at 37 °C.

A) the experiment used 0.05 U of purified membrane fragment from P. aeruginosa no.

30. B) the experiment used 0.08 U of purified membrane fragment from P. aeruginosa

no. 30.
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Percentages of dissolved oxygen in MHB with different conditions incubated at
42 °C were shown in Figure 4.16. MHB only had relatively high %DO in all
incubation periods. Purified membrane fragments from E. coli no. 3 could temporarily
reduce dissolved oxygen to 20 %DO at 12 hr of incubation and after that %DO was
gradually rising. Using 0.08 U of membrane fragments from E. coli no. 3 showed
similar %DO pattern as using 0.05 U. MHB with gas flushing showed continuously
decreasing of %DO from 40 %DO to 10 %DO at 24 hr of incubation. Similar %DO
results were observed in MHB incubated at 37 °C using purified membrane fragments
from P. aeruginosa no. 30 (Figure 4.17). MHB only had high levels of %DO all the
times with no growth of Campylobacter in the media. Using purified membrane
fragments from P. aeruginosa no. 30 could achieve lower %DO level and could
maintain up to 12 hr of incubation while using 0.08 U showed lower %DO than using
0.05 U. MHB with gas flushing showed similar levels of %DO at 6 and 12 hr of
incubation while the %DO level was lower than that using membrane fragments at 24
hr of incubation. Using MHB which does not contain reducing substance showed the
efficiency of membrane fragments better than using Bolton broth.

Normal atmosphere usually contains 20% oxygen and it was used in DO meter
calibration as 100 %DO. Microaerophilic condition that suitable for Campylobacter
cultivation contains 5% oxygen, therefore, Campylobacter growth media should have
about 25%DO value.
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@ MHB + 0.05 U E3
= MHB only

@ MHB+ gas flushing

A Time (hr)
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B Time (hr)

Figure 4.16 %DO in MHB with different conditions incubated at 42 °C. A)
Supplemented with 0.05 U of purified membrane fragments from E. coli no. 3 (E3). B)

Supplemented with 0.08 U of purified membrane fragments from E. coli no. 3 (E3).
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Figure 4.17 %DO in MHB with different conditions incubated at 37 °C. A)
Supplemented with 0.05 U of purified membrane fragments from P. aeruginosa no.
30. B) Supplemented with 0.08 U of purified membrane fragments from P. aeruginosa
no. 30.
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4.4 Development of agar-type culture model for cultivation of
Campylobacter jejuni under normal atmosphere by using the

membrane fragment as a supplement.

4.4.1 Efficiency of agar-type culture model for culturing of a pure culture
of Campylobacter jejuni.

After incubation period of 24 hr at 42 °C, growth of C. jejuni ATCC 33291 could
be observed on the developed cultured model and the colony counts were
demonstrated in Table 4.2. The culture model containing CDA supplemented with
membrane fragments from E. coli no. 3 with a final concentration of 0.025 U in
culture model could support growth of C. jejuni ATCC 33291 up to the inoculum size
of 1.5x10* cfu/mL while supplemented with 0.05 U and 0.1 U could support growth of
less inoculum size. CDA plates (normal petri-dish) cultured in microaerophilic
condition by using mixed gasses showed growth of C. jejuni ATCC 33291 while using
CDA only in the culture model could not support Campylobacter growth. Colony
counts on normal CDA plate were not significantly different from those on the
developed plates containing CDA supplemented with 0.05 and 0.01 U membrane
fragments from E. coli no. 3 (Table 4.2). Supplementing more amounts of purified
membrane fragments in CDA showed the better Campylobacter growth, however, the
agar surface was too soft to streak on the surface of CDA containing 0.1 U membrane

fragments.
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Table 4.2 Average colony counts of C. jejuni ATCC 33291 on different media
incubated at 42 °C for 24 hr.

Inoculum size (cfu/mL)

Media 1.5x10° 1.5x10° 1.5x10°
Developed plate with E3 0.025U | 39+ 11.8 10+94 NG
Developed plate with E30.05U | TNTC ARG 25+4.2
Developed plate with E3 0.1 U TNTC TNTC Not determine
Developed plate without NG NG NG
membrane fragment
Normal plate incubated with TNTC TNTC 44 +1.4
mixed gases

NG = no growth, TNTC = too numerous to count
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After incubation period of 48 hr at 37 °C, growth of C. jejuni ATCC 33291 could
be observed on the developed cultured model and the colony counts were
demonstrated in Table 4.3. The culture model containing CDA supplemented with
membrane fragments from P. aeruginosa no. 30 with a final concentration of 0.025 U
in culture model could support growth of C. jejuni ATCC 33291 up to the inoculum
size of 10* cfu/mL while the culture model supplemented with 0.05 U and 0.1 U could
support growth of less inoculum size. CDA plates (normal petri-dish) cultured in
microaerophilic condition by using mixed gasses showed growth of C. jejuni ATCC
33291 while using CDA only in culture model could not support Campylobacter
growth. Colony counts on normal CDA plate were not significantly different from
those on the developed plates containing CDA supplemented with 0.05 and 0.01 U
membrane fragments from P. aeruginosa no. 30 (Table 4.3). Similar results were
observed in the experiment of incubation temperature at 42 °C, supplementation of
more amounts of purified membrane fragments from P. aeruginosa no. 30 in CDA
showed the better Campylobacter growth, however, the agar surface was too soft to

streak on the surface of CDA containing 0.1 U membrane fragments.
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Table 4.3 Average colony counts of C. jejuni ATCC 33291 on different media

incubated at 37 °C for 48 hr.

Inoculum size (cfu/mL)

Media 1.5x10° 1.5x10° 1.5x10°
Developed plate with P30 0.025 U | 22 2+0.94 NG
Developed plate with P30 0.05 U TNTC TNTC 9+4
Developed plate with P30 0.1 U TNTC TNTC 24
Developed plate without membrane | NG NG NG
fragment
Normal plate incubated with mixed | TNTC TNTC 48 +5.4
gases

NG = no growth, TNTC = too numerous to count
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Additionally, bacterial colony size in culture model supplemented with
membrane fragments was slightly smaller than that in normal CDA plate that
incubated in the mixed gases. CDA supplemented with purified membrane fragments
from P. aeruginosa no. 30 provided smaller size (at 24 hr of incubation) of
Campylobacter colonies than CDA supplemented with purified membrane fragment
from E. coli no. 3. Membrane fragments at a concentration of 0.025 U from both E3
and P30 was selected to use in further experiments with artificial inoculated and
chicken samples because it provided a better performance of agar surface for streaking

and could support growth of Campylobacter on the developed culture model.

4.4.2 Efficiency of agar-type culture model for isolation of C. jejuni
artificially inoculated in chicken samples.

Normal flora count from 13 pooled chicken samples was approximately 1.85x10°
cfu/mL and therefore, the final concentration of normal flora in 100 mL Bolton broth
of this experiment was approximately 1.85x10* cfu/mL. Each inoculum concentration
of 1.5x10’, 1.5x10°, 1.5x10° and 1.5x10* cfu/mL of Campylobacter jejuni ATCC
33291 was added in each Bolton broth bottle containing chicken normal flora. The
final concentrations of Campylobacter in 100 mL Bolton broth were 1.5x10*, 1.5x10°,
1.5x10% and 1.5x10 cfu/mL, respectively.

After 24 hr of incubation at 42 °C, 10 pL from each bottle was cultured by
streaking in 4 quadrants pattern onto normal CCDA plate and the culture model with
CCDA supplemented with 0.025 U membrane fragments from E. coli no. 3 and P.
aeruginosa no. 30. Optimal incubation temperatures and times were at 42 °C, for 24 hr
for the culture model supplemented with membrane fragment from E. coli no. 3 and at
37 °C, for 48 hr when using the membrane fragment from P. aeruginosa no. 30.

At 42 °C, 24 hr, Campylobacter colonies were found in the plate that incubated
with mixed gasses and in the culture model containing CCDA supplemented with
membrane fragments from E. coli no. 3. In CCDA incubated with mix gasses,
Campylobacter colonies from inoculum size of 1.5x10* cfu/mL could growth up to the
4™ quadrant and the colony size was relative larger than the colonies on the culture

model supplemented with membrane fragments from E. coli no. 3. For inoculum size
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of 1.5x10° cfu/mL, Campylobacter growth could be observed up to the 3" quadrant in
both the culture model and normal agar plates. At inoculum size of 1.5x10% and
1.5x10 cfu/mL in both plate types, Campylobacter colonies might grow up to 2"
quadrant but hardly to be observed because there were normal flora colonies with
large colony size growth in the 1% and 2" quadrant (Table 4.4). Amounts and sizes of
normal flora colonies in CCDA incubated with mix gasses were higher and bigger,
respectively than those in the culture model of CCDA supplemented with purified
membrane fragments from E. coli no. 3.

At 37 °C, 48 hr, Campylobacter colonies showed small size when compared with
the incubation at 42 °C for 24 hr in both the plates that incubated with mixed gasses
and the culture model containing CCDA supplemented with 0.025 U membrane
fragments from P. aeruginosa no. 30. At inoculum size of 1.5x10* and 1.5x10°
cfu/mL, C. jejuni ATCC 33291 were growth up to the 4™ and the 3™ quadrant,
respectively. Campylobacter colonies were hard to be observed in the plates from
inoculum size of 1.5x10% and 1.5x10 cfu/mL because of normal flora over growth.
Same as the experiments of incubation temperature at 42 °C, amounts and sizes of
normal flora colonies in CCDA incubated with mix gasses were higher than those of
CCDA supplemented with purified membrane fragments from P. aeruginosa no. 30.

Table 4.4 Campylobacter growth from artificial inoculated samples.

Inoculum size of Campylobacter (cfu/mL)

Media 1.5x10* 1.5x10° 1.5x10? 1.5x10
Normal plate Growth up to | Growth up 3 | Normal flora | Normal flora
with mixed gases | 4™ quadrant quadrant overgrowth overgrowth

Developed plate | Growthupto | Growth up 3" | Normal flora | Normal flora
with E3 0.025 U 4™ quadrant quadrant overgrowth overgrowth

Developed plate Ggowth upto | Growth up 3% | Normal flora Normal flora
1
with P30 0.025 U | 4 Quadrant | quadrant overgrowth overgrowth
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4.5 Comparison of an efficiency between gas replacement method and
the developed culture model for isolation of Campylobacter spp. from

chicken sample.

4.5.1 Isolation of Campylobacter spp. from chicken sample.

Incubation condition for CCDA incubated with mixed gasses and the culture
model of CCDA supplemented with 0.025 U of membrane fragments from E. coli no.
3 was 24 hr at 42 °C while the culture model using 0.025 U of membrane fragments
from P. aeruginosa no. 30 was incubated for 48 hr at 37 °C. From 50 chicken samples,
there were 13 samples which showed Campylobacter suspected colonies in three kinds
of plates while there were 3 samples which showed the suspected colonies only in the
culture model supplemented with membrane fragments. Gram staining from the
suspected colonies showed Campylobacter suspected morphology from 15 chicken
samples. Normal flora was found on the cultural plates of 35 samples from 50
samples. The experiments of artificial inoculated samples, normal CCDA plates
incubated with mixed gasses contained higher quantity of normal flora growth than
that in the culture model containing CCDA supplemented with membrane fragments.
All Campylobacter suspected colonies were collected to perform PCR for genus and

species identification.

4.5.2 Identification and confirmation of Campylobacter by PCR

To determine the appropriate bacterial concentrations for PCR arrays, various
concentrations of Campylobacter suspension were subjected into the experiments
because this study used bacterial suspension as a sample template instead of DNA
which used in the original PCR protocol. Cell suspensions of C. jejuni ATCC 33291
showed positive results with primer 16S-rRNA between 2x10” cells to 20 cells per one
reaction while C. coli no. 24 show positive results between 2x10° cells to 200 cells per
one reaction (Figure 4.18). Primer Cj-GyrA showed clearly positive results with C.
jejuni ATCC 33291 between 2x10” cells to 2x10% cells per reaction but may show
weakly positive results at 2x10° cells and 2x10* cells as well (Figure 4.19). Cell

suspension of C. coli no. 24 showed clearly positive results with Cc-CeuE between
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2x10° cells to 2x10° cells per reaction but may show weakly positive results at 2x10

cells as well (Figure 4.20).

Y]
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Figure 4.18 PCR result of various concentrations of cell suspension from C. jejuni
ATCC 33291 and C. coli 24 with 16S-rRNA primer (PCR product size = 816 bp).
(Cj = Campylobacter jejuni and Cc = Campylobacter coli)
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Figure 4.19 PCR result of various concentrations of cell suspension from C. jejuni
ATCC 33291 with Cj-GyrA primer (PCR product size = 290 bp).
(Cj = Campylobacter jejuni)
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-645 bp

Figure 4.20 PCR result of various concentrations of cell suspension from C. coli no.
24 with Cc-CeuE primer (PCR product size = 645 bp).
(Cc = Campylobacter coli)
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From totally 45 samples of suspected Campylobacter morphology by Gram
staining isolated from 15 chicken samples, 36 samples showed positive results with
both primer 16S-rRNA and primer Cj-GyrA while none showed positive result with
primer Cc-CeuE. Therefore, all positive samples were identified as Campylobacter
jejuni while Campylobacter coli and other species were not found in this study. Detail
in conclusion was showed in Table 4.5 and some PCR results were showed in Figure
4.21,4.22 and 4.23.

The developed culture model using purified membrane fragments could be used
for Campylobacter cultivation instead of the gas replacement method, however, the
gas replacement method provided a bit larger colony size than colonies growth in the
culture model CDA/CCDA plates supplemented with purified membrane fragments.
An advantage of the culture model was the low quantity growth of normal flora while
gas replacement method showed higher normal flora growth than the culture model.
The culture model containing CDA/CCDA supplemented with purified membrane
fragments from E. coli no. 3 showed the better performance over that using membrane
fragments from P. aeruginosa no. 30 in term of short incubation time (24 hr) and large

Campylobacter colony size.
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Table 4.5 No. of suspected and positive samples in various processes of experiments
from chicken samples (n=50).

Growth of suspected colony Suspected PCR identification

Normal | Developed | Developed | morphology | 16s rRNA Cj-GyrA | Cc-CeuE
plate plate with | plate with | in Gram
with E30.025 | P300.025 | stain

mixed | U U
gases

GIE|P|IG|E|P|G|E|P
13 16 16 15 1212 |12 (12|12|12({0 |0 |0

G: suspected colonies from normal plate incubated with mixed gases.

E: suspected colonies from the culture model supplemented with membrane fragments
from E. coli no. 3.

P: suspected colonies from the culture model supplemented with membrane fragments

from P. aeruginosa no. 30.
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B B w6 bp

Figure 4.21 PCR results of sample no. 26, no. 27, no. 28 and no. 37 using 16S-rRNA
primer with PCR product size of 816 bp.

G: suspected colonies from normal plate incubated with mixed gases.

E: suspected colonies from the culture model supplemented with membrane fragments
from E. coli no. 3.

P: suspected colonies from the culture model supplemented with membrane fragments

from P. aeruginosa no. 30.
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Figure 4.22 PCR result of sample no. 37, no. 38, no. 43 and no.46 using Cj-GyrA
primer with PCR product size of 290 bp.

G: suspected colonies from normal plate incubated with mixed gases.

E: suspected colonies from the culture model supplemented with membrane fragments
from E. coli no. 3.

P: suspected colonies from the culture model supplemented with membrane fragments
from P. aeruginosa no. 30.
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Figure 4.23 PCR result of sample no.26, no. 27, no. 28 and no. 37 using Cc-CeuE
primer with PCR product size = 645 bp.

G: suspected colonies from normal plate incubated with mixed gases.

E: suspected colonies from the culture model supplemented with membrane fragments

from E. coli no. 3.
P: suspected colonies from the culture model supplemented with membrane fragments

from P. aeruginosa no. 30.
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CHAPTER V
DISCUSSION

5.1 Characterization of the membrane fragments extracted from E.

coli and P. aeruginosa.

SDS-PAGE of purified membrane fragments had shown different molecular
weight of proteins. Futai’s work in 1973 reported that lactate dehydrogenase from E.
coli had an approximate molecular weight of 72 kD (82). In 1973, Spencer and Guest
reported that succinate dehydrogenase from E. coli had an approximate molecular
weight of 67 kD (83). Membrane fragments from E. coli no. 3 also showed bands of
molecular weight around 70-74 kD and 65-70 kD. In 1978, Matsushita et al reported
three components of D-gluconate dehydrogenase from P. aeruginosa had molecular
weight of 66 kD, 50 kD and 22 kD (84) while results in this study also showed
molecular weight around 50-65 kD and 20-25 kD . Levin et al’s work in 2004 showed
that alcohol dehydrogenase from P. aeruginosa had molecular weight of 40.6 kD (86).
Purified membrane fragments from P. aeruginosa no. 30 showed bands with
molecular weight around 37-40 kD.

Membrane fragments from E. coli no. 3 and P. aeruginosa no. 30 showed
different working conditions. Slightly high temperatures of 42 °C to 50 °C and slightly
alkalinity of pH 7.5 to pH 8.5 were the appropriate conditions for oxygen reduction
activity of membrane fragments extracted from E. coli no. 3. In contrast, lower
temperatures and lower alkalinity were appropriate conditions for the activity of
membrane fragments extracted from P. aeruginosa no. 30. A difference in
characteristics of the membrane fragments were possibly resulted from different
properties of membrane bound enzymes that contains in each bacterial genus such as
lactate dehydrogenase from E. coli had optimum pH at 8.0-9.0 (82) while D-gluconate
dehydrogenase from P. aeruginosa had optimum pH at 5.0-6.0 (85).
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Crude and purified membrane fragments used in this experiment came from
different extraction experiments. Purified membrane fragments may showed some

bands which were not showed in crude membrane fragments.

5.2 An effect of purified membrane fragments supplemented on liquid

media on Campylobacter jejuni growth.

C. jejuni ATCC 33291 cultured in Bolton broth supplemented with membrane
fragment from E. coli no. 3 showed better growth than the culture in Bolton broth only
while Bolton broth flushed with mixed gases showed the best Campylobacter growth.
Bolton broth without membrane fragments and no flushing could support growth of
Campylobacter because it contains reducing substances including sodium
metabisulfite and sodium pyruvate. Sodium pyruvate also involves in the reaction that
generates NADH which acts as reducing agent (48). Using oxygen reducing
membrane fragment in Bolton broth could improve Campylobacter growth but not as
good as gas flushing did.

By generating microaerophilic condition from oxygen scavenging process,
oxygen reducing membrane fragments from E. coli and P. aeruginosa could work well
in supporting growth of C. jejuni ATCC 33291 in Mueller Hinton broth. Their results
were similar to those using MHB with mixed gases flushing while MHB only could
not support growth of Campylobacter because of high oxygen level remaining in the
media. Because Mueller-Hinton broth does not contain chemical reducing agents as
found in Bolton broth. Some studies had shown that membrane fragments worked very
well in Campylobacter culture media added with reducing agents such as ferrous
sulfate, sodium metabisulfite and sodium pyruvate (63, 64). In this study, 0.08 units of
membrane fragments in culture media showed slightly higher bacterial counts than
that supplementing with 0.05 units of the membrane fragments when compared to
growth results in MHB with mixed gases flushing. These results agreed with the study
of Niroomand and Fung in 1994 which stated that Campylobacter growth increased as

the amounts of membrane fragments in the broth increased (64).
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5.4 Development of agar-type culture model for cultivation of
Campylobacter jejuni under normal atmosphere by using the

membrane fragment as a supplement.

Before succeed with development of the culture model, various agar containers
and methods was tried as following
e Using two layer of agar modified from Spangler et al’s work (87), bottom layer

was agar while the top layer was CDA supplemented with the purified membrane
fragments. Agar was filled to full volume capacity of petri-dish then put in plastic
bag and use vacuum to remove air before sealing. Plate was incubated at 42 °C
under normal atmosphere for up to 48 hr. This method could support
Campylobacter growth but it used large amount of agar and membrane fragment.

e Normal CDA plate was spreaded with membrane fragments and dried at room
temperature. The plate was put in a plastic bag and used vacuum to remove air
before sealing and incubating at 42 °C under normal atmosphere for up to 48 hr.
This method could not support growth of Campylobacter.

e Using two layer of agar as shown in the first trying by using 7 inches Jatukam
Ramathep case as a petridish. Agar was filled to full volume capacity then the lid
was closed. The case was sealed with a clear tape and incubated at 42 °C under
normal atmosphere for up to 48 hr. Membrane fragments work well in supporting
growth of Campylobacter because of less air space between agar surface and the
lid. However, there was a problem with making sterility of the container. This
container was made from acrylic which can only be steriled by UV irradiation but
can not be autoclaved or used 70% alcohol because of melting and structure
changing, respectively.

The culture model of this study used 6.85 cm diameter round-ring template
because this size has appropriate space for both wall area and streaking area. For the
culture model in this study, 13 mL of CDA/CCDA with membrane fragments were
appropriated volume for the equipment used in this study only. Using different
equipments need to re-experiment to obtain appropriate headspace volume between

the agar surface and the roundglass. Larger headspace volume may need more units of
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membrane fragments to obtain appropriate microaerophilic condition for
Campylobacter cultivation.

Culture model technique developed in this study showed acceptable growth of C.
jejuni ATCC 33291 which is the manufacturer recommended strain for quality control
of CDA/CCDA media. Growth of Campylobacter jejuni ATCC 33291 on the
developed culture model supplemented with membrane fragments was depended on
units concentrations of membrane fragments in the agar which more units showed
better bacterial growth. However, using 0.05 U or higher of the membrane fragments
could lead to fragile agar surface which was not appropriate for streaking. The cause
of the fragile agar surface may come from a volume of liquid which added in the
melted agar caused sudden temperature change. This problem can be solved by
warming up membrane fragments solution to a temperature around 42 °C before
adding to the melted agar. A pH change may also be the cause of agar fragility
because agar added with distilled water and HEPES buffer in equal volume to 0.1 U of
membrane fragments showed less fragility than adding the membrane fragments itself.

There were some Campylobacter-related published researchs that used oxygen
reducing membrane fragment incorporated into agar media with using the commercial
Oxydish. Wiggs et al’s work in 2000 (68) had evaluated growth of organisms on the
Oxyplate which is Oxydish containing brucella blood agar and Oxyrase that prepared
from the manufacturer. One strain from all eight of Campylobacter rectus showed
growth on Oxyplate while other anaerobe bacteria showed better growth results. The
results assumed that amount of membrane fragments in Oxyplate generated anaerobic
condition not microaerobic condition. Wonglumsom’s works in 2001 used CCDA
supplemented with commercial Oxyrase in Oxydish and found that at least 0.6
units/mL of Oxyrase added were optimal for supporting Campylobacter growth (87).

So far there were many attempts to use oxygen reducing membrane fragments
with agar by using other containers instead of Oxydish. Spangler et al work’s in 1992
using two layer of agar, bottom layer was supplemented with substrate for Oxyrase
and the top layer was supplemented with substrate and Oxyrase. The plate was used
within 10 min of preparation. After inoculation the plate was let air-dried and covered
with a glass Brewer lid and incubated in ambient air. Growth of Campylobacter could
observed inside of the Brewer lid (87). In 2001, Wonglumsom et al using CCDA
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supplemented with membrane fragment as a slant in screw-capped tubes (66). The
media showed capability of supporting Campylobacter growth but also have a
problem in limitation of streaking area.

For experiment with artificial inoculated samples, growth of C. jejuni could be
observed after specific incubation times for each membrane fragments used. There
were some normal flora still growth on CCDA supplemented with cefoperazone and
amphotericin B which caused less Campylobacter growth than the experiments with
pure Campylobacter culture. Amphothericin B is an antifungus so it has no effect to
bacteria and there were no fungus growth in this experiment. However, cefoperazone
which is the third generation cephalosporin has decreased activity against Gram-
positive organisms and there were some Gram-positive cocci growth on CCDA plate.

Using membrane fragments from E. coli may have the advantage over using
membrane fragments extracted from P. aeruginosa because of less incubation time

and bigger size of observed colonies.

5.5 Comparison of an efficiency between gas replacement method and
the developed culture model for isolation of Campylobacter spp. from

chicken sample.

From all chicken samples, Campylobacter suspected colonies were shown in 32%
of culture model containing CCDA supplemented with membrane fragment from both
E. coli no. 3 and P. aeruginosa no. 30, while mixed gases incubated CCDA plates
were shown suspected colonies from 26% of samples. Gram stain showed suspected
morphology from 30% of samples and those suspected colonies were collected for
identification. Same as experiment with artificial inoculated sample, there were some
normal flora growth onto CCDA which may cause from decreased activity against
Gram-positive organisms of cefoperazone.

This study found Campylobacter jejuni in 12 chicken samples which was 24%
from all 50 samples. No Campylobacter coli and other species were found in this
study. Samples which found Campylobacter showed growth on CCDA incubated with
mixed gases, CCDA supplemented with membrane fragment from E. coli no. 3 and
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CCDA supplemented with membrane fragment from P. aeruginosa no. 30. Samples in
this study were collected from markets in Bangkok and nearby provinces. In 2005
Padungtod et al’s reported Campylobacter prevalence in northern Thailand’s markets
of 47% (2). Same group also studied in pig samples and reported the prevalence in
market was 33% (2). Most studies of Campylobacter in chicken used cecal contents
for inoculation because this organ was a colonization area for Campylobacter but
many studies also showed the prevalence in other parts especially skins. Scherer et al’s
work in 2006 reported 70% of skin samples from chicken leg collected from different
retail outlets in Berlin, Germany were Campylobacter positive (89). This study found
24% Campylobacter positive, if compared to other studies it may state in two ways.
First, chicken farming in the Bangkok and vicinity of Thailand was more sanitized or
seemed there were many use of antibiotics in chicken farming.

The developed culture model containing CCDA supplemented with appropriated
concentration of oxygen reducing membrane fragments showed the possibility of
using in Campylobacter cultivation especially in laboratory routine. In small
laboratory which has a few Campylobacter suspected samples in a day, using of gas
pack or mixed gas flushing were too expensive while culture model from this study
was more appropriate for either small amount or large amount of samples. Bowl agar
could be prepared and stored at 4 °C for many months. Purified membrane fragments
could be store at -20 °C for at least 1 year with no enzyme activity significantly

decreasing and it should be kept longer if stored in -80 °C deep freezer.
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CHAPTER VI
CONCLUSION

1. Purified membrane fragments from E. coli no.3 had high oxygen reduction
activity at temperatures of 42°C and 50°C, and at pH 7.5 to pH 8.5. Purified
membrane fragments from P. aeruginosa no.30 showed high reduction activity at
temperatures of 37°C and 42°C, and at pH 7.0 to pH 7.5.

2. Using 0.05 U of membrane fragments from E. coli no.3 in 100 mL Bolton
broth could improve Campylobacter growth at 42°C and showed similar performance
as using mixed gases flushing method at 6 hr.

3. Using membrane fragments from E. coli no.3 and P. aeruginosa no.30 in
Mueller Hinton broth could support Campylobacter growth at 42°C and 37°C,
respectively. Using Mueller Hinton broth only could not support Campylobacter
growth at both temperatures.

4.  Appropriate units of membrane fragments for using in the culture model
were 0.025 U per total volume of 13 mL of media. More units of membrane fragments
showed better performance of Campylobacter growth in the pure culture experiments.

5. Culture model containing CCDA supplemented with 0.025 U membrane
fragments from E. coli no. 3 and P. aeruginosa no. 30 could support Campylobacter
growth from artificial inoculated sample after enrichment in Bolton broth.

6. From 50 chicken samples, 24% of the samples were found Campylobacter
jejuni. All showed growth in CCDA incubated with mixed gases and in the culture
model using CCDA supplemented with membrane fragment from E. coli no. 3 and

from P. aeruginosa no. 30.
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