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OLIGONUCLEOTIDE ARRAY/FOODBORNE PATHOGENS/DNA PROBE

Oligonucleotide array hybridization based methoas be used for screening
of multiple foodborne pathogens. Several targehqggns can be monitored in a
single step of DNA hybridization using suitable cfie probes on an array matrix. In
this investigation, screenings of suitable probmssipecific detection of foodborne
pathogens prevalence in fresh chicken meat welferpged using post-PCR labeled
target regions. The hybridization signals of nodiwactive labeling digoxigenin
(DIG) incorporated into the PCR target regions welbbserved by naked eyes. The
target regions of 16S rRNA gene specific tescherichia coli, Salmonella spp.,
Saphylococcus aureus, Listeria monocytogenes, and Clostridium perfringens, were
used as models. The optimum concentration of tigpmlicleotide probes was found
to be 200 pmol. The detection using only 16S rRIdAegas target gene was carried out to
detect multiple target bacteria at as low as Innipé mixed genomic DNA from the 5
bacterial species. Although the results showed dhlarge number of target bacteria
can be detected with easy result interpretatiomligonucleotide array hybridization
but some of them can be differentiated in only gemus level and some cross-
reactivities were found from the non-target baetésolated from the enrichment
culture. Therefore, oligonucleotide array combingth multiplex PCR (m-PCR) or

conventional PCR using specific genes as target® wleveloped to specifically



detect dominant foodborne pathogens in chicken m&atget bacteria including.
coli, L. monocytogenes, Salmonella spp., andshigella spp. were used as models for
the evaluation of these combined methods. M-PCRgetarg theuspA, prfA, fimy,
andipaH was successfully used to detéctcoli, L. monocytogenes, Salmonella spp.,
andShigella spp., respectively. The combination of m-PCR anvemtional PCR with
oligonucleotide array revealed discriminatory powerong genera and speciestof
coli, L. monocytogenes, Salmonella spp., andshigella spp. with low or no incident of
false negative results. The efficiency of the cariieal PCR amplification is more
sensitive than that of m-PCR for amplification afget genes. The m-PCR- and
conventional PCR-oligonucleotide array could desdct target bacteria at as low as
1 ng and 0.1 ng of each in the mixed genomic DN&asted from pure cultures,
respectively. The application of oligonucleotideragr was tested with 10 fresh
chicken meat samples. Combination of target badteenrichment and DNA
amplification demonstrated that the conventionaRRfligonucleotide array could be
used for simultaneously detection of all 4 targettbria in fresh chicken meat
samples while m-PCR-oligonucleotide array couldwiameously detect onlk. coli,
Salmonella sp., andL. monocytogenes in the same samples. Conventional PCR-
oligonucleotide array was able to det&ht boydii and L. monocytogenes at initial

concentration of at least 3 and ddlls in 25 g sample, respectively.
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CHAPTER |

INTRODUCTION

In Thailand, poultry especially frozen and processhicken meat is one of
the most important foods for exports. Thailand basn one of the major poultry
export country in the world. In 2003, Thai exporf@cessed chicken to Japan and
European Union (EU) approximately 13.9% and 19.7% ab food exports,
respectively (Food intelligence center Thailand, 020 In 2008, Thai exported
approximately 50,275 million baht of processed kércwhich is 25% of the world
market (http://fic.nfi.or.th). The export of frozeand processed chicken during the
first three month of 2009 increase in values appnakely 7.9%,
(www.depthai.go.th Thailand's exports of processed chicken meafaxezasted to
grow by 8-10% in 2009 in anticipation of continugtdong demand from the EU and
Japan (http://www.thepoultrysite.com). In 2011,cklein meat exports (both cooked
and uncooked) increased 10% in quantity to 217r888ic tons from the same period
of 2009, while the value of exports increased b%282 the first half of 2011. Both
domestic consumption and exports in 2012 are alsecést to grow 9% reflecting
strong consumer demand (USDA Foreign Agriculturarng&e, http:// www.
thepoultrysite. com/ articles/ 2165/ thailand-poutind-products-annual-2011). Thus
Thailand’s total cooked and frozen chicken produrcis predicted to increase further
in line with growing domestic consumption and exporPoultry meat can be

contaminated with foodborne pathogens due to matyofs such as nutrients,



high water activity, and neutral pH. These factars favorable conditions for the
development of contaminated microorganisms fromermd sources during
processing (Guerra, 2009). Thus foodborne pathdgégction prior to export is very
important to increase the confident of the intaoratl markets in term of chicken

meat quality from Thailand.

In EU, the prevention of human health from hazasdonsafe chicken meat
has been reported in ‘European Legislation in Rmlato Food Safety’. The main
regulations focus oiescherichia coli, Salmonella spp., andStaphylococcus aureus
(National food institute, 2008)n Japan, the control of foodborne pathogen indmz
fresh, and processed chicken has been reportdthenfood sanitation law’. For fresh
and processed chicken meat, the limitations of arairtated foodborne pathogens
focuses ork. coli (absence in samplefaph. aureus (<1,000 colonies in 1 g sample),
Salmonella spp. (absence in sampl€jostridium spp. (<1,000 colonies in 1 g sample
of processed chicken), and coliform group (absemcesample) (National food
institute, 2009). In Thailand, Department of Livast Development regulated
contaminated bacterium level for exported meat pcbdas described in
‘Microbiological Guideline for Chilled/ Frozen Meatnd Poultry Meat’ and
‘Microbiological Standard for Livestock Product&or chilled/ frozen poultry meat’,
the limitations of contaminated foodborne pathogéwises on coliform (<5,000
org/g), E. coli (<100 org/g),Saph. aureus (<100 CFU/qg),Enterococci spp. (<1,000
CFU/qg), Salmonella spp. (absence in 25 g sample), monocytogenes (should be
absence in 25 g sampl€ampylobacter jejuni, andCamp. coli (should be absence in
25 g sample). For heat-treat meat products andateddger packing, the microbial

regulation mainly focuses on coliform (absence mpslample)E. coli (absence in 1 g



sample),Saph. aureus (absence in 1 g sampldinterococci spp. (<100 CFU/g),
Salmonella spp. (absence in 25 g samplé), monocytogenes (absence in 25 g
sample),Camp. jguni, and Camp. coli (absence in 25 g sample) (Department of

livestock development, 2009).

Foodborne pathogens includi@ampylobacter spp.,Clostridium perfringens,
L. monocytogenes, Salmonella spp., Saph. aureus, and microbial food safety
indicator,E. coli, which are prevalence in chicken meat, should baitored prior to
export. Therefore, the developments of accurate rapdl methods for foodborne
pathogens detection were considered in this relse@ammon method of detection is
the culture based test, which utilizes suitablewgino media to identify bacterial
species, thus between 24-48 h are needed to offtainesults (Yocet al, 2004).
Numbers of apply research in this field have be#prested in rapid methods for
pathogen detection. These methods include antibadgd assays, genetic

amplification methods, and oligonucleotide array.

Genetic amplification method such as the polymexdssEn reaction (PCR)
has been applied due to its rapidity time and teylel of specificity. This technique
is able to distinguish closely related species thast antibody tests could not (Nugen
and Baeumner, 2008). In complex mixture containeatious microorganism
communities, large numbers of primers are needednfdtiple pathogen detection.
Multiplex PCR (m-PCR) is an effective way for numbef microbial detection but
the detection sensitivity for some target bactelezreases. Disadvantages of this
technique involve the chance that two unrelatech@rs produce spurious product

increases (Chianget al., 2006). Moreover, the detection of PCR andP@R



amplicons is based on the separation of PCR predusing different molecular
weight by agarose gel electrophoresis which is E=ssitive and sequencing are
needed for PCR validation step (Chiang et al., 2@#&tanni and Corsetti, 2007,
Wang et al., 2007). Recently, real-time PCR hasnbapplied to improve the
sensitivity of m-PCR and PCR technigues. Howewes-time PCR requires special
thermal cyclers, fluorescent detectors to detectrs¢ m-PCR products and expensive
reaction reagents (Bai et al., 2010; Suo et alLlp26lu et al., 2011 Therefore, simple
and rapid methods with inexpensive equipment féa @malysis are needed for PCR

validation step for simultaneous multiple pathodetection.

To solve these problems, oligonucleotide arraylmampplied in a single step
for several pathogen detection. Recently, DNA ahgoaucleotide array has been
applied as a tool for sensitive and high-throughputtiple organism screening (Yoo
et al, 2004). These oligonucleotide probes can be dedigo hybridize to different
groups of bacterial species using variable targejusnce regions. Targets for
hybridization may be PCR products, oligonucleotidgenomic DNA, or cDNA
(Franke-Whittleet al., 2006). To improve the sensitivity of hyhzation technique,
amplification of target prior to hybridizing withligonucleotide array has been
suggested (Chiangt al, 2006). Although microarray-based techniques hsexesral
advantages, but the regular microarray methods arpensive equipments for array
development, array scanning and data collection éBal., 2010), which is beyond
the budget of many laboratories especially in dgvelg countries. Thus the
development of signal investigation system withyedsw cost but high sensitivity
has been required. Easy systems for hybridizatigmat detection and result

interpretation from oligonucleotide array using inmmological chromogenic reaction



which can be observed by naked eyes were applitdsmesearch.

The aim of this investigation focused on developha@multiple foodborne
pathogen detection in fresh chicken meat by oligteatide array hybridization
technique usinge. coli, L. monocytogenes, Salmonella spp., andShigella spp. as
model organisms. Moreovertaph. aureus and Cl. perfringens, the regulated
foodborne pathogens in poultry meat, were alsoedfitiated by oligonucleotide
array based method. The primers and probes wergnéelsusing both conserved and
specific genes as targets since most of the resedso reported the limitation of 16S
rRNA regarding to its diversity. All primers andobes from this research were tested
for specificity using both references and isoldtedterial strains of chicken intestinal
tracts including target and non-target bacteria cwvhiare frequently found in
enrichment culture. Target regions for DNA labelingre amplified by conventional
PCR or m-PCR followed by oligonucleotide array hglamation. Easy systems for
hybridization signal detection using immunologicaAromogenic reaction which can
be observed by naked eyes were performed. Effigieamel detection limit of these
systems for multiple target bacterial detectionevevaluated in pure culture and in

real fresh chicken meat samples.
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CHAPTER I

FOODBORNE PATHOGEN ISOLATIONS

Abstract

There are numerous numbers of commercial chickemsfan Thailand but
lack information of the isolation and characteri@atof chicken intestinal foodborne
pathogens and food safety indicators. Thereforation of food safety indicators
and foodborne pathogens includescherichia coli, Salmonella spp., Listeria
monocytogenes, Clostridium perfringens, and Campylobacter spp. from 5 fresh
chicken intestines of 4 different farms in Nakhomté¢hasima, Thailand were
attempted. Contaminations &f monocytogenes and Campylobacter spp. were not
found from all tested chicken intestines. O@ly perfringens, E. coli, andSalmonella
spp. were found in this investigation. Severalased ofE. coli, Cl. perfringens and
Salmonella spp. were identified by biochemical reactioridinor variation of
biochemical profiles especially carbohydrate uéifian and gelatin hydrolysis were
found among isolates. ldentification of some naige¢da bacteria isolated from
enrichment culture using only biochemical profiesre difficult. The target and non-
target isolates which have physiological charasteridiversity observed in this part
were used as the tested organisms for the develdpuofefoodborne pathogen
detection to increase the specificity and accuigtcthe novel rapid methods in next

part.



2.1 Introduction and review literature

2.1.1 Poultry microflora

Several hundred different species of microorganifims poultry meat
have been reported. Microorganisms found on pochrybe divided into two general
groups. Firstly microorganisms that can produceatis in humans, generally referred
to as pathogens, and those not associated withc@agnized disease which are
designated as non-pathogenic organisms (MountnéyParkhurst, 1995). More than
40 different types of anaerobes Gram-negative aran&positive non-sporing rods
and cocci have been isolated from chicken caeca.nikroflora of the chicken crop
consists of large numbers of lactobacilli, smalleumbers of coliforms, and
streptococci. The dominant lactobacilli in the clispmaintained by their ability to
adhere to the crop epithelial cells (Fuller, 20@0liforms are a large group of Gram-
negative, facultative anaerobiagon-spore-forming, rod-shaped bacteria that all
belong to a single taxonomic family Enterobactezéee They differ from most of the
other members of this family because of their gbilo ferment lactose, with the
production of acid and gas occurring within 48Most coliforms are present in large
numbers among the intestinal flora of humans ahérovarm-blooded animals, and
are thus found in fecal waster (Rompré et al., 20@&uch and Maehlum, 2012).
Coliforms are comprised of several genera suctKlkebsiella, Escherichia, and
Enterobacter. However, E. coli and Enerobactert aerogenes are the most widely
recognized members of these genera. The detecfiolarge numbers of these
organisms in foods and water may be indicator o#lfgpollution or contamination.
The present of coliforms in large numbers in preedsood indicates poor practice in

the processing, and storage of food which raisegtssibility that pathogens might
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have entered the food product through the same.r@uie of the important bacterial
intestinal tracts is enterococci. The enterococoe anembers of the genus
Sreptococcus, which are Gram-positive, catalase negative catcshort or long
chains.Streptococcus faecalis and its subspecies are more commonly associatéd wit
the intestinal tract of human. The enterococci arbetter index of food sanitary
quality than are coliforms especially for frozewdis (Chipley, 1987).

The small intestine microfloras in young chicks anainly facultative
anaerobes Sreptococcus, Staphylococcus, Lactobacillus, and E. coli). The main
types of Lactobacillus in germ-free chicken reviewed by Barnes (1979) laaet.
acidophilus, Lact. salivarius, and Lact. fermenti. However, large numbers of
anaerobes such dsubacterium, Propionibacterium, and Clostridium have been
isolated from the duodenum and ileum (Smirngetval., 2004). Currently many
different chicken probiotics are lactic acid baigtehey may contain only one strain
such aslLact. reuteri or as many as several stains suchLad. acidophilus, Lact.
delbrueckii subsp. bulgaricus, Lact. plantarum, Lact. rhamnosus, Enterococcus
faecium, Streptococcus thermophilus, and Bifidobacterium bifidum (Fuller, 2001).
The psychrophilic bacteria belonging to the gerfdi@obacterium, Acinetobacter,
and Corynebacterium have been isolated from live chickens at procegsgiants.
These psychrophilic bacteria are present on the feathers, and skin of live birds

but their numbers decrease markedly after scal@agey et al., 1987).

2.1.2 Foodborne pathogens in poultry

Pathogenic organisms can be divided further into groups which can
produce disease by invading the body and prodummigpfection such aSalmonella,

Streptococci, and pathogens which produce toxinma@ons in the food itself such as
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Staphylococcus and Clostridium. Another basis for classifying pathogens in or on
meat is enteric diseases or those that residegestive tract, extraintestinal illnesses
from foodborne infectious agents, and occupatiahs¢ases transmitted to workers
who handle animals and animal producBlmonella, Campylobacter spp. and
Clostridium perfringens are examples of the first typ€lostridium botulinum and
Saph. aureus are example of the second type &idamydia psittaci is one example
of an occupational infectious disease (Mountney Badkhurst, 1995). In chicken
meat, foodborne pathogen includirgmonella spp., L. monocytogenes, Saph.
aureus, Camp. jguni, Camp. coli, andE. coli have been regulated by food regulation
law in Thailand (Department of livestock developine009). The processes of
rinsing and processing poultry can introduce veagedf potential sources of pathogen
contamination. A processed carcass may containogatis on the skin that are
attached by specific or non-specific interactiontrapped in folds, crevices, pores

(follicle) or water-skin interface (Mandrel and Waelt, 1999).

Listeria monocytogenes is a facultative small short, Gram-positive rod
bacterium. It has a temperature growth range of 248C and it iscapable of causing
serious illness in human and animalssteria is flagellated and motile in a
characteristic tumbling or slightly rotating fashioThe productions of flagella are
regulated by temperature. Motility is best demaatstt at 28C. Growth along the
stab line in an appropriate medium showed sprea@hiBgnm below the surface of the
medium in an umbrella fashion that may be seeradg as 24 h (Lovett, 1989). The
pathogen is widely distributed in the environmétst primary habitat may be soil and
decaying vegetation. It has the ability to growrgfrigeration temperatures and to

tolerate a wide range of pH and osmolarity. Infattis commonly induced by
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contaminated food especially cold-stored food. dhée has been associated with a
variety of foods, including cheese, meat, milk, etaples and fish. The infection risk
of this pathogen are pregnant women, newborn babedder, and immune
compromised persons (Kathariou, 2000; O’'Gradyal, 2009). The prevalence of
Listeria in poultry has been reported in many publicatioims.2001, Capita and
colleagues reported the prevalencelLddteria spp. on the skin of a hundred fresh
eviscerated and refrigerated chicken carcasseshgsed from 20 retail stores in
Leo’n (Spain) using a two-stage enrichment proagimilar to the USDA method.
They found that 95% of poultry skin samples corgdihisteria spp., 15% of these
containedL. monocytogenes, 17% L. monocytogenes and otherListeria species in
combination, and 63% of the samples being contaexhlay othelisteria such ad..
innocua, L. welshimeri, L. grayi andL. ivanovii (Capita et a] 2001). In Thailand,
small numbers of. monocytogenes have been isolated from chicken in open markets
(6%) and supermarkets (4%) in Bangkok and PathuamiTprovinces (Minamet al,
2010). In 2010, Stonsaovapak and Boonyaratanakdmiastigated the prevalence of
Listeria spp. from meat and meat products, dairy and daoguycts, fresh vegetables,
fresh seafood, and ready-to-eat food collected frempermarkets in Bangkok,
Thailand. The prevalence dfisteria spp. was 16.8%, most of them were isolated
from raw meat and vegetablds. monocytogenes was isolated from 18 out of 380
(4.7%) studied samples. Other species isolated Wwenenocua (6.6%), L. ivanovii
(0.8%), L. sedligeri (0.5%),L. grayi (1.6%) and_.. welshimeri (2.6%) (Stonsaovapak

and Boonyaratanakornkit, 2010).

The genuCampylobacter is Gram-negative, slender, curved bacteria that

are motile by a single, polar flagellum. Growth Iwdlccur between 25 and 43.
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Camp. jguni is an obligate microaerophile grows optimally in atmosphere
containing 5% oxygen (Stern, 198%amp. jguni and Camp. coli are the most
common poultry pathogens that cause human gassinal infections. The handling
and ingestion of contaminated poultry products ask factors for sporadic
campylobacteriosis (Lilja and Hanninen, 2001). Imaifand, the majority (52%) of
Campylobacter isolates from chickens wer@amp. coli (Padungtod and Kaneene,
2005). In 2005, the contaminations ©@ampylobacter were reported in food animal
and humans in Chaing Mai and Lampang, provincesoahern Thailand, from 2000
to 2003. A total of 2,360 samples were processecrbgs-sectional study. Their
results indicated that the prevalence @dmpylobacter in chickens at the farms,
slaughterhouses, and markets were 64, 38, and #&gectively. In 2007, Vindigni
and colleagues investigated the prevalence Safmonella, Campylobacter,
Acrobacter, and Enterococcus on raw beef, chicken meat, pork, and chicken eggs
from supermarket and fresh market in Bangkok. Tiegprted that the contamination
of Salmonella spp.,Camp. jejuni and Camp. coli in chicken samples (50 samples)

were 62%, 24%, and 28%, respectively.

Salmonella spp. are facultative anaerobic, Gram-negativejgsit, rods,
which are usually motile with peritrichous flagelalmonella spp. causes illness by
means of infection. They multiply in small intestjncolonize and subsequently
invade the intestinal tissue, producing an entainot@nd causing an inflammatory
reaction and diarrhea. The organism can get in® llood stream and/or the
lymphatic system and cause more severe illnesd éBel Kyriakides, 2002). This
organism is an important bacterial pathogen in hurmad animal including cows

pigs, chickens, and turkeys. In the United Statiesg resistanBalmonella serotype
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Typhimurium & Typhimurium) was the most commonly isolated saro{29.4%)
from 1968 to 1998 (Courtnegt al., 2006). Several research have reported that
Salmonella can attach to wide range of inert surfaces suditesd, glass and polymer
substrate, and to biological surfaces such as skiiscle and cell membrane (Clogik
al., 1999). In Thailand,Salmonella isolated from poultry have been reported.
Bangtrakulnonth and colleagues found 44,@¥monella serotypes isolated from
humans and 26,148 from other sources in Thailahad®sn 1993 through 2002. They
showed that the most common serovar causing hualarsellosis in Thailand was
Salmonella enterica Weltevreden. In frozen chickeB, Enteritidis (19.9%)S. Hadar
(9.3%), S. Paratyphi B var Java (7.196, Virchow (5.9%),S. Blockley (4.6%),S.
Schwarzengrund (3.9%% Agona (3.1%)S Anatum (2.9%)S Amsterdam (2.5%),
S Emek (2.5%) can be isolated. Their results inedahat serovars causing human
infections in Thailand seem to be relatedSsmonella serovars in different food
products and reservoirs (Bangtrakulnonth et alQ420In 2005, Angkititrakul and
colleagues isolatedsalmonella from 40 samples of chicken meat which were
collected from retail markets in Khon Kaen, a pn@d in northeast Thailand between
January and December 2003. They found that the me@stalent serovar waS.
Anatum (33.3%), followed b Rissen (16.7%)S Virchow (13.3%),S. Enteritidis
(13.3%),S Agona (10%),S. Derby (10%),S. Worthington (3.8%), and. Panama

(3.3%) (Angkititrakulet al., 2005).

For E. coli, this organism was found to be a dominant baaterd the
facultative anaerobic normal flora of the intestwmfewarm blood animals, and was
shown to play an important role in maintaining stibeal physiology. E. coli is

Gram-negative, straight rods that may be perituchyp flagellated or non-motile.
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Generally,E. coli strains that colonize the human bowel are harmtessmensals.
However, within the species there are fully patimigestrains that cause distinct
syndromes of diarrheal disease. These diarrheadentoli are grouped into four
categories. The four main categories include epttmgenicE. coli (EPEC),
enteroinvasivé. coli (EIEC), enterotoxigenik. coli (ETEC), and enterohemorrhagic
E. coli (EHEC) orE. coli O157:H7 (Doyle and Padhye, 1989). In 2006, Akkayd a
colleagues reported that poultry meat can also lsowce ofE. coli O157:H7
infections for humans. They determined the prevadesfE. coli O157:H7 on various
portions of chicken carcasses obtained from retarkets and poultry shops in
Turkey using immunomagnetic separation methods. rékalts showed thd. coli
O157:H7 can be isolated from two (1.05%) of the X2Mnples of poultry meat
examined which may result either from cross-contation during slaughter, and/or

processing or during transportation (Akkataal., 2006).

The genus ofShigella is a member of the family Enterobacteriaceae
classified into four groups as followShigella dysenteriae (group A), Sh. flexneri
(group B),Sh. boydii (group C), andsh. sonnei (group D). The bacteriurhigella
was identified as cause of diarrheal disease inamumll groups cause disease in
humans, although with some differences in clinggéctrum. Clinical manifestations
of classic bacillary dysentery include fever, vangt abdominal pain, tenesmus
(painful straining to pass stool). The stool uspatbntains blood, mucus, and
inflammatory cells which result from invasion ofetlpathogen into the intestinal
mucosa. The Shigellae are non-motile, usually aggerc Gram-negative bacteria
that do not ferment lactose or ferment it slowliiigellae are generally considered to

compete poorly with other enteric flora. Howevehen experimentally inoculated
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into food samples in high numbei&igella may survive for periods ranging from
less than 3 weeks to more than 3 months in sucérgbvfood as stewed apples,
cheese, flour, milk, seafood, eggs, tomato juicekmg oil, root beer, and ginger ale.
Unlike most other enteropathogenic bactedagella strains are known to cause adult
infections at a dose of 30? organisms. Because of most cases of shigellosis ar
spread by person-to-person transmission, indivedumbst frequently affected are
those with poor personal hygiene, such as younddrem, people in custodial
institutions, and persons in lower socioeconomicugs subject to crowded living
conditions, inadequate water supplies, and poadtagem systems (Wachsumuth and

Morris, 1989; Pulsrikarn et al., 2009).

In Thailand, Chanachai and colleagues (2008) iny&tstd a foodborne
outbreak of gastroenteritidis due3higella and possiblysalmonella in a school. The
outbreak evidence related to two enteric pathogemtuding Sh. sonnel and
Salmonella spp. Among stools samples from 103 cashggella group D was found
in 18 casesSalmonella group C in 5 cases, arsAlmonella group E in 2 cases.
However, they could not conclude that the contatronawas not introduced by an
infected food handler, sinc@higella was not recovered from any of the food handlers
(Chanachai et al., 2008). Pulsrikarn and colleaguesstigated species and serotypes
of Shigella isolated from clinical samples in Thailand from020to 2005. They
reported thatSh. sonnei was the most common species isolated, consisbihg
approximately 80% of alEhigella spp. eachyear, while Sh. dysenteriae and Sh.
boydii were uncommon (Pulsrikarn et al. 2008) 2010, Minami and colleagues
investigated the prevalence @figella in shrimp (26 samples) and oyster (5 samples)

collected from open markets and supermarkets inldidh They reported that no
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contaminations ofhigella were observed from these food samples (Minamil.et a
2010). These results indicated very low prevalesfcghigella from food samples in
Thailand. However, studies on DNA relatedness skotat these fouhigella
species ané. coli are closely related genetically and could be aersd to be in the
same species (Wachsumuth and Morris, 1989). Theretdl 4 species ofhigella
were used as the tested organisms in our investigaecause these bacteria might

cross-reactivity witte. coli in the samples.

Clostridium perfringens is the most extensively studied anaerobic
bacterium that is pathogenic to humai. perfringens is a typical Gram-positive,
spore-forming, rod-shaped bacterium that is endapmili and non-motile. The
organism produces several biologically active pnstesome are toxins and some are
enzymes. The strains are classified into five typeg, on the basis of production of
four extracellular toxins: alpha, beta, epsilond aota. Food poisoning due 10l.
perfringens usually occurs 8-24 h after the ingestion of feodtaining large number
of vegetative cells. Diarrhea and severe abdompaah are the usual symptoms.
Nausea is less common but fever and vomiting ateswad. In a very few isolated
cases, food poisoning symptoms appeared within Zhis suggests the role of a
preformed toxin or ingestion of some meat produatexication withCl. perfringens
can be caused by ingestion of food containiig® CFU/g of an enterotoxigenic
strain. In vivo production of the enterotoxin issasiated with sporulation in the
intestine. Enterotoxin formation in meat and pguitems has also been shown to
occur. The widespread @i. perfringens have been found in raw or frozen meat and
poultry (ranging of 30-80%). Thus, meat and poulirg the most common vehicles

of Cl. perfringens food poisoning (Labbe, 1989; Aguilera et al., 2005
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The prevalence of these harmful pathogenic bactergoultry meat has
been reported therefore, rapid and high sensitiviethod for pathogen detection is
required. The specificity of detection by develogedhniques depends on the target
gene of interest and the bacterial background frine sample. However, the
investigations of specificity of target genes iol&ed strains in Thailand are still
limited. To improve the specificity of the moleculbased method in this research,

several isolated strains of the target bacteriawested.

In Thailand, there are numerous commercial chickanms but
information of the isolation and characterizatioh alicken intestinal foodborne
pathogens and food safety indicators are stillitapkThe investigations of foodborne
pathogens dominated in chicken intestine are godex of chicken farms sanitation.
In this investigation, chicken intestine was choasrihe source for bacterial isolation
based on its diversity of intestinal microflora. i€den gastrointestinal tract is the
major digestive and absorption organ. A surprisingiversed microbiota has been
found throughout the tract and is most extensivetha cecum. Most poultry
foodborne pathogens are found in the intestine @eariWielen et al., 2002; Lu et al.,
2003; Amit-Romach et al., 2004). The diversity aiypiological characteristics of the
foodborne pathogens obtains from this chapter weesl as the tested organisms for
the development of rapid methods for foodborne @geh detection in Chapter 3 and

4.

2.1.3 Objective of foodborne pathogen isolation

Isolation of foodborne pathogens and microbial faadety indicators

include E. coli, Campylobacter spp., Salmonella spp., Cl. perfringens, and



19

L. monocytogenes from chicken intestines of different commercialrnfis were

performed. The physiological characteristics ofheigolate were performed.

2.2 Materials and methods

2.2.1 Sample collections
A total of 5 fresh chicken intestine samples weddlected from 4
different farms located in Nakhon Ratchasima, Tl between April and August
2010.
2.2.2 Target bacterial isolation and biochemicaleactions identification
Modifications of methods described in Bacteriol@gidnalytical Manual
(United States Food and Drug Administration, 198&ye used to isolat&. coli,
Campylobacter spp., Salmonella spp., Cl. perfringens, and L. monocytogenes.
Chicken intestines were cut and placed into stomadiags. Ten volume of
appropriate pre-enrichment broth was added intb sample and homogenized by a
laboratory blender stomacher 400 (Seward Labora&&gsgem Inc., New York, USA).
Pre-enrichment and enrichment steps were perfoaseatkscribed below. The target
bacteria and the non-presumptive colonies wereecitl and identified by

biochemical reactions.

2.2.2.1 Campylobacter spp.

Initial step of pre-enrichment was performed by uinating
samples in 4 volume of Bolton broth based supplemetin 5% lysed horse blood
and Bolton antibiotic additive (OXIOD, Basingstok¢ampshire, England). Samples
were homogenized by stomacher machine at low sfogetd min. The medium were

transferred to sterile loosely caped flasks andubated at 3°C for 4 h under
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microaerophile condition created by Campy pack (OB). After 4 h, the enrichment
step was performed by incubate the pre-enrichmelttire at 42C for 48 h under
microaerophile condition. Enrichment culture broilas streaked and spread on
Campylobacter blood-free selective agar (Modified CCDA-PRESTOd)pplement
with CCDA selective supplement (OXIOD) and inculbt 37C for 48 h under
microaerophile condition. The presumptive and noespmptive colonies observed
on mCCDA were re-streaked on mCCDA medium. Theestrgy of Campyl obacter
bacteria were done under both microaerophile aaddsird condition. Only non-
Campylobacter bacteria were able to grow under standard and oarophile
conditions. Noncampylobacter bacteria were tested for biochemical characteristic
properties as described in tl8almonella spp. andE. coli isolation (2.2.2.3 and

2.2.2.5).

2.2.2.2 Clostridium perfringens

For isolationof Cl. perfringens, 10 volume of peptone dilution
fluid (Appendix 1, M1.4) was added into sample ammogenized at normal speed
for 1 min. The homogenate was serially diluted ipéptone dilution fluid and 100 pl
of each dilution was spread on tryptose sulfitelaserine agar (TSC) (Biomark,
Pune, India) containing antibiotic additive and egik emulsion (Biomark). The
cultivation was overlaid with TSC agar based andulated under anaerobic
condition at 37C for 24 h. The presumptive colonies were testedbfochemical
properties as described by Bacteriological AnafjtManual (United States Food and
Drug Administration, 1998) including motility, laxte fermentation, catalase test,

gelatin liquefactions, nitrate reduction and storferynentation.
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2.2.2.3 Escherichia coli

For isolation ofE. coli and coliform bacteria, 10 volume of
Butterfield’s phosphate-buffered water (AppendiX8.1) was added into samed
homogenized at normal speed for 1 min. One méllf homogenized solution was
transferred to lauryl tryptose broth (LST) (Appendii M1.3) and incubated at 32
for 24 h. One loopful of gassing LST culture wemmdulated in brilliant green
lactose, bile 2% (BGLB) (OXIOD) and incubated at’@7for 24-48 h. Gassing
BGLB culture were streaked and spread on eosinylesth blue (EMB) agar
(Himedia, Mumbai, India) and incubated af@7or 24-48 h forE. coli and coliform
bacteria isolation. The typical and untypidal coli colonies were subcultured on
EMB (Himedia) and MacConkey agar (Himedia) and bated at 37C for 24 h.
Single colony was re-streaked on TSA (Appendix 1.68) and tested for biochemical

characteristic as described for tha¢monella isolation part (2.2.2.5).

2.2.2.4 Listeria monocytogenes

Pre-enrichment step was performed by adding 10melaf half-
Fraser broth (OXIOD) into sample and homogenizedaamal speed for 1 min. The
homogenate was transferred to a sterile flask aodbated at room temperature for
24-48 h. Then 10@l of the culture broth was transferred into 10 rhFoaser broth
(OXIOD) and incubated at 3C for 24 h. The culture broth was streaked andaspre
on PALCAM agar with and without antibiotic supplem€¢OXIOD) and incubated at
37°C for 48 h. The suspected and unsuspettstria colonies were subcultured on
TSA and incubated at 3Z for 24-48 h. Colonies of presumptilzesteria sp. on TSA
were collected and submitted for Gram stain andhtifieation by biochemical

characteristic tests (Appendix Il) including, oxseéa catalase, urea hydrolysis,
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motility, carbohydrate utilization, #$ production, Indole production, Voges-
Proskauer (VP) reaction, Methyl red reactive coumub test (Cappuccino and
Sherman, 1999; United States Food and Drug Adtnétisn, 1998). All non-
Listeria bacteria were tested for biochemical characterists performed for

Salmonella andE. coli.

2.2.2.5 Salmonella spp.

Pre-enrichment culture was performed by adding dl@dime of
lactose broth (LB) (Appendix I, M1.2) into sampledahomogenized at normal speed
for 1 min. The cultures were incubated af@7or 24 h. The enrichment steps were
initiated by transferring 10Ql of pre-enrichment culture each to 10 ml Rappaport
Vassiliadis (RV) broth (Himedia) and 10 ml tetrathate (TT) broth (Himedia) and
incubated at 4Z for 24 h. Then the culture broth were streaketispread on xylose
lysine desoxycholate (XLD) agar (OXIOD) and incdzhtat 37C for 24 h. Typical
Salmonella and nonSalmonella colonies were subcultured on bismuth sulphite (BS)
agar (OXIOD) and incubated at °87 for 24 h. For single colony purification, the
suspected colonies showing typi&Glmonella and nonSalmonella morphologies
were re-streaked on trypticase soy agar (TSA) axled for Gram stain and
biochemical characteristics (Appendix Il). The Iemical reactions foEalmonella
identification were oxidase, catalase, urea hydislymotility, gelatin hydrolysis,
nitrate reduction, carbohydrate utilization, .34 production, IMVIC (Indole
production, Methyl red reactive compound test, \&geoskauer (VP) reaction, and
Citrate test) (Cappuccino and Sherman, 1999; Unikadtes Food and Drug

Administration, 1998).
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2.3 Results

2.3.1 Isolation of target bacteria and identificabn by biochemical

reactions

The occurrence of 4 foodborne pathogens and 1 &adety indicator
were investigated from 4 different farms locatedNimkhon Ratchasima, Thailand as
summarized in Table 2.1. Of 5 chicken intestimesmf4 farms, nd.. monocytogenes
nor Campylobacter spp. were detected. Howevdr, innocua was detected from
sample 2 from farm A.E. coli andCl. perfringens were detected when specifically

isolated buSalmonella sp. was detected from sample 1 from farm A only.

Table 2.1 Foodborne pathogens and microbial food safety atdrs isolated from 4

samples of chicken intestines

Sample Farm Bacteria isolation Bacteria

No. detected

1 A Campylobacter spp. Cl. perfringens
Cl. perfringens E. coli
E. coli Salmonella sp.

L. monocytogenes

Salmonella spp.

2 A Campylobacter spp. L. innocua

L. monocytogenes

3 B Campylobacter spp. Not detected

L. monocytogenes
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Table 2.1 (Continued)

Sample Farm Bacteria isolation Bacteria
No. detected
4 C Campylobacter spp. Not detected

L. monocytogenes

5 D Cl. perfringens Cl. perfringens
E. coli E. coli
L. monocytogenes

Salmonella spp.

2.3.1.1 Isolation ofCampylobacter spp.

In this investigation Campylobacter was screened from only 4
samples. However, nGampylobacter spp. was found. More than 10 colonies were re-
streaked on mMCCDA agar and incubated under standadi microaerophilic
conditions. All isolates were able to grow undethbstandard and microaerophilic
conditions. These results indicated that all isdatbserved were n@ampylobacter
bacteria indicated that n@ampylobacter spp. from 4 chicken intestines from Nakhon
Ratchasima was detected. However, 2 of the Gampylobacter bacteria isolates
were randomly chosen (CM2 and CM7) and biochemidadracteristics were
identified (Table 2.5). Both isolates had the bmmical profiles similar to

Salmonella sp. except for no gas production from myo-inogitidization.
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2.3.1.2 Isolation ofClostridium Perfringens

Two samples were screened €ir perfringens. The presumptive
colonies of black color with opaque white zone gunding the colonies as a result of
lecithinase activity on TSC agar were observed. ifelates were re-streaked on TSC
agar and incubated under anaerobic and standaditioms. All 10Cl. perfringens
isolates were able to grow under anaerobic condiialy. Five isolates were chosen
and identified by biochemical reactions (Table 2A4) biochemical characteristics of
Cl. perfringens isolates were similar except for isolate CP3 whiehs unable to

hydrolyze gelatin.

Table 2.2 Biochemical characteristic profiles dfl. perfringens isolated from

chicken intestinen TSC agar

Bacterial Colony on A Catalase N|trat.e Lactose Gelatin
. Motility reduction . o
species TSC agar test » fermentation liquification
Cl. perfringens
isolated from a
food in Khon Black a +a AG +
Kaen, Thailand L "
cp2P Black - - + AIG +
CP3 Black - - + A/G -
CP4 - CP6 Black - - + AIG +

& Reaction symbols, +: positive results; -: negatiesults; A/G: acid and gas production

® |solated strains of bacteria from chicken intessti@P Cl. perfringens isolated on TSC agar

2.3.1.3 Isolation ofEscherichia coli

In this investigationE. coli was isolated from only samples from
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farm A and farm D. Thirteen isolates which wereedlol produce metallic green sheen
on EMB agar (E1-E13) were collected. Only 7 isdaté the presumptive (E1-E7)
and 5 isolates of the non-presumptive (C2-E6&goli colonies were randomly chosen
and tested for their biochemical properties. AlmaBtbiochemical characteristic
properties ok. coli isolates were similar to the reference strain [@&3). However,
minor variations in the carbohydrate utilizationrev@bserved in isolate E3 (no gas
production from rhamnose utilization), isolate E#dative for rhamnose utilization)
and isolate E7 (negative for xylose utilizationable 2.3). All 5 isolates of noB-
coli bacteria (C2-C6) were Gram-negative rod shape matmetallic green sheen and
different colony morphology on EMB and MacConky agd@he biochemical
characteristic profiles of IMVIC test observed fraronE. coli bacteria were different

from E. coli (Table 2.3). These results confirmed that theyewemeE. coli bacteria.

2.3.1.4 lIsolation ofListeria monocytogenes

The isolation ofL. monocytogenes was performed from all
samples. Seventeen presumptiveteria colonies of dark or with dark halo on esculin
containing medium (PALCAM) were observed from onlye sample. All 17 typical
Listeria-colonies were identified using Gram staining amtbemical reactions. All
isolates were Gram-positive rod shape with bioclkbamtcharacteristic similar tb.
monocytogenes and L. innocua. Results of only isolates LM1-LM7 are shown in
Table 2.4. All isolates were further tested ffielhemolytic reaction using sheep blood
agar (OXIOD). The results showed that all isolatese negative fof-hemolytic
reactions indicating that they are &ll innocua. These investigations demonstrated
that there was n&. monocytogenes presents in the 5 samples of chicken intestines

from 4 different farms in Nakhon Ratchasima. Howedark colonies with dark halo
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and other different colony morphologies were aléisesved on PALCAM agar.
Seven isolates of ndosteria bacteria were collected from two samples and 4 of
them (L2, L4, L5 and L6) were randomly chosen atehtified by Gram staining and
biochemical reactions. All nobisteria bacteria were Gram-negative with different
biochemical profiles from the genus bisteria (Table 2.4). These results indicated
that the condition for enrichment and isolationLodteria-bacteria was also able to
enrich other bacteria. One isolate of nosteria bacteria, L6, should b&lmonella

sp. because the biochemical profiles were simitaiSdimonella sp. isolate BC5

(Table 2.5).

2.3.1.5 Isolation ofSaimonella

The presumptive colonies 8almonella spp. were observed from
sample 1 after the enrichment step. Red coloni#s lack center and black colonies
with black halo were found from XLD and BS agarspectively. Twelve isolates
were randomly collected. Five isolates from RV bhr¢BC1-BC5) and 4 from TT
broth (S1-S4) were characterized by biochemicattreas. Almost all biochemical
profiles of Salmonella sp. isolated strains were similar to the referestcains except
for 2 isolates from TT broth (S1 and S2) and lasoifrom RV broth (BC5) (Table
2.5). The S1 and S2 hydrolyze gelatin slowly. THe5Bvas unable to utilize myo-
inositol (Table 2.5). These results indicated tmabor variation in the biochemical
characteristics were found froBalmonella sp. isolated from chicken intestines. For
non-presumptive colonies, different colony morplgods of 2 isolates from RV broth
(RV2 and RV3) and 1 isolate from TT broth (TT1) weaybserved on XLD and BS
agar. Results of biochemical characteristic pro@ifenon-presumptiveSalmonella

colonies confirmed that they were noSalmonela sp. (Table 2.5).



Table 2.3 Biochemical characteristicprofiles of E. coli and non-E. coli bacteriaisolated from chicken intestineon EMB agar

Carbohydrate utilization IMViC
Bacterial Catalase Oxidase H,S Urea Gelatin Nitrate
species test test Motility production hydrolysis hydrolysis reduction ndole Methyl red Voges- Civate
Dextrose Lactose | Manitol Xylose Myo- Rhamnose | production reactive proskauer test
inositol compound (VP)
test reaction
E. coli TISTR I a . ) _ R ¥ AG 2 AG AG AG _ AG + + - N
887’
EL° + - - - - - + AIG AIG AIG AIG - AG + + - -
E2 + - - - - - + AG AIG AG AIG - AIG + + - -
E3 + - - - - - + AG AIG AIG AIG - A2 + + - -
E4 + - + - - - + AIG AIG AG AG - - + + - -
E5 + - - - - - + AIG AIG AIG AIG - AIG + + - -
E6 + - + - - - + AIG AIG AIG AIG - AIG + + - -
E7 + - + - - - + AIG AIG AIG - - AIG + + - -

8¢



Table 2.3 (Continued)

Carbohydrate utilization IMViC
Bacterial Catalase Oxidase H,S Urea Gelatin Nitrate Indole Methyl red Voges- Citrate
species test test production hydrolysis hydrolysis reduction production reactive proskauer test
Motility Dextrose | Lactose | Manitol Xylose Myo- Rhamnose compound (VP)
inositol test reaction
E. coli TISTR
a a a
887 + - + - - - + AIG AG AIG AG - AIG + + - -
c2° + - - - - - + ND 2 NG NG AG ND ND - - + +
C3 + - + - - - + AIG - - AIG AIG AIG - - + +
C4 + - - - - - + AIG A AIG AIG AIG AIG - - + +
C6 + - + + + + + AIG - - - - A - + - -

# Reaction symbols, +: positive results; -: negatesults; A: acid production; A/G: acid and gasduction; ND: not determine

® Type strains, TISTR: Thailand Institute of Sciéiotand Technology Research

“Isolated strains of bacteria from chicken intestieE. coli isolated on EMB agar; C, nda-coli bacteria isolated on EMB agar

62



Table 2.4 Biochemical characteristic profiles bisteria and nontisteria bacteria isolated from chicken intestine on PALCAlyar

Carbohydrate utilization IMViC
Bacterial Catalase Oxidase Motility H,S Urea Gelatin Nitrate
. test test (in MTM production hydrolysis hydrolysis reduction
SPeCIES medium (in SIM Indole Methyl Voges- Citrate
at 25°%C) medium) Dextrose Lactose Manitol Xylose Myo- Rhamnose | Moltose production red proskauer test
inositol reactive (VP)
compound reaction
test
L +2 .a | Umbrela - - - ND? A ND - - ND A A - + + ND
monocytogenes shape
DSM 12464
L. innocua Umbrella
+ - - - - - - - + +
DSM 20649 shape ND A ND ND A A ND
Listeria sp. Umbrella
+ - - - - ND A ND - A ND - A - + - ND
JCM 7679 shape
LM1-LM7° + - Umbrella ; - - ND A ND - - ND A A - + + ND
shape
L2, L4¢ + - - - - - + G? AIG? AIG AIG AIG AIG AIG - - + +
L5 + - - - - - + AIG - - - A - - + + + +
L6
+ - + + - - + AIG - AIG AIG - AIG AIG - + - +

# Reaction symbols, +: positive results; -: negatesults; A: acid production; G: gas productiatG: acid and gas production; ND: not determine

® Type strains, DSM, Deutsche Sammlung von Mikronig/aen und Zellkulturen GmbH from German CollectiwfnMicroorganisms and Cell Cultures; JCM:

Japan Collection of Microorganisms

¢ Isolated strains of bacteria from chicken intesstioM,: Listeria sp. isolated on PALCAM agar; L, ndristeria bacteria isolated on PALCAM agar

0€



Table 2.5 Biochemical characteristic profiles 8&4lmonella and nonSalmonella bacteria isolated from chicken intestine on XL an

mCCDA agar
Carbohydrate utilization IMViC
Bacterial Catalase Oxidase | Motility H,S Urea Gelatin Nitrate
species test test production hydrolysis hydrolysis reduction -
Indole Methyl red Voges- Citrate
Dextrose Lactose Manitol Xylose Myo- Rhamnose production reactive proskauer test
inositol compound (VP)
test reaction
S
Typhimrium
TISTR 207 a a a
+ E + + - - + AIG = AIG AIG AG AIG - + - +
and S
Enteritidis
JCcM 1652
s1© + - + + - + + AIG 5 AIG AIG AIG AIG - + - +
S2 + - + + - + + AIG - AIG AIG AIG AIG - + - +
S3 + - + + - - + AIG - AIG AIG AIG AIG - + - +
S4 + - + + - - + AG - AG AG AIG AG - + - +
Bc1® + - + + - - + AIG - AG AIG AIG AG - + - +
BC2 + - + + - - + AIG - AIG AIG AIG AIG - + - +
BC3 + - + + - - + AG - AG AIG AIG AG - + - +
BC4 + - + + - - + AIG - AIG AIG AIG AIG - + - +
BCS + - + + - - + ND 2 - AIG AIG - AG - + - +

T€



Table 2.5 (Continued)

Carbohydrate utilization IMViC
Bacterial Catalase Oxidase | Motility H,S Urea Gelatin Nitrate
species test test production hydrolysis hydrolysis reduction -
Indole Methyl red Voges- Citrate
Dextrose Lactose Manitol Xylose Myo- Rhamnose production reactive proskauer test
inositol compound (VP)
test reaction
S Enteritidis a a G2 AG AG AG AG
+ - + + - - + G - - + - +
JCM 1652
c
cm2 + ; + + ; ; + ND ; NG | AG A? AG - + - +
Cm7 ND
+ - + + - - + = AIG AIG A AG - + - +
Rv2° + - - - - - + AG AIG AG AG AG AIG - - + +
RV3 + - + - - - + AIG - AIG AIG - AIG + + - -
TT1¢ + - + + + + + AG - - - - A - + - -

4 Reaction symbols, +: positive results; -: negatesults; A: acid production; A/G: acid and pasduction; ND: not determine

*Type strains, TISTR: Thailand Institute of Scieiotdind Technology Research; JCM: Japan CollectioMizroorganisms

“Isolated strains of bacteria from chicken intest®€, Salmonella sp. enriched using RV broth and isolated on XLBragM, Salmonella sp. isolated on

mCCDA agar; RV, norsalmonella bacteria enriched using RV broth and isolated bbgar; S:Salmonella sp. enriched using TT broth and isolated on

agar; TT, norsalmonella bacteria enriched using TT broth and isolated bb dgar

XLD

A
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2.4 Discussions

Isolation and characterization of foodborne patinsgeand food safety
indicators include Escherichia coli, Campylobacter spp., Salmonella spp.,
Clostridium perfringens, and Listeria monocytogenes from 5 fresh chicken intestines
of 4 different farms in Nakhon Ratchasima, Thailamere attempted. Onl§. coli,

Salmonella spp. andCl. perfringens were found in this investigation.

For the prevalence @dampylobacter spp. and.. monocytogenes in Thailand,
especially from chicken intestine has yet to beorepn this study, contamination of
L. monocytogenes were not found from chicken intestines. These ltesagree with
the investigation of Minami and colleagues (2010how reported thatL.
monocytogenes in chicken meat from Bangkok and Pathum Thani,il&hd were
very low in supermarket (4%) and open market (6&h@es (Minami et al., 2010).
In meat products, only 23.3% and 10% of pork imtestand chicken liver were
contaminated with L. monocytogenes, respectively (Stonsaovapak and
Boonyaratanakornkit, 2010). The results of theirdgtindicated that incident df.
monocytogenes contaminated in meat and meat products were vy The sources
of contamination oListeria spp. in frozen, ready-to-eat, roasted, steamed fréed
chicken meat products from a plant in Thailand ti@sequipment surfaces that direct
contact with the products (Lekroengsin et al., 300hese results indicated that the
contamination of this bacterium should be the emnnental sanitation problem. No
L. monocytogenes was found in chicken intestine in our researcGamp. jejuni and
Camp. coli are the most common pathogen from poultry (Lijd &l&nninen, 2001).

However, no contaminations dfampylobacter in chicken intestine were

found in our investigation. The prevalenceGaimpylobacter from different sampling
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parts has been reported in many countries includingiland. Campylobacter was
isolated from 14.4% of intestinal of live birds bwas not found from chicken
carcasses in Accra Metropolitan (Sakey et al., 200@m 49.9% chicken meat in
Ireland (Whyte et al., 2004), from 70.6 % chickeads from 34 different farms in
Northern part of Spain (Esteban et al.,, 2008). Thailand, prevalence of
Campylobacter in chickens from farms, slaughterhouses, and mankaatging from
38- 64% in Chiang Mai and Lamphang provinces othen Thailand (Padungtod
and Kaneene, 2005) and 24- 28% in chicken meat fnamket in Bangkok (Vindigni
et al., 2007), and 11% in chicken gizzard, 1% iitkdn breast meat frometail sale
outlets in Khon Kaen Province (Noppon et al. 20@8)).information reported earlier
indicated that poultry is the common source of @amnpylobacter contamination.
Moreover, the contamination level of pathogens frdmcken in different local area
and sampling parts were also different. Differeattp of an animal sampling may
possess varying levels @ampylobacter contamination. Samples containing carcass
rinse fluid and neck-skin detected higl@ampylobacter count in more chickens than
examination of the neck-skin sample alone (Jogrgemseal., 2002) Therefore, the
contradicting results of low prevalence @impylobacter in poultry observed in this
investigation might be from the effects of sevdeaitors such as different sampling
parts of chicken were tested or chicken intestinenpdes were collected from
different local areaHowever, more samples should be investigated fradferent
farms to confirm the low prevalence of these pa#imsgfrom chicken intestine in

Nakhon Rathasima.

Prevalence ofSalmonella spp. from several sources in Thailand were

investigated in humarBangtrakulnontret al., 2004), pork, chicken meat and human in



35

Khon Kaen (Angkititrakul et al., 2005), raw beéhiaken, pork, and chicken eggs in
Bangkok (Vindigni et al. 2007; Minami et al. 201@&)pd animal and food for human
in northern Thailand (Padungtod and Kaneene, 2088)vever, information of the
isolation and characterization &lmonella, E. coli andCl. perfringens, from chicken
intestines in Thailand are still lacking. Therefadi®e isolation and characterization of
these bacteria were performed. Some minor diffef@othemical characteristic
profiles were found from each bacterial isolateeesgly carbohydrate utilization and
gelatin hydrolysis. These results indicated that diversity of phenotypic intestinal
bacteria was observed. Interestin§glmonella sp. could be found from the
enrichment culture o€ampylobacter spp. and.. monocytogenes with showed some
minor variation in carbohydrate utilization chaextitics when compared to the
isolates obtained from RV and TT broth (Table 2dd a2.5). Moreover, the
biochemical profiles of isolate RV3 (Table 2.5) wiiwas norsalmonella bacteria
isolated from enrichment culture 8lmonella was similar toE. coli excepted that
this isolate was unable to utilize lactose. Thesuilts indicated that identification of
closely related bacteria using only biochemicalfigs is difficult. Processing of
large numbers of samples is not easy in generady hore tests may be necessary for
differentiation of the species within a group (8etti and Corsetti, 2007). Therefore,
molecular-based methods were developed as a mpré maethod for pathogenic

detection.

The specificity of detection method by moleculasdi technique depends on
the target gene of interest and the bacterial backgl from the sample. As shown in
this investigation, som&lmonella sp. and other non-target bacteria were able to

grow in specific cultivation conditions dfisteria spp. andCampylobacter spp.



36

Furthermore, the investigations of specificity afget genes in isolated strains in
Thailand are still limited. Therefore, the isolateakcterial strains including target and
non-target bacteria obtained from this part werduss tested organisms to evaluate
the specificity of the developed multiple targettesia detection methods from the

enrichment culture in Chapter 3 and 4.

2.5 Conclusions

The investigation of foodborne pathogens from Sclofn intestines of 4
commercial farms showed that ho monocytogenes or Campylobacter spp. were
detected Characterization oSalmonella sp.,E. coli, andCl. perfringens were done
and found that only minor different biochemical dw@eristics were found from each
isolate.However, more investigation and characterizatiomtgstinal bacteria from
chicken of different farms are needed to evaluetads in the occurrence of these
pathogens and to measure the efficiency of farmsagements. So that, the
foodborne pathogen contamination can be reducedlibyination or minimization
step of pathogens carriage at the food chain ptamud_astly, the bacteria isolated in
this part were used as the tested organisms fadt rapthods development to increase

the specificity of the foodborne pathogens detectnethods.
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CHAPTER Il

NOVEL 16S rDNA BASED OLIGONUCLEOTIDE

ARRAY TO SPECIFICALLY DETECT FOODBORNE

PATHOGENS

Abstract

Oligonucleotide array hybridization based methods be used as a method
for screening of multiple foodborne pathogens. &svéarget pathogens can be
monitored in a single step of DNA hybridization ngisuitable specific probes on an
array matrix. In this investigation, screeningssuoitable probes for specific detection
of foodborne pathogens prevalence in fresh chickeat were performed using post-
PCR labeled target regions. The hybridization dgrad non-radioactive labeling
digoxigenin (DIG) incorporated purified PCR targegions were observed by naked
eyes. The target regions of 16S rRNA gene spefufi&scherichia coli, Salmonella
spp., Saphylococcus aureus, Listeria monocytogenes, Clostridium perfringens, and
prfA gene specific forL. monocytogenes were used as models. The optimum
concentration of the oligonucleotide probes wasébto be 200 pmol. The labeled
target regions of 16S rRNA anqufA genes generated by post-PCR labeling methods
were successfully used for the differentiationaret bacteria in both the genus and
species levels, respectively. Detection of multif@eget bacteria by oligonucleotide

array hybridization targeted to the 16S rRNA geshewed that large number of
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target bacteria can be distinguished at the geswed With easy result interpretation.
The detection systems in this investigation wengi@a out to detect multiple target
bacteria at as low as 1 ng in the mixed DNA of Ehbacterial species. However,
some cross-reactivities were found from non-targatteria isolated from the

enrichment culture.

3.1 Introduction and review literature of foodborne pathogen

detection method

The development of novel alternatives for the namyg, characterization and
identification of foodborne pathogens is a key psxin food industry (Rodriguez-
La’zaroet al., 2007). Foodborne pathogen detection metimbitsh have been applied

in poultry meat are discussed in this part.

3.1.1 Conventional methods

The culturing and plating method is the oldest téaal detection
technique and remains the standard detection metGta$sical cultural methods
including step of pre-enrichment and isolation cfqumptive colonies of bacteria on
solid media, and final confirmation by biochemieald/or serological identification
have been applied to detect foodborne pathogersréBand Beumer, 1999; Lazcoka
al. 2007). Several methods have been developed for Ieamgollection for
bacteriological examination from poultry carcasségnerally, the swab technique
and the rinse method have been applied. Howevere thre some variation in using
these methods depending on the worker (MountneyRarthurst, 1995). Standard
culture methods for detectin@almonella spp. andCampylobacter spp. in poultry

involve whole carcass rinses, and enrichment iacégke agar. The completion time
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for these culture assays is typically 48-96 h aeds#ivity of detection was > 10
CFU/ml (Mandrel and Wachtelt, 1999).

The limitation of this method is that the wholeopedure is time
consuming which depend on the enrichment and setectlture, the biochemical
analysis for bacteria of interest. In the cas€arhpylobacter, 4-9 days are needed to
obtain a negative result and between 14 and 16 fdeysonfirmation of a positive
result. Different selective media are used to depecticular bacteria species. They
can contain inhibitors (in order to stop or delhg growth of non-target strains) or
particular substrates that only the target bacteaa degrade or that confers a
particular color to the growing colonies. Detectisnthen carried out using optical
methods, mainly by ocular inspection (Lazcka et 2007). Furthermore, processing
of large numbers of samples is not easy in gen&@abr more tests may be necessary
for differentiation of the species within a grouphese indicated that cultivable
methods are labor intensive, time consuming, artdalways reliable. In the food
industry, rapid methods to provide high accuracytleé possible presence of
pathogens in raw materials and finished food prtxllaze needed (Boera and

Beumer, 1999;Settanni and Corsetti, 2007; Moa et al., 2008).

3.1.2 Rapids methods
The efficiency of novel rapid methods for pathogetection have been
focused on increase sensitivity, reduce time-comsiom and can be used as high-

throughput detection method.

3.1.2.1 Immunological based methods
Immunological methods rely on the specific bindin§ an

antibody to an antigen. In case of immunomagne&pagation (IMS), a pre-treatment
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and/or pre-concentration step, can be used to apiud extract the target pathogen
from the bacterial suspension by introducing amtibcoated magnetic beads in it.
Alternatively, the enzyme-linked immunosorbent gs$BLISA) test is the most
established technique. ELISAs combine the spetifiof antibodies and the
sensitivity of simple enzyme assays by using adi#® or antigens coupled to an
easily assayed enzyme. Schematic representatitre dfandwich-ELISA protocol is

shown in Figure 3.1.

1. Immobilization of the antigen-specific antibody on the well.

2. Addition of the antigen.

3. Addition of the enzyme-labelled antibody.

4. Introduction of the enzyme’s substrate and apparition of the colored product.

Y . Antigen specific antibody.
¢ Antigen (bacteria).

I . Enzyme labelled antibody.
A : Enzymatic substrate.
2t

Coloured product.

Figure 3.1 Schematic representation of the sandwich-ELISAtqoa (Lazcka et al.,

2007)

The suitability of these antibodies depends maiaty their
specificity. Polyclonal antisera contain an asserit of antibodies having different
cellular origins and, therefore, somewhat differespecificities. One of the
disadvantages of using polyclonal antisera in imohagical assay is the variability

found in animal’'s immune response. Therefore, tbgetbpments of monoclonal
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antibodies greatly enhance the field of immunolabassay by providing a consistent
and reliable source of characterized antibodiese(Band Beumer, 1999 The
application of immunological based method for fooulte pathogens detection in

previous research was described below.

In 2001, Lila and Hanninen detected a thermophili
Campylobacter spp. from poultry product samples using Enzymekedt
Immunosorbent-Assay (ELISA) methods. After 46-50 o&f enrichment,
Campylobacter spp. detection using ELISA based method were padd. ELISA
analysis is based on the sandwich-technique, whadd two different polyclonal
antibodies against th@ampylobacter spp. Their results showed that ELISA method
was able to detect the thermophiiampylobacter spp. and revealed no other species.
The entire procedure starting from enrichment malfiresults took only 2.5 working
days. However, two samples showed ELISA positigeilte while negative in culture
and PCR methods which may indicate false-positivéhey might have some other
Campylobacter spp. (Lilja and Hanninen, 2001) in the samples2®3, Hong and
colleagues investigated the detectiorCafmp. coli, Camp. jgjuni, andS. enterica on
poultry carcasses by combination of PCR and ELISACR-ELISA involves
incorporation of chemically tagged nucleotides irttte PCR amplicon. After
amplification, PCR products can be detected withbady-enzyme conjugate that
recognizes the unique chemical label presentinthénincorporated PCR product.
PCR were performed after increasing of target battpathogen in an enrichment
step. Primers and probes were designed based @althenella invasion geneifvA)
and the Campylobacter ceuE gene, which encodes a lipoprotein involved in

siderophore transport. A biotin molecule was adtiedhe 3’ end of the probe to
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prevent it from serving as a primer in the PCR, #ns oligonucleotide was used to
bind the PCR amplicon to the bottom of the ELISAtel coated with streptavidin.
PCR products which were labeled with digoxigenin@Dduring amplification can
be detected by anti-DIG antibody—peroxidase coripigéheir results showed that the
detection limit of 40 PCR cycles PCR-ELISA Gampylobacter sp. was as low as
346 fg which is equivalent of 40 CFU/ml and 2 x*I0OFU/ml of S enterica.
However, 5% false positive (positive for PCR-ELISAIt negative for cultural
method) and 8.3% false negative (negative for PCRSE but positive for cultural
method) were seen wh@&almonella was detected directly (without enrichment) from
chicken carcass rinse and 6.6% false positive,%.i&lse negative from samples
following overnight enrichment culture (Hong et,&003). This indicated that the
accuracy of this technique depend on the detedimoih which is related to step of

enrichment.

In 2005, Bohaychuk and colleagues evaluated thagsd
technologies include ELISA, PCR, and Lateral Flawmunoprecipitation for the
detection ofSalmonella Newport AMP?, Camp. jejuni, L. monocytogenes, andE. coli
0157:H7 in meat and poultry products. The enrichnségps were performed prior to
pathogen detection. They reported that using comialelELISA kit (TECRA
Salmonella Visual Immunoassay, International Bioproducts ,Inéaughn, Ontario,
Canada), they were able to det&tmonella at the same number of positive and
negative samples as the culture method. However SELltest (TECRA
Campylobacter Visual Immunoassay, TECRA International Pty Ltw/jlloughby,
New South Wales, Australia) gave more positive ltsghan the culture method for

the detection ofCamp. jguni in chicken leg sample including positive for
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uninoculated chicken leg. Moreover, the researchepdrted that the ELISA kit
(Listeria-Tek, Organon Teknika Corporation, Durham, N.C9agsdid not detect the
same number of positive samples as culture fod#tection ofL. monocytogenes in
chicken leg product. Using of ELISA test fbrsteria spp. the detection had a very
low sensitivity rate of 62% compared with the crdtunethod. These results indicated
that the ELISA assay, as used in their study, dl perform well in detecting
Campylobacter spp. and.isteria spp. The researcher discussed that the highererumb
of positive results might be due to the presenceatdirally occurring microflora on
the chicken leg product. Thus it is probable tlhatré were nonspecific reactions of

the ELISA assay in this sample (Bohayclatlal., 2005).

Antibody based method on the detection of surfatgens has
weak point in term of cross-reaction. Because efltdw accuracy results, antibody

method is not suitable for pathogen detection (Ktral., 2007).

3.1.2.2 PCR based methods

Polymerase chain reaction (PCR) has become thefregsiently
used method for amplifying nucleic acids of intérds is based on the isolation,
amplification and quantification of a short DNA segce including the target
bacteria’s genetic material. The reaction systerolugdes a heat-stable DNA
polymerase, a template DNA from the pathogens beilegected, and two
complementary oligonucleotide primers that aregle=i to flank the sequence on the
template DNA. A typical amplification needs 20 t® 4ycles, which amplifies
specific pieces of template DNA at more than aidsilifold. The presence of the

amplified sequence is subsequently detected bylgetrophoresislt is possible to
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significantly reduce assay times by PCR based ndsthvhile maintaining a high

level of sensitivity and specificity. These meth@de also able to distinguish closely
related species which most antibody tests could Didterent PCR methods have
been developed for bacterial detection including-tene PCR, multiplex PCR, and
reverse transcriptase PCR (Lazcka et al., 280@en and Baeumner; 2008hi et al.,

2010).

Application of PCR based methods for foodborne pgéms
detection in poultry and chicken meat has beenrtegan many research. In 2002,
Whyte and colleagues investigated the prevalen&alafonella contamination in raw
poultry using PCR technique. Primers were desigoedmplify fragments within a
1.8 kb HindIll DNA sequence. This amplified region is specifo a wide range of
Salmonella serotypes. They showed that level of detectiorhefRCR test using pure
cultures ofS. Kentucky was 10 CFU. For non-sterile skin samplekesl with a
nalidixic acid/streptomycin resistant strain &f Enteritidis, the detection limit was
10 CFU. However they claimed that the sensitivity ¢enincreased approximately
100-fold by using nested PCR amplification reactibhe researchers suggested that
DNA based techniques are rapid and more sensitie@ the traditional culture
method for the detection &lmonella in raw poultry (Whyteet al., 2002). In 2005,
Nierop and colleagues investigated the contaminatiof Salmonella, L.
monocytogenes, and Campylobacter in chicken carcasses (Gauteng; South Africa)
using conventional culture and PCR based methods.PER technique, bacterial
DNA was extracted from cultural broth specific feach pathogen. Set of primers
were designed to amplify gene specific 8atmonella (invA gene),Camplylobacter,

and L. monocytogenes (hlyA gene). Real-time PCR technique was applied teatet
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Salmonella and Campylobacter. For detection olL. monocytogenes, standard PCR
were applied. The detection limit of DNA based noetlwas 200 CFU/ml for both
Salmonella and Campylobacter, and 150 CFU/ml forL. monocytogenes. The
researchers also reported that more samples wenel foontaining each pathogen by

PCR analysis than by cultural method (Nieet@l., 2005).

In 2006, Neubauer and Hess developed a multipleR B@table
for differentiating foodborne pathogens belonging genera Campylobacter,
Helicobacter andArcobacter which can be isolated from poultry and humansnErs
were designed based on variable regions of 16S rB&#e specific for each bacterial
genus. One common reverse primer and three gemasispforward primers were
applied in a single step PCR procedure. Their tessliowed that parts of the 16S
rRNA gene of all species teste@afmpylobacter, Arcobacter and Helicobacter) can
be amplified by the developed primers in their aesk. But no amplified product
were obtained from the non-thermophiampylobacter, Camp. hyointestinalis and
Camp. fetus (Neubauer and Hess, 2006). However, no detedtiwihdr sensitivity of

this technique was reported.

In 2006, Cortez and colleagues identifi&lmonella spp.
isolated from chicken abattoirs by multiplex PCRtinogl. Primers were targeted to
amplify the genesnvA (specific for genussalmonella), sefA (fimbrial antigen ofS
Enteritidis) andpefA (plasmid-encoded fimbria & Typhimurium). AfterSalmonella
from various collected samples were isolated, bedteDNA extraction were
performed and used as template for multiplex PC&yars. They suggested that the
pefA gene can be amplified both fro& Enteritidis andS. Typhimurium. However

the differentiation can be done by the presenceadfpnl restriction site in
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S Typhimurium amplicon in which it does not exist3. Enteritidis amplicon (Cortez

et al, 2006). However no detection limit or sensitivitfiythis technique was reported.

For available commercial kit, TagMan pathogen detadit has
been generated for detection of pathogens incluSiregterica, E. coli O157:H7,L.
monocytogenes, andCamp. jguni. The detection method was based on real-time PCR
using extracted bacterial DNA from pre-enrichedtund. In S enterica, after
incubation for 16 h, sensitivity of detection fralh spiked food samples (beef 7% fat,
beef 20% fat, eggs, and chocolate) is 1 CFU in 25 these food sample and 6 cells
in 5 g of spiked chicken. Detection @amp. jejuni and L. monocytogenes from
spiked chicken showed sensitivity of <1 CFU/25 mpke using real-time PCR after
step of enrichment (TagMan® Pathogen Detection; Kitplied Biosystem, USA).
Alternatively, The BAX® System for detection @amp. jejuni, Camp. coli, Camp.
lari, L. monocytogenes and Salmonella has been applied. Detection system performs
by combining all PCR reagents into a single tallais tablet conveniently packaged
inside the PCR tubes contained in each kit. Gamnp. jegjuni, Camp. coli, Camp. lari
detection system is based on real-time PCR. Contted samples can be enriched
for 24-48 h before processing with sensitivity@s bs 10 CFU/ml in poultry carcass
rinses. Forl.. monocytogenes and Salmonella, after standard enrichment, bacteria in
samples were lysed to break open the cell walls raefehsed DNA. Processing in
automated unit using PCR based method takes Ilessn th h with

sensitivity/specificity rates of 98% (BAX® systeduPont Qualicon, Singapore).

In conclusion, the specificity of PCR-based metldegends on
target gene and detection limit which related &pstf enrichment. When amplified

product from different bacterial species have tame size, they cannot be used to



53

differentiate the bacterial species, another idieation steps are required. For
available commercial kit, both systems show highsge/ity for bacterial detection
using real-time PCR-based methods. However, thesteras require specific
compatible of all chemical reagents, complicatedigment for signal detection and
data evaluation. One of the major drawbacks ofRGB& methods is that the number
of species that can be analyzed in each reactidimiged. Even though multiplex
PCR is able to amplify multiple targets by inclugliseveral sets of target-specific or
degenerated primers in a single tube, the detectapability is still restricted to a few
targets per assay because of the low resolutiaygafose gels in traditional PCR or
the limited choices of fluorescent detectors irl-teae PCR (Severgnini et al., 2011)
Thus PCR-based methods are suitable for pathodentas in term of rapid method
but the step of PCR product validation, with edsyy cost but high sensitivity,

should be improved.

3.1.2.3 Oligonucleotide array based method for mtiple bacteria

detection

Oligonucleotide array hybridization is interestifoy monitoring
foodborne pathogen. Microarray technology is a péweool that can be used for
simultaneous detection of thousands of genes getdNA sequences (Wargg al.,
2002). An essential feature of the DNA array tegheiis the hybridization of labeled
DNA with arrays of immobilized probes (Gauthier aBthis, 2003). Nucleic acid
hybridization occurs between DNA or RNA from targegjanisms and a DNA probe
(~15-30 nucleotides) which has sequence complementathe target sequences
(Boera and Beumer, 1999). Normally oligonucleotmebe sets spotted onto nylon

membranes have been used for the diagnosis ofrlzaatevarious environmental
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systems (Bodrossy and Sessitsch, 2004). The targletcule to be analyzed, such as
DNA, is labeled and hybridized to the recognitiomles on the array. The signal
generated by the bound labeled target on the attays identification based on the
known locations of the probes. The main steps éendibsign and implementation of a
DNA microarray experiment are summarized here gbprdevelopment; ii) array
fabrication; iii) sample preparation; iv) hybridiean assay; v) detection; and vi) data
analysis (Rasooly and Herold, 2008). This method ba applied for multiple
pathogens detection in a single step. Microarragrabial genotyping analysis is

shown in Figure 3.2.
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Figure 3.2 Microarray microbial genotyping analysis. Genortacget DNA is extracted
from a cell, amplified, and converted to singleastied DNA (if needed). The
DNA can be labeled, during or after amplificationth a fluorescent dye (e.qg.,
Cy5). In some applications, the labeled target DiNAmixed with a quality
control (QC) oligonucleotide (complementary to a Qligonucleotide printed
in each spot) which is labeled with a differenpfiescent dye. A QC scan, with
signals at every spot on the array, can be useaakrify proper printing and

hybridization of the microarray (Rasooly and Her@d08).
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Probe selection and design is an important firsp sin
microarray-based pathogen detection because iingpact the overall fidelity of the
assay especially regards to the levels of spetgifamd sensitivity (Uttamchandaet
al., 2008). Moreover the sensitivity and specificitly aligonucleotide-based arrays
also depend on several factors such as genetimdessty, position of mismatch, and

secondary structure of targets (Eetral, 2007).

For pathogen detection using microarrays metkadous target
genes have been used for identifying pathogens asidi6S rDNA, 23S rDNA, 16S-
23S rDNA internal transcribed spacer region (IT&8)¢d other genes that code fbr
galactosidase, elongation factors Tu, F1IFO ATPRseA protein, and Hsp60 heat
shock proteinrpoB gene (Yocet al., 2004). The target genes may be speciesfispec
such as pathogenic or virulence genes that carasiby edentified by a simple PCR.
Moreover, a complex multiplex PCR with a mixtureroédny primers can be used to
amplify many target genes specific for each contateid bacteria. However, using
different primers for different species is impraati in oligonucleotide array
technology, especially in the case of a specimamknown sample containing one or
more possible bacteria. Thus consensus genes amamg pathogenic bacteria which
can be amplified by a single pair of universal mis are more suitable. This
amplified products containing variable regions sieéor bacterial species are then
distinguished from each other by hybridization wéjecific oligonucleotide probes
(Wang et al, 2007). In 2011, Hu and colleagues reported thpliggion of
oligonucleotide array using the heat shock progeine groEL) as target for multiple
foodborne pathogen detection. Digoxigenin-linkedyene color development method

with the results evaluated by naked eye was usedefection of hybridization signal.
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Different dilutions of pure culture dE. coli, S. enterica, L. monocytogenes, Camp.
jeluni, Vibrio parahaemolyticus were separately used for detection limit assaye Th
detection limit of their methods was “LGFU/mI of diluted pure culture. However,

cross-reactions were betweencoli andShigella spp. reported in their works.

Another consensus gene used as target for multqadborne
pathogen detection by oligonucleotide array methed®RNA. Because of the high
copy of rDNAs in bacterial genomes, rDNA sequenees commonly used in
microbial system (Bavykiwet al., 2008). In 2004, Hong and colleagues disoated
14 species of bacteria causing foodborne infectiand two unrelated bacterial
species using a mutation region of the 23S rDNAaaget probe. In their research,
they amplified 23S rDNA by a pair of universal pam and hybridized with
synthesized oligonucleotide probes from 21 spespesific which were spotted on
the nylon membrane. Digoxigenin-linked enzyme ul®ddetection positive signal
from hybridization. Their results showed that oBlyspecies of pathogenic bacteria
performed high sensitivity and specificity for tlsigonucleotide array. However,
they found thaGalmonella spp. cross-reacted with coli when applied this technique
with mock samples and true samples. Thus they oahcluded that their samples
contain E. coli or Salmonella spp. They also discussed that the high sequence
homology or unavailable of 23S rDNA gene databaselifferent species of their
genera thus hybridization signals of some spec@sstfidium perfringens and
Streptococcus pyogenes) could not be separated. Detection limit of theethods was
10° CFU/ml of mixed cells titer from dilution oE. coli andShigella dysenteriae and
10% -10° CFU/mI of mixed cells titer of dilution oP. vugalis, B. cereus, and V.

cholera (Hong et al., 2004). The 23S rDNA contains more nuclestidvhen
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compared to 16S rDNA but there are not many 23SABBuences in the databases.
Also, by the use of longer probes, it is consedyenbt helpful for fast and
unambiguous identification of closely related spedn the DNA array hybridization

reactions (Chiang et al., 2006).

The 16S rDNA sequences have been widely selectdteaarget
probe for bacterium detection. There are conseevadl variable regions, thus this
allows for the design of universal PCR primers apeécific hybridization probes.
Moreover, there is a large amount of sequencenmdtion readily available for many
bacteria (Leeet al, 2008). Copies of 16S rDNA in prokaryotic microanijsm
genome have been published in the ribosomal RNAoopeopy number database.
The copy number of 16S rDNA i@amp. coli andCamp. jgjuni is 3,S. Typhimurium
andE. cali is 7, andL. monocytogenes is 6 (Klappenbactet al., 2001). Using 16S
rDNA as the target oligonucleotide probe in vari@pplications of microorganism
detections have been reported in a large numbegsefarch articles. In 2002, Wang
and colleagues developed a microarray method fd#tection of predominated 40
bacterial species in the human gastrointestinat.tfehey used the sequences of the
16S rDNAs to design 120 oligonucleotide probes thi@ species-specific of the
predominant bacterial species from the human iimestThey demonstrated that all 40
bacterial reference species gave positive reslittsy also mentioned that 33 species
were found in majority of fecal samples. In 200%5artke-Whittle and colleagues
designed a microarray consist of oligonucleotidebps targeting variable regions of
the 16S rDNA of plant, animal and human pathogemsinivestigate microbial
communities in the composting process. By microamstaategies,Sreptococcus,

Acinetobacter Iwoffii, and Clostridium tetani in various compost samples were
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detected. However they also reported that any esgapresent at a level of <5% of
the total population might not be detected. Thesahility to detect small population
of microorganism in compost may be limited. In 20@hiang and colleagues
identified Bacillus spp.,E. coli, Salmonella spp.,Saphylococcus spp. andvibrio spp.

using oligonucleotide array hybridization with 168BNA as a target probe. Biotin
was used for labeling of the DNA target regionseifhresults made clear that the
discrimination of these bacterial strains usingg@hucleotide array were mainly on
the genus level. They suggested that adding mageralcleotide probes to the array
may be required to allow the discrimination of thecterial strains with low cross-
reaction. The detection limit foE. coli and V. parahaemolyticus was the lowest

(5x10F CFU/ml of pure culture). In case Staphylococcus spp. andBacillus spp.,

detection limits was about 4.5<1GFU/ ml.

In 2007, Eom and colleagues applied the oligontiteo
hybridization technique to detect seven selectemtiiforne pathogen includgh.
dysenteriae, S Typhimurium, S Enteritidis, V. cholerae, V. wulnificus, V.
parahaemolyticus, E. coli, andCamp. jguni. They designed specific oligonucleotide
probes based on 16S rDNA information and optimittesl hybridization conditions
using directly synthesized targets as the moded. dgtimum condition obtained from
the model system was applied to real amplifiedeiafgr validation. They showed
that 60C was the optimum hybridization temperature foredgdn of multiple
pathogens when the synthesize oligonucleotide appdied as the target. Using this
model system, they successfully detec&atimonella, Vibrio, and Campylobacter
species. They found that discrimination was notsge in the cases of different

species with high similarity (99% similarity) of éhl6S rDNA sequence such as
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E. coli and $h. dysenteriae in their model system. The detection limit for thei

technique was about 1-10 pg of extracted chromosmrabout 18-10° cells.

In 2007, Wang and colleagues developed an oligeotide
microarray and applied this system for detectiorfoafdborne bacterial pathogens.
The researcher used universal primers to amplipar@éable region of bacterial 16S
rRNA gene. Specific genes includimgA andinvA were also used for differentiation
betweenshigella andSalmonella spp., respectively. The amplified products weenth
hybridized to species-specific oligonucleotide m®bon a glass slide chip.
Fluorescence was used for detection of the sigplatidization. Their results found
that strains belonging téhigella, E. coli, andSalmonella are identified only as a class
of pathogenic bacteria. They applied this metrmadéentify bacteria isolated from
foods. The results indicated that 112 (from totEB)lisolated bacteria can be correctly
identified (97.4% accuracy). They reported that C&U of E. coli 0157:H7 can be

directly detected (no enrichment step) from 1 ground beef, fish, and egg samples.

In 2008, Mao and colleagues developed microarragedba
methods forSalmonella spp., Shigella spp., E. coli detection in clinical samples.
Fluorescence was used for signal detection. Taygeés for specific detection were
16S rRNA and species or genus specific includnwg gene forSalmonella detection
andvirA gene forShigella detection. Their results showed that the probeke@htssay
were successful in discriminating 14 genera or iggeof intestinal pathogens. The

limit of detection was approximately 1GFU/ml for one species of pathogen.

All available data as reviewed above could be aoiwd that

several research have reported about the specdlmep for different bacterial target
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groups, but most did not investigate the crosstrggcto the non-target bacteria
which are frequently found in enrichment cultureamples. The specificity of
detection by these techniques depends on the tgeget, target bacteria and non-
target bacterial background in the sample. Thuwbgs specific for the selected
bacteria in this investigation were developed astdetd for their specificity with non-
target bacteria to avoid cross-reaction of theyassa
For bacterial identification by oligonucleotide ayr based

system, the probe selection step is very import8oitable probes with high signal
intensity with the specific target and no-crossctiegy with the non-target bacteria
are the key success for this system. To test mpbeificity, the system that generates
strong hybridization signal should be applied tafoen that no cross-reactivity with
other non-target bacteria can be seen. The inyensit signal detection for
oligonucleotide array hybridization depends on masi parameters. The step of
labeling the target is another important factort taffiects the hybridization signal.
Thus, the suitable DNA labeling process for th@eaproduct preparation should be
considered for probes selection step. For the DidBeling process, post-PCR
labeling process using fluorescence molecule wasaddo have the highest signals
(Franke-Whittle et al., 2006). Thus post-PCR laizglivere applied for preparation of

labeled target regions in this research.

Although high-throughput microarray-based techngueave
several advantages, but the regular microarray odstimeed expensive equipments
for array development, array scanning and dataciidin (Bai et al., 2010), which is
beyond the budget of many laboratories especiallgeveloping countries. Thus the

development of signal investigation system withyedsw cost but high sensitivity
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has been required. Easy systems for hybridizatigmat detection and result
interpretation from oligonucleotide array using iommlogical chromogenic reaction

which can be observed by naked eyes have beenogede!

The advantage of oligonucleotide array is thatRI@R product
validation step can be performed in a single sfdpybridization with species-specific
probes. Thus high-throughput of pathogenic bactecr@ening can be performed in
short time. Moreover, sensitivity of hybridizatisignal detection is higher than that
of PCR product detection on agarose gel. Therdf@ecombination of the PCR and
oligonucleotide hybridization techniques was usedfbéodborne pathogen detection
in poultry from Thailand. The oligonucleotide prebfor hybridization in this part,
16S rDNA were selected as the target regions faberdesign since multiple
pathogens could be amplified by only a single pdiprimer. MoreoverprfA gene
specific forL. monocytogenes detection were also used as a model for specdieg
detection by this methods. Thus bacterial pathadentification using combination
of DNA hybridization pattern of 16S rDNA and sonpesies or genus specific genes
were performed to improve the accuracy of the digtedn the genus and species

level.

3.1.3 Objective

Suitable probes were identified for specific detectof foodborne
pathogens prevalence in chicken meat. The regufatetborne pathogen in chicken
meat includingE. coli, Cl. perfringens, L. monocytogenes, Saph. aureus and
Salmonella spp. were used as models for multiple pathogen ctiete by

oligonucleotide array hybridization using post-P@Reling process to prepare the
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target labeled products. In this experiment, targgions of 16S rRNA angrfA gene
for L. monocytogenes detection were used as models for bacterial detect
Specificity of the probes were tested with seveef¢trence and isolated strains of
target and non-target bacteria obtained from Chafte Simple systems for
hybridization signal detection using immunologicAromogenic reaction which can
be observed by naked eyes were performed. Thedwgation signal pattern of each

target bacteria and suitable probes were investijat

3.2 Materials and methods

3.2.1 Bacterial strains and cultivation
To test for the efficiency and specificity of thaopes designed,
foodborne pathogens reference and isolated sthains Chapter 2 were selected and
tests in this part. Bacterial strains includiBgcoli, Salmonella spp., Staph. aureus
TISTR 517,Listeria spp. (isteria sp. JCM 7679,L. monocytogenes DSM 12464 L.
innocua DSM 20649),Cl. perfringens, Shigella sp. were chosen. All bacterial strain

tested in this part are summarized in Table 3.1.

Table 3.1 Bacterial strains used for the validation of 16SNAD and prfA

oligonucleotide array probes

Species Number Strain number and sources
of
strains
Escherichia coli 4 E. coli TISTR 887,E.coli E° 3,6, 7
Clostridium perfringens 4 Cl. perfringens CF1, CP2, 3, 5,
Listeria spp. 3 Listeria sp. JCM 7679,L. innocua DSM® 20649,L.
monocytogenes DSM 12464
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Table 3.1 (Continued)

Species Number Strain number and sources
of
strains
Salmonella spp. 9 S Enteritidis JCM 1652, TISTR 2398&.

Typhimurium TISTR 292Salmonella sp. $2, 3,
BC’1,5 CM 2, L%

Shigella spp. 1 Shigella sp. SA1
Staphylococcus aureus 1 Saph. aureus TISTR 517
Non-target bacteria found 9 C2,3,4,6,RW2, 3, TT1, L°2, 5

in enrichment culture

% Reference strains: DSM, Deutsche Sammlung vohkrddirganismen und Zellkulturen GmbH
German Collection of Microorganisms and Cell CuégjrJCM, Japan Collection of Microorganisms;
TISTR ,Thailand Institute of Scientific and Techogy Research

Strains isolated from chicken intestine in NakhBatchasima, Thailand: BCSalmonella sp.
enriched using RV broth and isolated on XLD a@arnonk. coli bacteria isolated on EMB agar;
CM, Salmonella sp. isolated on mCCDA; CFl. perfringens ; E: E. coli; L, nonlisteria bacteria
isolated on PALCAM agar; RV, nofalmonella bacteria enriched using RV broth and isolated on
XLD agar ; S:Salmonella sp. enriched using TT broth and isolated on XLDaragl'T, non-
Salmonella bacteria enriched using TT broth and isolated &b gar

¢ Strains isolated from food in Khon Kaen, Thaila@é®,Cl. perfringens; Sh,Shigella sp.

The biochemical characteristics Bfcoli isolate E6 were the same as the
reference strains. But fd£. coli isolates E3 and E7, some difference charactesistic
including no gas production from utilization of rhaose and negative xylose
utilization were found, respectively. Almost albbhemical profiles o&almonella sp.

isolates were similar to the reference strains gixtleat some isolates was able to
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slowly hydrolyze gelatin (S2) and different propestfor myo-inositol utilization. All
biochemical characteristics @l. perfringens isolates were similar except for isolate
CP3 which was unable to hydrolyze gelatin (ChapjeAll target bacteria except for
Cl. perfringens were grown on trypticase soy agar (TSA) (ApperdiM1.6) at 37C
for 24-48 h. For the cultivation ofl. perfringens, the bacterium was cultured on
tryptose sulphite cycloserine agar (TSC) (Biomd&tkne, India) containing egg yolk

emulsion (Biomark) and incubated under anaerohiclition at 37C for 24 h.

3.2.2 Primer and probe design

For oligonucleotide array, the 16S rRNA genes dpefor each bacterial
species and genus were used as target regionsull length nucleotide sequences of
the 16S rDNA from 6 foodborne pathogens includingejuences frori. coli, 21
sequences fror@ampylobacter spp., 8 sequences froBGi. perfringens, 13 sequences
from L. monocytogenes, 26 sequences froi&almonella spp., and 3 sequences from
Saph. aureus were used. The sequences were downloaded from Nf@ilbase.
Nucleotide sequences were aligned using MegAlign ABdr lasergene 7
(DNASTAR Inc., Madison, Wisconsin, USA) to obtaionsensus sequences of each
pathogen. Universal 16S rDNA primers were designgidg Primerselect DNAStar
lasergene 7 (DNASTAR Inc., Madison, Wisconsin, US#sed on the consensus
sequences which were conserved for all target baa@ad contained variable regions
in the PCR products:or prfA gene amplification, primers were designed basethe
conserved regions of this gene which could be dmg@lfrom all L. monocytogenes.
Sequences of the forward and reverse primers f8rrRNA, prfA gene amplification
are shown in Table 3.2. The sequences of variagemn from the 16S rDNA and

prfA were then used for probe design. Probes spefificeach pathogen were
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designed based on the variable regions of the D&Arand conserved regions of

prfA gene using the PICKY oligonucleotide design pamgr(Chou et al., 2004).

Table 3.2 PCR primer sequences designed from this study fopliication of

specific target genes

Target region Sequence (5'to 3") Amplicon | Reference
size (bp)

Eubacteria 16S F: AGACTCCTACGGGAGGC 625-655 This work

rRNA gene

R: GGTAAGGTTCTTCGCGT

L. monocytogenes | F: CACAAGAATATTGTATTTTTCTATATGAT 398 This work

prfA gene R: CAGTGTAATCTTGATGCCATCA

3.2.3 Target gene amplification

Genomic DNA from 16-24 h grown pure cultures orPAT@ppendix |,
M1.6) or TSC (Biomark) were extracted using the manprotocol of phenol-
chloroform based method (Kumar et al., 2008). Byjdfacterial cells were harvested
from TSA or TSC agar and 250 pul of lysozyme sohlt{@d.5 mg/ml in 10 mM Tris-
Cl, pH 8) was added. The mixture was incubated7a€ 3or 2 h and the 500 pl of
lysis buffer (50 mM Tris-Cl, pH 8, 100 mM EDTA, 18DS, and 1 mg/ml protenase
K) was added and incubated afG@or 30 min. Cell debris and protein were removed

by adding 500 pl of phenol: chloroform: isoamyl aliol solution (25: 24: 1) and
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centrifuged at 14,000 rpm for 15 min. Genomic DNA aqueous phase was
precipitated using 125 mM NaCl and 1 volume of &ltsoisopropanol. The DNA
pellets were washed in 70% ethanol and dry at reemperature. Finally, DNA
pellets were then resuspended in 10 mM Tris-Claiomg 1 mM EDTA (TE), pH 8
and 10 pg/ml RNaseA. Genomic DNA obtained from #tep was used as templates
for 16S rRNA and specific genes amplification.

The genomic DNAs were used as template for amptibo of the target
genes.The PCR reactions were performed individually imotl volume of 25ul
containing 1x GoTaq Flexi buffer (Promega, Madisd8A), 1 mM MgC}, 0.2 mM
dNTPs (Promega), 0.4M of each forward and reverse primer (Table 3.2% 0
GoTaqg Flexi DNA polymerase (Promega), and 100 ngADmplates. The PCR
reactions were heated at°@5for 3 min and then, 35 cycles of 95°C for 30 %G for
45 s, and 72°C for 60 s followed by a final stegp ahin incubation at 72°C. The PCR
products were analyzed by electrophoresis on agagets (1%, w/v) and purified
using QlAquick PCR Purification KifQiagen, GmbH, Germany). The concentration
was measured by Nanodrop Spectrophotometer ND-{888oDrop Technologies,

Wilmington, Delaware, USA).

3.2.4 Oligonucleotide array preparation and detedbn

Nylon membranes (Roche, Mannheim, Germany) werd asethe array
matrix. Single strand (100 uM) probes were heate®b¥C for 5 min and 2 pl were
spotted on a specific position on the dry nylon roeame. The membranes spotted
with probes were exposed to UV for 3 min to allosess-linking of the probes onto
the nylon membrane. Then the membrane were aid-@mel stored in plastic bags at

room temperature until use.
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Purified PCR products of 100 ng were labeled wiitpoigenin (DIG)
molecule using DIG High Prime (Roche). The PCR potsl were denatured at @9
for 10 min and quickly chilled on ice. The 5x MixI®High prime (Roche)
containing random primers, nucleotides, DIG-dUTRKgllabile), Klenow enzyme
and buffer components were added into the denaia and incubated at 3 for
1 h. The reactions were stopped by heating &C6for 10 min and used for

hybridization with specific probes on nylon memlean

Membranes with spotted probes were pre-hybridizea ipre-warmed
DIG Easy hybridization solution (Roche) at°@5with gentle shaking for 30 min.
Prior to hybridization, the labeled PCR productseveeated to 9€ for 5 min, then
immediately cooled on ice. These labeled PCR prsduere then added to newly
pre-warmed hybridization solution (Roche). The meambs were then hybridized in
the DIG Easy hybridization solution (Roche) conitagnlabeled PCR products at
35°C with gentle rotating for 4 h. After hybridizatiothe membranes were washed
twice for 5 min each in 2x SSC (Roche), 0.1% SDS5E, twice for 10 min each in
0.5x SSC (Roche), 0.1% SDS at°@5and briefly washed in washing solution
(Roche) at room temperature. Then the membranes meubated for 30 min in
blocking solution (Roche). Hybridization signals revedetected by incubating the
membrane in antibody solution (anti-digoxigenin-ARB000 (150 mU/ml)) (Roche)
for 30 minand washed twice with washing buffer (Roche) forn3@ each. After 5
min equilibration in detection buffer (Roche), ttrembranes were then incubated in
freshly prepared color substrate solution using NEEIP (Roche) in an appropriate
container in the dark without shaking during cotigvelopment. After 18 h of

incubation, the reactions were stopped by washiegrtembrane for 5 min with
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sterile double distilled water. The resulting imageere documented by scanning.

3.3 Results

3.3.1 Primer and oligonucleotide probe design

The primer designed for the 16S rRNA genes indc#tat the location
of the forward and reverse primers related to thbliphed E. coli 16S rDNA
accession number EU337124 were 338 to 354 and ®BB6, respectively. These
sequences are conserved among all 5 pathogenso(i, Cl. perfringens, L.
monocytogenes, Staph. aureus, Salmonella spp.) used in this study (Figure 3.3).
Alignment results and positions of forward and reeeprimers for amplification of
prfA gene are shown in Figure 3.4. After amplificationthese 16S rDNA universal
primers, the PCR products containing variable megjiof each target bacteria were
obtained. However, sequence alignment of the 16MArDegion indicated that
differentiation of each target bacteria using Malgaregion can be done only in the

genus level.

The validation of 16S rDNA primer were done withverl reference
and isolated strains of bacteria. The products20&0 bp were obtained from PCR
amplification using 16S rDNA primers from all tatdgmacteria (Figure 3.5A). All 16S
rDNA PCR products were purified (Figure 3.5B) arsgd as the template for DNA
labeling process in the next stdp.the case oprfA gene amplificationprfA gene
was amplified from onlyL. monocytogenes DSM 12464 but not fronkisteria sp
JCM 7679,L. innocua DSM 20649 or non-isteria bacteria (Figure 3.6). All PCR
products including 16S rRNA angrfA genefragments were purifieédnd labeled

with DIG molecule and used for DNA hybridization.
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St aureus new.seq CTGT G A-——CATC T TCACGETACC TAATCAGAAMAGC CAC GG TAACTACCTGCCAGCAGCCECGETAATACGTAGGTGEG S00
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HMajority CAAG-CGTTATTCGG-AATTACTGGE! ATG'TGMATCCCCL‘-GGCT

570 580 530 600 610 620 630 640

canpylobacter app. aeq CAAG-COTTACTCGG -AATCACTGGGCGTANNAAGGGCGCGTAGGCGGATTATCAAGTCTCTIGTGARATCTAATGGLTT 571
Cl perfringen consensus.ssq CGAG-CGTTATCCGG-ATITACTGGGCGTAAAGGGA- -GEGTAGGCGCGATGATTAAGTGGGATGTGAAATACCCGGGETC S59
Ecoli spp.seq CAAG-COTTAATC GG - AATTACTGEGCETAAAGC G - - ACGCAGGCGETTTETTAAGCTCAGATCTCAAATCCCCGEGCTC S03
L monocyrogenes.seq CAAG-COTTGTCCGG-ATTTATTGGGCGTARAGCGE -~ GCGCAGGCGGTCTTTTAAGTCTGATGTGAAAGCCCCCGGCTT 577
saluwonella aSpp New. Seq CAANGCGTTAATCNGGAATTACTEGGCCTARAGCGNC =ACGCAGGCGGTCTGTCAAGTCGCATGTGAAATCCCCGRGCTC 625
=t sureus new.seqg CAAG-CGTTATCCGG-AATTATTGEGEGTARAGEGE - - GEGTAGGCGGT T TTTTAAGTC TCATGTGAARGCCCACGGETC 576

Figure 3.3 Alignment of 16S rRNA gene from 6 foodborne paghios includinge. coli,
Campylobacter spp., Cl. perfringens, L. monocytogenes, Salmonella spp. and
Saph. aureus usingMegAlign DNAStar lasergene 7. The primers usedl®®
rDNA amplification are boxed.
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T
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ClL perfEingsn Consensus.ssd AACAGBATTAGATAC CCTOOTADTCCAC BECITARAC GATOANTACTADGTOT - — G AB00TTTCANC ACETECOTHEEES 757
Ecoli app.asa AACAGEAT TAGATACCO TGO TAGTCCACGCC G TARAC CATGTCGACTTEGAGET- - TETGC COTTEAGGCGTGOCTTCCG Bal
L monmooytogenes.seq ARGAGGATTAGATAGECTOETAGTE CACEECOTAANG GATGATTGE TAAGTOTTACSGICTTTCCCCCCCTTAGTG TS 24
sailmonella spp new.seg AACAGGATTAGA TGOTAGTE CACGE COTAAAL CATGTC TAC T TGHAGET - - TETHE CETTEAUGE STGOCTTEEG 863
WME AUEOWUS Now. mecdq MFAGM'!—FAE.ATAI:I'{'TGI_FA.I.'TECAEE CCCTAAAC GATGACTCCTAAGTGT TAGCGCGTTITCCGCCCCTTAGTC-CTG BLS
ML Ll
Hajoricy CTAACG D ATTAAGTATTCCGCL T‘GGGGAGTACG GGGLGCCCGLE,
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campylobacter 3pp.seq CAGCTAAC GCAT'I‘MGTGTN;{!GCCTGGGGAGTACGGTCGCMGATTMMQTEMGGMTAGAC GGGGACCGGCACM 889
Cl perfringen consensus.seq CCGCTAACGCATTAAGTATTCCGCCTGOGEACTACGETCCCAAGATTAARACTCARAGGAATTCACGGECACCCGCACAN 877
Ecoli spp.seqg GAGCTAACGCOTTAAGTCGACCGCCTOOOGAGTACCGCCGCARGOCTTAAAACTCARATCAATTGACGGGGGCCCGCACAR 921
L monocyrogenes. seq CAGCTAACGCATTAAGCACTCCGCCTOGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAL 896
salmonella sSpp new.seq GAGCTAACGCGTTAAGTAGACCGCCTGGGCAGTACCGCCGCAAGCTTAAAACTCAAATGAATTCACGGGGGCCCGCACAR 243
2T AUreus new.aeq CAGCTAACGCATTAAGCACTCCGCCTOOGGAGTACCGACCOCARGOTTGARACTCAAAGCAATTGACGGGGACCCGCACAR 895
' anild Rt
Majority GCGG’!’GGAGCATGTGG’!‘]’TM'ITCMG COCGAAGAACCTTACIGGTCTTGACATCCTTTG- AAGATTCTAGAGA
T T T T ey
970 QEU 9 looo 1010 lo0z0 1030 1040
canpylobacter spp.seq GCGGTGGAGCATGTG(H‘ITMTI‘CGMGA COCGAAGARACCTTACIGGGCTTGATATCCTAAG-AACCTTATAGAGAT 968
Cl perfringen consensus.seq GTAGCOGAGCATGTGGTTTAATTCGAAGCMACGCGAAGAACCTTACQTACACTTGACATCCCTTGCATTACTCTTAAT-~ 955
Ecoli spp.seq GCGGTEGAGCATG TGO TTI TAATTEGATGCMACGCGAAGAACCTTACQIGETCTTGACATCCACGG-AAGTTTTCAGAGA- 999
L monocytogenes. seq GCGOTGCAGCATCTGOTT TAATTCGAAGCHMACGC GAAGAACCTTACCRGGTCTTGACATCCTTTG=ACCACTCTGGAGA= 974
salmonella spp new.seq GCGGTGGAGCATGTGGT I TAATTCOATGC MAC GCGAAGAACC TTACOIGGTCTTGACATCCACAG-AAGTTTCCAGAGA- 1021
SC aureus new.seq GCGGTGGAGCATGTGGT T TAATTCGAAGC MACGCGAAGAACCTTACQRAATCTTGACATCCTTITG-ACAACTCTAGAGA- 973
UL T oLl
Majority -TGGGGCTG-TCCC'ITC - -GGGGACTMGTGACAUU TGGT GCATGGTT GTCGT CAGCT CGTGTCGTG
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canpylobacter spp.sedq ATGAGCCTGCTAGCTTGC =TAGAACTTAGAGACAGGTCCTGCACGGCTOTCCTCAGCTCOTGTCOTGAGATGCTTGGGTTA 1047
Cl perfringen consensus.seq -CGAGGAAA-TCCCTTC--GGGGACAAGGTGACAGGTGETGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA 1031
Ecoli spp.seq ~TGGGAATG-TGCCTTC——~GEGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTIGTGAAATGTTIGGHTTA 1075
L monocytogenss. Sedq =CAGAGCTT=-TCCCTTC-~GGGGACARAGTGACAGGTGGTGCATGGTIGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA 1050
salmonella s3pp new. seq =TGHGATTGGTGCCTTC -~ GEGAACTCTGAGACAGGTCCTGCATGCCTGTCGTCAGCTCGTGTTCTCGARAATGTTGGCTTA 1098
St aureus new.seq ~TAGAGCCT-TCCCCTTCGGGGEACAMGTGACAGGTGGTGCATGSTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA 1051
+ Majority :
O JED NNRORRRRE DO QO CTOOAIRDOOCODOAODODD TR0
Majoricy TOAAGCCOGAATCGETAGTAATCG ACACCGOCCGTEM
137:- izeo 1:99 uwo uu.u 14‘.0 1430 14940
cappylobacter app.segq TGAAGLCGGAATCGLE TAGTAATCGTAGATCAGECATGC TACGGTGAATACGT TCCCGHGGTCTIGTACTCACCGCCCGTCA 1364
Cl perfrEingen consensus.seqd TEAAGCTGOAGTTACTAGTAATCGCGAATCAGA-ATGTCGCGGTEAATACGT TCCCOGOTCTIGTACACACCGCCOCGTCA 1345
Ecoli app.seq TCAAGTCGCAATCGC TAGTAATCCTCCATCAGA=ATGCCACGETCAATACCTTCCCGOGCCTTETACACACCCCCCOTCA 1391
L monocytogenes.sedq TGAAGCCGGAATC GO TAGTAATCGTGHATCAGE - ATGECACGGTGAATACGT TCCCGGGCCTTGTACACACCGECCGTCA 1364
salmoneila spp new.seq TOAACTCOCAATCCOTACTAATCOTOCATCACA=- ATCC CACROTEAATACOTTCC COCOCCTTOTACACACCOCOCOT A 1415
@E sursus new. seg TGARGCTGEAATC GO TAGTAATCGTAGATE AGE - ATGE TACGGCTGAATACGTIC CCGLGTCTIGTACACACCGOCCGTOA 1966
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campylobacter spp.sedqg CACCATGGGAGTTGATTTCACTCGAAGCCGOANTACTAALCTA- ———— - -GTTACCGTCCACAGTOGARTCAGE 1431
Cl perfringen consenaus.assqg CACCATCACAGCTTGCCAATACCCCAACTCCGTCACCTAACCEC -« AACCACGCAGCCCOCCCAACCTACGCTCAGT 1418
Egoli spp.seq CACCATGGGAGT GGG T THOAAAAGAAGTAGGTAGC T TAACCT T - COGHAGGGCGCTTACCACTTITGTGATTCATGACTGG 1470
L monocyEagenss.Sedq CACCACBACACTTITOTAACACCCCAACTCCOTACCOTAACCTTTATECAGCCABC COCCBAAGCTOOCACACATAATTCEE 1444
salmonella spp new.seq CACCATGGGAGTGHGT THCAAAAGAAGTAGG TAGC TTAACCTT-CHGGAGGGCGCTTACCACTITGTGATTCATGACTGEG 1494
AT aureus new.acdg CACCACGAGAGTTTOTAACACCCOAAGCCOOTECAGTAACCTTTTAGCAGCTAGC COTCGAAGD 1430
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Majoricy

1530 isan 1550 1560 17O
campylobacter spp.seq 1431
€1 perfringen consensus.seq 1a1m
Eealil app.seqg COTCAACTCOTAACAACNTANCCCTA 1496
L meneocytogenes.seq GGTGA 1a4%
salmonella spp new. seq OOTCAACTCOTAACAACGCTAACCOTACCOOAAC CTOCOOTTECATCACC TEOTTA 1549
2t aureus new.seqg 1430

Figure 3.3 Alignment of 16S rRNA gene from 6 foodborne pagiies includinge. coli,
Campylobacter spp., Cl. perfringens, L. monocytogenes, Salmonella spp. and
Saph. aureus usingMegAlign DNAStar lasergene 7. The primers usedl®®

rDNA amplification are boxed (Continued)



71

o e SUUPUUUR | SUUUPL D00 | OO0 0 OO | DO 1111
ATCAACGCTCAACCACAACAATTCAAMAAATATTTACAAACTAAC CECATAAAACT AAAACANTTTCATAAANANG AN,
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LM pxfA EUO731SE.8eq 202090 @ memmee——— TTAATT - - TAATTTTCCCCAAGTAGCAGGACAT - - GCTAAATAAAACCAT - - TCATCTAATTTAGCGGGCATA €6
LM LSEA-0024 EUZ94586. seq ATGAACGCTCAAGCAGAAGAATTCAAAAAATATT TAGAAACTAACGGCATAAAACC AAAACAATTTCATARAAALGAACT SO0
LM strain 464 EUZ9460S.seq ATGAACGCTCAAGCAGAAGAAT TCAAAMAAATATT TAGAAACTAACGGCATAARMNCC AARAMCAATTTCATAAAMAANGAMCT 60
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LM straim ATCC 19114 T.meq ATG T e T T T cT w0
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LM acraim ATCC 15114 EUZ54567.seq
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LM pefA EUOTILSE. S TITCGCTTAATC CAAAAA - TCATTAAAT TTACC TACAC TETATCAAACTTCTTTTTCTACCOTTTCOAAAACATAGAAARL 3T8
LN LIEA-O0Z4 EUIT4506. 009 AACTACTCAGCCAAAAATC TTACGCACT T TTTCTATGTTTTCCAAACCCTACAAAAACAAGT TTCATACAGTCTAGC TAAA 370
LM serain 464 EU294605.m8qg AACTACTCAGCAAGAATC TTACCCACT T IT TCTATCTITTCCARAACCCTACAAAMACAAGT TTCATACAGCCTAGCCAAL 390
LM serain 90066 EUISAS0I.seq AGCTACTGAGCAAGAATCTTACGC ACT T I T TCTATG T TTTCC AAACCCTAC AAAAAC AAGT TTCATACAGCCTAGECAAA 390
LM strain ATCC 19114 EUZP4S67.seqg AACTACTGAGCAAGAATCTTACGCACT TTITTCTATGTTTTCC AAACCCTAC AAAAAC RAGT TTCATACAGTCTAGCTARA 3930
LM scrain POAT EUZS453%7.seq AACTACTCAGCAAAAATCTTAC CCACT TTTTCTATCTTTTCCAAACCCTACAAAAACAAGTTTCATACAGCCTAGITAAL 330

LN srrain CHUYOGOT76 EVIPAG07,.00q AACTACTOGAGCAAAAATCTTACGCACT T TTTCTATGTTTTCCAAACCCTACAAAAACAAGT TTCATACAGCCTAGCTAAA D270
LM serain CNLODST9) EUI9S600.seq  AACTACTCAGCAAAAATCTTACGCACT TTITTCTATCTTTTCCAAACCCTACAAAAACAAGT TTCATACAGCCTAGCTAAA 390

LM sxrain N19? EVIP4590.peq AATTACTCAGCAAGAATCTTACGCACT TTTTCTATGTTTTCCAAACCCTACAAAMACAAGTTTCATACAGTCTAGCTAAA 390
< s L bbbk |III|II.I|I|IIIII|II.I|II|I |||III
Rajorioy TTTAATGAT - TTTICGATTAAC GGOAAGCTTGGCTCTATT.
a I.O 4z0 430 440 ‘!0 aA60 4"0 480
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LM prrfa EUOTILSG.meq GTGCOTAAGATTCTTOCTCAGTAG T TC T T T TAGTIC G TT T AT TTTOATAAC GTATO - COOTAGC CTOTTC GCTAATGACT 457
LH LEEA-O024 FUZIALEE, neq TTTAATCAT - TTTTCCATTAAC COCAAECTTCCCTCTATT - TECCETC AACT TTITAATC CTCACCTATCETEGT - - ATCETA 4dé
LM ax in 464 EUIP4C05.a0q TTTAATGAT - TITTICCATTAAC GCGCAAGCTCGGLCTCTATT - TOCGGTCAACTTTITAATCCTCACCTATGTOCT - -ATGGTA 466
LM serain 98066 FU2O4583. seg TTTAATGAT - TTTTCCATTAAC COCAAGCTCCCCTICTATT - TCCCOTCAACTTITAATCCTCACCTATOTGT - ~ATCGTA Ade
LM sreain ATCC 19114 EVIPASET.meq TITAATGAT - TTTTCCATTAAC CCAAAGCT TCCCTCTATT - TECCCETCAACT TTTAATCCTCACCTATGTCT - ~ATCGTA 446
LM serain BO41 EUZ24597.snqg TTTAATGAT =TT TTCCAT TAAC COGAAGCT TGGC TC TAT T =TECCCTCAACT TTITAATCCTCACC TATGTGT = =ATGCGTA 466

LM strain CHUOGOIT76 FUISMCO0T.seq TITAATGAT-TITICGATTAAC GGGAAGCT TGGCTCTAT T - THCGGTCAACT TTITAATCCTCACCTATGTOT - ~ATGGTA 466
LM atrain CNLORSTRI EUIRAO00.seq TITAATGAT -TTTTCGATTAAL GGGAAGC T TGGCTCTATT - THCGGTCAACT TTTAATCCTGACCTATGTGT - ~ATGGTA 466G

LM sErain N19 EUID35090.seq T T AAT AT - TTTTC CATTAAC CLARAGCT TG TCTATT - TECCETCAACTTTTAATCCTCACCTATETCT - -ATCETA 4
S— |I|Il| bl
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LM pefi EUOTILSE. meq TCTAAR-TT. TAGL rwcu.p.-rm ATCAATAAAGCCACAT ATTATAAC CAAACT ACCTTTGTAGTATTGTA %38
LM LIKA-OO0I4 EUISALO0G. seq e TGO A - AGGATATTCAAGTGECATCGOA 543
LN srEain 464 EVIPAGOS.meq AaGaanc T mamcn.'rcnmﬂncnf ~AATTTAACAATGCA - - GOAGTTAGGCTATTICAAGCGUGTATCGCA 5S4
LM strain 98066 FUINASE3. seqg AACAARCTCRIGATCOCATCAAGAT TACACT T = AATTTAACAATOC A= = COACTTACGOC TATTCAAGCGOTATCGCA 543
LM strain ATCC 19114 EUZSASEY.seq AACAARCTCQIOATOCCATCALCATTOCACT T - AATTTAACAATOCA - - COACTTACIATATTCARICCOTATCOCA 43
LM atEain D041 EUIFASeT.saq AMGAARCTC PIGATGEC ATCALGATTAL T - AATTTAACAATGC A~ - COAGTTAGGATATICAAGTGHCATCGCA 543
LM strain CHUOGOTTE EUISA007 . snq  AAGAARCTCQTOATGOCATCAAGATTACAC TODAT = AATTTAACAATGC A= - COAOTTAGIATATTCAAGTOOCATCGC A 543
LM serain CHMLASLISS EUISIA08.sedq AACAAACTC roATOCCATCAACATTAL AT - AATTTAACAATOC A - - COACTTACCATATTC ARG TOOCATCOCA 4%
LM strain N1% EUIPASB0.seq AACGAARCTC PIGATCOCATCAAGATTGC AC AT - AATTTAACAATGC A~ - COACTTAGGATATTICAAGCGHTATCGCA 543
s ey DUUSL OO | JO0L N OO 1
MajoEity AAAMGCATATGC CCCTAAATTAGATOAN

650 H60 a7T0 G080 G0 TO0 TLO Tao
LM prfA EVOT7ILSG. - - TCCCATTOCGT TAAAAATAAGCTTIC FT T TT 1A T‘FAMWI‘T‘I‘TAWC\:WTWMATRW GO0
LM LEEA-0024 zu‘gnsas neq TACAARATC TTGATTATC TCAAAAGATATGC CCC TAAATTAGATCAAT - ~GGTTTTATTTAGE - - ATCTCCTGCTACTTG
LM scrxain 464 EUISA605.meq TACAARATC TTGATTATC TCAAAMGCATATOC TCCTAAATTAGCATCAAT - ~GETTTTATTTAGE -
LM atrain 90066 EUIS4503.aeqg TACAARATC TTGATTATC TCAAAAGATATGC TCC TAAAT TAGATGAAT - ~GGTTTT,

LM straim ATCC 19114 EUZRASET. seg TACAARATCTTCATTATC TCAAAAGATATOC CCCTAAATTAGATOAAT « =GOTTTTATTTAGC =
NO43 EUZP4597, saqg TACAARATCTTGATTATC TCAAAAGCATATCC CCCTAAATTAGATCAAT - ~GEGTTTTATTTAGC -
CHUYBG0 776 EViPa007
CNLOSST9Y EUID4s0n.
LM arrain Ni9 EUISA590.meq TACAARATC TTGATTATC TCAAAAGATATGE COCTAAATTAGATCANT -

[ e dllll lbim
COOAARATTA = = AT T ARICCOCCRIOR

MajoELey

730 i
TTGAATTCTTCTOCTTOAGCGTTCAT Ti4

LM prfA EUOTILSE.

LM LIEA-O0Z4 EUZSA506. seq 714
LN atrain 464 EUIP4C05.aeq ria
LM strain 98066 FUZO4563, asqg 714
LM strain ATCC 19114 EUZPA%67.maq 714
LM atrain BO43 EUZ#45%7.seq 714
LM strain CHUOS0T76 EUID4607.ssq 714
LM serain CHNLOSSIS3 EUIS4008.meq ria
LM strain N1% EU294590.seq GOGAARATTA -~ ARTTAA 714

Figure 3.4 Alignment ofprfA gene fromL. monocytogenes. Positions of forward and

reverse primers are boxed.
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Figure 3.5 (A) Amplification of a part of the partial sequencel&#S rRNA gene
using 20 ng bacterial genomic DNA as templates.esaM, 100 bp
DNA marker (Fermentas); E. coli TISTR 887; 2,S Typhimurium
TISTR 292; 3S Enteritidis JCM 1652; 4,isteria sp. JCM 7679; 5L.
innocua DSM 20649; 6,Sigella sp. isolated from food sample,
Thailand; 7,Saph. aureus TISTR 517; 8, HO (negative control)(B)
Purified 16S rDNA PCR products (100 ng) from diéfiet bacteria for
post-PCR labeling process. Lanes: Sl Enteritidis JCM 1652; 2S
Enteritidis TISTR 2394; 3,S Typhimurium TISTR 292; 4-5,
Salmonella sp. isolates S2 and S3, respectivelyE6eoli TISTR 887;
7-9, E. coli isolates E3, E6 and E7, respectively; 10, Salmonella
bacteria isolate RV3, 11Shigella sp. isolate Shl; 123%aph. aureus
TISTR 517; 13,Listeria sp. JCM 7679; 14 L. monocytogenes DSM
12464; 15].. innocua DSM 20649; 16-17Cl. perfringens isolates CP3

and CP5, respectively; M, 100 bp DNA marker (NEB).
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Figure 3.6 The amplification ofprfA gene using 20 ng of genomic DNA of different
bacteria as the templates. Lanes:Sph. aureus TISTR 517; 2,S
Typhimurium TISTR 292; 38 Enteritidis TISTR 2394; 45 Enteritidis
JCM 1652; 5L.. monocytogenes DSM 12464; 6Listeria sp. JCM 7679;

7, L. innocua DSM 20649; 8, Shigella sp. isolate Shl; 9-10,
uncharacterized colony on TSA agar; 11L0H(negative control); M,

DNA marker 100 bp (NEB).

The sequences of amplified products were then @megrobe design
using PICKY oligonucleotide design program (Chetual, 2004). Probes obtained
from this step are shown in Table 3.3. All probesrevtested for their specificity
using DNA extracted from pure culture of referelaoel isolated strains of the target
bacteria. Some of the probes designed using PICKgram in this experiment were
found to be similar to the probes designed by Ghi@amd colleagues (2006) and Mao
and colleagues (2008) and one of thenonocytogenes 16S rDNA probe (LM2) was
exactly the same as one of the probe from Mao atidagues (2008). To confirm

that the probes obtained from this investigation ba used for pathogen detection,
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the probes (Table 3.3) were tested for hybridizatwith the target bacteria of

interests.

Table 3.3 Sequences of the 16S rDNAnd prfA probes spotted on the

oligonucleotide array

Species Target Probe sequences (5’ to 3’) References
region

(gene)

CP 1: AAGCTCTGTCTTTGGGGAAGATAATGACGG This work

CP 2: ACGATGAATACTAGGTGTGG This work
Cl. perfringens | 16STRNA | op 3 TcCAAACTGGTTATCTAGAGTGCA This work
CP 4: GGCGGATGATTAAGTGGGATGT Mao et al.( 2008), This
work
CP 5: AGATTAGGAAGAACACCAGT This work
EC 1: AGGAAGGGAGTAAAGTTAATACCTTTGCT Chiang et al. (2006),
E. coli 16S rRNA Mao et al. ( 2008),
This work
EC 2: CTGCATCTGATACTGGCAAG This work
This work

Salmonella spp 16S rRNA SM 1: AGGAAGGTGTTGTGGTTAATAAC

SM 2: TCTGTCAAGTCGGATGTGAA Chiang et al. (2006),

This work
SA 1: AGAACATATGTGTAAGTAACTGTGC Mao et al.( 2008), This
Saph. aureus 16S rRNA work
SA 2: CGCAGAGATATGGAGGAACA This work
LM 1: GCTTGTCCCTTGACGGTATCTAACC This work

L. monocytogenes | 16S rRNA
LM 2: GTTTTCGGATCGTAAAGTACTGTTGTTAGAGA | Mao et al.( 2008)

CM 1: AGGCAGATGGAATTGGTGGTGTAGG This work
Campylobacter

16S rRNA
Sspp.

CM 2: AGCGTAAACTCCTTTTCTTAGGGA This work
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Table 3.3 (Continued)

Species Target Probe sequences (5’ to 3’) References
region

(gene)

prfA 2: ACAAAGGTGCTTTCGTTATAATGTCTGGCT This work
L. monocytogenes | prfA
prfA 3: AGCTTACAAGTATTAGCGAGAACGGGACCA | This work

3.3.2 Oligonucleotide array for multiple foodbornepathogen detection

3.3.2.1 Oligonucleotide array optimization

Only the 16S rDNA probes oE. coli, Salmonella spp., and
Saph. aureus were tested to obtain the optimum concentratiorDidA hybridization
system. The probes were spotted on nylon memlaisgecific position as shown in
Figure 3.7A at the amount of 100 and 200 pmol. fiyleridizations were carried out
with 100 ng DIG labeled target PCR products alC3%for 4 h. The hybridization
results indicated that all hybridization signalsrgveot different between 100 (Figure
3.7B (I)) or 200 pmol probes (Figure 3.7B (ll)) ext for the probe ofS
Typhimurium. Hybridization signal o8 Typhimurium could be observed when the
amount of probe was 200 pmol but not 100 pmol. Adbridization between probes
and specific target in Figure 3.7B showed that nossreactivity was observed
between the probes and the non-specific targetsegidor the probe specificity with

other organisms, 200 pmol probes were used.
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Figure 3.7 Optimization of oligonucleotide array for foodber pathogen detection.
(A) Position of specific probes on nylon membrapesitive controls are
0.1 ng of DIG-label control DNA (pBR328 DNA, lineaed with Bam
HI) (P) and 100 pmol 16S rDNA forward primer (16$he abbreviated
letters in grids are probe names as shown in TaBl€B) Hybridization
patterns of specific probes and labeled target B@RuctsProbes were
spotted on nylon membrane at 100 pmol (I) and 2661(ll). The target
DNA were 16S rRNA gene from each bacteriaslabeled on the top of

each blot.
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3.3.2.2 Probe validation and specificity test

Specific detections of several bacteria were peréa by
hybridization of labeled 100 ng of 16S rDNawd prfA PCR product with 200 pmol
probes. Each labeling target PCR product was higeddindividually with the nylon
membrane containing specific probes of 16S rRNAegah specific positions as
shown in Figure 3.8A. The hybridization patternsaAmen specific probes of the 16S
rRNA genes with their specific targets are showrrigure 3.8B. The amplification
was done with total of 31 bacterial strains (TahlE) with single primer pair and the
accuracy of each was evaluated as summarized ifeTald. The specific
hybridization patterns between the specific probdh their specific targets were
found in Cl. perfringens (Figure 3.8B (21)-(24))Listeria spp. (Figure 3.8B (25)-
(27)), andSaph. aureus (Figure 3.8B (31)). In the case lof monocytogenes specific
detection, strong hybridization signals were fowith probes LM1 and LM2 (Figure
3.8B (25)-(27)). These results demonstrated th& IENA genes of.isteria genus
were highly conserved amongsteria species. The probe LM1 was highly conserved
amongListeria species with high accuracy (Table 3.4, 100% a@y)réor specific
detection ofListeria genus.To detectL. monocytogenes in the species leveprfA
gene was used as target gene for specific detectioithis researchprfA gene was
able to be amplified fronk.. monocytogenes DSM 12464 but not fronk. innocua
DSM 20649. After DNA labeling process using amplifiproduct ofprfA gene as
template, the labeled products were able to spedi hybridize to the prfA probes
(Table 3.4, 100% accuracy) with no-cross reactiviith the other 16S rDNA probes
on the array (Figure 3.8B (28)). Thus specific dit& of L. monocytogenes can be

performed using hybridization of the 16S rRNA gemel prfA gene for detection in
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the genus and species level, respectivellgwever, the cross-reactions of the 16S
rDNA PCR products fron€l. perfringens with the LM2 probe (85% accuracy) (Table
3.4) were found in allCl. perfringens isolates (4 isolates) (Figure 3.8B). FGI.
perfringens, strong hybridization signals were observed frawbps CP1, CP3, CP4
and Listeria probe (LM2) (Figure 3.8B (21)-(24)). However, thwgbridization
patterns of Cl. perfringens and Listeria spp. were different and could be

differentiated.

For Salmonella spp. ancE. coli, hybridization patterns of these
bacteria were similar from both reference and isolastrains. Accuracy of the
Salmonella and E. coli probes were ranging from 77-95% (Table 3.4). Simil
hybridization patterns oE. coli and Shigella sp. were found (Figure 3.8B (1)-(4),
(32)). Moreover, cross-reactivities &. coli probes EC1, EC2 with isolate RV3
(Figure 3.8B, (19)) were also observed. Biochemalfiles of the isolate RV3 was
similar toE. coli excepted that this isolate was unable to utilaedse. In the case of
Salmonella detection, cross-reactivities of tlisalmonella probes, SM2 with the non-
target bacteria isolates C2, C4, RV2, L2 (Figu@B3(5), (7), (18), (30)) and probes
SM1, SM2 with the non-target bacteria isolate CigFe 3.8B, (6)), were observed.
The identification of C2, C3, C4, RV2, and L2 usisgveral biochemical reactions
indicated that these bacteria were Gram—negatind, identified as belonging to
either nonsalmonella or nonListeria or norE. coli bacteria (Chapter 2). These
results showed th&almonella andE. coli probes cross-react with the n8almonella
and nonk. coli bacteria from the enrichment culture ©f coli, Listeria spp. and

Salmonella spp ThereforetheE. coli andSalmonella spp.probestargetedo the 16S
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rRNA geneonly were not specificenoughto detectthesebacteriadirectly from the

enrichmentulture.

Table 3.4 Probe specificity test using isolated and refeeestrains of target and non-

target bacteria

Target bacteria Probe | Number of target Number of non-target | % of
name | bacterial strains (T) | bacterial strains accuracy®
(NT)
Number | Positive | Number Positive
of tested | signal of tested | signal
strains detection | stains detection
(™) (NT")
Clostridium CP1 4 4 27 0 100
perfringens CP2 4 0 27 0 0
CP3 4 4 27 0 100
CP4 4 4 27 0 100
CP5 4 0 27 0 0
Escherichia coli EC1 4 4 27 2 92.6
EC2 4 4 27 2 92.6
Listeria spp. LM 1 3 3 28 0 100
LM 2 3 3 28 4 85.7
Salmonella spp. SM 1 9 9 22 1 95.5
SM 2 9 9 22 5 77.3
Saphylococcusspp. | SA 1 1 1 30 0 100
SA2 1 1 30 0 100
prfA 2 1 1 30 0 100
L. monocytogenes
prfA 3 1 1 30 0 100

4 0% Accuracy = [(T x 100)/ No. T] - [(NT x 100)/ No. NT]
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Figure 3.8 Probe validation and specificity test for foodimmpathogens detectio(h)
Position of specific probes on nylon membraPasitive controls are 0.1 ng of
DIG-labeled control DNA (pBR328 DNA, linearized iwBam HI) (P) and 100
pmol 16S rDNA forward primer (16S). The abbreviaketters in grids are
probes names as shown in Table @3.Hybridization patterns of target and
non-target bacteria detected by naked eyes omalitgntide array. The target
DNA was 16S rDNA oprfA gene fragment from each bacterium as labeled on
the top of each blot.
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In this investigation, no cross-reactivity of thabéled 16S
rDNA PCR products with probes on the array was tbfnom the three non-target
bacteria isolates C6, TT1 and L5 (Figure 3.8B ((8D) and (29), respectively). The
results also showed that the hybridizatiorCbf perfringens and Staph. aureus could
be differentiated fronk. coli, L. monocytogenes, Salmonella spp.,Shigella spp. and
other non-target bacteria in enrichment culturex@isinly the 16S rRNA gene as

target.

3.3.2.3 Multiple target bacteria detection using lgonucleotide

array based method

For multiple target bacteria detection, only 169NARgene
was used as the target. Genomic DNA from 3, 4 atafdet bacterial species were
mixed at the concentration of 1 ng each and usetkraplates for the 16S rDNA
amplification. Two hundred ng of the PCR productseviabeled and hybridized with
specific probes on the spotted nylon membrane. IResfl several target bacteria
detected by oligonucleotide array are shown in Fedi19. These results indicated that
our detection system can be used to detect setagmt bacteria of at least 1 ng in
mixed genomic DNA from the 5 bacterial species gifigonucleotide array. Based
on the results of this research, the oligonucleotiday hybridization targeted to the
16S rRNA gene using a single primer pair was sletédr the first step of multiple
target bacterial screening in short time. The pasitesults from oligonucleotide
array should be further confirmed by specific géybridization. Alternatively, this
method could be used to identify presumptive pwlory after the isolation step
which would save considerable amount of time comparthe normal conventional

biochemical tests.
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Figure 3.9 Multiple target bacteria detection by oligonudide array hybridization
based methodEach specific probe (200 pmol) was spotted on nylon
membrane at the same position as shown in Fig@a. 3The target

DNA was 16S rRNA gene from each bacteria.

3.4 Discussion

Conventional methods for detecting foodborne pathsginvolved separate
culture steps followed by biochemical identificatiand serotyping. These methods
are cumbersome and time consuming. Therefore, ragpécific, and sensitive
methods for detecting and identifying pathogens ehdeen developed. Rapid
detection and identification of several foodborrehpgens are the key issues for
diagnosis, treatment and timely control of foodinfections (Hong et al., 2004;

You et al., 2008).

Advantageof oligonucleotide array for multiple pathogensedgionare that
the multiple target bacteria can be detected iingles reaction. By these methods

labor, cost, and identification time can be redudedhis part, oligonucleotide array



83

targeted to 16S rRNA angrfA genes were developed and evaluated for specific
detection of dominant foodborne pathogens and &adety indicator in chicken meat
including Cl. perfringens, L. monocytogenes, Salmonella spp, Saph. aureus, andE.

coli. For specific detection dkalmonella spp. ancE. coli using 16S rRNA gene as
target, hybridization patterns were similar fromttboeference and isolated strains.
Moreover, the hybridization patterns of all isotate Salmonella sp.,E. coli andCl.
perfringens were similar among each pathogen. Although theatian properties
from each strain were found but probes designiswréfsearch can be used for specific
detection of these foodborne pathogens. Thesetseisalicated that the 16S rDNA

target regions were conserved among each bagbatiabgen.

Detection of multiple target bacteria by 16S rRNéng oligonucleotide array
hybridization showed that the identification can dmne at the genus level. Some
cross-reactivities were found in the non-targettdr@a isolated from the enrichment
culture (Figure 3.8B). Cross-reactions were alsmébin Salmonella spp. ande. coli
when 23S rRNA gene were used as target (Hong ,e2@04),E. coli and Shigella
spp. (Chiang et al., 2006; Hu et al., 2011) whe8 tBNA andgroEL genes were
used. In the case . coli and Salmonella spp., although the identity of this 16S
rDNA region was 95% but this research was abldfterdntiate them.

In this investigation, the same results of crosstien were found irkE. coli
and Shigella spp. butE. coli and Salmonella spp. can be differentiated using 16S
rRNA gene as target. In 2006, Chiang and colleagapsrted that genushigella,
which is closely related tB. coli, generated the same hybridization patterns usiag t
16S rDNA oligonucleotide array. The classificatiminthese closely related species of

Shigella spp. andE. coli is difficult to achieve through 16S rRNA gene as#&
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becauseshigella and E. coli have been considered to be a single species, lomsed
DNA homology (Fukushima et al., 2002). Probe segaeamith homology higher than
85% to other bacteria may cross-react with straihshese closely related species
(Chiang et al., 2006).Therefore, species-specific gene is needed foerdifitiation

betweerchigella andE. coli.

In the case oprfA gene amplificationprfA gene was specific for onli.
monocytogenes DSM 12464 (Figure 3.6). TherfA gene product regulates the
expression of listeriolysin which is a major vimte factor expressed by pathogenic
Listeria spp. (Wernars et al., 1992). The amplificationpofA gene with primers
designed in this work was specific for monocytogenes and no-cross reactivity with
other bacteria was observed. This result indicalbed prfA gene was suitable for

specific detection of. monocytogenes and also used as target gene in next part.

In this investigationdifferent hybridization signal from different prabevere
observed. For hybridization dfl. perfringens, the hybridization patterns observed
from all Cl. perfringens isolated strains were similar (Figure 3.8B (21)24)hese
results indicated that the DNA sequence of theetamggion derived fromCl.
perfringens was conserved thus similar hybridization pattenese found from all
isolates. Hybridization of labeled 16S rDNA ©F. perfringens and the LM2 specific
probes forl.. monocytogenes (which is the same as one of the probe from Maal.et
(2008)) showed strong signals. These results itelicenat LM2 probe is not suitable
for specific detection of.. monocytogenes since it cross hybridized with the 16S
rDNA from Cl. perfringens. Although strong signals were observed from GPR3,
and CP4 when 16S rRNA gene@i perfringens was used as target but very weak

signal were detected from probes CP2 and CP5 (Eig@B (21)-(24)). In this study,
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the 16S rDNA probes were designed to hybridize witmplementary strands of their
specific target pathogen at difference positionsusl it might be possible that the
differences in hybridization signal seen from eacbbe positions o€l. perfringens

could be due to the differences of the probe looation the specific DNA target. The
secondary structure of DNA template and oligonuadigoprobe position on the target
DNA template can influence the hybridization sign@latveeva et al., 2003; Peytavi

et al., 2005; Franke-Whittle et al., 2006).

The evaluation of some published probes for spedétection ofE. coli, L.
monocytogenes, and Salmonella spp. were also investigated. The amplification
regions targeted to 16S rRNA gene in this invesibgawas similar to Chiang and
colleagues (2006) and Mao and colleagues (2008NeMer, some probes designed
were different from previous research since diffiétarget bacterial groups were used
for probes design. The probes LM2 (Mao et al., 208&€1 and SM2 (Chiang et al.,
2006) cannot be used to differentide coli, L. monocytogenes, Salmonella spp.
because cross-reactivity with closely relate b&tand non-target bacteria from the
enrichment culture were found. These results indattghat the probe validation and
specificity test is very important for bacteriakification by oligonucleotide array
based methods.

The strong and weak points of oligonucleotide arfi@y multiple pathogen
detection were evaluated in this study. The adgntef developed oligonucleotide
array in this investigation showed that the samee sPCR product can be
differentiated by specific probes hybridization. @mared to PCR based methods,
detectability of the PCR based methods was lowan that of oligonucleotide array

hybridization (Hong et al., 2004; Chiang et al.0@)) Multiple pathogen detection at
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least 5 various bacterial target species can be dath easy result interpretation and
easy detection systems by naked eyes. No compbgatem or expensive equipment
needed for signal detection because strong hylatidiz signal can be observed using
post-PCR labeling of the target regions. This métbould be used to detect the pure
presumptive colonies of interest after the isotatstep. However, weak point of this
method was that the use of the 16S rRNA gene gsttaras not enough to directly
detect foodborne pathogens especigllgoli, L. monocytogenes, Salmonella spp. and
Shigella spp. from enrichment culture. The isolation ofteaa from chicken intestine
samples (Chapter 2) showed tigatmonella sp. and other non-target bacteria were
able to grow and frequently found in enrichmenttiun@ broths supplemented with
antibiotic for cultivation ofListeria spp. andCampylobacter spp. Thus genes specific
to each pathogen are required for oligonucleotidayaresult confirmation. To solve
the problem of cross-reaction of oligonucleotideagrtarget to 16S rRNA gene,

specific gene amplification by m-PCR were perfornredext part.

3.5 Conclusions

In conclusions, the labeled target regions of &S rDNA and prfA
amplificons generated by post-PCR labeling methmmidd be successfully used for
the differentiation of target bacteria in the gerarsl species levels, respectively.
Steps of probe selection were done by post-PCRitgbmethods. The detection of
foodborne pathogens includirg coli, Cl. perfringens, L. monocytogenes, Saph.
aureus, andSalmonella spp. by oligonucleotide array were possible ansl tinethod is
suitable for probe selection. This oligonucleotadeay based method could improve

the accuracy of the bacterial detection by PCR rtiggte. In the PCR reactions,
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similar size of PCR products containing differenbpplation could not be
differentiated. Thus downstream technique such lda Bybridization based method
shown in this research could be applied to overctimselimitation. By this detection
system, several target organisms can be easilgtddt@nd correctly interpreted. In
addition, this method could be used to identify pnesumptive colonies of interest
after the isolation step with considerable time isgvin comparison to the
biochemical method. Thus identification system hrs tresearch could be used as a
rapid alternative method to the biochemical conéition. In next part, to avoid the
false positive results of multiple pathogen detectin high bacteria background
samples, oligonucleotide array targeted to 16S rR@¢he were combined with
amplification of other specific genes by m-PCR a@nwentional PCR. These
combined methods should be a suitable system fecifsp detection of multiple

target bacteria directly in enrichment culture.
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CHAPTER IV

DEVELOPMENT OF OLIGONUCLEOTIDE ARRAY TO

SPECIFICALLY DETECT DOMINANT BACTERIAL

FOODBORNE PATHOGENS IN CHICKEN MEAT

Abstract

In this study, oligonucleotide arrays were devebbpto simultaneously
determine the presence of 3 dominant foodborneogatis and 1 microbial food
safety indicator in fresh chicken meat. Multiple€® (m-PCR) or conventional PCR
were combined with oligonucleotide array assaysfacific detection dEscherichia
coli, Listeria monocytogenes, Salmonella spp., and Shigella spp. Moreover,
Clostridium perfringens and Saphylococcus aureus, the regulated foodborne
pathogens in poultry meat, were also tested touat@lthe specificity of these assays.
Probes targeted to 16S rRNA and species or gerewsfispgenes includingispA,
prfA, fimY, and ipaH genes were selected for specific detectionEofcoli, L.
monocytogenes, Salmonella spp., andhigella spp., respectivelyThe combination of
m-PCR or conventional PCR and oligonucleotide aressgaled discriminatory power
among genera and species of all 4 target bactatialew or no incidence of false
negative results. Target genes amplification by @RRFor conventional PCR follow

by oligonucleotide array was able to distinguishdalarget bacteria with a detection
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sensitivity of 1 ng or 0.1 ng of each genomic DNéspectively. The oligonucleotide
array was also applied to 4 fresh chicken meat &smwaith the target bacterial spiked
and non-spiked. Target bacterial enrichment and RN#lification by conventional
PCR or m-PCR were performed prior to oligonuclestatray hybridization. The
validation of conventional PCR-oligonucleotide gss@monstrated that all 4 target
bacteria could be detected simultaneously in fresitken meat samples with a
detection sensitivity threshold of at least 3 afAatdlls for detection o&h. boydii and

L. monocytogenes in 25 g sample, respectivelyhe application of m-PCR couple
with oligonucleotide array could simultaneouslyed#t3 target bacteria includiri
coli, L. monocytogenes, andSalmonella sp. from fresh chicken meat with a detection
sensitivity of at least 1@ells of L. monocytogenes in 25 g sample. However,
combining the PCR and oligonucleotide array methodsld enhance accuracy,
sensitivity, and lower the times required for foodie pathogen detection and
identification compared to conventional culture e$é combinations could also solve
the minor problem of cross-reactivity from the rtanget bacteria isolated from the
enrichment culture in the oligonucleotide array fgization and the difficulty in

results interpretation of the m-PCR or conventid®@R detection.

4.1 Introductions and review literature

Foodborne diseases are some of the most wideshesdth problems in the
world. Regulations for foodborne pathogens inclédeoli, Salmonella spp., Staph.
aureus, L. monocytogenes, Cl. perfringens, Camp. jejuni, and Camp. coli in poultry

meat are required (Mulder and Hupkes, 2007). Agevewn Chapter 2, the prevalence
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of the foodborne pathogens and microbial food gafeticators in poultry especially
E. cali, Salmonella spp.,Shigella spp, and L. monocytogenes have been reported in
Thailand and many countries (Sackey et al.,, 200dng&akulnonth et al., 2004;
Angkititrakul et al., 2005; Nierop et al., 2005;d@agtod and and Kaneene, 2005;
Cortez et al., 2006; Lekroengsin et al., 2007;Ngni et al., 2007; Minamia et al.,
2010; Stonsaovapak et al., 2010). Therefore, deteof these organisms with rapid,
sensitive, and easy methods is required. The migledaased methods such as
oligonucleotide array and multiplex PCR (m-PCR) éndween applied to detect
multiple pathogens for time and labor saving (Ybale 2004; Nugen and Baeumner,

2008).

4.1.1 Oligonucleotide array for multiple target kacteria detection
As review in Chapter 3, an essential feature ofDN&A array technique
is the hybridization of labeled DNA fragments witinrays of immobilized probes
(Gauthier and Blais, 2003). This method can beiagdor multiple pathogens and
microbial community detection in food samples. Gorsis gene among many
pathogenic and target bacteria which can be araglifiy a single pair of universal
primer has been used (Hong et al., 2004; Chairad.,2006; Wang et al., 2007; Mao
et al., 2008; Giannino et al. 2009u et al., 2011). Because a lot of informationtad t
16S rDNA nucleotide sequences from a number ofdbecis available which is good
for probes design, therefore the 16S rDNA has bé@drly used as the target gene for
bacteria detection (Lin and Tsen, 1999; Wang et 2002; Chiang et al., 2006;
Franke-Whittle et al., 2006; Eom et,&007; Wang et al., 2007). Several publications
have also reported about the limitation of the I&BMNA gene regarding to its

diversity (Chiang et al., 2006; Wang et al., 200).this research as reported in
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Chapter 3, cross-reactions of some probes withtaayet bacteria were also found.
The cross-reactions of probes targeted to 16S rIefe found inE. coli, Shigella,
Salmonella, and L. monocytogenes. The results in Chapter 3 showed that the
hybridization pattern ofCl. perfringens and Staph. aureus could be differentiated
from E. coli, L. monocytogenes, Salmonella spp.,Shigella spp. and other non-target
bacteria in enrichment culture using only the 1BSIA gene as target. Therefore, the
dominant foodborne pathogens in poultry includikg coli, L. monocytogenes,
Salmonella spp.,Shigella spp. were used as the target bacterial modehtontethod
development in this part. Results in Chapter 2 @niddicated that these bacteria
showed cross-reactivity with probe design targeted6S rRNA of each other and
they could be found as co-occurrence in the sameehenent culture medium.
Therefore, species or genus specific genes areedded simultaneous detection of
these bacteria. The conventional PCR and m-PCRdbasthod have been widely
used and adapted for the rapid detection of sisgzies or multiple bacterial species
for these bacteria. Thus an alternative method-6fCR targeted to specific genes for

multiple pathogen detection was investigated ia fart.

4.1.2 Specific gene for target bacteria detection
For single species detection, different target gemere used for detection
of E. coli, Salmonella spp., andhigella spp. by PCR and m-PCR. Specific detection
of E. coli has been reported by Chen and Griffiths (1998) @sek (2001). In 1998,
Chen and Griffiths developed a PCR-based assaifféwethtiate generi. coli from
other Gram-negative bacteria using the primersvddrifrom the DNA sequences
flanking the gene encoding the universal stresseprquspA). They found that the

884 bp region oE. coli chromosome can be amplified from all &5 coli isolates
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tested include the non-pathogenic K-12 strains thiedpathogenic VTEC reference
cultures. The specificity of this target gene wasestigated from 11 noB:- coli
Gram-negative bacteria isolates tested. No amgliimduct was observed frothe
PCR amplification from any of the ndh-coli Gram-negative bacteria includg.
dysenteriae. In 2001, Osek developed a m-PCR protocol usinger sets that
directly detect genes that are characteristi&.afoli and all 3 important enterotoxin
marker genes. They usadbA gene as an internal control in the m-PCR amaltfan
with another primer specific gene for differentoati of eachE. coli strains. They
found that, the universal stress protein encodetk ge a highly conserved and
presented in alE. coli bacteria. This information indicated thagpA is conserve
amongE. coli. Therefore,uspA gene was used as target gene for differentiation

betweerE. coli and nonk. coli bacteria in my research.

For Salmonella spp. detections, the most commonly target gened s
specific detection of this organism dmaY andinvA genes (Yeh et al., 2002; Cortez
et al., 2006; Nierop et al., 2005; Salehi et @02 Germini et al., 2009; Mao et al.,
2008). Fimbriae are proteinaceous appendages @modter membrane of most
Enterobacteriaceae, including tBalmonella species. Type 1 fimbriae are the most
common fimbriae in th&lmonella species. Three gendsnZ, fimY, andfimw, have
been implied as regulatory genes of the major fiahtsubunit protein gendimA.
The amino acid sequences of FimZ and FimW shaetasively high homology with
those of the prokaryotic regulators in the Gen-Bdakabase, whereas FimY shares
only a few homologies with other prokaryotic protin the database. FimY is more
distinct from other regulatory proteins of the fmritnterobacteriaceae. The unique

characteristics of th&émY gene make it a useful target for detectiBgmonella
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species (Yeh et al., 2002)herefore,fimY is a promising candidate gene to detect
Salmonella using a DNA-based diagnostic test (Yeh et al.,220& 2002, Yeh and
colleagues evaluated the suitability fahY gene amplification by PCR for specific
detecting ofSalmonella species. In their research findinfgnY is quite common
among serovars oBalmonella. Two serovars ofSalmonella serovars form type 1
fimbriae and type 2 fimbriae were tested for thespnt of this gene. Type 2 fimbriae
exhibit different adhesive properties from typeirhlriae. BothSalmonella serovar
showed amplicons of this gene after PCR amplificatiThese results indicating that

fimY is present among theSalmonella serovars.

Another gene which is widely used for specific data of Salmonella
spp. isinvA gene. ThanvA-C locus is a part of a 40 kb region of the chreome
mapping at centrisome 63, which is absent in plemegic related bacteria suchk&s
coli. An estimate of 20 genes are in this region knewaémonella pathogenic island
| (SPI-1). The function of the invasion gene praduseem to be related to flagella
protein. SPI-1 encodes the specialized type Ibtgin secretion apparatus. Type I
secretion systems have unique features that diffiete them from other protein
secretion systems. Of this system, more thanrdfins are inserted in the inner and
outer membrane (Portillo, 2000). ThevA gene, codes for protein in the inner
membrane of bacteria, is required for the abilikythas organism to invade cultured
epithelial cells (Salehi et al., 2005). This gem¢hie first gene of an operon containing
three or possibly more genes arranged in the samecdriptional unit. These genes
have been shown to be present and function in (ifasot all) Salmonella serotypes

(Galan etal., 1992).
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In 2003, Malkawi and Gharaibeh evaluated a m-PCR répid and
reliable detection of naturallgalmonella enterica-contaminated meat and poultry
products. A random fragment of 429 bp specifiSdmonella enterica only, ompC,
andinvA gene were used as targets in this m-PCR reacliogy showed that m-PCR
was successful, specific and faster in detec8agonella enterica in food samples.
However, they could not detect the amplicon®mpC in some food samples and in

some serovar ddalmonella reference strains.

In 2005, Salehi and colleagues reported a PCR basethod for
identification of Salmonella isolated strains usingnvA gene as target. Thirty
Salmonella strains were isolated from broiler specimens arijested toSalmonella
specific-PCR using primers belongitwA. All isolates including positive control and
S Arizona generated a single 284 bp ampliied DNA fragmenthed PCR
amplification from bacteria includeSitrobacter freundii, Sh. boydii, Sh. sonnei, E.
coli, and Proteus mirabilis did not showed any amplified®NA fragment. They
concluded that the PCR based method targetea/fogene was successfully used to
confirm the Salmonella isolates with no non-specific amplification obssatvfrom
non-Salmonella species. For another specific gene famonella detection, De
Freitas and colleagues (2010) developed a multipleR to detect geni&lmonella
and serotypes Enteritidis, Typhi and Typhimurium refrigerated carcasses and
chicken viscera. Specific genes includiogpC, sdfl, viaB, spy gene were used as
targets for bacterial differentiation. They showikdt the primers were specific to the
target regions of their respective serotypes. Nospecific reactions occurred with
other serotypes. The protocols and primers useeé wkective for the amplification

of a fragment of 204 bp ampC gene for the genu@lmonella, a fragment of 304 bp
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of the sdfl gene for serotype Enteritidis, a fragment of T§8of theviaB gene for
serotype Typhi, and 401 bp of thay gene for serotype TyphimuriurBalmonella sp.
detection both by m-PCR and conventional microlgmlal methods yielded similar
results in poultry carcasses and viscera. In 2@lfza and colleagues developed
primers complementary to thiewvA gene and sets of gene specific primers for
identifying Salmonella serovar Enteritidis. The m-PCR assay developdbam study
showed high sensitivity and specificity in the a#iten of Salmonella spp. andS
Enteritidis in chicken carcasses, minas cheesefi@sth pork sausage, after 24 h

enrichment in a non selective enrichment medium.

For Shigella detection, thapaH andvirA genes were used as specific
target genes in many research. Shigellae usualgohavarious plasmids, such as
those required for bacterial invasion into the hogestinal epithelial cells and
antibiotic resistance (Na-Ubol et al., 2006). Gerexpiired for entry of bacteria into
epithelial cells and the induction of apoptosigrifected macrophages are clustered
on a 30 kb region of the virulence plasmid (VP)isTiegion encodes components of a
type Il secretion (TTS) apparatus, substrates ho$ tsecretion apparatus (the
translocators and the effectors), their dedicateaperones (IpgA, IpgC, IpgE and
Spalb), and two transcriptional activators (VirBdakIxiE) (Gall et al., 2005).
During the process for colonizatiorghigella deliver many different virulence
determinants (more than 25) into host cells andstimeounding space through the
type lll secretion system (TTS8Ashida et al., 2007). The current model of the TTS
pathway proposes that, upon contact of bacteria st cells, translocators insert
into the membrane of the host cell to form a ptwreugh which effectors transit to

reach the cell cytoplasm. Other substrates of {h® dpparatus are encoded by genes
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scattered throughout the VP, suchva®\, ospB, C, D, E, F and G angbaH genes
(Gall et al.,, 2005). VirA induces destruction aicél microtubule structures and
promotes the actin-based motility of bacteria witline host cell cytoplasm. The
genes encoding theaH1.4,ipaH2.5,ipaH4.5, ipaH7.8 andipaH9.8 members of the
ipaH gene family ofShigella are encoded on the 220 kb plasmid, but seveed
cognate genes are also present on the chromosdrmechifomosome dih. flexneri
strains 301 and 2457T contains seven putatpeH cognates. Their genome
sequences suggest that both strains contain sawetive ipaH homologous genes
and that three of the sevgraH gene possess stop codons, thus preserving four full

lengthipaH genes (Ashida et al., 2007).

For specific detection oghigella spp. usingvirA and ipaH as target
genes have been reported earlier. In 1998, Vilaland Torreslescribed the highly
sensitive and specific detection of viruleghigella organisms and EIEC in
mayonnaise by PCR targeted to theA. Their results showed that PCR witlttA
primers could be a useful test and successfullyyafgp detection ofShigella and
EIEC in mayonnaise. For usingaH gene as target, the amplification of the invasion
plasmid antigen HipaH) gene sequence is used for the diagnosis of tigtserpaH
is carried by all fourShigella species (Thiem et al. 2004). In 2004, Thiem and
colleagues detecteghigella and EIEC in rectal swab specimens from patients wit
diarrhea presenting by real-time PCR usipgH genes as target. ThpaH-specific
real-time PCR assay was found to be highly semsitivrelation to culture for the
confirmation of shigellosis. However, the real-tirRER assay detectedaH found
that high number ofShigella culture-negative patients could be detected. They

concluded that the clinical presentation of shm@#i may be directly related to the
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bacterial load. In this research part, specifieityd accuracy ofirA andipaH genes

were evaluated for multiple target bacteria detecti

Specific detection ofL. monocytogenes using prfA gene as species
specific target had been well addressed in margarek. The genusisteria consists
of seven different species, of which ohlymonocytogenes andL. ivanovii are known
to be pathogenic for humans and animals. Varidisteria species can be
distinguished from each other by their abilitiesfésment specific sugars and to
reduce nitrate and by differences in their hemolgtienotypes. The pathogenesis of
listerial infections is a complex process involviagnumber of virulence factors
expressed by virulent.. monocytogenes (Wernars et al.,, 1992). Severdl.
monocytogenes virulence genes have been identified. They inclgelees involved in
adherence and uptake by the host cell, escape tinenrphagocytic vacuoles and
intracellular replication or intra- and intercelnlmovement. The majorities of these
virulence determinants are located within a 10-klvomosomal region and are
regulated by the positive transcriptional regula®sfA. PrfA is a member of the
Crp/Fnr family of transcriptional activators, ancembers of this family appear to
require posttranslational modification or the birglof a small molecule cofactor for
full activity. This protein is a 27-kDa site-specif DNA-binding protein that
recognizes a 14-bp palindrome (PrfA box) within t4@ region of PrfA-dependent
promoters. Protein function activates all genethefso-called virulence gene cluster
of L. monocytogenes (prfA, plcA, hly, mpl, actA and plcB) as well as the expression
of inlA andinlB, which encode two invasion proteins (InlA andBn(Milohanic et
al., 2003; Wong and Freitag, 2004). Multiple medbans exist to regulat@rfA

expression and protein activity. Three promoterstrdoute to the transcriptional
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regulation of prfA. The promotersprfApl and prfAp2 are located immediately
upstream of the@rfA coding region and are important for providing théial levels

of PrfA protein required for the activation of gepseoducts essential for bacterial
escape from host cell vacuoles. These promotersuactionally redundant in vivo
and appear to contribute to both positive and megaegulation ofprfA. The third
promoter contributing to regulation pffA is located upstream of thgtcA gene and
increasePrfA expressiorvia the generation of a bicistronpcA-prfA transcript;this
promoter is PrfA dependent and represents a pesfeedback loop forprfA
expression (Wong and Freitag, 200&rfA activation occurs upon bacterial entry into
the host cell cytosol and is required for the iasexl expression of gene products that
promote bacterial cell to-cell spread (Bruno Jrd &meitag, 2010). TherfA gene,
rather than individual virulence-associated gemesjld be a more attractive target
for use in the identification df. monocytogenes if its presence could be demonstrated
in all strains belonging to this pathogenic spe¢Wsrnars et al., 1992). In Chapter 3
results, oligonucleotide array targetedptéA gene showed that this was specific for
L. monocytogenes detection and no cross-reactivity with anothesteria species or
non-target bacteria. Thus, thpgfA gene was used as target gene for specific detecti

of L. monocytogenes using m-PCR in this part.

In this investigationinvA and fimY gene were evaluated for specific
detection ofSalmonella spp.,virA andipaH were evaluated for detection Sfigella
spp.,uspA for detection oft. coli andprfA gene for detection df. monocytogenes.
Primers were designed using published data fromique research and nucleotide

sequence from NCBI database (http://www.ncbi.nlmgov).
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4.1.3 Multiplex PCR methods for simultaneous det¢ion of multiple target

bacteria

For simultaneous detection of multiple target baaten-PCR has been
applied. M-PCR involves the simultaneous amplification of remdhan one target
genes per reaction by mixing multiple primer pauigh different specificities. It is
based on the separation of PCR amplicons of difemelecular weight by agarose
gel electrophoresis (Settanni and Corsetti, 208ifjultaneous detection of different
multiple target bacteria includirig coli O157:H7,Salmonella spp.,Shigella spp. and
L. monocytogenes were reported earliefn 2004, Li and Mustaphased m-PCR to
detectE. coli O157:H7 (targeted tawidA gene), Salmonella (targeted to genus-
specific sequence) arfehigella (targeted tapaH gene) in apple cider. After 24 h
enrichment, 8x16 CFU/ml of E. coli 0157:H7,Salmonella and Shigella could be
detected in low background bacterial samples inodapple cider, cantaloupe,
watermelon and tomato a®@ CFU/g of these bacteria could be detected aifalfin
2005, Jofe and colleagues developed the m-PCR methods fectamn of 2 target
bacteria includind-. monocytogenes and Salmonella spp. in cooked ham targeted to
prfA andinvA genes, respectivelfter 48 h enrichment in BPW, 100 CFU/qg lof
monocytogenes and S. London can be detected in cooked ham. Moreovery t
reported that the detection limit could be enhangganixing of 48 h enrichment in
BPW for Salmonella detectionand Half-Fraser broth fdr. monocytogenes at ratio of
1:1 before DNA extraction step. By this system, BAUCof these bacteria could be
detected in 25 g of cooked ham. In 2005, Li andeegiues applied the developed m-
PCR for specific detection d&. coli O157:H7 (targeted taidA gene),Salmonella

spp. (targeted to genus-specific sequerdeyella sp. (targeted tgpaH gene) to raw
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and ready-to-eat meat. After 24 h enrichmi@nbrain heart infusion broth (BHI), 2
CFU/g ofE. coli 0157:H7,Salmonella andShigella could be detected in ground beef,
roast beef, beef frankfurters, chicken nuggetsamabnd turkey ham and 15 CFU/g
of these bacteria could be detected in ground darR009, Germini and colleagues
described the amplification of m-PCR methods fonwdtaneously detecteH. coli
O157:H7 (targeted teceaeA gene), Salmonella spp. (targeted tanvA gene), L.
monocytogenes (targeted t@rfA gene) in eggs. Their developed method could detec
10° cells/ml of E. coli O157: H7,Salmonella spp. andL. monocytogenes in pure
culture. The applications of the developed protdooimultiple foodborne pathogens
in egg samples were also performed. After 15 hcanrent in TSB, 10 cells &. coli
0157:H7,Salmonella spp. and.. monocytogenes could be detected in 25 g of liquid
whole egg. In 2009, Kawasaki and colleagues regdtte application of m-PCR for
simultaneous detection & Enteritidis IFO3313L.. monocytogenes ATCC 49594 E.

coli O157: H7 ATCC 43894 in several kind of food sushnzeat, cabbage, salmon,
raw egg, milk, fresh cheese, and raw ham. They sHotkat each pathogen was
detectable by the m-PCR in all inoculated food daswith a sensitivity of 5 CFU of
each pathogen per 25 g of inoculated samples aftechment for 20 h in Nol7
medium. All pathogens were detected with high geisi in 39 inoculated samples
containing natural microflora at levels rangingnfra:10 to 18 CFU/g. However, no
data of detection of these bacteria prior to spekget bacteria or compared accuracy

of m-PCR results with conventional culture wereomégd in their research.

However, all available data now, just 2 &gt al., 2005) or 3 (Li and
Mustapha, 2004; Li et al., 2005; Germini et al.020Kawasaki et al., 2009arget

bacterial species have been detected by the m-P&Roh These reports have not
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combined the target genes for specific detectiok.aoli, Shigella spp.,Salmonella
spp. and.. monocytogenes together. Moreover, a complex m-PCR with a mixtofe
many primers causes dramatically increasing theptexity of analysis (Wanng et
al., 2007).To avoid less sensitivity of amplification of mylke target genes by m-
PCR, conventional PCR were also evaluated in #sgarch part. For conventional
PCR, the efficiency of amplification is not complaxd more sensitive than that of m-

PCR.

However, more amplification reactions are requifed simultaneous
amplification of multiple genes. The detection @R and m-PCR amplicons is based
on the separation of PCR product using differentecidar weight by agarose gel
electrophoresis which was less sensitive and semngnare needed for PCR
validation step (Settanni and Corsetti, 2007; Cipianhal., 2006; Wang et al., 2007).
Real-time PCR were applied to improve the sensjtiof m-PCR or PCR techniques.
Real-time PCR is the most commonly used technofogyuantification of specific
DNA fragments. The amount of product synthesizednduthe PCR is measured in
real time by detection of the fluorescent signabduced as a result of specific
amplification. However, real-time PCR requires sple¢hermal cyclers, usually
specific fluorescent probes, fluorescent detectorsdetect several m-PCR product
and expensive reaction reagents (Bai et al., 2810; et al., 2010, Hu et al., 2011).
Simultaneous detection of multiple target genes aegaration of all multiple
amplicons in single reaction by real-time PCR ark lemited. Therefore, simple,
rapid, and inexpensive methods are needed for PAliRation step for simultaneous

multiple pathogens detection.
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4.1.4 Combination of m-PCR and oligonucleotide amay for multiple

foodborne pathogen detection

The limitation of consensus gene is the cross-nggctwith some
closely related bacteria. Therefore, combinatiomePCR amplification of species or
genus specific genes with DNA microarray have besed for multiple pathogen
detection in meat product samples (Suo et al., Paa@ clinical samples (Kim et al.,
2010) using fluorescence for signal detection.0&® Suo and colleagues developed
a low-density pathogen detection microarray usidg species-specific genes as
targets to simultaneously detect the 4 most prontif@dborne pathogens including
E. coli O157:H7,Salmonella enterica, L. monocytogenes and Camp. jejuni. In the
same array, thetxl (encoding Shiga toxin I) angtx2 (encoding Shiga toxin II)
probes of. coli 0157:H7 were also included to genotype the mawmemnce genes of
the pathogen. Fluorescence detection systems veem for signal detection. They
reported that the sensitivity of the microarray edéibn coupled with m-PCR
amplification was at least 1 x tthg (approximately 20 copies) of the genomic DNA.
The developed methods were applied to 39 raw maapkes packages including
chicken, beef, pork and turkey. The aerobicallywgng target pathogens were
concurrently enriched from meat samples in a npdthogen selective enrichment
medium (SEL) for 20 h, an@amp. jguni was enriched from chicken samples in
selective Bolton broth under microaerobic condition48 h prior to the microarray
detection. They reported that after 20 h seleaivechment in SEL, 8 packages were
found to be positive for one or two of these pa#my by the microarray assay
combined with 14-plex PCR. In 2010, Kim and collgeg developed and evaluated a

m-PCR-oligonucleotide-based microarray system fdre tdetection of
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enteropathogenic bacteria from stool samples oépist with enteritis. They designed
and tested oligonucleotide probes that targetedvitubence-factor genes of the 10
enteropathogenic bacteria that are frequently resipte for outbreaks of enteritis in
Korea. Fluorescence detection systems were useslgoal detection. They showed
that the detection limit for genomic DNA from a gle strain ofVibrio cholera was
approximately 10 fg. In the presence of heterogesemn-target DNA, the detection
sensitivity of the array decreased to approximaté fg. Clinical stool samples from
82 patients with foodborne enteritis were also yred using the m-PCR-DNA
microarray approach. The results obtained using #pproach coincided with those
obtained by the cultivation and PCR approaches. é¥ew only one bacterial species

were detected in each sample using their method.

For microarray detection system, fluorescent assagscommonly used
methods for microarray-based detection of pathagensitations of these assays are
that labeling of target DNA can be inconsistent aighly variable, and they utilize
expensive and nonportable scanners for data atquisind analysis (Quifiones et al.,
2011). Alternatively, colorimetric methods and biges including optical thin-film
biosensor chipgBai et al., 2010) and ampliPHoX technology, lightiated signal
amplification through polymerization (Quifiones &t 2011), have been developed
for signal detection. Although optical thin-filmidsensor chips can be detected
hybridization signal by naked eyes but array chimstruction need complicated
preparation process for destructive interferencaefiected wavelengths by using
silicon nitride as the optical coating on mateaatay. For ampliPHoX technology,
detection systems need microarray construction magchspecial reagents and

equipment for signal detection and analysis. Ott@orimetric methods are using
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digoxigenin (DIG) or biotin as labeling moleculetiwvino special equipment needed
for material array construction and signal detectas review in Chapter 3. In
previous reports, only conserve genes including rE8$A gene (Chiang et al., 2006),
23S rRNA gene (Hong et al., 2004) aywdEL gene (Hu et al., 2011) were selected as
targets for multiple pathogen detection using (DéGpiotin as labeling molecule. To
overcome the limitation of cross-reaction in ousearch, consensus and genus or
species specific genes were used as targets for @qHfication prior to apply to
oligonucleotide array. DIG were used for DNA labgliwhich no special equipment

needed for material array construction and sigetation were used in this research.

4.1.5 Objectives

The aim of this research was to develop oligonuaeoarray based
methods for simultaneous detection of multiple toathe pathogens in fresh chicken
meat with high accuracy and easy system. The dorhitdaget bacteria in chicken
meat includingE. coli, L. monocytogenes, Salmonella spp., andshigella spp. were
chosen as the models for methods development. Merg@l. perfringens andSaph.
aureus which could be differentiated using only 16S rRigéne as target were also
tested in this part to evaluate the specificity affitiency of the developed method.
Oligonucleotide probes and m-PCR targeted the cwvedeand species or genus
specific genes of the 4 target bacteria were desigmd evaluated. M-PCR products
were distinguished from each other in the oligoeatile array by post-PCR labeling

using DIG.

Alternatively, to avoid the problems of false negatfrom m-PCR

amplification, the convention PCR were also useddparately amplify each target
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gene of interest using the same PCR amplificatmmdition. The amplicon products
were mixed together and distinguished from eacleroih a single array. The

application of the assay to fresh chicken meat $esnpas addressed as well.

4.2 Materials and methods

4.2.1 Bacterial strains and cultivation

All bacterial reference and isolated strains usedl validate
oligonucleotide array probes are listed in Table All isolated strains of target and
non-target bacteria used in this study were idieatifising biochemical characteristic
profiles as described by United States Food and gDAdministration -
Bacteriological Analytical Manual (United Statesodoand Drug Administration,
1998). All target bacteria except fGf. perfringens were grown on TSA (Appendix I,
M1.6). For the cultivation ofCl. perfringens, the bacterium was cultured on TSC

(Biomark) and incubated under anaerobic condittaBi/2ZC for 24 h.

Table 4.1 Bacterial strains used for the validation of ohigcleotide array and m-

PCR
Species Number Strain number and sources
of
strains
E. coli 7 E. coli TISTR 887,E.coli E°1, 2,3,4,6,7
Cl. perfringens 1 Cl. perfringens CP’5
L. monocytogenes 8 L. monocytogenes DSM? 12464, DMST 1327, 2871,
20093, 21164, 23136, 23145, 31802
Salmonella spp. 8 S. Enteritidis JCM 1652, TISTR 2394&. Typhimurium
TISTR 292,Salmonella sp. $2, 3, BC1, L6, CM7
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Table 4.1 (Continued)

Species Number Strain number and sources
of
strains
Shigella spp. 12 Shigella boydii DMST 3395, 28180, 302455h.

dysenteriae DMST 2137, 5875, 15111gh. flexneri
DMST 17559, 17560, 30588h. sonnei DMST 17561,
23595,Shigella sp. ShAL

Saph. aureus 1 Saph. aureus TISTR 517

Non-target bacteria 16 C2,3,4,6,7,R®, 3, T71,2,3,9 ’2,4,5,7,8
found in enrichmen

culture

® Reference strain: DMST, The Culture Collection¥tedical Microorganism, Department of Medical
Sciences, Thailand; DSM, Deutsche Sammlung von ddilganismen und Zellkulturen GmbH
German Collection of Microorganisms and Cell CudgjrJCM, Japan Collection of Microorganisms;

TISTR ,Thailand Institute of Scientific and Techogy Research.

® Strains isolated from chicken intestine in NakiRatchasima, Thailand: BGalmonella sp. enriched
using RV broth and isolated on XLD agar; C, rineoli bacteria isolated on EMB agar; CM,
Salmonella sp. isolated on mCCDA; CRl. perfringens; E: E. coli; L, nonListeria bacteria isolated
on PALCAM agar; RV, norsalmonella bacteria enriched using RV broth and isolated ab >agar;
S: Salmonella sp. enriched using TT broth and isolated on XLRrad T, nonSalmonella bacteria

enriched using TT broth and isolated on XLD agar

¢ Strains isolated from food in Khon Kaen, Thaila@d,Cl. perfringens; Sh,Shigella sp.

4.2.2 Primer and probe design
For the conserved gene, the 16S rRNA genes spédaifieach bacterial
species and genus were also used as target regloinersal 16S rDNA primers as
used in Chapter 3 are shown in Table 4.2. For gengpecies specific genes, primers

for amplification of the specific genes were desigjibased on the conserved regions
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of each gene in each target bacteria. The genudfispgene werdimyY for specific
detection ofSalmonella spp.,ipaH for detection ofhigella spp. Species specific gene
wereuspA (Chen and Griffen, 1998) amutfA for specific detection oE. coli and L.
monocytogenes, respectivel. Moreover, some published primer targeted to the
specific genes includingwvA for specific detection oSalmonella spp. andvirA for
specific detection ofhigella spp. (Mao et al., 2008) were also validated taaiobt

suitable target gene for detection of local isaattains in Thailand.

Specificity of each primer was primarily tested ngsi Primer-Blast
program in NCBI database (http://blast.ncbi.nim.gdtv/Blast.cgi). Sequences of all
forward and reverse primers are shown in Table All2orimers were also tested for
specificity with genomic DNA extracted from refecenand isolated bacterial strains
in Table 4.1. Probe specific for each pathogen diigonucleotide array were
designed based on the variable regions of the D8B&\rand conserve regions of each
target genes using the PICKY oligonucleotide degigngram (Chou et al., 2004).

Sequences of each probe are shown in Table 4.3.

Table 4.2 Primers used for target gene amplifications byeational PCR and m-

PCR
Species | Target Primer sequences PCR References
gene , , product
(510 3)) size (bp)
All species 16S rRNA | F: AGACTCCTACGGGAGGC 625-655 This work
R: GGTAAGGTTCTTCGCGT
E. coli UspA F: CCGATACGCTGCCAATCAGT 884 Chen and Griffiths
(1998)
R: ACGCAGACCGTAGGCCAGAT
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Table 4.2 (Continued)

Species Target Primer sequences PCR References
gene . product
(bp)
L. monocytogenes prfA F: CACAAGAATATTGTATTTTTCTATATGAT 398 This work

R: CAGTGTAATCTTGATGCCATCA

Salmonella spp. fimy F: CGGCTAAAGCTTTCCGATAAGCG 489 This work

R: AAATGCTAAAGACTGCGCCTGCCG

Salmonella spp. invA F: GAAATTATCGCCACGTTCGGGCAA 283 Maoet al (2008)

R: TCATCGCACCGTCAAAGGAACC

Shigella spp ipaH F: GAGGACATTGCCCGGGATAAAG 422 This work

R: TAAATCTGCTGTTCAGTCTCACGC

Shigellaspp VirA F: CTGCATTCTGGCAATCTCTTCACATC 215 Maoet al (2008)

R: TGATGAGCTAACTTCGTAAGCCCTCC

4.2.3 Target gene amplification by m-PCR or conveaional PCR based

technique

The genomic DNA templates for target genes amgliii;n were
prepared from 16-24 h grown pure cultures on TSAp@ndix I, M1.6) or TSC
(Biomark) using the simple protocol of phenol-clomrm based method as described
in Chapter 3 (3.2.3).

For amplification of each target gene, the PCRtreas were performed
individually in a total volume of 2l containing 1x GoTaq Flexi buffer (Promega,
Madison, WI USA), 1 mM MgGl 0.2 mM dNTPs (Promega), OiM forward and

reverse primers (Table 4.2), 0.5 U GoTaq Flexi Dptdymerase (Promega), and 100
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ng DNA templates. The amplification for each targehe was done separately for
each template. The PCR reactions were heated @t @6 3 min and then, 35 cycles
of 95°C for 30 s, 52°C for 45 s, and 72°C for 6fdlfowed by a final step of 5 min
incubation at 72°C. The PCR products were analyagdelectrophoresis on 1%
agarose gel.

For m-PCR amplification, all PCR components in tmePCR were
performed as described in the amplification of eaplecific gene, except for the
amplification conditions and primer concentratiomsre optimized. In all m-PCR
reactions, 16S rRNA gene was used as an intermatacdoThe concentration of each
gene specific primer and annealing temperature warned for the m-PCR reaction.
The optimum condition of m-PCR was the conditionchihall target bacteria can be
amplified using the lowest concentration of DNA fdate with no cross
amplification with the non-target organisms. Thedarcts of m-PCR were analyzed
by electrophoresis on 4% agarose gel and purifsidguQlAquick PCR Purification
Kit (Qiagen, GmbH, Hilden Germany). The concentratibgemomic DNA template
and PCR product were measured by Nanodrop Spect@pleter ND-1000

(NanoDrop Technologies, Wilmington, DE, USA).

4.2.4 Oligonucleotide array preparation and detei@on
Nylon membranes (Roche, Mannheim, Germany) werd asethe array
matrix. Single strand probes (Table 4.3) were lkate95C for 5 min, and 200 pmol
were spotted on a specific position on the dry nyieembrane (Figure 4.4A). The
membranes spotted with probes were exposed to U¥ foin to allow cross-linking.
For oligonucleotide array probes validation andeswbn, m-PCR

containing all suitable primers pairs were used thoget gene amplification from
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several bacterial strains. Two hundred ng of pedifm-PCR products were denatured
at 99C for 10 min and quickly chilled on ice. The dematliDNA were labeled with
2 ul of DIG High Prime (Roche) and incubated atG7or 1 h. Membranes with
spotted probes were pre-hybridized in a pre-warbDi€s Easy Hybridization solution
(Roche) at 3% with gentle shaking for 30 min. Prior to hybrigiion, 10 pl of
labeled PCR products reactions were heated &€ 96r 5 min, then immediately
cooled on ice and added to 2 ml of newly pre-warrhgdridization solution. The
hybridizations were carried out at %85 with gentle rotating for 4 h. After
hybridization, the membranes were washed as destiib Chapter 3 (3.2.4). Then
the membranes were incubated for 30 min in blockwlgtion (Roche) and 30 min in
antibody solution (Roche). After washing twice iashking solution (Roche) for 15
min each, the membranes were equilibrated in detebuffer (Roche) for 2 min, and
in freshly prepared NBT/BCIP (Roche) color subgtrstlution in the dark for 4-8 h.

The results were visualized and photographed.

4.2.5 Sensitivity detection assay

To determine the sensitivity of the oligonucleotideay for detecting
bacteria S Enteritidis JCM 1652E. coli TISTR 887,h. boydii DMST 28180 and..
monocytogenes DSM 12464 were separately grown in TSB at 37°C1i8+24 h. A
10-fold dilution series of each bacterial cultureres prepared using 0.85% sodium
chloride solution. The bacterial genomic DNA wadrasted from the 1 ml cell
dilution. At the same time, enumeration was donepimgading 10@l dilutions onto
TSA (Appendix I, M1.6) plates for viable count. Te#ficiency and sensitivity of the
m-PCR or conventional PCR combined with oligonutiten array for simultaneous

detection of the multiple target bacteria was eatd. A genomic DNA mixture
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consisting of the same volume of genomic DNA extgddrom each target bacteria
(concentration for each at 300" cells or 10 — 0.001 ngd) was used as templates for
amplification of each target genes. Quef mixed genomic DNA at different cell or

genomic DNA concentration were amplified in singkaction with several gene
specific primers using m-PCR or amplified indivitlyawith each gene specific

primer using conventional PCR.

For m-PCR, 10 ul of m-PCR products obtained fronpldioation of
each concentration of genomic DNA mixture were latbevith 2 pl of DIG High
Prime Rochg prior to apply to oligonucleotide array. For centional PCR, the
amplified products of each target gene were mixeth@a same volume. Ten ul of
mixed PCR product were labeled with 2 pl DIG Higimie (Rochg and then applied

to oligonucleotide array assay.

4.2.6 Application of oligonucleotide array for mutiple foodborne pathogen

detection in fresh chicken meat

Total of 4 fresh chicken meat including 2 breagtghigh, and 1 wing
were collected from open market and supermarkéndal area. All 4 samples were
spiked with target bacteria at different final centration. Twenty-five grams of each
meat sample was placed in a stomacher bag anddspikk 100 pl of each cells
dilution including L. monocytogenes DSM 12464,S. Enteritidis JCM 1652, angh.
boydii DMST 28180 at final concentration of 1-200 ceAdl. spiked and non-spiked
of each sample were added with 225 ml of pre-emraatt medium including BPW
(Appendix I, M1.1) forSalmonella andE. coli enrichment or Half Fraser broth (HF)
(OXIOD, Basingstoke, United Kingdom) fok. monocytogenes enrichment or

Shigella broth (Appendix I, M1.5) fogh. boydii enrichment. Then, samples were
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homogenized at normal speed for 1 min using laboyablender stomacher 400
(Seward Laboratory System Inc., New York, USA). Aimogenized mixtures were
incubated for 24 h at 8€ under aerobic condition f@lmonella, E. coli enrichment,
under anaerobic condition at @ for Shigella enrichment and at room temperature
for L. monocytogenes pre-enrichment. One ml of BPW cultures were transtl to 10
ml Rappaport-Vassiliadis broth (RV) (Himedia, Mumbdndia) and 10 ml
tetrathionate broth (TT) (Himedia) and incubatedd#iC for 24 h forSalmonella
detection. For detection &f monocytogenes, 100ul of HF cultures were transferred
to 10 ml Fraser broth (OXIOD) and incubated at@Tor 24 h. After 24 or 48 h
incubation, aliquots of each enrichment culturarfreach sample were subjected to

the oligonucleotide array and conventional analyses

In conventional analyses, f&h. boydii detection, the cultures of Shigella
broth were streaked on MacConkey agar (Himedia, baimindia). ForE. coli
detection, the BPW cultures and Shigella broth @mpx I, M1.5) were streaked on
Eosin-Methylene Blue agdEMB) (Himedia). ForSalmonella detection, the cultures
of RV and TT broth were streaked on xylose lysiresakxycholate (XLD) agar
(OXIOD) and on bismuth sulfite (BS) agar (OXIQML) monocytogenes was detected
by streaking of Fraser broth culture on PALCAM a¢@iXIOD). The incubation of
the target bacteria on selective agars were inedbat 37C for 24 h forE. coli,
Shigella, andSalmonella detection and for 48 h fdr. monocytogenes detection. The
suspected colonies of each target bacterium octsadeagar were re-streaked. Single
colonies were picked and mixed in 20 pl of watemted at 10T for 10 min and 1
pl of supernatant was used directly as the tempiatee m-PCR reaction for bacterial

colony confirmation.
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For oligonucleotide array assay, 1 ml of BPW, R\, Bhigella, and
Fraser broth culture were separately collected.l @ellets were harvested by
centrifugation and washed once in 0.85% sodiumritdosolution and extracted for
genomic DNA using phenol-chloroform based methodun(ar et al., 2008) as
described in Chapter 3. The total genomic DNA peiNas dissolved in 50 ul TE,

pH8.

For simultaneous detection of multiple target baatedby m-PCR-
oligonucleotide array, an equal volume of total@aic DNA solution obtained from
each enrichment culture was mixed and 1 pl of gea@MNA mixture were used as
template for m-PCR amplification. Far monocytogenes detection, 1 pl of genomic
DNA extracted from Fraser culture was used as tateplonly. Ten pl of the m-PCR
products from mixed enrichment culture and Fraséuce were individually labeled
with 2 pl of DIG High Prime Rochg and apply to oligonucleotide array separately.
Hybridization patterns of both arrays were combifed! target bacteria detection for

each sample.

For simultaneous detection of multiple target baatdy conventional
PCR-oligonucleotide array, an equal volume of tgethomic DNA solution obtained
from each enrichment culture (BPW, RV, TT, Shigetlad Fraser broth) was mixed
and 1 pl of genomic DNA mixture were used as teteplar separately amplification
of 16S rRNA,fimY, ipaH, uspA, specific gene. FoprfA gene amplification, total
genomic DNA solution obtained from Fraser culturaswised as template alone. An
equal volume of each amplified products were mixiezh pl of mixed PCR products
were labeled with2 pl of DIG High Prime Rochg and apply to a single

oligonucleotide array.
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4.3 Results
4.3.1 Optimization and specificity of the m-PCR

The specificities ofimY, invA, ipaH, prfA, virA, anduspA genes (Table
4.2) were tested with genomic DNA templates exé@dtom pure cultures d&. coli,
L. monocytogenes, Salmonella spp., andSigella spp. Based on the specificity and
ability of amplification in m-PCR, the suitable gat genes wer&myY, ipaH, prfA,
anduspA. The concentrations of gene specific primersif@aH, fimY, prfA, uspA,
and 16S rRNA gene amplification were varied fror@20— 0.4uM. The annealing
temperatures of the m-PCR reactions were varieth f&0-59°C. The optimum
concentrations of the primers set for amplificatioh target bacteria by m-PCR
reaction were 0.02 pNpaH, 0.036 pMfimY, 0.06 pMuspA, 0.12 puMprfA and 0.4
KM 16S rRNA (internal control). The optimum annegltemperature for the m-PCR
was 52C. The expected PCR products of 884, 489, 422 88bp were found from
specific amplification of both reference and isethtstrains oft. coli, Salmonella
spp, Shigella spp., and.. monocytogenes, respectively (Figure 4.1). The 650 bp 16S
rRNA gene internal control amplification can be eb®d from all bacterial
amplification. However, the amplification obpA gene was also detected from all 4
Shigella species bughigella can be differentiated frora. coli by the present apaH
gene product (Figure 4.1B, Lanes 1-11). These teesi@imonstrated that the specific
detection of. coli, Salmonella spp.,L. monocytogenes, andShigella spp. can be done

using m-PCR developed from this investigation.
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Primer validations for specific detection of tardpeicteria using m-PCR
technique (A) Specific detection dE. coli andSalmonella spp. using m-
PCR technique. Lanes: 1¥,coli isolates E1, 2, 3, 4, 6, 7, TISTR 887,
respectively; 8-15Salmonella sp. isolates S2, 3, BC1, L6, CM3
Enteritidis JCM 1652, TISTR 2394S Typhimurium TISTR 292,
respectively; 16 Shigella sp. isolate Shl; 171,. monocytogenes DSM
12464; 18, negative control £8); M, 100 bp DNA marker

(Fermentas).
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Figure 4.1 Primer validations for specific detection of trdpacteria using m-PCR
technique. (B) Specific detection oghigella spp. and.. monocytogenes
using m-PCR technique. Lanes: 1-3higella boydii DMST 3395,
28180, 30245, respectively; 4-6h. dysenteriae DMST 2137, 5875,
15111, respectively; 7-9,Sh. flexneri DMST 17559, 17560, 30581,
respectively; 10-11&h. sonnei DMST 17561, 23595, respectively; 12-
19, L. monocytogenes DMST 1327, 2871, 17303, 20093, 21164, 23136,
23145, 31802, respectively; 20, negative control, Q4 21, L.
monocytogenes DSM 12464; 22 Shigella sp. isolate Shl; 2Z. coli
TISTR 887; 24,S Enteritidis JCM 1652; M, 100 bp DNA marker

(Fermentas).

The m-PCR specificity was tested using non-targetdria isolated from
each enrichment culture (Table 4.1). Only the 1IBSA gene product was detected
from the non-target bacteria (Figure 4.2). Thesellte demonstrated that the target

genes reported here can be used for specific dwmtest only target bacteria. Thus
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these foodborne pathogens could be directly detectan the enrichment culture
with high accuracy and no cross-reactivity withesthon-target bacteria. The m-PCR
developed in this study also tested for efficiefmymultiple pathogen detection in a
single reaction using genomic DNA mixture consigtiof 4 target bacteria as
templates. The results indicated that each targeteba in mixed genomic DNA
template could be detected in a single amplificatieaction as the expected PCR

products on 4% agarose gel were seen (Figure 4.3).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17T M

- .

Figure 4.2 Specificity of m-PCR amplification using genoniddNA of target and
non-target bacteria as templateanes: 1-4, nork. coli isolates C2, 3,
4, 6, respectively; 5-7, nogalmonella isolates RV2, RV3, TT1,
respectively; 8-10, nohisteria isolates L2, 4, 5, respectively; 1.
perfringens isolate CP5; 12-17&aph. aureus TISTR 517,S. Enteritidis
JCM 1652, E. coli TISTR 887, Shigella sp. isolate Shi,L.
monocytogenes DSM 12464, negative control ¢B), respectively; M,
100 bp DNA marker (Fermentas).
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Figure 4.3 Multiple target pathogen detection by m-PCR. lsaang-6, m-PCR
products amplification fron®taph. aureus TISTR 517,E. coli TISTR
887,S Enteritidis JCM 1652,.. monocytogenes DSM 12464 Shigella
sp. isolate Sh1, negative control, respectivel@, Ta-PCR products
amplification from mixed templates d&. coli, L. monocytogenes, S
Enteritidis; mixed templates ofE. monocytogenes, S. Enteritidis,
Shigella sp. isolate Sh1; mixed templatestofcoli, L. monocytogenes,
S Enteritidis, Shigella sp. isolate Sh1; 10, negative control,(H,

respectively; M, 100 bp DNA marker (Fermentas).

4.3.2 Probe validation and specificity test
To detect multiple target bacteria using combimatmf m-PCR and
oligonucleotide array, 2-7 oligonucleotide arraplpes against each target gene were
designed. Results of probe design are shown ineT4ld. The probes would bind

within the amplified PCR fragments.
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Table 4.3 Sequences of the 16S rDN#nd gene specific probes spotted on the

oligonucleotide array

Species Probe name and sequences (5’ to 3)Target References
gene
Cl-perfringens | 5 1. AAGCTCTGTCTTTGGGGAAGATAATGACGG ré?\lSA This work
CP 3: TCCAAACTGGTTATCTAGAGTGCA This work
CP 4: GGCGGATGATTAAGTGGGATGT V“cgﬁ(et al (2008), This
E. coli EC 1: AGGAAGGGAGTAAAGTTAATACCTTTGCT 165 | Chiang et al. (2006)
rRNA Maoet al (2008), This
work
EC 2: CTGCATCTGATACTGGCAAG This work
Smondlaspp | SM 1: AGGAAGGTGTTGTGGTTAATAAC 16S | This work
SM 2: TCTGTCAAGTCGGATGTGAA e Chiang et al. (2006), This
work
Saph. aureus SA 1: AGAACATATGTGTAAGTAACTGTGC 16S | Maoetal (2008), This
rRNA work
SA 2: CGCAGAGATATGGAGGAACA This work
Listeria spp. LM 1: GCTTGTCCCTTGACGGTATCTAACC oS | This work
LM 2: GTTTTCGGATCGTAAAGTACTGTTGTTAGAGA Maoet al (2008)
Campylobacter CJ 1. AGGCAGATGGAATTGGTGGTGTAGG 165 | This work
spp. rRNA
CJ2: AGCGTAAACTCCTTTTCTTAGGGA This work
E. coli UA 1: AAGAGACACATCATGCGCTGACCGAGCT uspA | This work
UA 2: GGTAGAGAAAGCAGTCTCTATGGCTCGCCC This work
UA 3: ACCGTTCACGTTGATATGCTGATTGTTCCG This work
UA 4: TTGTTTATCTAACGAGTAAGCAAG This work
UA 5: AAGGTAAGGATGGTCTTAACACTGAAT This work
UA 6: GGTGACGTAACGGCACAAGAAACGCTAGCT This work
L. monocytogenes | PA 1: ATCCTGACCTATGTGTCTATGGTAAAGAA prfA This work
PA2: ACGGGAAGCTTGGCTCTATTTTGCGG This work
PA 3: AGCTTACAAGTATTAGCGAGAACGGGACCA This work
PA 4: ACAAAGGTGCTTTCGTTATAATGTCTGGCT This work
PA 5: AATTTAGAAGTCATTAGCGAACAGGCT This work
PA 6: CATACAGCCTAGCTAAATTTAATGAT This work
PA 7: AAACATCGGTTGGCTATTATAAGTTTAG This work
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Table 4.3 (Continued)

Species Probe name and sequences (5’ to 3’)| Target References
gene
Salmonella spp FY 1. GCCTCAATACAGGAGACAGGTAGCGCC fimy This work
FY 2. ATATCGCTTTGTTGCCAACTGAGCGC This work
FY 3: AAATAAGTAGTGACTCAATGAATAGCCGAG This work
FY 4. AGTTGTAATTATTGCCTGAGAAATGATAC This work
Shigellaspp IH 1: GGGAGTGACAGCAAATGACCTCCGC ipaH This work
IH2: CGGCACTGGTTCTCCCTCTGGGGACCA This work
IH 3: TGTGGATGAGATAGAAGTCTACCTGG This work
IH 4: AGAATGAGTACTCTCAGAGGGTGGCTGAC This work
IH5: AGAAACTTCAGCTCTCCACTGCCGTGA This work

In this investigation, the DNAs amplified from S3acterial strains
including reference and isolated strains Bf coli, Salmonella, Shigella, L.
monocytogenes, Saph. aureus, Cl. perfringens and non-target bacteria isolated from
enrichment culture (Table 4.1) were employed tolwata the performance of the
assay. Validation and accuracy of these probes wested using m-PCR for
amplification. The accuracy of each probe is sunedrin Table 4.4. Weak signals
were observed from hybridization of m-PCR producEocoli with probe UA 4, and
L. monocytogenes with probes PA 1 and PA 6. Therefore, these 3 gsolvere
removed from the array and not determined for teei@cy and cross-reactivity with
other bacteria. After hybridization, hybridizatiosignals on the array were

unambiguously distinguished for each of the spesseshown in Figure 4.4B-E.
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Table 4.4 Probe validation and specificity test using isallaéad reference strains of

target and non-target bacteria

Target bacteria Target | Probe | Number of target Number of non- % Accuracy "
gene | name | bacterial strains (T) | target bacterial
strains (NT)
Total Positive Total Positive
number of | signal number of signal
tested detection | tested detection
strains (™) stains (NT™
E. coli uspA UA1 7 7 46 12 73.9
UA2 7 7 46 12 73.9
UAS3 7 7 46 12 73.9
UA 4 1 0 ND ND ND
UAS 7 7 46 12 73.9
UA 6 7 7 46 12 73.9
L. monocytogenes | prfA PA1 1 0 ND ND ND
PA 2 8 8 45 0 100
PA3 8 8 45 0 100
PA 4 8 8 45 0 100
PAS5 8 8 45 0 100
PA 6 1 0 ND ND ND
PA 7 8 8 45 0 100
Salmonella spp fimY FY 1 8 8 45 0 100
FY 2 8 8 45 0 100
FY 3 8 4 45 0 50
FY 4 8 8 45 0 100
Shigella spp ipaH IH1 12 12 41 0 100
IH 2 12 12 41 0 100
IH3 12 12 41 0 100
IH 4 12 12 41 0 100
IH5 12 12 41 0 100

2ND: Not Determine

P o Accuracy = [(Tx 100)/ No. T] - [(NT x 100)/ No. NT]
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(A)
SM SM FY CJ CcJ SA SA
1 2 1 1 2 1 2
FY FY FY CP CP CP
2 3 4 1 3 4
P 16S EC| EC
1 2
UA | UA UA UA UA
1 2 3 5 6
LM LM IH IH IH IH IH
1 2 1 2 3 4 5
PA PA PA PA PA
2 3 4 5 7
(B)
E coli E. coli E coli
i isolate E3

E. coli TISTR 887 isolate E1

E. coli E. coli
isolate E7

Figure 4.4 Probe validation andpecific hybridization patterns of target bactef#s.
Position of specific probes on nylon membrapesitive controls are 0.1
ng of DIG-labeled control DNA (pBR328 DNA, lineagid withBam HI)
(P) and 200 pmol 16S rDNA forward primer (16S). Talgbreviated
letters in grids are probe names as shown in Tdl8e(B) Specific
hybridization of individual m-PCR amplification piocts from

reference and isolated strainstofcoli with specific probes on array.
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(®)

L. monocytogenes L. monocytogenes L monocytogenes L. monocytogenes
DSM 12464 DMST 1327 DMST 2871 DMST 31802

L. monocytogenes L. monocytogenes L. monocytogenes L. monocytogenes
DMST 23145 DMST 23136 DMST 21164 DMST 20093

(D)

S. Typhimurium S Enteritidis JCM S Enteritidis Salmonella sp.
TISTR. 292 1652 TISTR 2394 isolates 82

Salmonella sp. Salmonellasp. Salmonella sp. Salmonella sp.
isolates S3 isolates BC1 isolates L6 isolates CM7

Figure 4.4 Probe validation andpecific hybridization patterns of target bacteria.
Position of specific probes on nylon membrane iswsh in Figure
4.4A. (C) Specific hybridization of individual m-PCR ampdtion
products from reference and isolated straing.ahonocytogenes with
specific probes on arrayD) Specific hybridization of individual m-
PCR amplification products from reference and ismlastrains of

Salmonella with specific probes on array.
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(E)
Sh. boydii Sh. boydii Sh. boydii Sh. dysenteriae
DMST 30245 DMST 3395 DMST 28180 DMST 2137
O i B e
TR ~
: 1 BT
Sh. dysenteriae Sh. dysenteriae Sh. flexneri Sh. flexneri
DMST 15111 DMST 5875 DMST 76559

Sh_flexneri
DMST 17560 DMST 23595 DMST 17561 isolate Sh 1

Sh. sonnei Sh. sonnei Shigella sp.

Figure 4.4 Probe validation andpecific hybridization patterns of target bacteria.
Position of specific probes on nylon membrane iswsh in Figure
4.4A. (E) Specific hybridization of individual m-PCR ampdaétion
products from reference and isolated strainsSwegella with specific

probes on array.

No cross hybridizations were observed from m-PCBdpct of each
target bacteria excepspA gene oft. coli which can be amplified from all ghigella
species (Figure 4.4B and E). The UA probes (UA,13,5, 6) targeted tospA gene
of E. coli showed only 73% accuracy (Table 4.4) becauseipesignals could be
found from 4 species @higella (12 strains) (Figure 4.4E). Howevéhigella can be

differentiated fronE. coli by the presence of thpaH gene product.
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The specificity of m-PCR combined with oligonuclielet array was also
tested using non-target bacteria isolated fromkamcintestine and grown in each
enrichment culture (Table 4.1). Only cross-reactidrthese m-PCR products with
probesE. coli (EC) andSalmonella spp. (SM) targeted to 16S rRNA gene were
observed (Figure 4.5). No cross-reactivity betweef#?CR products of non-target
bacteria in enrichment culture and gene specifib@s on array were detected (Figure
4.5). These results demonstrated that probes &ardgetspecific genes reported here
can be used for specific detectionEbfcoli, Salmonella spp.,L. monocytogenes, and
Shigella spp. by combination of m-PCR and oligonucleotidewya developed from

this investigation.

For multiple target bacteria detection, mixturegghomic DNA (2 ng of
each genomic DNA) from each target bacteria weed s templates for multiple
target bacterial detection by the m-PCR follow higanucleotide array. Two hundred
ng of total purified m-PCR products were hybridizeith specific probes on a single
array. Results indicated that the hybridizatiortgyas were found to be accurate and
specific hybridization patterns of each target eaatwere seen (Figure 4.6). These
results demonstrated that the developed oligontideecarray could enhance the
accuracy and simplicity of the resultant interptietaof the m-PCR detection. Taken
together, these results demonstrated the abilith@fligonucleotide array combined

with m-PCR amplification, to specifically identithe 4 and 5 target bacteria.
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Non-Salmonella Nen-Salmonella Non-Salmonella Non-Salmonellabacteria
bacteria isolate TT 2 bacteria isolate TT 3 bacteria isolate TT 9 isolate RV2 RV3, TT1

Non-Listeria bacteria Non-Listeria bacteria Non-Listeria bacteria
isolate 1.7 isolate L8 isolate 1.2, 14, L5

Non-E. coli bacteria isolate Non-E. coli bacteria isolate
C2,C3,C4,Co6

C7

Figure 4.5 Specificity of combination of m-PCR and oligonemiide array using

genomic DNA of non-target bacteria isolated frommigment culture
as templates for analysis. Positions of specifiobps on nylon
membrane are shown in Figure 4.4A. The target genem-PCR
amplification were 16S rRNA and 4 specific genesluding fimY,

ipaH, prfA, anduspA.
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CI perfringens S. Enteritidis S. Entenitidis
Staph. aureus E. coli Sh. boydii
L. monocylogenes L. monocylogenes
o | }i CECOHEES
» >k g9 : N
= | [o/0/0100)
an 00 0i0/0
EEEE0 EBEEI) ]
5. Enteritidis S. Enteritidis
Sh. boydii Staph. aureus
E. coli Sh. boydii
L. monocylogenes E. coli
Cl. perfringens

AC RBERS)
CCHEE

L. monocylogenes

Figure 4.6 Multiple target bacteria detection by m-PCR-oligoleotide array

hybridization based method?ositions of specific probes on nylon

membrane are shown in Figure 4.4A. Hybridizatiotggas of each

target bacteria used in each test as label on fopaoh blot are

combined in single array.

For the combination of conventional PCR and oligdeotide array,

probes targeted to specific genes (Table 4.3) wleosen for the detection sensitivity

tests base on their efficiency and accuracy. Geeeifsc probes (3 probes for each

target bacteria) were chosen for specific deteatifoeach target bacteria includiig

coli, L. monocytogenes, Salmonella spp., andigella spp.
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4.3.3 Sensitivity of the oligonucleotide array defction

4.3.3.1 Sensitivity of the m-PCR-oligonucleotidereay detection

The detection sensitivity of the assay was detezthinising
genomic DNA mixture that was extracted fragn Enteritidis JCM 1652E. coli
TISTR 887,h. boydii DMST 28180 and.. monocytogenes DSM 12464 A 10-fold
dilution seriesof genomic DNA mixtures ranging from 10-0.001 ng¥ydre used as
templates for m-PCR amplifications. Sensitivityrotiltiple target bacteria detection
using m-PCR methods are shown in Figure 4.7A. Resfrtom Figure 4.7A
demonstrated that detection limit of these m-PCR4fearget bacteria detection was
10 ng of each genomic DNA. Moreover,10-fold dilution serieef genomic DNA
mixture from 6 target bacteria includir®) Enteritidis JCM 1652E. coli TISTR 887,
Sh. boydii DMST 28180L. monocytogenes DSM 12464 Cl. perfringens isolate CP5,
and Staph. aureus TISTR 517 were also tested to evaluate the effoyeof the
developed m-PCR based method. Results of spggfie amplifications using 4 and
6 target bacteria as templates showed that just 4ninajor amplicons could be
separated (Figure 4.7). The efficiency of multif@leget bacteria detection by m-PCR
based methods seems decreased when number of baggetia in the amplification
reaction increased. Only faint bandfofy, ipaH, andprfA were detected in agarose
gel electrophoresis from amplifications of genod®NA mixture at 10 ng of each

genomic DNA extracted from 6 target bacteria (Fegdir7B).
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(A) M 1 2 3 4 M 5 6 7 8 9 10
o G G B (P G )

Figure 4.7 Sensitivity of m-PCR amplification. A series of 1dld diluted genomic
DNA mixture of 4 and 6 target bacteria were usedeasplates for m-
PCR amplification.(A) A series of 10-fold diluted genomic DNA
mixture of 4 target bacteria. Lanes: 1-4, 100 nggehomic DNA
template extracted fror&. coli TISTR 887,Sh. boydii DMST 2818Q S
Enteritidis JCM 1652andL. monocytogenes DSM 12464, respectively;
5-9, A 10-fold series dilutions of the genomic DM#ixtures templates
ranging from 10-0.001 ng of each genomic DNA, resipely; 10,
negative control (kD). (B) A series of 10-fold dilutedjenomicDNA
mixture of 6 target bacteribanes: 1-5, A 10-fold series dilutions of the
genomic DNA mixtures template ranging from 10-0.00d of each
genomic DNA, respectively; 6, negative controb@); 7-12, 100 ng of
genomic DNA template extracted frobh coli TISTR 887,Sh. boydii
DMST 2818Q S Enteritidis JCM 1652L. monocytogenes DSM 12464,

Saph. aureus TISTR 517, andCl. perfringens isolate CP5tespectively.
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(B) __ 8§ 0 10 11 12

Figure 4.7 (Continued)

To distinguish all amplicons of m-PCR by oligonuatide array,
10 pul of m-PCR products were labeled with 2 pl dGHigh Prime (Roche) and
followed by hybridization with the specific probes single array. The sensitivity for
4 target bacteria detection in pure culture by #esay was 1 ng of each genomic
DNA (Figure 4.8A). For UA probes, the detectionilivas 0.1 ng of each genomic
DNA (Figure 4.8A). Compare to m-PCR detection bgirage gel, the m-PCR product
amplified from mixture of 4 genomic DNA templataisconcentration of 1 ng of each
genomic DNA were not sufficiently separated andld¢awt be observed all target
genes amplicons on agarose gel (Figure 4.7A, L&@é} Sensitivity of m-PCR-
oligonucleotide array could clearly differentiale@target bacteria at as low as 10 ng
of each genomic DNA (Figure 4.8B). Thus, m-PCR rodtfollowed by hybridization
of the products to the oligonucleotide array woimghrove the detection sensitivity,
accuracy and results interpretation of the m-PCRIification for detection of more

than 4 target bacteria in pure culture.
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(A)

lng 0.1ng

001ng

(B)

10ng

001 ng

Figure 4.8 Sensitivity of m-PCR-oligonucleotide array for riple target bacteria
detection. Position of specific probes on nylon rbeane is shown in
Figure 4.4A. Genomic DNA extracted from each targatteria were
mixed at the same final concentration. A series16ffold diluted
genomic DNA mixture ofA) 4 target bacteria an@) 6 target bacteria
ranging from 10-0.001 ng/pl were used as templdtas m-PCR

amplification followed by oligonucleotide array hydization.
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4.3.3.2 Sensitivity of the conventional PCR-oligoruleotide array

detection

In this part, just 4 target bacteria includiSg Enteritidis JCM
1652,E. coli TISTR 887,5h. boydii DMST 28180 andL. monocytogenes DSM 12464
which were able to grow in the same condition wested. To avoid less sensitivity
of amplification by m-PCR, conventional PCR wersoalised to amplify each target
gene. The sensitivity of multiple target bacteriatedtion by combination of
conventional PCR and oligonucleotide array was w&atadd using a mixture of
genomic DNA (16 - 1@ cells and 10-0.001 ng/pl of each) as templates.ABR was
able to amplify all of the 4 target genes with d@edéon limit of 18 cells for prfA

gene, and Tocells forfimY, ipaH anduspA gene (Figure 4.9).

(A)

M 1 2 3 4 5 6 7 M 8 9 10111213 14M 1516 17 18 19 20 21 M
3 R =~ DS INEY O < )

Sl | |
i

PP TR PO L
e A g

ipaH amplicon fimY amplicon
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(B)

M1 2 3 45 6 7 MG 9 1011 121314 M 15 16 171819 20 21 M

— — -
e — - -—
-_— - - —
- - P -
- - T < 05kb
' e o i
uspA amplicon prfAamplicon Mixed of each amplicon

Figure 4.9 Sensitivity of conventional PCR amplification fino different cells
concentration (cellsA) The amplification of 16S rRNApaH, and
fimY gene with gene specific primers. Lanes: 1-7; 84321, five pul
of 16S rRNA;ipaH; andfimY gene amplified products from genomic
DNA mixtures ranging from 1910° cells of each target bacteria,
respectively(B) The amplification ofuspA, andprfA gene with gene
specific primers.Lanes: 1-7; 8-14, five ul ofispA; and prfA gene
amplified products from genomic DNA mixtures rargjiinom 16-10°
cells of each target bacteria, respectivdlgnes: 15-21, ten pl of
mixed PCR product containing an equal volume ofheamplified
product amplified from genomic DNA mixture rangifipm 1f-10°
cells of each target bacteria, respectively; M,ADMdder 100 bp

(Fermentas).
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Compared to genomic DNA concentration in ng/ul atletarget
bacteria, the PCR was able to amplipgH anduspA gene with a detection limit of
0.01 ng of each genomic DNAmMY with detection limit of 0.1 ng of each genomic
DNA and prfA with detection limit of 1 ng of each genomic DN#&igure 4.10).
However, agarose gel electrophoresis was unableeiarly separate all of the 5
amplicons (Figure 4.9B, lane 15-21, Figure 4.10&8jel 13-17) in mixed PCR
products. Therefore, oligonucleotide array detectwas performed by mixed an
equal volume of each PCR product in a single tutzelabeled them together. Ten ul
of mixed PCR products were added with 2 pl DIG Highme. All of the target
bacteria were able to distinguish in a single amétyh specific probes as shown in
Figure 4.11. The sensitivity of the oligonucleotiaieay was 10cells (Figure 4.11B)
which all 4 target bacteria could be detected. fhaY, ipaH, anduspA probes, the
detection limits were even lower (LALG? cells of each target bacteria). Compared to
genomic DNA concentration in ng/pl of each, thesstenty of the oligonucleotide
array was able to detect all of the 4 target bacteith a detection limit of 0.1 ng. For
3 target bacteria detection includirig coli, L. monocytogenes, and Sh. boydii,

detection limit was 0.01 ng of each genomic DNAg(fe 4.11C).
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M 1 2 3 4 5 6 M 7 & 9 10 11 1Z M 13 14 15 16 17 18 M
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ed of each amplicon

" REARTR prfsmplicon
Figure 4.10 Sensitivity of conventional PCR amplification rfrodifferent genomic DNA
concentration (ng/plfA) The amplification of 16S rRNApaH, andfimY gene
with gene specific primers. Lanes: 1-5; 7-11; 13x1& pl of 16S rRNAjpaH; and
fimY gene amplified products from genomic DNA mixtuessging from 10-0.001
ng/ul of each genomic DNA extracted from each tdbgeteria, respectively.
Lanes: 6; 12; 18, negative contr(t® The amplification oLipA, andprfA gene
with gene specific primerdanes: 1-5; 7-11five pl of upA and prfA gene
amplified products from genomic DNA mixtures raggirom 10-0.001 ng/ul of
each genomic DNA extracted from each target bactespectively. Lanes: 6; 12,
negative controld.anes: 13-17, ten pl of mixed PCR products contgian equal
volume of each amplified product amplified from g@ic DNA mixture ranging
from of 10-0.001 ng/ul of each genomic DNA extrddtern each target bacteria,

respectively. M, DNA ladder 100 bp (Fermentas).
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SM SM cJ cJ SA SA
1 2 1 2 1 2
FY FY FY cp | cp cP
1 2 4 1 3 4
P 16S EC EC
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1 2 1 4 5
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3 4 7

Figure 4.11 Sensitivity of combination of conventional PCRgohucleotide array
for multiple target bacteria detectiofA) Position of specific probes
on nylon membrane. Positive controls are 0.1 nBI@-label control
DNA (pBR328 DNA, linearized wittBamHI) (P) and 200 pmol 16S
rDNA forward primer (16S). The abbreviated lettens grids are

probes name as shown in Table 4.3.

(B)
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Figure 4.11 Sensitivity of combination of conventional PCRgohucleotide array
for multiple target bacteria detectioRosition of specific probes on
nylon membrane is shown in Figure 4.11@) Sensitivity of the
oligonucleotide array for multiple foodborne patbogdetection in

pure culture at different cells concentration ®gll
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Figure 4.11 Sensitivity of combination of conventional PCR-aligicleotide array
for multiple target bacteria detectioRosition of specific probes on
nylon membrane is shown in Figure 4.11&C) Sensitivity of the
oligonucleotide array for multiple foodborne patbogdetection in

pure culture at different genomic DNA concentratfog/pl).

4.3.4 Application of the oligonucleotide array for multiple foodborne
pathogen detection in fresh chicken meat
The application of oligonucleotide array was testatth total of 10 fresh
chicken meats including target bacteria spiked aod-spiked samples. In this
experiment, 4 fresh chicken meat including 2 sasplechicken breast from open
market, 1 sample of chicken wing and 1 sample afkeim thigh from supermarket in
local area were tested as naturally and bactetk@dgample. For spiked samples, 25
g of the each sample were spiked with LO®f each cell dilution solution including

S Enteritidis JCM 1652.,.. monocytogenes DSM 12464, anéh. boydii DMST 28180
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at different final concentration ranging from 1-2¥lIs prior toadding of 225 ml pre-
enrichment brothSample B1 and B2 were non-spiked chicken breasplgafnand
sample 2, respectively. Sample B1_1 and B2_1 wkieken breast sample B1 and
sample B2 spiked with. monocytogenes 1 cell, Sh. boydii 1 cell andS. Enteritidis 20
cells in 25 g sample, respectively. Samples B1 @ BA 2 were chicken breast
sample B1 and sample B2 spiked withmonocytogenes 10 cells,Sh. boydii 3 cells
andS. Enteritidis 200 cells in 25 g sample, respecyiv€lample T1 was non-spiked
chicken thigh sample 1; T1 1 washicken thigh sample T1 spiked with.
monocytogenes 20 cells,Sh. boydii 80 cells ands Enteritidis 8 cells in 25 g sample.
Sample W1 was non-spiked chicken wing sample 1.p8aiWw1_1 was chicken wing
sample W1 spiked withi.. monocytogenes 20 cells, Sh. boydii 80 cells andS
Enteritidis 8 cells in 25 g sample. The enrichir&aps were performed to increase
target bacterial cells in all samples as descrilbechaterials and methods (4.2.6).
Total genomic DNA were extracted from each enrichimaulture of each samples
and used for multiple target bacteria detectionngiscombination of m-PCR-

oligonucleotide array and conventional PCR-oligdeatde array.

4.3.4.1 M-PCR-oligonucleotide array detection
In real samples application, m-PCR conditions wepémized
again for amplification of all target genes fronalreample in a single reaction. The
optimum amplification of multiple target bacteriging m-PCR were 0.032 pivaH
and uspA, 0.036 pMfimy, 0.28 uMprfA and 0.14 uM 16S rRNA (internal control).
With these conditions, at least 4 amplicons wetmébfrom the amplification of large
number of target bacteria in mixed genomic DNA fremrichment culture. The

amplification of total genomic DNA mixture extradtdrom enrichment culture of
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each chicken meat samples are shown in Figure 4.13,and 4.14. Mostly m-PCR
products observed from food samples applicatiorwsllothat the separations of all

mixed amplicons were difficult and not sufficiemt 4% agarose gel.

All samples showed amplicons @ilmY gene both in reaction
using genomic DNA extracted from only RV, TT culuas templates and mixed
genomic DNA templates of several enrichment cufiutéowever, the detection of
prfA andipaH amplicons were very poor and ambiguous becausesitte of these
PCR products were only 20 bp different. No bandpréA gene amplification was
observed from the m-PCR amplification using genoBIMA extracted from Fraser
culture as template in samples inoculated \ittmonocytogenes at very low initial
contamination level of 1 or 10 cells in 25 g sam@igure 4.12A lane 5 and Figure
4.12B lane 4) (Sample B1_1 and B1_2). Moreover,dffieiency of combining the
m-PCR with oligonucleotide array for detection bf monocytogenes at low
contamination level in sample decreased when albgec DNA extracted from each
enrichment culture were mixed together and usetemamplates. With this reasons,
only genomic DNA extracted from Fraser culture wasd as templates for m-PCR
amplification alone followed by oligonucleotide ayrhybridization assay to confirm

the results of.. monocytogenes detection.
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Figure 4.12 M-PCR amplified products of total genomic DNA edted from
enrichment cultures including Fraser broth (F), BMth (RV), TT
broth (TT), Mixed of Shigella broth (Sh), BPW, RM,T and F
(Mixed) of sample B1, B1_1, and B1_PA) Lanes: 1-4, m-PCR
products of sample Bl amplified from F, RV, TT, aidixed,
respectively; Lanes: 5-8, m-PCR products of sanBdle2 amplified
from F, RV, TT, and negative control 48), respectively; Lanes: 9-
13, m-PCR product amplified frofa. coli, Sh. boydii, S. Enteritidis,
L. monocytogenes, and m-PCR products of sample B 1_2 amplified
from mixed templates, respectivelyB) Lanes: 1-6, m-PCR products
of sample B1_1 amplified from Sh, RV, TT, F, Mixeahd negative

control (HO), respectively; M, 100 bp DNA marker (Fermentas).
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(A) (B)

M 1 2 3 4 5

Figure 4.13 M-PCR amplified products of total genomic DNA extied from
enrichment cultures including Fraser broth (F), BMth (RV), TT
broth (TT), Mixed of Shigella broth (Sh), BPW, RVT and F (Mixed)
of sample B2, B2_1, and B2_PA) Lanes: 1-4, m-PCR products of
sample B2 amplified from F, RV, TT, and Mixed, respively; Lanes:
5-9, m-PCR products of sample B2_2 amplified fromRV, TT,
Mixed, and negative control gB), respectively; Lanes: 10-13, m-PCR
product amplified fromE. coli, Sh. boydii, S Enteritidis, L.
monocytogenes, respectively.(B) Lanes: 1-5, m-PCR products of
sample B2_1 amplified from Sh, RV, TT, F, and Mixeespectively;

M, 100 bp DNA marker (Fermentas).
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Figure 4.14 M-PCR amplified products of total genomic DNA extied from
enrichment cultures including Fraser broth (F), BMvth (RV), TT
broth (TT), Mixed of Shigella broth (Sh), RV, andl TMixed) of
sample W1, W1 _1, T1, and T1 (B) Lanes: 1-3, m-PCR products of
sample W1 amplified from F, Sh, and Mixed, resp&tyi; Lanes: 4-6,
m-PCR products of sample W1_1 amplified from F, &g Mixed,
respectively(B) Lanes: 1-3, m-PCR products of sample T1 amplified
from F, Sh, and Mixed, respectively; Lanes: 4-6P@R products of
sample T1_1 amplified from F, Sh, and Mixed, resipety; M, 100

bp DNA marker (Fermentas).

Results of multiple target bacteria detection freach sample by
combination of m-PCR and oligonucleotide array sttewn in Figure 4.15 and 4.16.
For L. monocytogenes detection, the contamination bf monocytogenes was found in

only 1 of the non-spiked samples (sample B2) (Tdbt. These results agree with
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the results of presumptive colonies-m-PCR testseny presumptive colonies were
collected from selective agar and tested. Restitsved that only 1 of them were
positive forprfA amplicons. These results indicated that samplevB2 contaminated
with L. monocytogenes and anothekisteria species. After identification of dllisteria
isolates using carbohydrate utilization and magtiteéestes as described in Chapter 2,
results indicated that this sample was contaminatgd L. monocytogenes (prfA

positive) and.. innocua.

In sample B1, weak hybridization signal of PA prebeere
detected when 10 cells &f monocytogenes were inoculated (Figure 4.15A, sample
B1_2 F). However, strong hybridization signal of PRobes could be detected in
sample B2, B2 1, B2 2, W1 1, and T1 1 because terge contaminated with
initial concentration ofL. monocytogenes at more than 10 cells in 25 g of those
samples. These results indicated that the sengitiof the detection forL.
monocytogenes using combination of m-PCR-oligonucleotide arrayfood samples
were at least 10 cells in 25 g samples. No croasstirgty of PA probes with m-PCR
products amplified from other non-target bacterra enrichment culture was
confirmed because negative hybridization signaithese probes in samples W1 and
T1 with noL. monocytogenes inoculation was observed. In samples B2 1, W1, T1
and T1 1, results of carbohydrate utilization anatility profiles analysis indicated
that they werd.. monocytogenes or L. innocua. After combining the results with the
amplification of each colony with m-PCR, pofA amplicons were detected from all
tested isolates. These results indicated that bniyinocua were detected in those

samples.
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(A)

Sample B1 Sample B1 1

B1F BIM

Sample B1 2
Bl 2M

(B)

Sample B2 1

Sample B2 2
B2 2M

Figure 4.15 m-PCR-oligonucleotide array hybridization résalf (A) sample B1, B1 1,
and B1 2 andB) sample B2, B2_1, and B2_2. Ten pl of labeiedPCR
products amplified from total genomic DNA extractemin Fraser culture (F)
and Mixed (M) (genomic DNA mixture obtained fromi@#la culture (Sh),
RV, TT, BPW and F) were separately hybridized vegecific probes on
array. Probes positions are shown in Figure 4.4/ridization patterns of
m-PCR products from Fraser culture (F) and mixettlement culture (M)

were combined for 4 target bacteria detectiondhesample.
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(A)
Sample W1 Sample W1 1
WIF Wl 1M
' g4
(B)

Sample T1 Sample T1 1
T1 1F Tl 1M

Figure 4.16 m-PCR-oligonucleotide array hybridization reswfs(A) sample W1,
W1_1,(B) T1, and T1_1. Ten pl of labeled-PCR amplified from total
genomic DNA extracted from Fraser culture (F) andkea (M)
(genomic DNA mixture obtained from Shigella cultyth), RV, TT)
were separately hybridized with specific probes amay. Probes
positions are shown in Figure 4.4A. Hybridizatioattprns of m-PCR
products from Fraser culture (F) and mixed enriammzulture (M)

were combined for 4 target bacteria detection &mhesample.
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Results of multiple target bacteria detection usiaombination of
m-PCR-oligonucleotide array hybridization and cami@nal culture are summarized
in Table 4.5. The prevalence 8almonella andE. coli were found in all samples
including spiked and non-spiked samples which ch@dletected by oligonucleotide
array and confirmed by colonies m-PCR. From tofal® samples, 3 target bacteria
could be simultaneously detected from 6 samplesyrget bacteria from 4 samples
(Table 4.5). When comparing the conventional celtorethod to the array, 3 target
bacteria could be detected from only 2 of 6 spikachples while oligonucleotide
array could detect 3 target bacteria simultaneofisiy 5 of 6 spiked samples (Table

4.5).

All results in these experiments indicated thatngsiarray
hybridization patterns of DNA obtained from Frasmiture and mixture of all
enrichment cultures could simultaneously detediednonocytogenes, E. coli, and
Salmonella sp. in fresh chicken meat samples. However, wgakidization signal of
some probes such as UA probes were found in somelsa (B1_1 M, B2_1 M,
W1_1 M). These problems might be due to the lefssiericy of multiple target genes
amplification using m-PCR in sample containing gei® DNA of non-target
bacteria. To prove these hypothesis, amplificat@inthe same templates were

performed with single primer pair by convention@lRin next part.
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Table 4.5 Application of m-PCR-oligonucleotide array for fdmatne pathogen

detection from fresh chicken meat samples

Samples m-PCR-oligonucleotide | Colony confirmation from
array test the isolation agar®

Bl E. coli E. cali

Salmonella sp. Salmonella sp.
Bl 1 E. cali E. cali

Salmonella sp. Salmonella sp.
B1 2 E. cali E. cali

Salmonella sp. Salmonella sp.

L. monocytogenes
B2 E. coli E. cali

Salmonella sp. Salmonella sp.

L. monocytogenes L. monocytogenes
B2_1 E. coli E. cali

Salmonella sp. Salmonella sp.

L. monocytogenes
B2 2 E. cali E. cali

Salmonella sp. Salmonella sp.

L. monocytogenes L. monocytogenes
w1 E. coli E. cali

Salmonella sp. Salmonella sp.
w1 1 E. cali E. cali

Salmonella sp. Salmonella sp.

L. monocytogenes L. monocytogenes
T1 E. cali E. cali

Salmonella sp. Salmonella sp.
T1. 1 E. coli E. cali

Salmonella sp. Salmonella sp.

L. monocytogenes

& Colony confirmation; presumptive colonies on selective agar from eachpawas confirmed by
m-PCR. For_. monocytogenes confirmation, more than 10 presumptive coloniesenedllected from
selective agar and tested for carbohydrate utiimabnd motility test Results of colony-m-PCR
(positive for prfA amplicon) and characteristic of carbohydrateizgtion and motility tests were

combined forl.. monocytogenes identification.
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4.3.4.2 Conventional PCR-oligonucleotide array dettion

The application of conventional PCR-oligonucleotateay was
tested using genomic DNA extracted from enrichmariture of 10 fresh chicken
meat including target bacteria spiked and non-gpikemples as used in m-PCR-
oligonucleotide array part. To avoid false negatresults from the enrichment
conditions, an enrichment step with suitable anecsgig enrichment medium were
used for each pathogen. Both spiked and non-s@hketples were examined for all
target bacteria using selective agar and the prpBuencolonies were confirmed by
colony-m-PCR. For amplification of target geneasegual volume of genomic DNA
extracted from enrichment culture including BPW,, R\, Fraser, and Shigella broth
were mixed. One pl of mixed DNA was used as tereptat amplification of 16S
rRNA, uspA, fimY, andipaH genes separately. For the amplificationpofA gene,
genomic DNA template extracted from Fraser culwas used as template alone.
Results of the PCR amplifications from each sangpée shown in Figure 4.17 and
4.18. Amplification of each target genes from germo@NA mixture of several
enrichment culture showed that the expected sizeingfle band were found in all
samples when single pair of specific primers wesedu Specific detection of
Salmonella andE. coli usingfimY and uspA genes as target showed amplification of
fimY and uspA genes detected from all samples. For the deteatfdhigella, ipaH
amplicon could not be detected on agarose gelarsimple of non-spiked or spiked
with very low number of cell concentration (1-3lseh 25 g samples) (Figure 4.17A
and B). These results indicated that m-PCR and extional PCR were unable to
detect Shigella in sample contaminated with very low initial celbncentration.

Sample spiked with.. monocytogenes and Sh. boydii at high level of initial cell
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concentration such as sample W1 _1 and T1 1 shoksdekpected amplicons of
prfA andipaH were detected while non-spiked samples (W1 andcdiuld not be
observed these amplicons (Figure 4.18A and B laaad25). Compared this results
with m-PCR amplification, thepaH amplicon could not be detected in the same
sample using the same mixed genomic DNA templatenfePCR amplification.
These results indicated that the m-PCR was lessitsen for simultaneously

amplification of several target genes and coule dalse negative results.

However, only the present of the gene specific &plwas not
enough to confirm the results interpretation of thget bacteria detection since the
size separation of each amplicon is not clear. dfoee, to improve the sensitivity and
accuracy of the multiple pathogen detection of ré@bdd samples with high
background of non-target bacteria, PCR validatideps are still required.
Oligonucleotide array were used to identify eactplaon in a single reaction. For
the detection of. monocytogenes in this investigation, directly amplification pffA
gene from genomic DNA mixture was less sensitiantthe other. Therefore, 1 ul of
genomic DNA extracted from Fraser culture was uasdemplate foprfA gene
amplification. Results of multiple target bacterdetection using single array
hybridization of each sample are shown in Figud4Strong hybridization signal
were found for specific detection of all 4 targeicteria in a single array of samples
spiked with target bacteria at high initial concation of cell (Figure 4.19, sample
W1_1 and T1_1). Specific hybridization patternsesleed from each array could be
used to identify more than 3 target bacteria in @amwith unambiguous and high

accuracy.
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(A)
M1 2 3 45 M 6 7 8 910M 11 12 13 14 15
. 168 I F U P 16s1 F U P 165 1 F U P
B e 1 ) w -~
(B)

M1 2 3 4 5 M6 7 8 910 M 11 12 13 14 15
16§ I F U P 168 1 F U P 165 I

VO

Figure 4.17 Convention PCR amplification of each target geréuding 16S rRNA
(16S),ipaH (1), fimY (F), uspA (U), andprfA (P) as labeled on each lane
using mixed genomic DNA of each enrichment cult(®, RV, TT,
BPW, and Fraser culture) and only Fraser cultuoe &mplification of
prfA gene) as templategA) Lanes: 1-5; 6-10; 11-15, PCR products of
sample B1; B1_1; and B1_2, respectivél) Lanes: 1-5; 6-10; 11-15,
PCR products of sample B2; B2_1; and B2_2, respalgtiM, 100 bp

DNA marker (Fermentas).
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(A)

(B)
M 1 23 4 5MG6 7 8 9
16 I F U P 19)

Figure 4.18 Convention PCR amplification of each target gersduiting 16S rRNA
(16S),ipaH (1), fimY (F), uspA (U), andprfA (P) as labeled on top of
each lane using mixed genomic DNA of each enrichingatiure (Sh,
RV, TT, and Fraser culture) and only Fraser culiioe amplification
of prfA gene) as templates(A) Lanes: 1-5; 6-10, PCR products of
sample W1; and W1 _1, respectivglB) Lane: 1-5; 6-10, PCR products
of sample T1; and T1_1, respectively; M, 100 bp DMw#arker

(Fermentas).
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Sample B1 1 SampleB1 2 Sample W 1 Sample W1 1

Sample B 2 Sample B2 1 Sample B2 2 Sample T 1 Sample T1 1

Figure 4.19 Conventional PCR-oligonucleotide array hybridiaat results of

multiple foodborne pathogen detection in fresh kdic meat
samples. PCR products of each target gene amplificabtained
from each sample were mixed and labeled. The |db&€R
products were hybridized with specific probes argk array. Probe

positions of array are shown in Figure 4.11A.

The positive signals observed from each probesach samples
were scored to be positive (+) and compared reswite conventional culture
detection as summarized in Table 4.6. The preveleh&lmonella andE. coli were
found in all 4 non-spiked samples. One non-spiket@e (B2) was contaminated
with L. monocytogenes. In this research, no presumptive coloniesSafella were
observed from all non-spiked and spiked samplesy One (B2_1) from 2 spiked
samples (B1_1, B2_1) with 1 cell &. boydii in 25 g can detected positivpaH
signal by oligonucleotide array hybridization (Figud. 19). This research could not
detected.. monocytogenes in 25 g sampl€B1_1) using neither oligonucleotide array

nor conventional culture when initial final concextion was 1 cell.
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Considering the non-spiked sample withdut monocytogenes
and Shigella contamination, sensitivity df. monocytogenes and Sh. boydii detection
using conventional PCR-oligonucleotide array werdeast 10 cells (sample B1_2,
W1 1, T1 1)and 3 CFU (B1_2, B2_2, W1_1, T1_1)rofial contaminationn 25 g
samples, respectively. At very low number of calbgulation ofL. monocytogenes
and Sh. boydii in some samples, positive signal could be obsefi@u probes of
prfA (sample B1_2), andpaH (B1_2, B2_1, and B2_2) but the PCR product in
agarose gel could not be observed. This resultated that the oligonucleotide array
is able to increase the detectability compareth¢oRCR method alone. However, 16S
rRNA gene show weak or negative signal for most ridypation analysis. In
conclusion, from 10 samples, 2, 3, and 4 targettebat pathogens could be
simultaneously detected from 4, 1 and 5 samplaepeaively (Figure 4.19 and Table
4.6). These results made clear that the conveaati®@R-oligonucleotide array could
be used to detect all 4 target bacteria with mamad; more accuracy, easier, and

more labor saving than that using the conventicoliire method.
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Table 4.6 Application of conventional PCR-oligonucleotideragy for multiple

foodborne pathogens detection in fresh chicken seaiples

Targeted bacteria/ Target genesProbes/ @
Sample E. coli sg;)gella Salmonella spp. ;I;e: monocl;fogenes Colony
165 165 165 conflrmatpn fromb
rRNA uspA ipaH rRNA fimy rRNA prfA the selective agar
E E U U U | | | S S F F F L L PA PA PA
C C A A A H H H M M Y Y Y M M 3 4 7
1l2]2|3|s5|1]|a|s5|1|2]1|2]a]1]c2
B1 + 1 -+ +| +] -] -] -| - -| + + H - - -] -] -|E.cdi
Salmonella sp.
BL1 [+ |+ |+ |+ +] -|-| -| -| -| +| + + + + -| -| -|E-cd
Salmonella sp.
B12 N I T i D D i e e e + + +| E. coli
Salmonella sp.
B2 - -+ ] -] -] - -] - 4]+ H -] -l +| 4| + E.coli
Salmonella sp.
L. monocytogenes
B2 1 S R I T O I T I S R Y R = B o = I + + +| E. coli
Salmonella sp.
B22 |- |- |+ |+ +]| +| +]| +| -| -| + + + + -| + +|  + E. coli
Salmonella sp.
L. monocytogenes
W1 - -+ - - - - -+ +| A+ + -] -] -| -| Ecol
Salmonella sp.
W11 | -| -+ +]|+]+|+] +] - -| + + + -] - + +| +| E.coli
Salmonella sp.
L. monocytogenes
T1 - -+ - - - -] -] -+ o+ -] -] -] -| -|E.col
Salmonella sp.
TL1 1 |- - |+ +|+]|+]| +| +| -| -| + + + - - + +| +| E.coli
Salmonella sp.

& Symbols + : positive hybridization signal; - : negative higization signal

® Colony confirmation: presumptive colony on the selective agar from eachple was confirmed by
m-PCR. For.. monocytogenes confirmation, more than 10 presumptive coloniesenedllected from
selective agar and tested for carbohydrate utiimabind motility test Results of colony-m-PCR
(positive for prfA amplicon) and characteristic of carbohydrateizgtion and motility tests were

combined forl. monocytogenes identification.
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4.4 Discussion

The conventional methods for detecting enteropahsgnvolved isolation
follow by biochemical identification for each patem. They are very laborious and
time consuming (De Boer and Beumer, 1999; You et 2008). Furthermore,
processing of large numbers of samples is not gaggneral, 10 or more tests may
be necessary for differentiation of the speciefiwitt group (Settanni and Corsetti,
2007). Therefore, rapid, specific, and sensitiveéhoes for detecting and identifying
pathogens have been developed. In this study, c@tibn of oligonucleotide array
and m-PCR or conventional PCR targeted to spegéines were developed and
successfully used for specific detection of dominfmodborne pathogens and food
safety indicator in chicken meat including monocytogenes, Salmonella spp.,
Shigella spp., ancE. coli. Advantages of both oligonucleotide array and nRHGr
multiple pathogens detection are that multiple ¢arpacteria can be detected
simultaneous. By these methods, labor, cost, aeutifttation time can be reduced.
Although variations of the physiological charactéd were found from the isolated
strains used in this study, both methods can be tesspecifically identify the target

bacteria (Figure 4.4).

Digoxigenin-linked enzyme color development methaas used in this study
for oligonucleotide array assay. This system damsneed any special or expensive
equipment for material array construction nor sigdetection. By this reasons,
multiple pathogen detection using this system isaph easy and suitable to apply in
general molecular laboratories compared to fluemese or other colorimetric
development methods. In previous reports using jRdGbiotin for oligonucleotide

array assay, only conserve gene including 16S rigie (Chiang et al., 2006), 23S
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rRNA gene (Hong et al., 2004) amgdoEL gene (Hu et al., 2011) were selected as
targets. Detections of multiple pathogens were dormmire culture, food sample, and
clinical samples (Hong et al., 2004; Chiang et 2006; Hu et al., 2011). However,
problems of low discriminatory among target and -temget bacteria were reported.
In this study, the accuracy of probes targeted&® ARNA gene was low fdE. coli

and Salmonella spp. detection (Chapter 3, Table 3.4). Thereforéhis part, primers
and probes for identifying 4 target bacteria wetso adesigned against genes
specifically found in the respective pathogens tevent false-positive or false-

negative results.

The specificity of oligonucleotide array detectiomainly depends on the
selection of gene targets and the design of oligemtide array probes (Suo et al.,
2010). To save cost and time for probe analysi®@R conditions were developed
and optimized for all target genes amplificatiorsingle reaction. Target genes used
for probes design in this works were 16S rRNA gemed species or genus specific
genes. Specificity and accuracy of oligonucleotateay probes for detection of
multiple foodborne pathogens were tested with sdweference and isolated strains.
In the m-PCR reaction, the absence of a PCR proslaeh an enrichment medium is
used as the source of template DNA could be dwither the absence of target DNA
or an amplification failure due to the presencentiibitors (Villalobo and Torres,
1998). In our research, the 16S rRNA gene which lmaramplified from all target
bacteria was used as an internal control of thegoree of amplifiable bacterial DNA.
Therefore, amplification of 16S rRNA in this resgdamwas not only used as internal
control for m-PCR amplification reaction but alsged for identification some target

bacteria in genus level as shown in Chapter 3.IAavailable data now, this is the
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first report to combine these target genes (16SARDMpA, prfA, fimY, andipaH)
together for specific detection @&. coli, L. monocytogenes, Salmonella spp. and

Shigella spp. in a single reaction of m-PCR.

Gene specific primers from previously publishedadaere also evaluated for
specificity. The cross-amplification of thepA gene, encodes for a highly conserved
universal stress protein present inklkoli (Chen and Griffiths, 1998)yere found in
this investigation. In 2007, Chen and colleagues diwn that within the 800 bp of
uspA sequences, only 17 bp mismatches were found leetireeuspA of Sh. sonnei
and that oft. coli K-12 (Chen, 2007)My work here showed that this gene can be
amplified not only fronmE. coli but also from all £higella species found in Thailand
due to the high identity of the gene betwedercoli and Shigella sp. (Chen, 2007).
However, theuspA gene was shown to be conserved amongd:atioli isolates and
can be used for differentiation Bf coli and nonk. coli bacteria from the enrichment
culture such as isolate RV3 (Chapter 2, Table ZI4e uspA and ipaH gene
amplification of isolate RV3 (Figure 4.2 lane 6) ialn has the 16S rDNA gene
hybridization pattern similar t&. coli was negative. This result indicated that isolate
RV3 should not bé&. coli or Shigella sp. Therefore, thiaspA gene was still used as

the target foE. coli detection using m-PCR amplification.

The previously published primers for specific datet of Shigella were
evaluated in this investigation. Primers for amgdifion of virA gene (Mao et al.,
2008) gave negative results @higella sp. isolated strains (Shl). TiveA gene
located on virulence plasmids of Shigellae (Gaklet2005), thus this gene might be
lose in some isolated strains. In contrast, dieteadf Shigella spp. usingpaH as

target showed that this gene was conserve amorfffigh!la isolates include isolate
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Shl. TheipaH gene is encoded on a 220 kb plasmid and alscemiresn the
chromosome (Ashida et al., 2007). By this reasmpas] gene was more conserve for
all Shigella isolates compared to other genes. Negative resbksrved fromvirA
gene amplification in isolate Shl indicated thatneopublished primer targeted to
specific genes might not be applied for detectibsame local isolated strains. Thus

false negative for foodborne pathogen detectionocanr.

The amplification efficiency of the gene specifignpers in mixed primer set
in m-PCR reaction is also an important point th#tuences the accuracy of the
technique. The amplification ability aivA (Mao et al., 2008) anfimY primers in
m-PCR reactions for specific detection &lmonella spp. was investigated.
Compared tdimY primers, lower yields of PCR products were oledirwheninvA
primers were used. This might be due to the corniifiti of invA primers with the
mixed primer set in the m-PCR reaction was loweanththat offimY primers.
Therefore, the suitable target genes for spec#ieation of 4 target bacteria in this

part werdfimY, ipaH, prfA, anduspA genes.

The detection capability of m-PCR was still limitdde to the less sensitive
and low resolution of agarose gels for traditioRGR detection (Figure 4.6 and 4.7).
Sensitivity of the PCR based methods was lower thanh of oligonucleotide array
hybridization (Hong et al., 2004; Chiang et al.0&)) Moreover, results interpretation
using only the sizes of target PCR product on agargel might be ambiguous
especially if several targets were amplified inrggke reaction. Therefore, combining
these methods with oligonucleotide array couldease detectability and accuracy of
the detection systems which can be applied to tHetettiple target bacterial species

directly from enrichment culture. One of the magolvantages of the oligonucleotide
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array assay over agarose gel analysis of the PG&upts was that detection did not
rely solely on the length of the PCR products, &lsb required the fragments to
contain sequences that were complementary to tigemicleotide probes on the

microarray (Kim et al., 2010).

Sensitivity of detection is important criteria tgatuate the suitable methods
for pathogens detection. Sensitivity of all 4 tarppacteria detection by m-PCR-
oligonucleotide array in this works was 1 ng of regenomic DNA extracted from
pure cultures which corresponds to approximately 20° copies of the bacterial
genome and was equivalent to' t@lls Sh. boydii, 10° cellsS Enteritidis ancE. coli,
and 16 cells L. monocytogenes. This detection limit level observed in this waras
less sensitive than that of the microarray sensjtreported by others. Combination
of m-PCR-DNA microarray method detected by fluoezsm®e signal for detection of
E. coli 0157:H7,S enterica, L. monocytogenes andCamp. jejuni was 10 ng of each
genomic DNA (Suo et al., 2010) and for detectionvbf cholera was 1 ng (Kim et
al., 2010). Although high sensitivity was found rframicroarray using fluorescence
for signal detection but they need expensive andpticated equipments for signal
detection and data analysis. Moreover, more th&ardet bacteria could be detected
by our combined methods of m-PCR-oligonucleotideyamat as low concentration
level as 10 ng of each genomic DNA in pure cultuk&sth this reasons, multiple
target bacteria could be simultaneously detectesihigle reaction of m-PCR followed
by oligonucleotide array with high accuracy andesesactions cost. For sensitivity of
combination of conventional PCR-oligonucleotideagrm pure culture, combination
of conventional PCR and oligonucleotide array whke @0 detect 10cells of all 4

target bacteria and 3a.0® cells of E. coli, S. Enteritidis andsh. boydii. The detection
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limit for detection ofE. coli, S. Enteritidis andSh. boydii was similar to previously
reported of using fluorescence detection systemo#imel colorimetric methods which
reported the detection limit of only single targeicteria detection (20.0° CFU/mI)
(Wang et al., 2007; Bai et al., 2010; Quifioned.e811) or multiple target bacterial
detection 18 CFU/mI (Suo et al., 2010). The detection sensitivising mixture of
genomic DNA from 4 target bacteria ranging from@001 ng/ul as templates was
compared with number of bacterial cells. Resulnsdd that the detection limit for
all 4 target bacteria was 0.1 ng of each genomicADawd for 3 target bacteria
including E. coli, L. monocytogenes, and Sh. boydii was 0.01 ng of each genomic
DNA. These results demonstrated that the amougéenbmic DNA of Gram-positive
bacteria L. monocytogenes, was lost during the DNA extraction step. Therefarield

of the genomic DNA extracted froln monocytogenes was lower than that of other
Gram-negative bacteria at the same level of celcentration. By this reasons, the
detection ofL. monocytogenes in real sample were carried out using total gemomi
DNA extracted from Fraser culture as template allmneamplification ofprfA gene
by m-PCR or conventional PCR. Compared with m-P@g&ooucleotide array,
amplification of specific gene with single primey bonventional PCR prior to apply

to oligonucleotide array was more sensitive that by m-PCR.

In raw meat sample, pathogens are often presemrinlow level (1-2 cells/25
g food) in a relatively high background of micra#lo(Suo et al., 2010). Therefore,
enrichment steps are very important to increasedtget bacterial cell concentration
prior to oligonucleotide array detection. Perforgnign enrichment step on a suspect

food sample adds time to the overall detectionmegand precludes the ability to
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enumerate the original density of the target pathogHowever, enrichment is

necessary and, of course, extremely common foetdoacteria detection.

Our preliminary investigation found that the unsar BPW broth could be
used for simultaneously grow all of the target baat After 24 h cultivation of 4
target bacteria in 225 ml BPW (without food samp&)Enteritidis,E. coli, andSh.
boydii were detected using oligonucleotide array atahitell concentration of 1 cell
of each but not fot.. monocytogenes. This result agree with the results obtained by
Jofre and colleagues in 2005 who reported that enmciirof the samples only in
BPW produced poor detection &f monocytogenes due to the major growth of
Salmonella in this broth. By this reason, separate enrichnoémivo bacterial groups
in BPW for enrichment ofalmonella, E. coli, Shigella and Half-Fraser broth (HF) for
enrichment ofL. monocytogenes were preformed prior to total genomic DNA
extraction. However some fresh chicken meat samgbesainedS. Enteritidis, Sh.
boydii andL. monocytogenes at very low initial of cell contamination, pre-éfred
for 24 h in BPW and HF was not efficient enoughdetection of these pathogens by
both conventional culture and oligonucleotide arrdagcause of high bacterial
background. Therefore, to avoid false negativeltegtom the initial contamination
at low level, primary pre-enrichment including BPWF, Shigella broth and
secondary enrichment including, RV broth, TT bratid Fraser broth (United States

Food and Drug Administration, 1998) were used.

In the application part, condition of m-PCR used d&mplification of target
genomic DNA in food samples and pure culture weffer@nt. Total genomic DNA
extracted from enrichment cultures contained batigat and non-target bacteria of

high background of microflora. Thus the templatesrevdifferent from mixture of
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genomic DNA extracted from pure culture of only getr bacteria. There is a
possibility that the presence of the non-target BNay interfere with the
amplification and/or hybridization of the target Badland hence affect the detection
sensitivity (Kim et al.,, 2010). Therefore, optimima of each primer for the
amplification of several target bacteria from fosdmples was necessarjhis
developed protocol could simultaneously detectéat@et bacteria from fresh chicken
meat samples. Howevethigella could not be detected from all spiked samplesgusin
neither oligonucleotide array nor conventional ardt This problem might be due to
the less sensitive from m-PCR amplification. InP@R, mixture of several primers
sets leads to poor amplification efficiency (Chiaeg al., 2006). To avoid this
problem, all target genes were amplified from migeghomic DNA templates by
conventional PCR. The mixtures of genomic DNA ai#d from the mixture of each
enrichment culture were used as template for iddizily amplified with each
specific primer. The result showed that the exgeetized ofipaH gene amplicon
were observed in 5 spiked samples with more tharel® of Sh. boydii in 25 g
samples. This result indicated that amplificatiérianget genomic DNA templates in
food sample using m-PCR was less sensitive thanusiag conventional PCR with
single primer set. Thus, to increase the spegffiaitd sensitivity of m-PCR-DNA
microarray for multiple pathogen detection, numbegenes which can be used for
m-PCR in a single tube without sacrificing the sty of hybridization to the

microarray should be determined (Kim et al., 2010).

In this works, the 16S rDNA PCR product was obsgrue agarose gel
electrophoresis especially in the amplification ggnomic DNA extracted from

enrichment culture. However, probes targeted to IFI$A gene showed very weak



169

signal in most sensitivity and food samples appilcatests (Figure 4.19). This result
indicated that the universal primer which can afigdi all bacterial genomic DNA

templates generated the mixed PCR product whiclhddo® observed from agarose
gel but was not enough for hybridization with th&arget probes. In food sample
application, total genomic DNA from high backgroumdicroflora were also

amplified by this primer. Thus the 16S rDNA PCR gwots could contain mixed
amplicons of target and non-target bacteria. Howete PCR product obtained from
these non-target bacteria showed no cross-reactnith any probes on the array.
Small amount of 16S rDNA PCR product obtained frahe target bacteria
amplification was not enough for hybridization sagjwith their specific probes to be
observed. Negative signal were found on probesstadyto 16S rRNA gene. But
strong signal can be seen using the other gendfispamplification and probe

detection. Moreover, weak hybridization signal weleserved from positive control
(P and 16S) of some blots (Figure 4.4 and Figusg &ince positive control for DNA
hybridization process includes 16S rDNA forwardnpers and DIG-labeled control
DNA were kept at -28C for over two month prior to use as DNA probes fredze-

thaw for several times. Thus it was possible thatdfficiency of DNA hybridization

might be low because of the degradation of DNA psobThe research finding
indicated that quality of DNA probes have stronteef on the DNA hybridization

efficiency. Therefore, to avoid repeated freezimgl dhawing, DNA probes-stock

solutions should be aliquoted into smaller volumes.

All results showed in this investigation demonsdathat the 4 target bacteria
could be simultaneously detected from fresh chickezat samples in single array

using combination of conventional PCR and oligoaatitle array. By these results,
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the oligonucleotide array cost is reduced and dasyscreening large number of
samples. Moreover, at very low number of cell idattan of L. monocytogenes and
Sh. boydii in some samples, no PCR product could be detemtedgarose gel but
positive signal could be observed from the probeshe array. This result confirmed
again that the oligonucleotide array is able taaase the detectability compared to

the PCR or m-PCR methods.

4.5 Conclusions

In conclusion, this research have developed arpwligleotide array based
method for simultaneous detection of the 3 foodbgpathogensSalmonella spp.,
Shigella spp., and.. monocytogenes) and 1 microbial food safety indicatdg. (coli).

At present, oligonucleotide array were combinedchwatrget bacterial enrichment and
DNA amplification by m-PCR or conventional PCR fecreening of 4 common
bacteria in fresh chicken meat. The contaminatib@abmonella, E. coli, Sh. boydii
(at least 3 cells) and. monocytogenes (at least 10 cells) could be detected in 25 g of
sample after 24 or 48 h enrichment by combinatidncanventional PCR and
oligonucleotide array. Although the time of mulappathogen detection by this
protocol needs additional 10-15 h for labeling, figization and signal detection
compared with conventional PCR method, but the yailtime is shorter, more
sensitive and easier than that of traditional eatton approaches. The important
advantages of this developed protocol are thad gimpler, more sensitive, higher
accuracy and it is sequence-based detection ofettaggnes compared with

conventional PCR and m-PCR method. Moreover, thigiesn does not needs any
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expensive and special equipment for microarray ttooson or detection. Thus only

a general molecular laboratory is enough for accodating this developed protocol.
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CHAPTER V

CONCLUSION

This investigation focused on the development ofltiple foodborne
pathogen detection method in fresh chicken meat diigonucleotide array
hybridization technique. Easy systems for hybritiora signal detection using
immunological chromogenic reaction which can beeobsd by naked eyes were
performed.

Isolation and characterization of foodborne patimsgeand food safety
indicators include Campylobacter spp., Clostridium perfringens, Listeria
monocytogenes, Salmonella spp., andescherichia coli from chicken intestines were
attempted. OnlyE. coli, Cl. perfringens, and Salmonella spp. were found in this
investigation. Characterization of the isolatedtbaa were done and found that only
minor differences in the biochemical charactersstiespecially carbohydrate
utilization and gelatin hydrolysis were frond fragach isolate. The target and non-
target bacterial isolates with diverse physiolobiclaaracteristic were used as the
tested organisms for the rapid methods developtoentcrease the specificity of the
detection methods. Thus, all primers and probes fitbis research were tested for
the specificity using references and isolated bedtstrains found in enrichment
culture.

For optimization of the oligonucleotide array basedthods, the 16S rRNA
and prfA specific gene (specific fdc. monocytogenes) were selected as model. Target

regions labeling by post-PCR labeling method wakakle for probes selection. The
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optimum concentration of the oligonucleotide probes found to be 200 pmol. The
detection of foodborne pathogen includiageoli, Cl. perfringens, L. monocytogenes,
Saph. aureus, andSalmonella spp. by oligonucleotide array targeted to the IBISA
gene were successfully used for the differentiatbrtarget bacteria in the genus
levels. However, cross-reaction of some of the YBSIA probes of E. coli,
Salmonella spp., and.. monocytogenes were found inShigella spp. and non-target
bacteria in the enrichment culture. Thus, m-PCR conventional PCR were
performed to simultaneous amplify species spedanes includinguspA, fimy,
ipaH, andprfA of E. coli, Salmonella spp.,Shigella spp. and.. monocytogenes prior
to hybridize with their specific probes on the srr&fficiency, specificity and
detection limit of m-PCR or conventional PCR cogphgth the oligonucleotide array
for multiple target bacteria detection were evadain pure culture and in fresh
chicken meat samples. After 24 or 48 h enrichnaneéach target bacteria from
chicken meat samples, the m-PCR or conventional P&nbined with
oligonucleotide array could be successfully applied detect 3 target bacteria
including E. coli, L. monocytogenes, and Salmonella sp. or all 4 target bacteria
includingE. coli, L. monocytogenes, Salmonella sp. andsh. boydii from fresh chicken
meat samples, respectively. Application of thesmlwoed methods including m-
PCR-oligonucleotide and conventional PCR-oligonotitke array indicated that
analysis time is shorter, more sensitive and edlaar that of traditional cultivation
approaches. Thus identification system in thieaesh could be used as a rapid

alternative method to the biochemical confirmation.
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MEDIA AND CHEMICAL PREPARATIONS

1. Media for bacterial isolation (M1)

1.1 Buffer Peptone Water (BPW)United States Food and Drug

Administration, 1998)

BPW ingredients (g/l)

Peptone 10.0
Sodium chloride 5.0
Disodium phosphate 3.5
(NaHPQy)

Potassium dihydrogen phosphate 15
(KH2POy)
pH7.2+0.2
Dissolve ingredients in 1 liter distilled water.dpense 225 ml of medium into 500 ml

Erlenmeyer flasks and autoclave at 121°C for 15 min

1.2 Lactose broth (LB)(United States Food and Drug Administration, 1998)

Lactose broth ingredients (g/l)
Beef extract 3

Peptone 5
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Lactose 5

Final pH, 6.9 £ 0.2.

Dissolve ingredients in 1 liter distilled water.dpense 225 ml of medium into 500 ml

Erlenmeyer flasks and autoclave at 121°C for 15 min

1.3 Laurul tryptose broth (LST) (United States Food and Drug Administration,

1998)

Laurul tryptose broth ingredients (g/l)

Tryptose 20
Lactose 5
Dipotassium phosphate 2.75
(K2HPGy)

Potassium dihydrogen phosphate 2.75

(KH2POy,)
Sodium chloride 5
Sodium lauryl sulfate 0.1

pH 6.8 +0.2

Dissolve ingredients in 1 liter distilled water.dpense 10 ml of medium into 16 x
150 mm tubes containing inverted 6 x 30 mm Durhabe$ and autoclave at 121°C

for 15 min.
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1.4 Peptone dilution fluid (United States Food and Drug Administration, 1998)

Peptone dilution fluid ingredients (g/l)

Peptone 10

Final pH, 7.0

Dissolve ingredients in 1 liter distilled water.dpense 9 ml of medium into 16 x 150

mm screw-cap tubes and autoclave at 121°C for 15 mi

1.5 Shigella broth(United States Food and Drug Administration, 1998)

Shigella broth based ingredients (g/l)

Tryptone 20
Dipotassium phosphate 2
(K2HPGy)

Potassium dihydrogen phosphate 2

(KH2POGy)

Sodium chloride 5
Glucose 1
Tween 80 1.5 ml

pH, 7.0 £ 0.2.

Dissolve all ingredients in 1 liter distilled wat@nd autoclave at 121°C for 15 min.
Novobiocin (OXIOD) are dissolved in sterile wateiddaadded into the sterile medium

at final concentration of 3.0 pg/ml.
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1.6 Trypticase soy agar (TSA)

Trypticase soy agar ingredients (g/l)

Tryptone 15
Proteose peptone 5
Sodium chloride 15
Agar 15

pH, 7.0 £ 0.2.

Dissolve all ingredients in 1 liter distilled watand autoclave at 121°C for 15 min.

Cool the medium to 6&. Mix well and pour into sterile Petri dishes.

1.7 Trypticase soy broth (TSB)

Trypticase soy broth ingredients (g/l)

Tryptone 15

Proteose peptone 5

Sodium chloride 15
pH, 7.0 £+ 0.2.

Dissolve all ingredients in 1 liter distilled watand autoclave at 121°C for 15 min.

2. Media for biochemical test (M2)

2.1 Gelatin hydrolysis medium Cappuccino and Sherman, 1999

Gelatin hydrolysis medium ingredien(ty)

Gelatin 120
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Dissolve gelatin in 1 liter of nutrient broth. Hemimedium with agitation to dissolve
gelatin. Dispense 10 ml of medium into 16 x 150 nutmes and autoclave at 121°C

for 15 min.

2.2 Iron Milk Medium ( United States Food and Drug Administration, 1998

Iron Milk Medium ingredients (g/l)

Ferrous sulfate. 740D 1
(FeSQ.7H,0)

Fresh whole milk 1 liter
Distilled water 50 ml

Dissolve ferrous sulfate in 50 ml distilled watedaslowly add to 1 liter milk. Mix
medium with magnetic stirrer. Dispense 11 ml of medinto 16 x 150 mm culture

tubes and autoclave 12 min at 118°C.

2.3 Lactose-Gelatin Medium {nited States Food and Drug Administration,

1999

Lactose-Gelatin Medium ingredients (g/l)

Tryptose 15
Yeast extract 10
Lactose 10
Phenol red (1% solution 5.0 ml

in 95% ethanol)

Gelatin 120



186

pHto 7.5+0.2

Dissolve tryptose, yeast extract, and lactose i #0water. Suspend gelatin in 600
ml water and heat at 50-60°C with agitation to al&s. Mix 2 solutions and adjust
pH to 7.5 £ 0.2. Add phenol red and mix. DispenB8arl of medium into 16 x 150
mm screw-cap tubes and autoclave at 121°C for 1@ #hinot used within 8 h,

deaerate by heating at 50-70°C for 2-3 h before use

2.4 Motility-Nitrate Medium, Buffered ( United States Food and Drug
Administration, 1998)
Motility-Nitrate Medium, Buffered ingredients (g/l)
Beef extract 3
Peptone 5
Potassium nitrate 1
(KNO3)
Disodium phosphonate 2.5
(NaHPGs)
Galactose 5
Glycerin 5 mi

pHto 7.3 +0.1.

Dissolve all ingredients in 1 liter of distilled ves and heat to dissolve. Dispense 10
of medium into 16 x 150 mm tubes and autoclave2at’@ for 15 min. If not used

within 4 h, heat 10 min in boiling water or flowirsgeam. Chill in cold water.
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2.5 Motility Test Medium (Semi-solid) for L. monocytogenes test United
States Food and Drug Administration, 1998

Motility Test Medium ingredient (g/l)

Beef extract 3
Peptone or gelysate 10
Sodium chloride 5
Agar 4
pH, 7.4 £ 0.2.

Dissolve all ingredients in 1 liter distilled watddeat a medium with agitation to
dissolve agar. Dispense 8 ml of medium into 16 & §&ew-cap tubes and autoclave

at 121°C for 15 min.

2.6 MR-VP broth (United States Food and Drug Administration, 1998

MR-VP broth ingredient (g/l)

Peptone 5
Glucose 5
Dipotassium phosphate 5
(K2HPOy)

pH, 7.5 + 0.2.

Dissolve all ingredients in 1 liter distilled wat@&ispense 5 ml of medium into 13 x

100 mm test tubes and autoclave at 121°C for 15 min
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2.7 Purple Carbohydrate Broth based, 0.5% carbohyae (United States
Food and Drug Administration, 1998

Purple Carbohydrate Broth based ingredients (g/l)

Proteose peptone 10

Beef extract 1

Sodium chloride 5

Bromcresol purple 0.02
Final pH, 6.8-7

Dissolve all ingredients, omitting carbohydrate,8@0 ml distilled water with heat
and occasional agitation. Dispense 2.0 ml of medintm 13 x 100 mm test tubes
containing inverted Durham tubes and autoclave 1&°@ for 15 min. Dissolve

carbohydrate in distilled water at final concentmatof 2.5% and sterilize by passing
solution through bacteria-retaining filter. Asepliy add 0.5 ml sterile filtrate to each

tube of sterilized broth after cooling to less td&iC. Shake gently to mix.

Carbohydrate solutior2.5% dextrose, maltose, rhamnose, mannitol, xylose-

inositol, lactose.

2.8 SIM agar(Cappuccino and Sherman, 1999)
SIM agar ingredients (g/l)
Peptone 30
Beef extract 3

Ferrous ammonium sulfate 0.2
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(Fe(NHy)2SOy), 6H,0)

Sodium thiosulfate 0.025
(N&S05)

Agar 3

pH, 7.3

Dissolve all ingredients in 1 liter distilled watéteat a medium with agitation to
dissolve agar. Dispense 8 ml of medium into 13 & 4€rew-cap tubes and autoclave

at 121°C for 15 min.

2.9 Simmons citrate agar slan{Cappuccino and Sherman, 1999)
Simmons citrate agar ingredients (g/l)

Ammonium dihydrogen phosphate 1
(NH4H-PQy)
Dipotassium phosphate 1
(K2HPOy)
Sodium chloride 5
Sodium citrate 2
(NaHCeHs07)
Magnesium sulfate 0.2
(MgSGy- 7H,0)
Agar 15
Bromothymol blue 0.08

pH, 6.9
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Dissolve all ingredients in 1 liter of distilled ves. Heat a medium with agitation to
dissolve agar. Dispense 10 ml of medium into 1&& finm test tubes and autoclave
at 121°C for 15 min. While the medium is hot, tite tube. Medium in the tubes will

be slanted. Allow the medium to harden in this posi

2.10 Trypticase nitrate broth (Cappuccino and Sherman, 1999

Trypticase nitrate broth ingredients (g/l)

Trypticase 20
Disodium phosphate 2
(NaHPOy)
Dextrose 1
Agar 1
Potassium nitrate 1
(KNO3)

pH 7.2

Dissolve all ingredients in 1 liter of distilled ves. Heat a medium with agitation to
dissolve agar. Dispense 10 ml of medium into 1&& finm test tubes and autoclave

at 121°C for 15 min.

2.11 Urea Broth United States Food and Drug Administration, 1998
Urea Broth ingredients (g/l)
Urea 20
Yeast extract 0.1

Disodium Hydrogen Phosphate 9.5
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(NaeHPOy)
Potassium Dihydrogen Phosphate 9.1
(KH2PGy)

Phenol red 0.01

pH, 6.8 +0.2.

Dissolve all ingredients in 1 liter of distilled ten. DO NOT HEAT. Sterilize by
filtration through 0.45 pm membrane. Asepticallgménse 1.5-3.0 ml portions to 13

x 100 mm sterile test tubes.

3. Chemical for bacterial isolation(C3)

3.1 Butterfield’s phosphate-buffered water(United States Food and Drug
Administration, 1998)

Butterfield’s phosphate-buffered water compound

Potassium Dihydrogen Phosphate 34 g

(KH2POy)

Distilled water 500 ml
pH 7.2

Adjust pH to 7.2 with 1 N NaOH. Bring volume toifet with distilled water.

Sterilize at 121°C for 15 min. Store in refrigerato
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4. Chemical for biochemical test (C4)

4.1 Indole test(United States Food and Drug Administration, 1998)
Kovacs' reagent
p-dimethylaminobenzaldehyde 59
Amyl alcohol 75 ml

HCI (concentrated) 25 ml

Dissolve p-dimethylaminobenzaldehyde in amyl alcohol. Slovagd HCI into a

solution. Store the Kovacs’ reagent at 4°C.

4.2 Methyl red- reactive compound test(United States Food and Drug
Administration, 1998)

Methyl red- indicator compound

Methyl red 0.10¢g
Ethanol, 95% 300 ml
Distilled water to make 500 ml

Dissolve methyl red in 300 ml ethanol. Bring volutnés00 ml with distilled water.

Store the methyl red- indicator compound at roompterature.

4.3 Nitrate reduction test (United States Food and Drug Administration, 1998)

Solution A (Sulfanilic acid reagent)

Sulfanilic acid 1lg
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5 N acetic acid 125 ml

Solution B (N-(I-naphthyl)ethylenediamine reagent)
N-(I-naphthyl)ethylenediamine- 0.25¢
dihydrochloride

5 N acetic acid 200 ml

Solution C ¢-Naphthol reagent)
a-Naphthol 1lg

5 N acetic acid 200 ml

To prepare 5 N acetic acid, add 28.75 ml glaciatiacacid to 71.25 ml distilled

water. Store the reagents in glass-stopped brovileso

4.4 Voges-Proskauer (VPJUnited States Food and Drug Administration, 1998)

Barritt's reageniA
a-Naphthol 59

Alcohol (absolute) 100 ml

Barritt's reagent B
Potassium hydroxide 409
(KOH)

Distilled water to make 100 ml



APPENDIX I

BIOCHEMICAL ANALYSIS

1. Catalase tes{Cappuccino and Sherman, 1999)

Procedures

On a glass slide, drop one drop of the 3% hydrquaoxide. Single colony of
the tested organism grown on TSA (Appendix |, M1o8)TSC agar for 24 h was
picked by sterile toothpick and smeared in a drbB% hydrogen peroxide on glass
slide. Each hydrogen peroxide drop was examinedtlferpresence or absence of

bubbling or foaming.

2. Carbohydrate fermentation test United States Food and Drug

Administration, 1998

Procedures

The tested organism were grown in TSB (Appendi¥1.7) for 24 h. Using
sterile technique, each experimental organism fi@B culture was inoculated into
appropriately labeled medium containing each sibgdoop inoculation. During this
step take care not to shake the fermentation tab&iming purple carbohydrate broth
(Appendix I, M2.7). All tubes were incubated for R4t 37C for E. coli, Salmonella

spp. and 72 h fdr. monocytogenes.
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3. Gelatin hydrolysis (Cappuccino and Sherman, 1999)

Procedures

The tested organism were grown in TSB (AppendiML.7) for 24 h. Using
sterile technique, inoculated each experimentahmeyn culture in its appropriately
labeled gelatin hydrolysis medium (Appendix |, MR.tleep tube by a stab
inoculation. The culture was incubated at@7or 48 h. The cultures were placed in
refrigerator at 2C for 30 min. Cultures that remain liquefies proglwelatinase and
demonstrated rapid gelatin hydrolysis. Re-incubaaéidsolidified culture for an
additional 5 days at 3Z. The cultures were placed in refrigerator @ #or 30 min

and observed for liquefaction.

4. Gelatin liquefaction and lactose fermentationdst(United States

Food and Drug Administration, 1998)

Procedures

Lactose-gelatin media (Appendix I, M2.3) were inated by stab with a
loopfuls of C. perfringens culture in fluid thioglycollate medium (Himedid)actose-
gelatin medium cultures were incubated at 35°Q2#bh. Cultures for gas production
and color change from red to yellow were examinguch indicates acid production.
Tubes were chilled at 4°C for 1 h and examinedgiatin liquefaction. If medium

gels, incubated an additional 24 h at 35°C and @xaahfor gelatin liquefaction.

5. Hemolysis tes{United States Food and Drug Administration, 1998)

Procedures

Listeria monocytogenes posses beta-hemolytic activity on sheep blood plgdes

but often produce only narrow zones of hemolysa trequently do not extend much
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beyond the edge of the colonidstesh single colonies dfisteria sp. on TSA
(Appendix I, M1.6) were streaked on sheep bloodr 4@XIOD) and incubated at

37°C for 24 h. Then observed for the hemolytic acyivit

6. IMVIC test (Cappuccino and Sherman, 1999)

Principle
IMVIC stands for four main tests. “I” is for indgléM” is for methyl red; “V” is
for Voges-Proskauer, and “C” is for citrate. IMMiests are a series of test used for
differentiation of Enterobacteriaceae group baseéher biochemical properties and
enzymatic reactions in the presence of specifissate.
a. Indole production test
Procedures
Experimental microorganism was grown in TSB (ApgderigM1.7) at 37C
for 24 to 48 h. The cultures were inoculated intem tube containing SIM agar
(Appendix I, M2.8) by mean of a stab inoculationMScultures were incubated at
35°C for 24 to 48 h. Ten drops of Kovac’s reagent (&mgiix |, C4.1) were added into
all deep tube cultures and agitate the cultureslygerhe color of the reagent layer in
each culture was examined.
b. Methyl red reactive compound test
Procedures
Experimental microorganism was grown in TSB (ApgerigM1.7) at 37C
for 24 to 48 h. The cultures were inoculated intB-MP broth (Appendix |, M2.6) by
means of a loop inoculation and incubated &C3fr 24 to 48 h. One-third of each

culture was transferred into an empty test tubethed set aside for Voges-Proskauer
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test. Five drops of the methyl red indicator (Apgienl, C4.2) were added to the
remaining aliquot of each culture.
c. Voges-proskauer (VP) reaction
Procedures
The aliquot of each MR-VP broth (Appendix I, M2d@)lture separated during
methyl red reactive compound test were added wahis reagent A (Appendix |,
C4.4) and shaken. Immediately 10 drops of Barrittagent B (Appendix I, C4.4)
were added and shaken the culture. The culture reesbaken every 3 to 4 min. The
color of the cultures 15 min after the additionBairritt's reagent were examined and
recorded.
d. Citrate test
Procedures
Experimental microorganism was grown in TSB (ApgderdM1.7) at 37C
for 24 to 48 h. The cultures were inoculated intonr8ons citrate agar slants
(Appendix |, M2.9) by means of a stab and streaked incubated at 3 for 24 to
48 h. All agar slat cultures were examined for pphesence or absence of growth and

coloration of the medium.

7. Motility and H,S production test(Cappuccino and Sherman, 1999)

Procedures
Experimental microorganism was grown in TSB (Apgigr, M1.7) at 32C for
24 10 48 h.
a. E. coli and Salmonella spp.
The TSB cultures were inoculated into deep tubetatnimg SIM agar

(Appendix 1, M2.8) by mean of a stab inoculatiord ancubated at 3& for 24 to 48
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h. All SIM cultures were examined for the presenceabsence of black coloration
along the line of the stab inoculation and presemadsence of motility.
b. Listeria spp.

Procedures

For H,S production test, the TSB cultures were inoculated a deep tube
containing SIM agar (Appendix I, M2.8) by mean dftab inoculation and incubated
at 35C for 24 to 48 h. All SIM cultures were examined floe presence or absence of
black coloration along the line of the stab inotiola

For motility test, MTM provides the best defined hnellas. The cultures df.
monocytogenes in TSB were inoculated into deep tube containing M/ agar
(Appendix I, M2.5) and incubated at room tempemt(@5C) for at least 48 h.
Results were observed and recorded daily withiraysdf incubation. In tubes with
motile characteristic of umbrella shape were reedrals positive.

c. C. perfringens

Procedures

Single colony of C. perfringens were transferred to fluid thioglycollate
medium (Himedia) and incubated under anaerobic iiondat 37C. A loopfuls of
thioglycollate medium culturgvas inoculated intanotility-nitrate buffered medium
(Appendix |, M2.4).The cultures were incubated at’G5for 24 h. The presences or
absences of motility along the line of the stalriration were observed. The cultures

were further tested for nitrate reduction.

8. Nitrate reduction test United States Food and Drug Administration, 998

Procedures
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a. E. coli and Salmonella spp.

Experimental microorganism was grown in TSB (ApgderdM1.7) at 37C
for 24 to 48 h. Each culture was inoculated intbeticontaining trypticase nitrate
broth (Appendix I, M2.10) by mean of a loop inodida. The cultures were
incubated at 3 for 24 to 48 h. All cultures were added with figops of solution
A and five drops of solution B (Appendix I, C4.3)red coloration developed in each
of the culture was recorded as positive resultaoltolor developed, a few grains of
powdered zinc metal were added. No red color iridet¢éhat nitrates were completely
reduced, positive results were recorded.

b. C. perfringens

A culture of C. perfringens in motility-nitrate buffered (Appendix I, M2.4)
were tested for nitrate reduction. Solution A 0.bamd solution B 0.2 ml (Appendix
I, C4.3) was added into motility-nitrate bufferedltare. Results with violet color
developed within 5 min indicated that presence ifiteés has occurred, positive
results were recorded. If no color developed,va eains of powdered zinc metal
were added. No violet color indicated that nitratese completely reduced, positive

results were recorded.

9. Oxidase tes{Cappuccino and Sherman, 1999)

Procedures

A fresh culture (18 to 24 h) of bacteria was growm nutrient agar using the
streak plate methodOne or two drops ofoxidase reagent (tetramethyl-p-
phenylenediamine) were added to the colonies ote.plzolor of the colonies was
observed after addition of the solution. Colorscofonies changed to violet were

recorded as positive.
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10. Stormy fermentation(United States Food and Drug Administration,
1998)

Procedures

One ml of actively grown fluid thioglycollate (Hird&) culture ofC. perfringens
was transferred to modified iron-milk medium (Apdenl, M2.2). Culture medium
was incubated at 46°C for 5 h but checked for syoiermentation after 2 h. After 2 h
incubation, checked hourly for "stormy fermentatioBtormy fermentation reaction
has been characterized by rapid coagulation of moillowed by fracturing of curd

into spongy mass which usually rises above the umediurface.

11. Urea hydrolysis(United States Food and Drug Administration,
1998)

Procedures

Experimental microorganism was grown in TSB (Apgiznl, M1.7) at 37C
for 24 to 48 h. A loopful of TSB culture was inoatéd into tube containing urea
broth (Appendix |, M2.11). The urea broth culturesre incubated at 3 for 24 to

48 h. All urea broth cultures were examined folocahange.
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