Chapter One

I ntroduction

1.1  Research Background

Vibrio cholerae, the causative agent of cholera, is a gram neghteterium which
lives freely in aquatic environments. Cholera igd@mic in developing and less developed
countries which lack clean water supplies and puibdialth facilities (Alamet al., 2006).
Cholera remains a public health concern in thepsetsve of morbidity and mortality as
well as economic concerns for the presenc¥.aholerae in seafood (Radet al., 2002).
Nevertheless, isolation &f cholerae is problematic. Conventional isolation\éfcholerae
normally depends on culture-based biochemical t@ssswoodet al., 2004). AsVibrio
species are genetically similay, cholerae is frequently misidentified a¥. mimicus
(Kaysner and DePaola, 2004). Biotyping and senggrg ofV. cholerae are carried out
to determine the biotypes and serogroups, resgtiVvhe overall cultural, biochemicals
and serotyping process is time consuming (3-5 days) laborious. Therefore, the
development of a rapid and specific approach foentification, biotyping, and

serogrouping o¥. cholerae is necessary.

In addition to rapid identification, molecular sybing of V. cholerae is also
important for tracing a new or multidrug-resistafdne (Thonget al., 2002). Traditional
PCR-based fingerprinting approaches such as aihjitpgimed PCR (AP-PCR), Box-PCR,
random amplified polymorphic DNA (RAPD)-PCR, enteacterial repetitive intergenic
consensus sequence (ERIC)-PCR, repetitive extragalindromic (REP)-PCR are not

reliable and reproducible (van Belkueh al., 2001). Tokunagat al. (2010) reported a



relatively newV. cholerae repeats PCR (VCR-PCR). However, this newly developed

method has never been tried on ¥heholerae of non-O1/non-0O139 serogoups.

PFGE is the most common subtyping tool to defimairss from outbreaks and
from sporadic cases of cholera as it has the higlissriminatory ability (Cheret al.,
2004). Moreover, the methodology is standardized ifderlaboratory comparison.
However, PFGE is time consuming and requires sadtterence to standardized protocols
for inter-laboratory comparison. Hence, newer spioity approaches such as the multiple-
locus variable-number of tandem repeat analysis (ML and Multilocus sequencing
typing (MLST) were developed. MLVA is based on traiable-number tandem repeats
(VNTR) in multiple loci, each VNTR consists of DNAlements that are repeated in
tandem and polymorphism is dependent on the nurabdr size of the repeats (van

Belkumet al., 2007).

MLST usually examines the nucleotide changes in hloesekeeping genes.
However, compared to housekeeping genes which giiyeslowly, virulence genes are
more polymorphic (Danin-Poleg al., 2007; Kotetishviliet al., 2003). Virulence markers
could also be used to compare groups of strairtsatieaeither toxigenic or non-toxigenic
and ultimately translated into clinically relevatitagnostic targets (van Belkuet al.,

2007).

The virulence-genes associated with colonization @1 serogroups are well-
defined. Two major virulence-associated elementh sas toxin-coregulated pili (TCP)
cluster inVibrio cholerae pathogenicity island (VPI) which coordinately réged by
ToxR regulatory system (Farugeeal., 1998) are the important factors for colonization.

However, little is known about colonization for R@1/non-O139 serogroups because



non-toxigenic O1 and non-0O1/non-0O13%9 cholerae which lack TCP and CT are also
capable of colonizatiofFaruqueet al., 2004; Dalsgaardt al., 2001). Therefore, it is
important to investigate the influence of host emwviment and the difference of virulence
and virulence-associated genes expressions inetoixigand non-toxigeni¥. cholerae

during colonization.

1.2 Objectives:

The objectives of this study were:

1. To develop a multiplex PCR to differentide cholerae from other
Vibrio species

2. To compare the efficiency of multiplex PCR, biocheahtests and
API 20E for differential detection d&f. cholerae from water sources.

3. To develop a multiplex PCR for biotyping, serogrimgp and
virulotyping of V. cholerae.

4. To determine the genetic diversity ® cholerae using ERIC,
RAPD, REP and VCR-PCR and to compare the discrimigaability of these
methods.

5. To study the relatedness \éf cholerae by using a novel MLVA and
PFGE and to compare the discriminatory ability afhbmethods.

6. To study the genetic variations gf cholerae by using MLST and

MVLST.



7. To study thein-vivo expression of colonization-associated virulence
genes for different variants ®f cholerae and the influence of host environment for

colonization.



Chapter Two

Literature Review

2.1 Vibrio cholerae

Vibrio cholerae is a gram negative bacterium which is also a mendfethe
Vibrionaceae family. It is anaerobic, curved rod with a singlaar flagellum (Salyers and
Whitt, 2002). O1 and O13V. cholerae are the causative agent of choléva.cholerae
does not require mammalian host for its only swalilaut also inhabits in estuarine
environments and associated with phytoplanktonrhb{Colwell, 1994). The survival and
persistence o¥. cholerae to various stresses in different environment cardbe to the

formation of biofilm (Reidl and Klose, 2002).

The basis ofV. cholerae classification was first described by Gardner and
Venkatraman in 1935 based on polysacharide of #eg-$table surface somatic ‘O’

antigen.V. cholerae is now classified into 206 ‘O’ serogroups (WHOQ2).

The first cholera pandemic started in Indian subioent in 1817 and spread to
Asia. In 1830s, the second pandemic occurred arehdpo Asia, United Kingdom and
Canada from the Indian subcontinent (Salyers andtt\WW002). During the second
pandemic, Lord John Snow discovered that this diesés water-borned with his historic
Broad Street pump study but the causative agentired unknown (Tison, 1999;
Thompsonet al., 2004). The third and fourth pandemic started 8521 and 1879,
respectively; both originated from Indian subcoetinand reached United States (Salyers

and Whitt, 2002).



In 1880s, the fifth cholera pandemic happenedhdian subcontinent and spread to
Asia and Europe. In 1883, the bacterial etiologgludlera was confirmed by Robert Koch
when he isolated the cholera bacillus from pondewdtiring an outbreak in Egypt (Tison,
1999; Thompsouet al., 2004). The strain thatcaused the fifth pandenas later named as
O1 ClassicalV. cholerae. Similar to previous cholera pandemics, the sigdmdemic
started in Indian subcontinent in 1889 and lateeap to Asia. This pandemic was also

caused by O1 Classicdl cholerae (Salyers and Whitt, 2002).

The seventh pandemic started in Indonesia andheelaSouth America in 1960 and
continues to the present. This cholera pandemiodoted a new strain, O1 El Tor which
harbours different biochemical properties and phsggceptibility patterns compared to
Classical strain (Salyers and Whitt, 2002). In &ddj altered El Tor strains &. cholerae
O1 which produce cholera toxin of the Classicatype have been reported (Olsikal.,
1993). This variant strain is also known as hylstidins as it carried the Classical cholera

toxin sequence at the 39 and 68 position of the g#xB) (Nair et al., 2006).

In 1992, there was a rise of a new variant sti@it39 resulting from the horizontal
gene transfer event between O1 and non-O1 serag(®iapuquest al., 2004; Singlet al.,
2001). This serogroup began to spread to othehbeiging countries, especially in Indian
subcontinental after the major outbreak in Indiarfd-Poleget al., 2007; Faruquet al.,

1998). The recorded pandemic of cholera is summaiizT able 2.1.

Since the recognition of 0139 serogroup, the design of non-O1/non-0139 for
those strains which do not belong to O1 and O&3€holerae has been used (Nagt al.,
1994). Non-O1/non-0O13¥. cholerae is frequently isolated from environmental sources

and is generally non-toxigenic as virulence gewmesdlonization are absent in this group



of organisms (Singht al., 2001). However cases of diarrheal caused by nbingn-0139
V. cholerae have been reported and this suggests that theoenvental strains, which are
presumed to be non-toxigenic, may cause coloniza#i® these strains are potential

reservoirs for virulence genes (Uretzal., 2003).
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2.2 Cholera

V. cholerae, particularly O1 and 0139 serogroups are the roausative agents of
cholera, a gastrointestinal disease. Neverthetep®rts of sporadic cases of cholera-like
disease caused by non-O1/non-OY3@holerae have also been published (Farugual.,
2004). In Malaysia, cholera outbreaks due to Yhecholerae O1 serogroup occur
periodically while non-O1/non-O139. cholerae is frequently isolated from seafood and
aquatic sources but has not been implicated innaajpr outbreak (Vadivelet al., 2000;
Nandi et al., 2000; Riveraet al., 2001; Faruqueet al., 1998). In Malaysia, a cholera
outbreak reported in November 2009 involved 187 esaswith one death
(http://www.myhealth.gov.my/myhealthy. cholerae has occasionally been isolated from

environmental sources such as water and seafdbe icountry (Cheet al., 2004).

Contamination of drinking water and impropeod preparation are the causev/of
cholerae infection (Reidl and Klose, 2002). The infectioussd ofV. cholerae is stated to
be 16 cfu (Steffenet al., 2003).V. cholerae must be able to go through and survive when
exposed to low pH in the gastric compartment (Railll Klose, 2002). The viabM.
cholerae will attach to the mucosal cells in the small gtiee and produce an exotoxin
(cholera toxin) to alter the balance of net flowiofs from the lumen to tissue. This
directly causes massive diarrhea accompanied byitvgmand acidosis, electrolyte
imbalance lost of 20 litres of water in a day isgble (Stefferet al., 2003). The stools
produced are colorless, oudourless, and flecked miicous and known as ‘rice watery
stool. As the water is rapidly lost, patients m@ig within 2 hours from the circulatory

collapse if no treatment provideWibrio cholerae infection can also leads to shock

9



accompanied by drowsiness or unconscious in 4—lgshend death in 18 hours to several
days (Stefferet al., 2003). Therefore, fluid replacement therapy foolera patients is to

prevent lethal dehydration (Salyers and Whitt, 2002

Patients who recover from cholera are immunedetofection. However, when
reinfected withV. cholerae again, these people will be at risk of being asympc carriers
of V. cholerae for transmission of the disease to others andgbthe contributor oi.

cholerae contamination (Salyers and Whitt, 2002).

Cholera remains the major problem to travellers whequently travel to
developing countries where cholera is endemig difficult to estimate the true incidence
of cholera in travellers from the official statesti As this disease severity is dependent on
several factors including size of the inocula aminune system of the travellers, those

who are healthy are probably less severe comparethérs (Steffemet al., 2003).

2.3 V. cholerae and other Vibrio species

V. cholerae and otheiVibrio species live naturally in aquatic environments. yrhe
are commonly isolated from marine organisms andfosda BesidesV. cholerae,
pathogenicVibrio species such ag. parahaemolyticus and V. wulnificus are of major
concern as they are responsible for infectiousads® in humans (Tract al., 2007).
Although othewibrio species, such a& harveyi, V. anguillarum, andV. alginolyticus are
less pathogenic to humans, they can cause masswmlity or infection in aquatic

organisms (Canet al., 2009; Caipanget al., 2009). Vibrios are naturally occurring in
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aguatic environments which are often associatetl witectious disease in humans and
shellfish (Traczet al., 2007). In general, contamination \dibrio species in fish, shrimp,
squid and shellfish has direct impact on the pubkalth policy and the economy of

aquaculture (Noriega-Oroze@bal., 2007; Panickeet al., 2004).

Most of the Vibrio species are genetically related and can not belyeasi
differentiated based on the phenotypical featu€sofpunet al., 2002; Di Pintoet al.,
2005). For exampley. mimicus, a member of th&/ibrio species is highly similar tv'.
cholerae. It was classified as sucrose-negatiecholerae before being designated as a
new species. The characteristics of gastrointdstfection caused by. mimicus are very

similar to non-O1V. cholerae (Tison, 1999).

24 Current methods for identification and confirmation of V. cholerae

Traditional isolation of Vibrio species normally depends on culture-based
biochemical tests (Harwooet al., 2004). However). cholerae could switch into viable
but non-culturable (VNC) state in response to eatrideprivation in the environment
(Reidl and Klose, 2002). This leads to the difftgubf isolation ofV. cholerae from the

environmental sources.

Isolations ofVibrio species are often carried out using media forradlatith
alkaline pH as this facilitates the recovery ofunmed cell’ from the natural environments
(Kaysner and Depaola, 2004; Panickeral., 2004). Next, the enriched culture will be

subjected for further confirmation. Generally, #heare three major approaches #ar
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cholerae confirmation such as culture-based identificatidsipchemical tests, and

molecular approaches.

2.4.1 Cultured-based identification

CHROMagarVibrio and thiosulfate-citrate-bile salt-sucrose (TCB§araare two
commonly used selective media foibrio species selection and differentiation. Both
media enable visually differentiation of variougorio species based on the colour of the
colonies. On TCBS agar, sucrose-fermanting spesigsh asV. cholerae and V.
alginolyticus will produce yellow colonies. Species which do fement sucrose such as
V. parahaemolyticus, V. wvulnificus, and V. mimicus will produce blue-green colonies
(Tison, 1999). Similarly, based on the color ofateés, CHROMagaYibrio could be used
to differentiatieV. parahaemolyticus (mauve),V. wulnificus (green blue to turquoise blue),
V. cholerae (green blue to turquoise blue) axdalginolyticus (colorless). A comparison
between these two selective media was carried piilPinto et al. (2010). The authors
showed that CHROMagafibrio has higher accuracy and specificity than TCBS. éimw,
such colour-based identification of thebrio species on the selective agar is sometimes
inconsistent, and hence various biochemical tasth fs oxidase test, triple sugar iron
(TSI) test, Voges-Proskauer (VP) test, string, tesit tolerance and other tests are required
for further confirmation (Elliogt al., 2001; Kaysner and Depaola, 2004). For exampig, it
difficult to differentiate Aeromonas from Vibriosbased on conventional culture method

using selective media. This is becadseomonas species can grow on the same selective

12



media and share high similarity in genetics, colororphology and chemical reaction with

Vibrios (Di Pintoet al., 2005).

2.4.2 Biochemical tests

Presumptivé/. cholerae colonies on the selective media are selected anjgced
for conventional biochemical tests such as granmstxidase reaction, salt tolerance test,
string test, triple sugar iron (TSI) test, Kligleon (KIA) test, lysine iron agar (LIA),
Voges-Proskauer (VP) test, arginine dihydrolasg &®l agglutination test. Gram-staining
is commonly used for differentiation of gram-negatiand gram positive bacteria while
oxidase test is used to distinguish oxidase p@siiiorio species from other oxidase
negative Enterobacteriaceae. String test is also useful to differentiaderomonas from

Vibrio species based on the ability to lyse and prodwegcaus suspension (Tison, 1999).

KIA and TSI are used to rule oftseudomonas species and certain members of
Enterobacteriaceae. The bacterial colony was picked by using an itetougy needle.
Inoculation was carried out by thrusting the inating needle straight down into the butt
and streaking on the surface of the medium. Thetslare then incubated at 35°C-37°C
and examined after 18-24 h. The caps on the tuimddbe loosened to prevent anaerobic
condition. On KIA, V. cholerae which is lactose non-fermenting produce alkalired)
slant/acid (yellow) butt without gas and3production while on TSV. cholerae produce

acid (yellow) slant/acid (yellow) butt without gasd HS production (CDC, 2006).
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LIA is used for detection o¥. cholerae for determination of decarboxylate lysine
reaction. LIA is inoculated by stabbing the buttl atreaking surface of the slant. The slant
is examined after incubation at 35°C to 37°C. Aft&r24 h of incubatiorly. cholerae will
produce an alkaline reaction (purple color) in lthet of the tube but neither gas nofH

will be produced (CDC, 2006).

Sometimes, VP test may also be carried out to petthe O1V. cholerae.
However, the results obtained from VP test areedhand not applicable to all serogroups
of strains (Kayet al., 1994). According to Choopuat al. (2002), arginine dihydrolase test
is useful to detecV. cholerae. To perform the test, LB broth containing 1% (wtjv,-
arginine (pH6.8) with phenol red as indicator waedi After inoculation, the medium was
covered with sterile mineral oil and incubated 2drh. The medium can also be incubated

for up to seven days. The presence of red coltraimedium indicates positive reaction.

Alternatively, Analytical Profile Index (API) 20BB{omerieux, SA, France) can be
used as a more rapid and easy biochemical-basetbtéd. cholerae confirmation. API
20E (Biomerieux, SA, France) is widely used for étabactereacea and is efficient to
identify commonly isolated species gibrionaceae (Overmanet al., 1985; O’hareet al.,

2003).

Once the identity o¥. cholerae isolate is confirmed, agglutination tests may be
carried out for serogrouping. Polyvalent O1 or Ol&tisera are used for the slide
agglutination test. The colonies which used for dlgglutination tests must be grown on
non-selective media to prevent false-negative téQIDC, 2006). A specific strain will be

identified as non-O1/non-0139 if it does not agglite in O1 and 0139 antiserum.
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2.4.3 Polymerase chain reaction (PCR)

For specific detection df. cholerae, PCR-based methods are widely used. Various
PCRs have been reported #rcholerae or multiple species detection. Markers such as
16S rRNA,rpoB, dnaJ and other housekeeping genes have been usedfdetéction and
phylogenetic analysis ofibrios. 16S rRNA target is not able to distinguidkromonas
from Vibrio species (Taret al., 2007). ThapoB gene is able to differentiatébrio strains
up to species level with further DNA sequencingr(Téa al., 2007). Nhunget al. (2007)
had proposed the use driaJ gene-based PCR approach to differentiabeio species and
further developed a PCR method to identify five lanpathogeni®/ibrio species based

on thednaJ gene (Nhungt al., 2007).

For multiple spesies detection, Panickeal. (2004) had developed a multiplex
PCR approach which targets thd andviuB for V. wulnificus, ompU, toxR, tcpl, andhlyA
for V. cholerae; andtlh, tdh, trh, for V. parahaemolyticus. A multiplex PCR approach for
detection ofVibrio species,V. cholerae, V. parahaemolyticus, V. wulnificus, and V.
mimicus was also developed by Taat al. (2007). In addition, based on the collagenase
gene, a PCR approach f&f alginolyticus, V. cholerae and V. parahemolyticus was

developed by Di Pintet al. (2005).

To differentiate O1 and O139 serogroups, Hoslanal. (1998) proposed the
use ofrfb complex. Later in 2000, Nanet al. (2000) had developed a PCR fér
cholerae specific detection based avmpW and incorporated thefb complex to

differentiate the serogroups éf cholerae.
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25 Molecular studies and characterization of V. cholerae

The relatedness characterizationvoicholerae outbreak strains remains important
in order to trace the origin and geographical thatron of V. cholerae (Thonget al.,
2002). It is also very important to monitor the eornmentalV. cholerae strains with
epidemic potential (Faruqguet al., 2006) and to study the genetic variation in aubaqmon

(van Belkumet al., 2007).

Classification ofV. cholerae based on serological and antimicrobial susceftibil
patterns may be relevant to disease treatmenskngtisuitable for epidemiology study as
these methods are based on phenotypes which anecedsarily related to genetic descent.
Therefore, molecular-based genotyping methods woloéd more useful. A good
genotyping method should be able to differentiateelated strains and allow the
recognition of the clonal grouping (Achtman, 200Basically, current genotyping
methods are based on the repeat variation, poiratmon, mobile DNA, multiple
mutations (van Belkumet al., 2007). Examples of the methods are PCR-based
fingerprinting, pulsed-field gel electrophoresisF@GE), multilocus variable number of

repeats analysis (MLVA), and multilocus sequendyping (MLST).

251 PCR-based fingerprinting of V. cholerae

Various PCR-based fingerprinting approaches haea kdescribed foy. cholerae.
Among the methods, random amplified polymorphic DNRAPD) is based on the

homologies of the chromosomal DNA to the short aiigcleotide primers. The DNA
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elements which complement to the sequence of psiméll be amplified. Bands of
different intensity will be produced and the reiidyp is dependent on standardized
conditions and is useful for rapid disriminationusfrelated strains. Nevertheless, it is less

reliable for the grouping of close related isolg#shtman, 2001).

ERIC-PCR employs the enterobacterial repetitiveerggnic consensus (ERIC)
sequence as the target and has been used to r¥schaerae clonal lineages. The ERIC
sequences, also known as intergenic repeat umtldsfl are present in the genomes of
Enterobacteriaceae (Zulkifli et al., 2009). The position of ERIC elements in
enterobacterial genomes varies between differestiep and has been used as a genetic
marker to characterize isolates within a bactespacies (Radet al., 2002). ERIC-PCR
constitutes a powerful tool for determination oé tiirulence potential o¥. cholerae O1
strains isolated in surveillance programs and fotecular epidemiological investigations
(Riveraet al., 1995). Riveraet al. (1995) had employed ERIC-PCR for 83 cholerae
strains and found significant difference in the diag patterns for toxigenic and
nontoxigenic strains. Similar to ERIC-PCR, repeéitextragenic palindromic (REP)-PCR
is also a method based on the repetitive sequenite igenome. Both methods are widely

used for epidemiological studies.

A relatively new approachy. cholerae Repeats PCR (VCR-PCR) was developed
by Tokuagaet al. (2010). This method targets the DNA sequencedigsaied’ between
the repetitive sequences &f ‘cholerae repeats (VCR)' in the integron Island. This method
was reported to be useful for genotyping of toxigevi cholerae O1 El Tor and 0139

strains from different geographic regions and recgstrains with epidemic potential.
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25.2 Pulsed-field gel electrophoresis (PFGE)

Pulsed-field gel electrophoreqBFGE) has been considered as a gold standard for
subtyping bacterial pathogens since it is highcdminative and reproducible. It has been
used to differentiate strains from outbreaks anthfsporadic cases of cholera (Cleeal.,
2004). The principle of this approach is to uséndrequent cutting restriction enzyme that
cut the genomic DNA into a few restriction fragnmeenthich later resolved by PFGE.
PFGE facilitates the differential migration of lar@NA fragments through agarose gels
by constantly changing the direction of the eleetrifield during electrophoresis (CDC,

2009).

PFGE provides a robust genomic interpretation &edototocol is standardized by
CDC, PulseNet. Validation of PFGE protocol for syiing of V. cholerae was carried out
in PulseNet International activities. The protoa@s derived from the existing PulseNet
protocol forEscherichia coli O157 and optimized fov. cholerae (Cooperet al., 2006).
However, strict adherence to the protocol is nergs©nce the methodologies and data
anlaysis are standardized, PFGE would be very ldefueffective epidemiological

surveillance, prevention and control of importaatterial infection (Thonet al., 2002).

25.3 Multilocus variable number of repeats analysis(MLVA)

Multilocus variable number of repeats analysis (MQ\Vis a typing method which
is based on the tandem repeats in multiple logs Widely used for genomic inference of

different bacterial pathogens since 2006 (van BalkR007). In this analysis, number of
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repeats in a set of variable number of tandem tep@aNTR) loci is assessed by
performing PCR of the VNTR loci followed by acclweaizing of the PCR products using
capillary electrophoresis on an automated DNA segeie The number of repeat units in
each locus is then being calculated based on the sithout flanking region. The

calculated numbers of repeats of the VNTR locie(e) are combined into a string and
given a MLVA type designation. This method can Indaced by locus-specific DNA

sequencing to recognise the mutations in the iddadirepeat units (van Belkum, 2007). A
public database created by Institute Pasteur id fseexchange of knowledge on the
geographic and temporal distribution of strain g/p@ surveillance and epidemiology as

well as evolution studyhftp://www.pasteur.fr/recherche/genopole/PFE8/mlva/

Recently, Olsenet al. (2009) had evaluated the usefulness of MLVA ¥n
cholerae isolated worldwide based on polymorphism in sixloci and demonstrated a
high level of polymorphism among the strains testédds assay is potential to differentiate
between various strains and identify the isolatechfcommon outbreak. In addition, Choi
et al. (2010) also reported the usefulness of MLVA tcegatize hybrid strains from El

Tor strains of seventh cholera pandemic.

25.4 Multilocus sequencing typing (ML ST)

Multilocus sequencing typing (MLST) was developed 1998 for bacteria
characterization and allows rapid and global compas (Cooper and Feil, 2004).

Multilocus sequence typing (MLST) exploits the urmguous nature of nucleotide
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sequence in the housekeeping genes for the chazatiten of microorganisms (Maidest

al., 1998).

A few MLST analyses have been carried outMocholerae. For example, Salirat
al. (2005) had reported the ability of MLST to distumgh theV. cholerae strains in sixth
pandemic clones from the seventh pandevhicholerae. By using MLST analysis, Garg
et al. (2003) had found 64 novel alleles distributed agn@139V. cholerae isolated from
patients at the Infectious Diseases Hospital, Glcdrom 1992 to 2000. Nevertheless,
compared to the housekeeping genes which are noseved, Kotetishvilet al. (2003)
had reported the incorporation of virulence gemeghe sequence analysis. MLST is an
excellent tool with respect to fine-tune the gemethmparison among thé cholerae of

different genetic background (Chokesajjawatdied., 2008).

2.6  Colonization factors and gene expression studies

There are three major virulence-associated elemaris cholerae such as toxin
corregulated pili (TCP) gene cluster for coloniaatiin Vibrio cholerae pathogenicity
island (VPI), cholera toxin (CTX) element for cha@etoxin production (Riverat al.,
2001), and repeat in toxin (RTX) element which asgged with cytotoxicity in Hep-2
cells (Chowet al., 2001; Riveraet al., 2001). The two former elements are closely linked
as the transciption of genes in both elementsosdioately activated by ToxT and closely

linked to the mechianism of colonization by toxige. cholerae (Matsoret al., 2007).
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ToxRS and TcpPH are 2 regulatory complexes whisharese to host environment
to maximize the expression wiXT. When ToxT is expressed in large scale, the priboiu
of CT and TCP will also be up-regulated (leual., 2008). ToxR is a bitopic membrane
protein that contains a cytoplasmic localized DNAding while ToxS is also localized to
the inner membrane and serve as the effector oRTorction (Hase and Mekalanos, 1998;
Matsonet al., 2007). TcpP acts in conjunction with ToxR in gresence of its membrane-
bound effector protein TcpH. However, the trangwmipof tcpP andtcpH is also depends
on AphA and AphB activators. Similar mechanism ngpeoyed by AphAB in activating
tcpPH to the activation ofoxT by ToxRS and TcpPH (Matsahal., 2007). When ToxT is
expressed, all virulence-associated elements dinatad, including CTX and TCP gene
clusters, and other accessory toxins. Hence, thestwithouttoxT gene do not produce

CT and TCP and are avirulent (Reidl and Klose, 2002

In addition to the well-defined colonization fadpthe role of accessory toxins or
virulence genes in colonization was documentedvi€liet al. (2007) reported that
accessory toxins are associated with prolongedncadton in mice. Fullneet al. (2002)
also suggested that the contribution of accessxiy to the acute inflammatory response
in a murine pulmonary model and further proved tbaverity of acute inflammatory

responses is modulated by RTX toxin.

The biofilm formed inV. cholerae enable its survival in different environments.
Besides biofilm formation, the pathogens must b& &b regulate certain genes in
coordination as moving from the environment to hlost.In-vitro study may provide the

knowledge of gene expression in the pathogensit boes not reflect the gene expression
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in a host during infection (Boycet al., 2004). Moreover, both Xet al. (2003) and
Faruqueet al. (2004) had reported the significant enhancemermkedkin virulence genes

expression in the intestinal environment.

Microarray technology has been applied to theyamlofin-vivo gene expression
of V. cholerae (Merrell et al., 2002; Xuet al., 2003; Binaet al., 2003). The validation of
microarray depends on data centering and staligirc@edures (Hintoret al., 2004). In
addition, Real-time Reverse Transcription (RT)-P&dpears to be an alternative method
to estimate the expression level of genes of istgf@helburne and Musser, 2004; Bustin,
2000). However, the utility of Real-time RT-PCR gemxpression ol. cholerae is
relatively new. Quantifying the relative changes gane expression requires certain
equations, assumptions and the testing of thesemgé®ns prior to analysis of data. The
2T method is used for quantifying the relative chanijegene expression (Livak and
Schmittgen, 2001). The reliability of this methoepénds on the choice of housekeeping

gene for normalization. The selected gene mustyalweeld a same level in expression in

all samples (Klein, 2002).
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Chapter Three

Development of a Multiplex PCR assay for Vibrio cholerae, Vibrio parahaemolyticus,

Vibrio wulnificus and Vibrio species differentiation

3.1 Background

Current culture and biochemical based methods/fbrio cholerae (V. cholerae)
confirmation are problematic. Thiosulfatdrate-bile salt-sucrose (TCBS) agar and
CHROMagartVibrio are the main media used for confirmatiorivvdirio species, followed
by various biochemical tests to identify the preptine colonies based on their phenotypic
profiles. However, these phenotypic-based assa&yborious, and require several days to
perform. Moreover, the sensitivity of the conventib standard biochemical tests is still
guestionable a¥. cholerae is not only genetically close to othérbrio species but also

Aeromonas (Di Pintoet al., 2005).

In parallel with the recent trend in bacterial ntfcation through molecular
approaches, various PCR-based approaches have reperted for Vibrio species
identification. FoVibrio species differentiation, Nhurey al. (2007) had proposed the use
of dnaJ gene-based PCR approach to differentiabeio species and developed a PCR
method to identify five human pathogenidbrio species based on th#nal gene.
However, this particular PCR approach was only ifipfor pathogenic Vibrios but failed
to identify non-pathogenic Vibrios. Tagtal. (2007) developed a multiplex PCR approach
for detection ofVibrio species, and differentiaté. cholerae, V. parahaemolyticus, V.

wulnificus, andV. mimicus based on their sequence. The authors showed 6isatRNA
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was not an ideal marker fafibrio detection as it could not distinguigieromonas from
other Vibrio species. Besides, there are some other PCR appdor singleVibrio
species identification or multiple detections. Daesuch limitations with the current PCR
detection techniques fovibrios, development of an alternative PCR approach which

provides more specificity fovibrio species differentiation was needed.

Transhydrogenase alpha subupitth) gene is one of the common target used in
sequence-based analysis and could potentially eé is differential detection purpose.
This gene encode transhydrogenase alpha suburmhwbuple the proton transport across
the membrane to the reversible transfer of hydrate equivalents between NAD and
NADP (Bisharatet al., 2005; Ansaruzzamast al., 2008; Gonzalez-Escalomtal., 2008;
Hazenet al., 2009). On another hand, DNA gyrase subunigy8g) is the first polypeptide
of Type IIA topoisomerases which associated with PAdinding activities

(http://www.ncbi.nlm.nih.gov/sites/entrezAs there is limited horizontal transmission in

gyrB gene (Le Rowset al., 2004), hence it is a potential to be a genusiipenarker for

Vibrio species detection.

The aim of the study was to develop an alternd®@& method for differentiation
of V. cholerae, V. parahaemolyticus, and V. vulnificus and genus-specific detection of

Vibrios.
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3.2 M aterials and M ethods

3.2.1 Bacterial strains

NineteenV. cholerae were collected from Institute for Medical Reseaarid 111
strains ofVibrio species including/. parahaemolyticus (n=64), V. vulnificus (n= 2), V.
alginolyticus (n=10), V. mimicus (n=1) and otheVibrio species (n=34) were retrieved
from the culture collection of Biomedical SciencedaMolecular Typing Laboratory,
Institute of Graduates Studies, University of Malaiesides that, 50 ndfibrio strains
were also used in the study, including A& omonas species, thre&lmonella species,
two Acinetobacter baumanii, five Escherichia coli, two Pseudomonas aeruginosa, two
Klebsiella pneumoniae, two Saphylococcus aureus, two Shigella flexneri, onePasteurella
multocida, and onelisteria monocytogenes. TCBS agar (Becton Dickson, NJ, US#Was

used to check for the purity of all tMgbrio strains before commencement of bench work.

3.2.2 Oligonucleotide primer design for V. cholerae, V. parahaemolyticus, V.

vulnificus, and other Vibrio species detection

To design primers forpntA gene, sequences opntA gene from V.
parahaemolyticus RIMD 2210633 (BA00032),V. cholerae (AE003853, CP001234,
CP001236, CP001486)Y. wulnificus (AE016796, BA000038) were retrieved from
National Center for Biotechnology Information (NGBl Genbank

(http://www.ncbi.nlm.nih.goy
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To design primers fogyrB gene, sequences @frB were retrieved fo¥. cholerae
N16961 (AE003852),V. mimicus ATCC 33653 (EF380259)V. wulnificus CMCP6
(AE076795),V. splendidus TNNIII7 (AJ515265),V. splendidus (AJ515264) V. changasii
(AJ577820), V. kanaloe (AJ577821), V. pomeroyi (AJ577822), V. tasmaniensis
(AJ577823) V. gigantis LGP37 (AJ582793)y. crassostreae LGP7 (AJ582799)V. tapetis
(AM118101), V. parahaemolyticus ATCC 17802 (AY527390),V. wulnificus YJO016
(BA000037),V. fischeri ES 1114 (CPO00020)Y. harveyi ATCC BAA 1116 (CP000789).
fischeri MJ11 (CP001139),V. cholerae M66-2 (CP001233),V. cholerae 0395
(CP001235),V. cholerae MJ1236 (CP001485)y. fischeri (EF380252),V. logei ATCC
29985 (EF380255)y. salmonicida ATCC 43839 (EF380256)/. wodanis ATCC BAA-
104 (EF380257)V. orientalis ATCC 33934 (EF380258)Y. splendidus ATCC 33125
(EF380261), V. alginolyticus YJO666 (EF542801),V. rotiferianus LMG21460
(EU112810), V. splendidus LGP32 (FM954972) andvV. moditerranet ATCC 43341

(EF380258).

The two sets of sequences fmtA andgyrB were then aligned using CHROMAS
PRO (Technelysium Pty Ltd, Australia). The regiombhich potentially differentiate
individual species were selected fmitA gene while the conserved region frB was
selected from the alignments. Primers were desigisaty the Primer 3 software (Rozen
and Skaletsky, 2000) arid-silico PCR (http://insilico.ehu.es/PCR/Amplify) was cadi

out prior to PCR evaluation in the laboratory.
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3.2.3 DNA template preparation

A loopful of bacterial colonies was picked and sggnded in 100 pl of ddB.
The DNA suspension was boiled at 99°C for 5 min andpped cold on ice for 10 min.
The cell lysate was then briefly centrifuged athhigpeed and the concentration was
guantified (Aeg) by using a Biophotometer (Eppendorf, Milan, Dal&pproximately 3 pl

(=50 ng) of DNA were used for PCR reaction.

3.24 Monoplex PCR for detection of V. cholerae, V. parahaemolyticus, V. vulnificus,

and other Vibrio species

All the strains described iBection 3.2.1 were used for evaluation of the specificity
of the designed primers in monoplex and multipl&RP All the reagents for PCR master
mixture preparation were removed from -20°C andvtth on ice. The reagents were
vortexed and centrifuged briefly before used. Mdep?CR was carried out for each pair
of primers in a single tube containing 1x PCR buffemM MgCh, 40 uM each dNTPs,
0.3 uM each primers, ~50 ng DNA template and 0&f Tag DNA polymerase (Promega,
Madison, USA). The PCR mixture was vortexed andrdaged briefly. A DNA blank
without DNA template was included in each PCR rieactThe PCR cycling condition
consisted of 95°C for 1 min (pre-denaturation)|dwkd by 30 cycles of 94°C for 30 sec
(denaturation), 55°C for 30 sec (annealing) 72°C 46 sec (extension) and a final

extension at 72°C for 8 min.
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3.25 Agarosegel eectrophoresis

LE analytical agarose was added in 0.5 X TBE butifea final concentration of
2.0% (w/v). The mixture was heated in a microwave ¥-2 min until the agarose was
fully dissolved in 0.5 X TBE buffer. The mixture wacooled to around 3Q before
pouring into a gel casting tray. The solidified geds placed in a horizontal gel tank and
0.5 X TBE was added until the gel was completelyeced. Fiveul of PCR product (~500
ng) was mixed with il of 6 X loading dye (Promega, Madison, USA) anaded into the
wells. Fivepl of 100 bp DNA marker (1:10 dilution) was usedS¥A molecular weight

standards in each electrophoresis. The electropisonas carried out at 100 V for 45 min.

The gel was stained with ethidium bromide (0.5 Jp#&nd destained in distilled
water for 10 min. The gel image was captured analyaad with Gel documentation

system (Bio-rad, Hercules, CA).

3.2.6 DNA extraction from agar ose gel

QIA quick Gel Extraction Kit (Qiagen, Venlo, Netlhends) was used to extract
DNA from agarose gel according to the manufactardristructions. Firstly, DNA
fragment was excised from the agarose gel and wdighhree volumes of buffer QG was
added into one volume of gel (100 mg: @R The sample was incubated at’60in a
water bath for 10 min or until the gel slice wasnpbetely dissolved. The sample was

vortexed every 2-3 min during the incubation tosdlgse the gel. When the gel was
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completely dissolved, the yellow colour of the mibe was checked in order to determine

the optimal pH for DNA binding in gel extraction.

Then, one gel volume of isopropanol was added tiosample. The sample was
applied to the QIAquick spin column which was pthde a 2 ml collection tube. The
sample was centrifuged for 1 min at 13,400 rpm (D44 g) and the flow-through was
discarded. The QIAquick spin column was placed bhadke same collection tube and 500
pl of QG buffer was added into the column. The samphs centrifuged for another
minute at 13.400 rpm. The flow-through was discdrdad 750ul PE buffer was added
into the spin column. The sample was centrifugedLfonin at 13,400 rpm and the flow-
through was discarded after the centrifugation. Baenple was centrifuged for an

additional 1 min to completely remove the residetabnol in PE buffer.

Finally, the QIAquick spin column was placed intd.& ml microcentrifuge tube
and 30pl of ddH,O was added to the centre of the QIAquick membifaneslution of
DNA. The column was allowed to stand for 1 min aheé DNA was collected by

centrifugation for 1 min. The extracted DNA wasrstbat -20C.

3.2.7 Confirmation of sequences amplified

The extracted DNA was sent to a laboratory Ifase, Seri kembangan, Malaysia)
for sequencing together with the forward and rey&€R primers. All sets of forward and
reverse sequencing results were aligned and amblyziag Bioedit Sequence Alignment

software. Standard nucleotide-nucleotide BLAST gear program
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(http://www.ncbi.nih.gov/BLAST) was used to evakiathe sequence with published

sequence in GenBank.

3.2.8 Optimization of multiplex PCR for differentiation of V. cholerae, V.

parahaemolyticus, V. vulnificus, and other Vibrio species

All the four pairs of primers were combined andtested in a multiplex PCR
format. Various conditions such as annealing teatpees and concentration of primers
were modified to obtain specific, unique amplico®sce the multiplex PCR conditions

were optimized, the assay was evaluated with alkthains.

3.29 Sensitivity test of the multiplex PCR for differentiation of Vibrio cholerae,

Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio species

The procedure previously described by Tethal. (2008) was adapted for the
sensitivity test with minor modification. The sansty of the pntA primers was evaluated
with V. cholerae, V. parahemolyticus, andV. vulnificus while the sensitivity ofgyrB
primer was evaluated witth. mimicus. Briefly, cell culture of eacNibrio species (OB
0.5) was serially diluted 10-fold. Crude DNA wagpared by direct boiling of 100 pl of
each dilution. An aliquot of 100 pl from each ditut was plated on an LB agar plate and
incubated overnight at 37°C in order to determimeedell density. The multiplex PCR was

carried out under optimized condition describe8ection 3.2.8.
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3.2.10 Specifity of gyrB compared with dnaJ for Vibrio species detection

PCR usingdnal primers as described by Nhusgal. (2007) was performed using
the same sets of 130brio species and 50 novibrio strains to compare the specificity of
gyrB primers that developed in this study. The condgidor PCR targetinginalJ was
based on Nhungt al. (2007) with minor modification. In brief, the PCfeaction was
carried out in a total volume of 25 ul containing RCR buffer, 1.5 mM MgG| 50 uM
each dNTPs, 0.4 uM each primers, ~50 ng DNA teraptaid 0.5 U ofTag DNA
polymerase (Promega, Madison, USA). The PCR cydorglition consisted of 95°C for 1
min (pre-denaturation), followed by 30 cycles of@4or 1 min (denaturation), 56°C for
30s (annealing) 72°C for 1 min (extension) andnalfextension at 72°C for 8 min. The
PCR products were then electrophoresed on 2% LEbsgael for 2 hours at 100V. The

gel was finally stained with ethidium bromide (u§/ml) and visualized under UV.

3.3 Results

3.3.1 Oligonucleotide Design

Primer choice was constrained by the intention 4e all four primer pairs in a
multiplex PCR assay that generated amplicons déritilg sizes based on the sequence
alignment ofgyrB andpntA targeting different species of Vibrios. Candidpteners were
then checked by BLASTN against the availalilerio genome sequences to minimize the
likelihood of non-specific amplification from noarget loci. The oligonucleotides

designed and the expected sizes of amplicons anenatized inTable 3.1. Overall,in-
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silico PCR showed 100% specificity for all the self-dasig) oligonucleotides. The primers

were further investigated for its specificity inwaal laboratory experiments.
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3.3.2 Monoplex PCR for detection of V. cholerae, V. parahaemolyticus, V.

vulnificus, and other Vibrio species

Monoplex PCR was first carried out for all 4 pafgrimers in a single tube as
described asSection 3.2.4. PCR targetinggyrB for Vibrio species angntA for V.

parahaemolyticus, V. cholerae andV. vulnificus worked well as shown iRigure 3.1.

1500 bp
1000 bp

00 bp

200bp

Figure 3.1 Monoplex PCR targetinggyrB for Vibrio species andpntA for V.
parahaemolyticus, V. cholerae andV. wulnificus, respectively. Lane 1: 100 bp marker;
Lane 2: V. wulnificus (656 bp band specific fo. wulnificus); Lane 3: V.
parahaemolyticus (493 bp band specific forVibrio species); Lane 4:V.
parahaemolyticus (409 bp band specific for. parahaemolyticus); Lane 5:V. cholerae

(338 bp band specific fdr. cholerae); Lane 6: DNA blank (ddkD).
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3.3.3 Sequence Analysis

PCR products of 493 bpviprio species), 409 bpv( parahaemolyticus), 338
bp (V. cholerae) and 656 bp\{. vulnificus) were purified and sequenced to verify the
content of the fragments. The sequences obtained ealuated with the published
sequences in GenBank by using standard BLAST seaption. As expected, the
sequences for all amplicons were confirmed to leedisired fragments belonging to

thegyrB andpntA genes oWibrio species

3.34 Optimization of a Multiplex PCR for differentiation of V. cholerae, V.

parahaemolyticus, V. vulnificus, and other Vibrio species

The problem of non-specific bindings was encowtten the first multiplex
optimization. The non-specific amplicon was appneiely 350 bp and the intensity

of the band fol. wulnificus strains tested was higRigure 3.2).

1500 bp
1000 bp

500 bp

200bp

Figure 3.2 First optimization of multiplex PCR for differeati detection ofV.
cholerae, V. parahaemolyticus, V. wulnificus and Vibrio species. Each reaction

containing 1 X buffer, 2.5 mM Mggl 200 uM of each dNTP, 2.5 Urag DNA
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Polymerase (Promega, Madison, USA), @M of each primer, 3 ul (~50 ng) of DNA
template and appropriate dglbl with 5 min of initial denaturation at 9%, followed
by 30 cycles of denaturation, annealing, and eatefor 94C (30 sec), 57C (30 sec)
and 72.0C (1 min), respectively and a final extension at07C for 5 min. All
targeted bands were present but non-specific bamde detected. Lane 1: 100 bp
marker ; Lane 2: DNA blank (dd©) ; Lane 3-4V. parahaemolyticus; Lane 5-6:

V. wulnificus, Lane 7-8V. cholerae; Lane 9.Vibrio species

To overcome this problem, various approaches vaken. One of them was to

increase the annealing temperature t&C58 he concentration of MgeldNTP, and

each primer was also decreased to 2 mM, MGnd 0.3uM, respectively. The result

for the second optimization of multiplex PCR iswian Figure 3.3.
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— §56hp
— 493hp

- 409bp
Non-specific hinding
- J8hp

Figure 3.3 Second optimization of multiplex PCR for differihtdetection ofV.
cholerae, V. parahaemolyticus, V. wulnificus and Vibrio species. Each reaction
contained 1 X buffer, 2.0 mM Mgg&l 160 uM of each dNTP, 2.5 Urag DNA
Polymerase (Promega, Madison, USA), @\ of each primer, 3 ul (~50 ng) of DNA
template and appropriate dglbl with 5 min of initial denaturation at 95, followed

by 30 cycles of denaturation, annealing, and extenfor 94C (30 sec), 58 (30

sec) and 723 (1 min), respectively and a final extension 207C for 5 min. All
targeted bands were present. Non-specific bands stdéirdetected but the intensity of
non-specific bands fdv. vulnificus (lanes 5-6) at ~350 bp was decreased. Lanes 1 and
10: 100 bp marker; Lane 2fibrio species; Lane 3-4V. cholerae; Lane 5-6:V.

vulnificus; Lane 7-8V. parahaemolyticus;, Lane 9: DNA blank (ddkD)

To remove the non-specific bindings, the concdiotma of Tag DNA
Polymerase was decreased to 2.0 U/ml while theadimgetemperature was increased

to 59C. The result for the third optimization of multigl®CR is shown ifrigure 3.4.
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Figure 3.4 Third optimization of multiplex PCR for differeati detection ofV.
cholerae, V. parahaemolyticus, V. wulnificus and Vibrio species. Each reaction
contained 1 X buffer, 2.0 mM Mgg&l 160 uM of each dNTP, 2.0 Urag DNA
Polymerase (Promega, Madison, USA), @\ of each primer, 3 ul (~50 ng) of DNA
template and appropriate dglbl with 5 min of initial denaturation at 95, followed
by 30 cycles of denaturation, annealing, and extenfor 94C (30 sec), 5%C (30
sec) and 72.0C (1 min), respectively and a final extension 207C for 5 min. All
targeted bands were present. The 656 bp band. farnificus was faint. Most of the
non-specific bands were eliminated. Lanes 1 and100: bp marker; Lane 2-3/.
parahaemolyticus; Lane 4-5:V. cholerae; Lane 6-7:V. wulnificus, Lane 8:Vibrio

species; Lane 9: DNA blank (dd@).

To increase the intensity of 656 bp band, the eotration of dNTP was
increase to 20QM. The result for the forth optimization of multgd PCR is shown in

Figure 3.5.
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1500bp
1000bp

300 bp

200hp

Figure 3.5 Fourth optimization of multiplex PCR for differegt detection ofV.
cholerae, V. parahaemolyticus, V. wulnificus and Vibrio species. Each reaction
contained 1 X buffer, 2.0 mM Mgg&l 200 uM of each dNTP, 2.0 Urag DNA
Polymerase (Promega, Madison, USA), M of each primer, 3 pl (<50 ng) of DNA
template and appropriate dglbl with 5 min of initial denaturation at 95, followed
by 30 cycles of denaturation, annealing, and exten®r 94C (30 sec), 5% (30
sec) and 723C (1 min), respectively and a final extension 21007C for 5 min. All
targeted bands were present. Lane 1: 100 bp mdr&ee 2-3.Vibrio species; Lane 4-
5: V. cholerag; Lane 6-7:V. parahaemolyticus; Lane 8-9:V. wulnificus, Lane 10-11:

Vibrio species; Lane 12: DNA blank (dg®i).

Finally, the multiplex PCR was optimized. The ap#ied multiplex PCR
conditions for the simultaneous detection \of cholerae, V. parahaemolyticus, V.
vulnificus and Vibrio species comprised of an initial denaturation df®%or 3 min,
followed by 30 cycles of € for 30 sec (denaturation), ¥ for 30 sec (annealing)
and 72.0C for 1 min (extension), and a final extension at07C for 5 min. One
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reaction of this multiplex PCR contained 1X buff2r) mM MgC}, 200uM of each
dNTP, 2.0 UTaq DNA polymerase (Promega, Madison, USA), @M of each primer

and 3u of DNA ( ~ 50 ng) .

The optimized multiplex PCR was applied on 180issaAll Vibrio species
gave an amplicon size of 493 bp with tip@B primers.pntA primers amplifiedV.
cholerae, V. parahaemolyticus and V. wulnificus at 338 bp, 409 bp and 656 bp,
respectively. The multiplex-PCR targeting bajixrB and pntA genes successfully
identified the 130Vibrio strains (100% detection) and differentiated thaiss intoV.
cholerae (493/338 bp)V. parahaemolyticus (493/409 bp)V. wulnificus (493/656 bp),
andVibrio species (493 bp). All 3Beromonas species were not amplified. However,

oneSalmonella strain and on&. coli strain was also amplified with tlggrB primer.

3.3.5 Senditivity of the multiplex PCR

The sensitivity of thepntA primers evaluated withV. cholerae, V.
parahaemolyticus, andV. wulnificus was found to be 2 x $@fu/mL (10 cfu per PCR),
2 x 10 cfu/mL (10 cfu per PCR), and 1 x 16fu/mL (50 cfu per PCR), respectively.
The sensitivity ofjyrB primers evaluated with. mimicus was 4 x 16 cfu/mL (200 cfu

per PCR).

3.3.4 Comparison of the specificity of gyrB and dnaJ primers

PCR using primers targetindnal gene failed to identify fiveVibrio strains

among the 180 strains in this study and showedtipesamplification for one
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Aeromonas species, oneE. coli, two Salmonella species and onelebsiella
pneumoniae. The gyrB primers were 100% specific as it amplified Hibrio strains.
However, it also amplified on&amonella species and on&. coli strain. The
amplicons for these two strains were sequencedcantirmed as part ofyrB gene.
This may be due to the gene transfer or mutatiorthinvi the family of
Enterobacteriacea. The overall results showed that tlggrB primers were more
specific thandnaJ in Vibrio species detection. The comparison results of b@R P

methods are summarizedTiable 3.2.
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34 Discussion

The multiplex PCR approach developed in this stpdyides an alternative
attempt for wideNibrio species detection including human pathogenic Ugsuch as
V. cholerae, V. parahaemolyticus, V. vulnificus, other predominantly non-pathogenic
Vibrio species. Collagenase-targeted PCR Yoralginolyticus, V. cholerae and V.
parahemolyticus developed by Di Pintet al. (2005) yielded high specificity. However,
that PCR assay did not inclusfevulnificus, an organism of public health concern, and
many otheVibrio species. The PCR developed by Nhehg. (2007) was specific for
pathogenic Vibrios only and could not differentiaien-pathogenic Vibrios including
some non-01/non-0139 serogrodpcholerae. In this studypntA gene was used as a
target forV. parahaemolyticus, V. cholerae and V.wulnificus differentiation and the

usefulness was demonstrated.

Many genes such as 16S rRNApB, dnaJ and other housekeeping genes have
been used for the detection and phylogenetic aisabfsVibrios. Tarret al. (2007)
reported that 16S rRNA is not able to distingudgnomonas from Vibrio species. The
rpoB gene could differentiatéibrio strains up to species level but require furthe’®DN
sequencing of the amplicon. This additional stelifiras the objective of shortening
the detection period. In this study, the usefulnefsgyrB and dnaJ gene forVibrio
species detection was focused and compared. Ovigralprimers targetingyrB gene
as evaluated in this study were more specific ag torrectly identified all 25®ibrio

strains as compared ¢ibaJ primers which fail to detect fivibrio strains.

It is difficult to differentiateAeromonas from Vibrios based on conventional

culture method using selective media such as TCBSHROMagarVibrio. This is
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becauseAeromonas species can grow on the same selective media laack $igh
similarity in genetics, colony morphology and cheahireaction with Vibrios (Di Pinto
et al., 2005). Nonetheless, molecular detection prioistation of Vibrios using
selective media would help to reduce the misidesatiion of nonVibrio species such

asE. coli andSalmonella species (except fakeromonas species).

The multiplex PCR developed in this study couldidguishV. cholerae from
V. mimicus and V. parahaemolyticus from V. alginolyticus. V. mimicus is always
misidentified asV. cholerae as both are genetically similak. mimicus is also
phenotipically similar td/. cholerae especially the atypical non-OA cholerae isolates
which unable to utilize sucrose (Thompsoet al., 2005). Moreover, V.
parahaemolyticus is also frequently misinterpreted ®salginolyticus due to the high
similar genetic content (Trac al., 2007). In this study, the multiplex PCR assay
successfully identified 1¥. cholerae 46 andV. parahaemolyticus while V. mimicus
and V. alginolyticus were identified as/ibrio species. This shows the versatility of

PCR test to distinguish as both species are gatigtamilar.

In conclusion, the multiplex PCR developed in tlgudy was able to
differentiate Aeromonas species fromVibrio species and provides a simultaneous

differential detection of differentibrio species in a single reaction.
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Chapter Four

Comparison of PCR, Biochemical Testsand API 20E for Detection of Aquatic

Vibrio choleraein Malaysia

4.1  Background

Colour-based identification of th&ibrio species on the selective agar is
sometimes inconsistent and dependent on furtherfiro@tion using various
biochemical tests (Ellioet al., 2001; Kaysner and Depaola, 2004). However, these
biochemical tests are tedious and sometimes ubleliAs an alternative method, API
20E was used to identifignterobactereaceae and was reported as the most accurate
and efficient system to identify commonly isolatgukcies olibrionaceae (Overman

et al. 1985).

In order to hasten and improve the identificatioacedures, several molecular
approaches for identification ofibrio species have been proposed recently. A
multiplex PCR approach for differentiation & cholerae, V. parahaemolyticus, V.
vulnificus andVibrio species based @mtA andgyrB genes was developed as described
in Chapter 3. This multiplex PCR could specifically differert#al9V. cholerae from

other strains tested, hence could be usefw/faholerae detection.

The objective of this chapter was to further eveduthe usefulness of the
pntA/gyrB-based multiplex PCR approach for the detectioW.aholerae compared to

API 20E and conventional biochemical tests.
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4.2 Materials and M ethods

4.2.1 Samplescollection and V. cholerae strainsisolation

A total of 100 water samples were collected fravens, coasts, drains, and
ponds in the state of Selangor, Malaysia for aqoemf three months from
September to December 2008. During the same pefitiche, 15 algae samples

were also collected.

Isolation ofV. cholerae was carried out by using modified method of Keymter
al. (2007) and Ottaviarat al. (2009). Briefly, 100 ml seawater was filtered tngb a
0.45 pym membrane (Millipore, USA) and enriched 0ndl of APW (Alkaline Peptone
Water, pH 8.0) for 16 h at 37°C with agitation. Fadgae samples, the homogenate was
directly enriched in 10ml of APW. A loopful of thevernight APW grown culture was
streaked on thiosulfate citrate-bile salts-sucr@¥eBS) agar (Becton Dickinson, NJ,
USA) and incubated overnight at 37°C. The preswepf#-4 mm diameter yellow
sucrose fermenting colonies on TCBS (Becton DiakindNJ, USA) were subcultured
on non-selective agar for further conventional bemical analysis, APl 20E

(Biomerieux, SA, France) and PCR analysis.

4.2.2 Biochemical tests

Based on the study carried out by Choopual. (2002) which described 13
difererent biochemical tests for identification Wf cholerae and the guideline of

isolation from CDC (2006), five tests were selecéed used for identification of.
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cholerae. These tests included salt tolerance, oxidase sestg test, triple sugar iron

(TSI) test and arginine dihydrolase test.

Firstly, the presumptiv¥. cholerae colonies were subjected to the tolerance of
0%, 3%, 6%, and 10% NacCl in triptone broth. Thecuated broth was incubated at
37°C for up to 7 days. Interpretation was basedhenturbidity of the broth. Next,
oxidase test was carried out. For this purpose, dwaps of oxidase reagent were
allowed to absorb on a moistened filter paper. I8icglony of culture was picked and
rubbed onto the moistened filter paper. The charfgeplour due to the reaction was
recorded. Then, string test was performed. Ovetrggbwth of bacteria was suspended
in a drop of 0.5% aqueous solution of sodium debgiate. Any formation of mucoid

‘string’ was recorded.

Triple Sugar Iron (TSI) tests were carried outdetect the acid and gas
production of the isolates. The inoculation wasealby using stab-and-streak technique.
The slant agar (with supplement of 3 % NaCl) wasiirated at 37°C for 24 hours. The
changes of colours of the slant and butt were dezbrFinally, arginine dihydrolase
test was performed. LB broth containing 1% (wt/Molarginine (pH6.8) with phenol
red as indicator was used. After inoculation, thedmm was covered with sterile
mineral oil and incubated for up to seven days. Pphesence of red color in the

medium indicates positive reaction.

4.2.3 API 20E identification

API 20E (Biomerieux, SA, France) identificatiorstevas carried out according

to the manufacturer’s instruction. Briefly, a fresingle colony of bacterial culture on
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non-selective agar plate was inoculated in 5 mD.86% NaCl. The suspension was
distributed into the tube of the strip and fill bostrip and cupule of CIT (citrate
utilization), VP (acetoin production), and GEL (G&inase). The tube for ADH
(argine DiHydrolase), LDC (Lysine DeCarboxylaseD© (Ornithine DeCarboxylase),
H,S (H:S Production) and URE (UREase) were created foerab#sis by overlaying
with mineral oil after filling of the bacterial spension. The strip was placed in the
incubation box which filled with ddyD and incubated at 37°C for 24 h. The next day,
one drop of TDA reagent, JAMES reagent, and VP1/M@& added in TDA, IND and
VP, respectively. The results of all reactions istrg was recorded and analyzed with
apiwed"™ identification software (Biomerieux, SA, FranceBased on the

manufacturer’s instruction, identity of less th&¥8homology is not acceptable.

424 DNA extraction and PCR differentiation of V. cholerae from other Vibrio

species

A loopful of bacterial culture obtained from a lagar plate with 3% NaCl was
suspended in 100 ul dd@. The suspension was boiled at 99°C for 5 minpged
cool on ice, and centrifuged at high speed for & as described i8ection 3.2.3. PCR
targetingpntA andgyrB genes foV. paraharmolyticus, V. cholerae, V. vulnificus and

Vibrio species detection was carried out as describ€thapter 3.
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425 The evaluation of effectiveness of biochemical tests, APl 20E and

pntA/gyrB-based multiplex PCR

ompW-based PCR was developed in 2000 and showed higtifisgy in V.
cholerae identification (Nandiet al., 2000). Hence this PCR assay was performed on
the 37 isolates and used as the standard for s&ys#nd specificity calculations of
biochemical test, APl 20E (Biomerieux, SA, Franeep pntA/gyrB-based multiplex
PCRfor V. cholerae detection. The multiplex PCR was carried out total volume of
25 pl containing 1x PCR buffer, 1 mM MgCK0 uM each dNTPs, 0.3 uM each
primers, ~50 ng DNA template and 0.5 UTafj DNA polymerase (Promega, Madison,
USA). The PCR cycling condition consisted of 95 fi€ 1 min (pre-denaturation),
followed by 30 cycles of 94 °C for 30 sec (dendiorg, 55 °C for 30 sec (annealing)
72°C for 45 sec (extension) and a final extensiori2aC for 8 min. The PCR products
were then electrophoresed on 2% LE agarose gdWwimhours at 100V. The gel was

finally stained with ethidium bromide (0.5 pg/mhdavisualized under UV.

Sensitivity and specificity for each method wakgkated based on Altman and

Bland (1994) with the formula below:

number of true negative

Specificity= — mber of true negative + number of false positive

number of true positive

SeNsItVIty= 1 umber of true positive + number of false positive
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4.3 Results

Out of 100 analyzed water samples, only 27% shqgwedgumptiveV. cholerae
on the selective TCBS agar (Becton Dickinson, NEAY as indicated by the
morphology of the colony which was yellow, flat amgproximately 2-3 mm diameter.
Twenty-nine yellow colonies and four green colon(iggt and 2-3 mm diameter) were
picked and subjected to conventional biochemicsisieAPI 20E (Biomerieux, SA,

France), and PCR confirmatior@s{pW andpntA/gyrB-based).

Out of 15 algae sample, only three were positorepresumptiveV. cholerae
based on the morphology on the selective TCBS &gcton Dickinson, NJ, USA).
Four yellow colonies which were flat and have ~2 diameter were picked for further

screening.

4.3.1 Biochemical Tests

The interpretation of biochemical tests results Wwased on Elliogt al. (2001)
and Choopuret al. (2002). Seventeen isolates were able to growowttiNaCl while
all the isolates were able to tolerate 3%-6% N&@ily seven isolates could tolerate

10% NacCl.

For the string test, one isolate was negative @vml showed fairly weak
reaction to the string test. All isolates were pesifor the oxidase test. For TSI test,
one isolate produced alkaline slant and alkalirte (K), nine produced alkaline slant

and acid butt (K/A) and 27 produced acid slant arid butt (A/A).
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Among the 37 isolates which subjected to the amgirdehydrolase test, six
were observed with colour change in the mediumr ajtee day of incubation. Five
isolates showed colour change in the medium afterdays of incubation. There were

26 isolates which did not show colour change in mhedium after seven days of

incubation.

The biochemical tests results for the 37 isolaressummarized ifable 4.1.

Based on combined biochemical tests, only 17 isslatere identified ag. cholerae.
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4.3.2 API 20E

There were 1&. cholerae identified by API 20E (Biomerieux, SA, France)ttes
with the likelihood values from 82%-99.9%. The ARIE (Biomerieux, SA, France)
also identified fiveV. alginolyticus (97.8%-99.4 %), twd/. parahaemolyticus (97.9%),
one V. mimicus (84.9%), one A. hydrophila (89.8%), and onePasteurella
pneumotropica (87.3%). Three isolates gave likelihood value I|éisan 80%: V.
cholerae (70.3%),V. wulnificus (54.0%) andV. alginolyticus (75.8%). Eight isolates
were not identified but suggested ¥s fluvialis by the software. The API 20E

(Biomerieux, SA, France) results are summarizebable 4.2.

Table 4.2: API 20E ID and percentage of identity of the 3@gumptiveV. cholerae

isolates from water and algae samples.

No Code  for Morphology API20EID % of identity

Isolates on TCBS agar
1 Vib 1/08w  Yellow, flat, 2- 5347124 99.9 %. cholerae
3 mm diameter
2 Vib 3/08w  Yellow, flat, 2- 5045124 88.8 % . cholerae
3 mm diameter
3 Vib 9/08w  Yellow, flat, 2- 5347105 54.0 % . wulnificus
3 mm diameter
4  Vib 10/08w Yellow, flat, 2- 4047124 97.8 W. alginolyticus
3 mm diameter
5 Vib 17/08w  Yellow, flat, 2- 5155124 99.9 %. cholerae
3 mm diameter
6 Vib 77/08w  Yellow, flat, 2- 5145126 91.3 %. cholerae
3 mm diameter
7 Vib Yellow, flat, 2- 4045124 99.3 W. alginolyticus
199/08w 3 mm diameter
8  Vib365 Yellow, flat, 2- 5244144 Possibility of. fluvialis
/08w 3 mm diameter
9 Vib Yellow, flat, 2- 4347124 75.8 W. alginolyticus
370/08w 3 mm diameter
10 Vib Yellow, flat, 2- 5346124 99.6 %. cholerae

374/08w 3 mm diameter
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Vib1114/08 Yellow, flat, 2- 6315124

\W

Vib
3034/08w
Vib
3477/08w
Vib
3577/08w
Vib
4130/08w
Vib
4365/08w
Vib
4370/08w
Vib
4372/08w
Vib
4784/08w
Vib
4888/08w
Vib
4900/08w
Vib
4933/08w

Vib 2P/08w

Vib 3P/08w

Vib B2/08w

Vib B4/08w

Vib H1/08w

Vib
M1/08w
Vib
M2/08w
Vib
GB/08w
Vib
GH/08w

Vib PA/08w

Vib
PSW/08w

Vib 11/08al

Vib 12/08al

3 mm diameter
Yellow, flat, 2- 3047125
3 mm diameter
Yellow, flat, 2- 5257124
3 mm diameter
Yellow, flat, 2- 4344144
3 mm diameter
Yellow, flat, 2- 3315124
3 mm diameter
Yellow, flat, 2- 5515124
3 mm diameter
Yellow, flat, 2- 5347124
3 mm diameter
Yellow, flat, 2- 4045124
3 mm diameter
Yellow, flat, 2- 6315124
3 mm diameter
Yellow, flat, 2- 4155124
3 mm diameter
Yellow, flat, 2- 5244144
3 mm diameter
Yellow, flat, 2- 5346124
3 mm diameter

Yellow, flat, 2- 4355124
3 mm diameter

Yellow, flat, 2- 5147124
3 mm diameter

Yellow, flat, 2- 5045124
3 mm diameter

Yellow, flat, 2- 5255124
3 mm diameter

Yellow, flat, 2- 5315124
3 mm diameter
Yellow, flat, 2- 5245124
3 mm diameter
Yellow, flat, 2- 5045124
3 mm diameter
Green, flat, 2-3 6347124
mm diameter
Green, flat, 2-3 4344144
mm diameter
Green, flat, 2-3 5315124
mm diameter
Green, flat, 2-3 5347124
mm diameter

Yellow, flat, 2- 5347124
3 mm diameter
Yellow, flat, 2- 5144144
3 mm diameter

Possibility of. fluvialis

89.8%
hydrophyla
82.0 % . cholerae

Aeromonas

97.9%

V. parahemolyticus
Possibility of. fluvialis
Possibility o¥. fluvialis
99.9 . cholerae
99.3 W. alginolyticus
Possibility of. fluvialis
99.4%. alginolyticus
Possibility o¥. fluvialis
99.6 W. cholerae
99.1 w. alginolyticus
99.9 . cholerae
88.0 . cholerae
88.8 W. cholerae
Possibility of. flubvialis
91.1 %. cholerae
88.0 . cholerae

70.3%. cholerae
97.9%

V. parahaemolyticus
Possibility o¥. fluvialis
99.9 . cholerae

99.9 %. cholerae

84.9 %/. mimicus
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36 Vib SS/08al Yellow, flat, 2- 5001124 87.3% Pasteurella
3 mm diameter pneumotropica
37 Vib Yellow, flat, 2- 5346124 99.6 W . cholerae
SW/08al 3 mm diameter

4.3.3 gyrB/pntA-based multiplex PCR for detection of V. cholerae

Based on the multiplex PCR targeting gmtA andgyrB genes, only 17 isolates
showed amplification at 493 bp and 338 bp and ifledtasV. cholerae. Besides, two
V. parahaemolyticus and16 Vibrio spp were also detected based on the amplification
493 bp and 409 bp or 493 bp, respectivélgygre 4.1). Two nonVibrio species were

also detected The PCR results are summarizé&cihe 4.3.

K 1T T ] 2 S S BT < e 15 B ] G 17

1500 bp
1000 bp

500 bp

100 bp

Figure 4.1: Representative agarose gel showing the PCR sebaked ompntA and
gyrB gene. Lane 1: 100 bp DNA marker; Lane 2: Mo species (Negative Control)
(no amplification); Lanes 3, 6-8, 13-19ibrio species (493 bp); Lanes 4-5, 9-10, 12
and 16:V. cholerae (493 bp/338 bp); Lane 11/ parahaemolyticus (493 bp/ 409 bp);

Lane 17: DNA blank (ddiD).
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4.3.4 Evaluation of specificity and sensitivity for biochemical tests, APl 20E and

gyrB/pntA-based multiplex PCR

Among the 37 isolates, only 17 showed amplificatad 336 bp in the PCR

based orompW. This showed that only 17 isolates wetecholerae (Figure 4.2).

1112 13 1 AR IS a1 6

1500 bp
1000 Ly

300 bp

100 bp

Figure 4.2: Representative agarose gel showing the PCR sdsatted ommpW gene.
Lane 1: 100 bp DNA marker; Lanes 2-3, 7-9, 11-1@ &5:V. cholerae (338 bp) Lanes
4-6, 10, 13-14: noMibrio species (Negative Control) (no amplification); eah6:

DNA blank (ddHO).

63



Sensitivity and specificity for both conventiondiochemical test and
gyrB/pntA-based PCR were 1.0dble 4.4 andTable 4.5). APl 20E (Biomerieux, SA,

France) was specific (1.0) but less sensitive (0(Pdble 4.5).

Table 4.4 Binary classification table showing the calcudatiof specificity, sensitivity

for biochemical test.

V. cholerae detected (as determined by
biochemical test)

True False

PCR Positive TP FP
Result =17 =0
(ompW) Negative FN TN

=0 =20

Sensitivity Specificity

=TP/ =TN / (FP+TN)

(TP+FN) =1

=1

Table 4.5: Binary classification table showing the calcwdatiof specificity, sensitivity

for gyrB/pntA-based multiplex PCR.

V. cholerae detected (as determined by
gyrB/pntA-based multiplexPCR)

True False

PCR  Positive TP FP
Result =17 =0
(ompW) Negative FN TN

=0 =20

Sensitivity Specificity

=TP / =TN / (FP+TN)

(TP+FN) =1

=1
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Table 4.6: Binary classification table showing the calcwdatiof specificity, sensitivity

for API 20E test.

V. cholerae detected (as determined by API 20E)

True False

PCR Positive TP FP
Result =16 =0
(ompW) Negative FN TN

=1 =20

Sensitivity Specificity

=TP/ =TN / (FP+TN)

(TP+FN) =1

=0.94

4.4 Discussion

V. cholerae is genetically close to otha&fibrio species and live freely in the
aguatic environment and established ecologicatiogiship with the other organisms in
the same habitat. Vibrios have been isolated in saafood, phytoplankton and
zooplankton (Armstronget al., 1998, Dumontet&t al., 2000). The halotolerance of
Vibrio species in the environment indirectly increase plblic health concern as
virulence gene circulation may occurr among théedit species of halophilic Vibrios
(Canigralet al., 2011). Som&/ibrio species are non-halophilic but most species require
salt for growth (Kaysner and DePaola, 2004). Défdr species olibrio require
different salt level for growth buwibrio cholerae is the onlyVibrio spp. which can
tolerate with 0% NaCl. This is an important paraanéor differentiation ol. cholerae

from otherVibrio species.

According to the morphology df. cholerae on the TCBS agar, presumptive

colonies are yellow, flat, and approximately 2-3 ndmmeter. In this study, only
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colonies which showed the expected morphology wsskected for further tests.
Among the 17 confirmed. cholerae based orompW-based PCRpntA/gyrB-based
PCR and conventional biochemical tests, two shogletdacteristic of green, flat and
2-3 mm diameter on TCBS agar (Becton DickinsonUSA). Twenty presumptiv¥.
cholerae as confirmed on TCBS agar (Becton Dickinson, NAU®as notV. cholerae,
but identified as othevibrio species and even nafibrio species. This is in agreement
with Choopunet al. (2002) that the appearance of colony on TCBS pgatuced by
other environmentalibrio species was similar 8. cholerae. According to Di Pintcet

al. (2005), the morphology @eromonas hydrophilla colonies on TCBS was also very
similar with otherVibrio species because high similarity in genetics areimital
reaction was shared. This suggests that the marghadf colonies on the selective
agar is sometimes not reliable and further confions are needed for final

identification.

Based on Choopuet al. (2002), arginine dihydrolase test was useful teet
V. cholerae. However, 26 isolates showed negative result entést in this study and
most of theVibrio species such as cholerae, V. alginolyticus, V. parahaemolyticus, V.
vulnificus, andV. mimicus were negative in the arginine dihydrolase teslidEét al.,
2001; Kaysner and Depaola, 2004). Moreo¥eralginolyticus andV. cholerae shared
the same characteristic in most of the tests. Tilg test which could differentiate
these two bacteria was the tolerance to NacCl. ief,bv. cholerae could grow in the
media with 0% NaCl whileV. alginolyticus could not tolerate 0% NaCl but able to
grow in media with 10% NaCl. This suggests thatabefirmation of bacteria should

not depend on a single biochemical test.
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APl 20E may be easy to perform, however the tamaly not be satisfactory
and the evaluation of biochemical reactions wery gebjective (Nucerat al., 2006;
Chakrabortyet al., 2006). Overmamt al. (1985) had reported that APl 20E was the
most accurate and efficient system to identify camiy isolated species of
Vibrionaceae compared to APl RapidE and APl RapidNFT althougévipus study
had shown that the accuracy of identification usthi test strip was only 88%
(Holmes et al., 1978). Misidentification by APl 20E is also noew Several
misidentification cases using APl 20E had been ntedoby O’haraet al. (2003) and
Chakrabortyet al. (2006). However, there was no misindentificatiérvVocholerae in
our study. One isolate was identified\Ascholerae at a low likelihood value (70.3%),
but was confirmed a¥. cholerae by biochemical testsgyrB/pntA-based PCR and

ompW-based PCR.

The gyrB/pntA-based multiplex PCR was repeated twice and simésaults
were obtained. The results obtained gyB/pntA-based multiplex PCR was in
concordance with the results showed dmgpW-based PCR. This indicates the high
specificity of the gyrB/pntA-based multiplex PCR inV. cholerae detection.
Furthermore, this multiplex PCR could also diffdrate V. cholerae from other
isolates such ag. parahaemolyticus, Vibrio species and noitbrio speciegyr B/pntA-
based PCR was also more rapid as it took only thoees to confirm the identity of a
presumptive colony on non-selective agar companethé conventional biochemical

tests (7 days) and API 20E (2 days).

Based on the sensitivity and specificity resutischemical tests are useful for
confirmation of the bacterial isolates althoughytmequire longer experimental time

and is tedious when compared to multiplex PCR. dltfh biochemical tests were
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laborious, the result was more reliable than APE.28PI 20E was specific, but not
sensitivite enough to identify. cholerae due to the subjective interpretation of color

change in the reaction.

In conclusion, PCR remains the best detectiademntification method in terms
of specificity, sensitivity, ease of operation addration. The results obtained also
showed that the optimized conditions fr B/pntA-based multiplex PCR i€hapter 3

were robust and stable.
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Chapter Five

Development of a Multiplex PCR for Biotyping, Serogrouping and

Virulotyping of Vibrio cholerae

5.1 Background

Both Classical and EI Tor biotypes ®f cholerae O1 were responsible for
diarrhea in humans and were associated with thth saxd seventh pandemics,
respectively (Singlet al., 2001; Danin-Polegt al., 2007). The two biotypes can be
differentiated conventionally based on the phenotypraits. More recently,
comparative genomic analysis had revealed the tiaigof different genes in these
two biotypes such adlyA, ctxB, tcpA, andrtxC (Alam et al., 1988; Safaet al., 2006;
Raychoudhuret al., 2009). After the emergence \éfcholerae O139 which caused a
major outbreak in India in 1992, 0139 serogroup/otholerae began to spread to
other neighboring countries, especially in the amdsubcontinent (Danin-Polegal.,
2007; Faruqueet al., 1998).V. cholerae 0139 was believed to be the result of
horizontal gene transfer from serogroup O1 to ndmGN-0139 (Faruquet al., 2004;
Singhet al., 2001). This serogroup appeared to be as virasril Tor O1 serogroup

as they share the same virulence genes (&atk 2001).

Strains of V. cholerae non-O1/non-O139 are frequently isolated from
environmental sources which are generally non-enig as virulence genes for
colonization are absent in this group of organi¢Bisghet al., 2001). However cases
of diarrhea caused by. cholerae non-O1/non-0139 have been reported and this

suggests that the environmental strains which ezsumed to be non-toxigenic may
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cause colonization as these strains are potersatvoirs for virulence genes (Urea

al., 2003).

Identification of clinical and environmental strairof V. cholerae in
Malaysia usually involves biochemical tests, folemivby PCR detection dbxR
gene and agglutination test for serogrouping (Céteal., 2004). A rapid PCR
approach for specific identification ® cholerae usingompW gene was reported
by Nandiet al. (2000) while Hoshint al. (1998) introduced a PCR approach for
differentiation of V. cholerae O1 and O139 serogroups based arsh complex
Many of the current PCR approaches targetctk& andtcpA genes for the rapid
identification of toxigenicV. cholerae (Alam et al., 2006; Chenet al. 2004;
Hoshinoet al., 1998; Mantriet al., 2006; Nandiet al., 2000), but non-toxigenic

strains which lack of virulence genes might notleeected (Dalmassa al., 2009).

The environmental sources remain a reservoir foramety of V. cholerae
strains harbour different virulence profiles (Colwet al., 1994). The virulence genes
carried will determine the ability of colonizatiavhen the cells enter the host. Since
pathogenic strains &f. cholerae evolved from nonpathogenic environmental strains,
is important to identify intermediate strains thae likely to carry some of the

virulence-related genes (Rahmeiral., 2008).

The main objective of this Chapter was to develapCR for simultaneous
identification of biotypes, serogroups and virulemenes harboured h cholerae

strains.
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5.2 Materialsand methods

5.2.1 Bacterial strainsand template preparation

Fourty-threé/. cholerae strains were used in this study: 19 were colbkcte
from Institute for Medical Research (IMR), Malaysseven were retrieved from
the culture collections of The laboratory of Bionwad Science and Molecular
Microbiology (LBSMM), University of Malaya, and semteen were isolated as
previously described i€hapter 4. The strains are listed lppendix A. Two O1
V. cholerae (ElI Tor and Classical biotypes) and one 0139 serqy reference
strains from the National Institute of Cholera aBdteric Diseases (NICED),

Kolkata, India were used as control strains in stigly.

DNA templates for PCR were prepared as previouscdbed inChapter

3, Section 3.2.3.

5.2.2 Primer design for hlyA gene

Based on the sequences retrieved from the Genlf&dcession no:
AE003853.1, AY427780.1, and CP000626.1), a paprishers targeting thblyA gene
was designed using Primer 3 program (Rozen andekgl 2000) in this study.

Initially, an in-silico-PCR littp://insilico.ehu.es/PCRwas carried out to test the

specificity of the designed primerslyA 1, andhlyA 2), followed by evaluation with a

panel of strains including. cholerae, Vibrio species, and nonVibrio species

Monoplex PCR was also carried out fdyA primers using N16961 and 569B

as template in a single tube containing 1x PCRdoufft mM MgC}, 40 uM each
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dNTPs, 0.3 uM each primers, ~50 ng DNA template @l U of Tag DNA

polymerase (Promega, Madison, USA). The PCR cyatmudition consisted of 95°C
for 1 min (pre-denaturation), followed by 30 cycl&#s94°C for 30 sec (denaturation),
57°C for 30 sec (annealing) 72°C for 1 min (extengiand a final extension at 72°C

for 8 min.

The PCR products were analyzed by a 1% (w/v) LErasga gel and
electrophoresed at 90V in 0.5 X TBE buffer. The wak then stained with ethidium
bromide (0.5 pg/ml) and visualized with Gel Doc XBio Rad, Hercules, CA) as

described irChapter 3, Section 3.2.5.

DNA was extracted from gel as describedGhapter 3, Section 3.2.6. The
extracted DNA was sent to a laboratory' Base, Seri Kembangan, Malaysia) for

sequencing together with the PCR primers.

5.2.3 Conventional Voges-Proskauer (VP) test and Agglutination test

Voges-Proskauer (VP) test was performed as destiibKayet al. (1994)
with minor modification. Briefly, a bacterial colgrwas inoculated into MRVP
broth with 1% NaCl and incubated 24 hours. The maxt, 0.6 ml ofa-naphthol
and 0.2 ml of 40% potassium hydrochloride KOH (WitB% creatine) were added
into 1 ml of culture. The production of red coloithin 5-30 min indicates
positive reaction while yellow to orange or no coldevelopment indicates

negative reaction.
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Difco Vibrio cholerae Antiserum Poly (Becton Dickinson, NJ, USA) was
used to screen possible @1cholerae isolates. The antiserum was reconstituted
by adding 3 ml of sterile 0.85% saline. Firstly,deop of the antiserum was
dispensed on an agglutination slide. Then, a IdopfW. cholerae colony was
transfered to the drop of antiserum and mixed thginty. Next, the slide was
rotated for 1 min and read for agglutination. Stsaivhich do give negative result
in agglutination test were sent to Institute fordal Research, Kuala Lumpur for

serogroups determination.

5.2.4 Optimization of multiplex PCR based on hlyA, ompW, toxR, tcpl, CtxA,

and orf complex markers

ThehlyA primers designed in this study were combined \iita other pairs
of primers described in previous studi&silfle 5.1) to form a multiplex PCR targeting
ompW, toxR, tcpl, ctxA, and orf complex. Various conditions such as annealing
temperatures and concentration of primers were fieddio obtain specific, unique
amplicons. Once the multiplex PCR conditions wedinoized, the assay was

evaluated with all the strains.

The PCR products were analyzed by a 2.5% LE aga@elsand electrophoresed
at 90V in 0.5 X TBE buffer. The gel was then stdingith ethidium bromide (0.5
pg/ml) and visualized with Gel Doc XR (Bio Rad, Edes, CA) as described in

Chapter 3, Section 3.2.5.
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5.25 Senditivity of the multiplex PCR

Sensitivity test was performed using bacterial ddutions of reference
strains N16961, 569B and SG24 as describe@Ghapter 3, Section 3.2.9. The

multiplex PCR was carried out under optimized ctiadiin Section 5.2.3.

53 Results

5.3.1 Specificity of the hlyA primer

An in-silico PCR performed using all the public domain avada¥lbrio
species resulted in two amplicons, 255 bp and 244 bp fatywes El Tor and

Classical, respectively. No amplification was fddar nonV. cholerae strains.

In in-vitro PCR, a slightly smaller band ~240 bp was obsefeelassical
569B strain Figure 5.1). Strains other thawW. cholerae had no amplification.
Sequence analysis of the amplicons for ClassicaB5&nd EI Tor N16961 were
aligned using Bioedit sequence alignment editon{all, CA) and the similarity
was found to be 0.945. However, 11 bp deletionsevedrserved in the Classical
569B strain. This observation is in concordancehwite report from Rader and

Murphyet al. (1988) Figure5.2).
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255bp

244 bp

Figure 5.1 Monoplex PCR targeting El Tor and ClassioblA gene. Lane 1: 100 bp
marker; Lane 2: El Tor OV. cholerae (N16961); Lane 3: Classical. cholerae
(569B); Lane 4. O13Y¥. cholerae (SG24); Lane 5-9V. cholerae strains; Lane 10:

DNA blank (ddHO).
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10 20 30 40 50
El Tor TGACAGCACG GGRACCGGCA TTICATCTGAA TGATCAACIC GGTTAICGIC
Classical ----- GIGCG GGGGC-GGCA TC--TCTGA- TG-TCA-CIC GGITAICGIC

60 10 80 90 100
El Tor BRTTTGGAGC CAGITATACG ACGITAGATG CCTATTTCCG TGAGIGGICA
Classical  AGITTGGAGC CAGITATACG ACGTTAGATG CCTATTICCG TGAGIGGICA

110 120 130 140 130
El Tor ACCGATGCGA TTGCCCAAGA TTATCGCTIC GIGTTTAACG CATCGAACAA
Classical  ACCGATGCGA TTGCCCAAGA TTATCGCTIC GIGITTAACG CATCGAACAA

160 170 180 130 200
El Tor TAAAGCGCAG ATCCTGAZAA CCTTTCCTGD CGATAACATT AACGAGARAT
Classical  TARAGCGCAG ATCCTIGAARA CCTTTCCTGI CGATAACATT AACGAGARAT

210 220 230
El Tor TTGAGCGCAR AGAGRTTICA GGTTTTGAGC TTGGG.
Classical  TTGAGCGCAR AGAGGITICA GGTTTTGAGC TTGGG.

Figure 5.2. Sequence alignment for théy/A amplicons of El Tor and Classical strains.

11 bp deletions were found in Classical strains.
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5.3.2 Biotypesand serogroups deter mination

All strains showed positive reaction for VP teskcept for the control
Classical strain and two strains tested (17/08B2/@8). Twenty-thred/. cholerae
strains showed positive reaction in the agglutoratest while 20 strains were sent
to Institute for Medical Research for serogrouptedeination. As a result, one of
the strains was defined as O13%holerae and the rest were non-O1/non-OM39

cholerae. The results are summarizedlinble 5.2.

5.3.3 Multiplex PCR for biotyping, serogrouping and virulotyping

Two problems were encountered in the first optitmaraof multiplex PCR.
Firstly, the targeted 862 bp band fopl was absent. Secondly, non-specific band
was detected at approximately 500 bp. The gelifst dptimization is shown in

Figure5.3.
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— 779 bp
— 564 bp
- Non-specific Binding
— 449 bp
— 336 bp
- 255bp
244 bp
- 192 bp

Figure 5.3 First optimization of multiplex PCR for biotypingerogrouping and
virulotyping. Each reaction contained 1 X buffels ,aM MgChb, 200uM of each
dNTP, 2.0 UTaq DNA Polymerase (Promega, Madison, USA), ANd of each
primer, 3 pl (~60 ng) of DNA template and appro@iddHO with 5 min of
initial denaturation at 9%, followed by 30 cycles of denaturation, annealiug
extension for 94C (30 sec), 5% (30 sec) and 72C (1 min), respectively and a
final extension at 722 for 5 min. The 862 bp band ftapl gene was absent and
non-specific bands were detected. Lanes 1 and @ bpOmarker; Lane 2: El Tor
O1V. cholerae (N16961); Lane 3: Classic&l cholerae (569B); Lane 4: O13Y¥.
cholerae (SG24); Lane 5: non-O1/non-0138 cholerae; Lane 6. DNA blank

(ddH,0).

To overcome these problems, various approaches taken. The concentration
of Tag DNA Polymerase and template were increased to WAl and 100ng,
respectively. The result for the second optimizatid multiplex PCR was shown in

Figure5.4.
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- 862bp

1500 bp _ 779bp

1000 bp -~ 564 bp
——— Non-specific Binding

500 bp — 44y

— 336bp

_ 255bp

- 244bp

— 192h

200bp E

Figure 5.4 Second optimization of multiplex PCR for biotypjngerogrouping and
virulotyping. Each reaction contained 1 X buffer> 2nM MgChL, 200 uM of each
dNTP, 2.5 UTaq DNA Polymerase (Promega, Madison, USA), 0\ of each primer,
5 upl (=100 ng) of DNA template and appropriate gdHwith 5 min of initial
denaturation at 9&, followed by 30 cycles of denaturation, annealaxgd extension
for 94°C (30 sec), 58 (30 sec) and 722G (1 min), respectively and a final
extension at 72 for 5 min. All targeted bands were present amatsyecific bands
were detected. Lanes 1 and 7: 100 bp marker; LakéTor O1V. cholerae (N16961);
Lane 3: ClassicaV. cholerae (569B); Lane 4: O13Y. cholerae (SG24); Lane 5: non-

01/non-0O13Y. cholerae; Lane 6: DNA blank (ddkD).

To eliminate the non-specific binding, the concatmbn of MgCh was
decreased to 2.0 mM while annealing temperatureima@eased to 5€. The result

for the second optimization of multiplex PCR iswsinan Figure 5.5.
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1500 bp — 862bp
1000 bp _ 770bp
_ 564bp
! — 449 bp
500 bp = G
- 235bp
244 bp
200bp 192 bp

Figure 5.5 Third optimization of multiplex PCR for biotypingserogrouping and
virulotyping. Each reaction contained 1 X bufferQ 2nM MgCh, 200 uM of each
dNTP, 2.5 UTag DNA Polymerase (Promega, Madison, USA), 0\ of each primer,
5 upl (=100 ng) of DNA template and appropriate gdHwith 5 min of initial
denaturation at 9&, followed by 30 cycles of denaturation, annealaxgd extension
for 94°C (30 sec), 5% (30 sec) and 72C (1 min), respectively and a final
extension at 72 for 5 min. All targeted bands were present andtnod the non-
specific bindings were eliminated. Lanes 1 and0R lp marker; Lane 2: El Tor O4
cholerae (N16961); Lane 3: Classical. cholerae (569B); Lane 4: O13¥. cholerae

(SG24); Lane 5: non-O1/non-0O1%9cholerae; Lane 6: DNA blank (ddkD).

Finally, the multiplex PCR for biotyping, serogmng and virulotyping was
optimized. The optimized conditions comprised ofratial denaturation of 9% for 5
min, followed by 30 cycles of 9€ for 30 sec (denaturation), ¥9 for 30 sec
(annealing) and 72:C for 1 min (extension), and a final extension 2i107C for 7

min. One reaction of this multiplex PCR contairiedi buffer, 2.0 mM MgC4, 200

81



UM of each dNTP, 2.5 U DNA polymerase (Promega, Mawdj USA), 0.3uM of

each primer and of DNA (~ 100 ng) .

The optimized multiplex PCRwas applied on 43 sgaollected and isolated in
Malaysia. Among the panel of 43 strains tested, singin was subtyped as 0139
serogroup, 19 strains were non-O1/non-0139, thewere subtyped as O1 serogroup,
with 18 strains harboring toxigenic gerntegR (779 bp),ompW (336 bp),hlyA (~250
bp), ctxA (564bp) andcpl (862bp). One strain lackexxA andtcpl gene. Results are

summarized imMable5.2.

82



€8

LVX0 L dor %01 (TO) dg 26T (JoL 3) dg 552 + 1O (toL3) + + v0/TC
LVX0 L dor %o (TO) dg 26T (JoL |3) dg g5 + 1O (toL3) + + 80/0T
LVX0 L dor %01 (TO) dg 26T (JoL |3) dg g5 + 1O (1oL 3) + + 80/6
LVX0 L dor %01 (TO) dg 26T (JoL |3) dg g5 + 1O (1oL 3) + + 80/9
LVX0 L dor %01 (TO) dg 26T (JoL |3) dg g5 + 1O (1oL 3) + + 80/%
Lvx L 1dor yxor  (6€TO) dg 611 (JoL |3) dg g5 + 6E€TO (toL3) + + v29S
LV 1dor yxor  (TO) da 26T (leaisse|d) dg ve + 1O (ledisse|Q) - + 4695
LVX0 L 1dor %01 (TO) dg Z6T (Jol |3) dg 552 + 10 (Jol|3) + + T969TN

(uoneulwiaap ( 421deyd ul

(uoneulwiaiap (uoneulwurap
(uoneulwiaap (Geloyo  sdnoibolas) pagliosap Ssy)
sadAl01q) sadAj019)
sdnoiboias) ‘A 1s9] uoneulw.iaep
souab aoua|nIIA x9|dwo9 JIo VAl Mdwo uoneunn|bby 1531 dA 9eB[OYd ‘A  9po2d
poyIsN 4Od xadnniy SPOYISIA [euOilUBAUOD suleis
‘geR|oyo @ Buidnoibolias ‘BuidAiolg oHXa|dnnw pue poylaw [eUONUSAUOD JO uosuedwo)  Z'Ga|gel



V8

+

+

+

+

+

+

+

+

+

+

+

+

+

HCORRSIO)
VX0 *, 1d9} * 4X0}
VX0 *, 1d9) * 4X0}
VX0 *,1d9) * 4X0}
VX0 *,1d9) * 4X0}
VX0 *, 1d9) * 4X0}
VX0 *, 1d9) * 4X0}
VX0 *,1d9) * 4X0}
VX0 *,1d9} * 4X0}
VX0 *,1d9} * 4X0}
VX0 *,1d9) * 4X0}
VX0 *, 1d9) * 4X0}
VX0 *, 1d9) * 4X0}
VX0 *, 1d9) * 4X0}

,dX0l

VN
(To) da z6T
(To) dg z6T
(To) dg z6T
(TO) dg z6T
(To) dg z6T
(To) dg z6T
(TO) dg z6T
(TO) dg z6T
(TO) dg z6T
(TO) dg z6T
(To) dg z6T
(To) dg z6T
(To) dg z6T

(TO) dg g6T

(1oL 3) dg G5¢
(1oL 3) dg G5¢
(1oL 3) dg G5¢
(1oL 3) dg GS¢
(1oL 3) dg GS¢
(1oL 3) dg g5¢
(1oL 3) dg G5¢
(1oL 3) dg g5¢
(1oL 3) dg g5¢
(1oL 3) dg g5¢
(1oL 3) dg g5¢
(1oL 3) dg gG¢
(1oL 3) dg g5¢
(1oL 3) dg g5¢

(1oL [3) dg G52

-UoU/TO-UON

10

10

10

10

10

10

10

10

10

10

10

10

10

10

(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +
(1oL 3) +

(1ol 13) +

+

80/0T¢E

80/€CT

80/06

80/88

80/.8

80/0L

80/99

80/99

80/19

80/€9

80/¢S

¥0/01

¥0/8€

v0/LE

¥0/SE




S8

LVX0 ¢, 1doy ‘X0l

LVX0 ¢, 1doy ‘X0l

X0}

X0}

X0}

X0}

X0}

X0}

(TO) dqg g6T

(TO) dqg g6T

VN

VN

VN

VN

VN

VN

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL 3) dg G52

(1oL 3) dg G52

10

10

6€ETO

-UoU/TO-UON

6€ETO

-UOU/TO-UON

6€ETO

-UOU/TO-UON

6€ETO

-UoU/TO-UON

6€TO

-UOU/TO-UON

6€ETO

-UOU/TO-UON

6€ETO

(ol 13) +

(ol 13) +

(ol 13) +

(ol 13) +

(ol 13) +

(ol 13) +

(1ol 13) +

(ol 13) +

+

+

+

80/€

80/T

80/58

80/¥78

80/€8

80/¢8

80/18

80/€€6




98

+

+

L4x0]

X0}

VX0 *,1d9) * 4X0}

X0}

VX0 *, 1d9) * 4X0}

,1do1* %0l

X0}

X0}

,4X0]

VN

VN

(TO) dqg g6T

VN

(6£T0) dg 6171

VN

VN

VN

VN

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(jeaisse|D) dq v

(1oL [3) dg G52

(jeaisse|D) dq v

(1oL [3) dg G52

+

+

+

+

-UoU/TO-UON

6€ETO

-UoU/TO-UON

10

6€ETO

-UoU/TO-UON

6€ETO

6€ETO

-UOU/TO-UON

6€ETO

-UOU/TO-UON

6€ETO

-UoU/TO-UON

6€ETO

-UoU/TO-UON

(ol 13) +

(fedisse|D) -

(ol 13) +

(ol 13) +

(ol 13) +

(ol 13) +

(ol 13) +

(ol 13) +

(fedisse|Q) -

80/vd

80/¢d

80/d€

80/€E6Y

80/0LEY

80/LLVE

80/v.LE

80/LL

80/LT




L8

dnoiboias gETO-UoU/TO-uou = uonedydwy ou = N

L4x0]

LVX0 ¢, 1doy ‘X0l

L4x0]

X0}

X0}

X0}

VN

(TO) dqg g6T

VN

VN

VN

VN

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL [3) dg G52

(1oL 3) dg G52

(1oL 3) dg G52

6€ETO

-UoU/TO-UON

10

6€ETO

-UoU/TO-UON

6€ETO

-UoU/TO-UON

6€TO

-UOU/TO-UON

6€ETO

-UOU/TO-UON

6€ETO

(ol 13) +

(ol 13) +

(1ol 13) +

(ol 13) +

(1ol 13) +

(ol 13) +

80/MS

80/TT

80/MSd

80/d9

80/ZIN

80/TIN




5.34 Senditivity of the multiplex PCR

The sensitivity of the multiplex PCR using 10 faldutions of strains
N16961, 569B, and SG24 was averaged at 7 X dfd/ml (equivalent to

approximately 210 cfu per PCR).

5.4 Discussion

Isolation, detection and confirmation of. cholerae by conventional
methods are complicated. cholerae is genetically closely related to othédibrio
species andAeromonas species. Therefore, ambiguous identification using
biochemical tests occur frequently. Moreover, toenmercial antisera are only
available for O1 and O139. cholerae (Nandiet al., 2000). In the present study,
VP test was used for biotyping. Three strains waassified as Classical strains
based on VP test. However, the results did not 166fcurred with PCR as one
of the strains which gave negative result in VPt siplified ElI Tor hlyA.
Moreover, a strain which amplified Classi¢dyA was detected as El Tor variant
by VP test. Notwithstanding, biotyping is not apmiate for non-Ol1 strains

including 0139 based on Kayal. (1994) as variable results will be obtained.

There is a lot of interest by scientists to imgran the detection system.
Nandiet al. (2000) reported a PCR assay for detectioangdW, rfb complex, and
CtxA, which was adopted by Alast al. (2006). Cheret al. (2004) reported a PCR
targeting therfb complex and virulence genes ¥Yf cholerae. A septaplex PCR
was developed by Mantgt al. (2006) for the same purpose. These PCR assays

differentiatedV. cholerae, serogroup 01/0139, and virulence genes baseitixan
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andtcpA. However, other important virulence-associatetegesuch awxR, hlyA,

tcpl were not includedin the present studytcpl was used as the marker for
detection of colonization factor. THepl gene is associated with the synthesis of
tcpA and may function as a regulator to determine tih@élence ofV. cholerae
pathogenecity island (VPI) (Farugeeal., 1998) andcpl is included in the panel
of virulence genes. To detect the major colonizatiactor and cholera toxin
production, botlctxA andtcpl should be combined. Therefore, this PCR would be

useful for targeting potential toxigenic strainsvotholerae.

Although the Classical biotype was responsibletiigr sixth pandemic and
superseded by EIl tor biotype O1 and 0139, it iemimlly concealed in the
environment and the risk of being infected by thistype remains due to
horizontal gene transfer (Saliehal., 2005). Riveraet al. (2001) proposed a set of
modified hlyA primers which enable biotype identification. Thepamers
produced 481bp/738bp bands for El Tor and a 727dpd for ClassicaV.
cholerae. The sizes of these amplicons were not suitablddoused in the
multiplex assay in this study as it would be difficto differentiate from théoxR
band (779 bp) and 0139 band (449 bp), hence, d paweof primers ohlyA for
the detection of ElI Tor and Classical biotypes wi@signed so that all the
amplicons could be detected easily. TdeB andtcpA could be the marker for
biotype differentiation, but there are toxigenicaron-toxigenic strains which do
not harbour these two genes (Farugual., 2004; Dalmasset al., 2009). In this
study, one of the/. cholerae was confirmed as El Tor O1 by PCR but did not
harbour virulence genes. This indicates the ingmmiteness of virulence genes as

specific marker for biotyping in PCR. However, radaional Classical strain was
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isolated and the efficiency of the multiplex PCR Iidotyping was not able to be

further validated.

By using this multiplex PCR, the time required ietefmining the biotype
and serogroup o¥. cholerae from a presumptive culture was about four hoars a
compared to other conventional methods (biochentiesis, API kit, and sera
agglutination) which require about four days fomfmonation. In addition, this
multiplex PCR assay provided further information thke carriage of virulence
genes. All strains were tested with monoplex PCRrieethe multiplex PCR were
carried out to ensure the specificity of the mildtqoPCR. The results for the
multiplex PCR developed in this study were repraolec However, molecular
approach cannot replace conventional method asiresltare still needed for

further testing such as determination of antibiotgga

In conclusion, the multiplex PCR developed in thadg provided an
alternative and easier method for rapid identifaatof toxigenic and non-
toxigenic V. cholerae with different serogroups and might complement the

traditional biochemical tests.
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Chapter Six

Comparison of PCR-based Finger printing for Relatedness Study of

Vibrio cholerae

6.1  Background

Studies on the genomic variation and molecularespidlogy of O1 and 0139
V. cholerae are usually carried out to track sources and spoédhe pathogen (Ravi
Kumar et al., 2007). PCR-based DNA fingerprinting approacheshsas arbitrarily
primed PCR, Box-PCR, random amplified polymorphicNA (RAPD)-PCR,
enterobacterial repetitive intergenic consensusuesstp (ERIC)-PCR, repetitive
extragenic palindromic (REP)-PCR have been usedstiody epidemiological
relationship amony. cholerae isolates (Riverat al., 2001; Singhet al., 2001; Thong
et al., 2002). Although these methods are occasionallypo@sted with poor
reproducibility and low discriminatory ability, thee are reports of the usefulness of
RAPD-PCR, ERIC-PCR, and REP-PCR to differentiatagenic and non-toxigenic
(Castanedaet al., 2005) or serogroups of. cholerae isolates (Chakrabortgt al.,

2000).

A relatively new approach, cholerae Repeats PCR (VCR-PCR) developed by
Tokunagaet al. (2010) was reported to be useful for differentigli/. cholerae strains
from different geographic regions and serogroupss Tethod targets the interspatial
region of the repetitive sequences of the integstand inV. cholerae. However, this
was only tested on a panel of toxigenic O1 El Trodt ©139V. cholerae (Tokunageet

al., 2010).
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Hence in this study, the relatedness of M3cholerae strains of different
serogroups was investigated by using RAPD-PCR, HRIR, REP-PCR and VCR-
PCR. The discriminatory ability, typeability, sthlyi and reproducibility of RAPD-

PCR, ERIC-PCR, REP-PCR, and VCR-PCR were compared.

6.2 M aterialsand M ethods

6.2.1 Bacterial Strains

Strains used in this Chapter were previously deedrinChapter 5 and listed

in Appendix A.

6.2.2 DNA preparation for PCR

DNA preparation was carried out as describe@hapter 3, Section 3.2.3.

6.2.3 Random Amplified Polymorphic DNA (RAPD)-PCR

RAPD-PCR was performed using a single primer 138AACGCGCAAC) as
described in Chakrabortgt al. (2000) with minor modification. A PCR mixture
contained 1x PCR buffer, 3 mM MgCR0O0 uM each dNTP, 1.0 uM primer, 2Tdq
DNA polymerase (Promega, Madison, USA) in a tetalume of 25ul. The PCR

program was set at 94 °C, 5 min for initial denati@n, followed by 45 cycles of 94 °C
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for 1 min; 36 °C for 1 min; 72 °C for 2 min, andeoaycle of final extension step at 70

°C for 10 min.

6.2.4 Enterobacterial Repetitive I nter genic Consensus sequence (ERIC)-PCR

The ERIC-PCR was performed in a volume of 25 ingidx PCR buffer, 1.5
mM MgCl,, 125 uM each dNTP, 1.0 uM each primer, 2.9ad) DNA polymerase
(Promega, Madison, USA). The primers used were HERIC (5-
ATGTAAGCTCCTGGGGATTCAC?) and ERIC2 (5'-
AAGTAAGTGACTGGGGTGAGCG3') (Versalovic et al. 1991The PCR program
consisted of an initial denaturation of 95°C forntin, followed by another 35
amplification cycles of 92°C for 45 sec, 52°C fomin, 70°C for 10 min and a final

extension at 70 °C for 20 min.

6.2.5 Repetitive Extragenic Palindromic (REP)-PCR

REP-PCR was performed using REP primer (5-GCG AC& TGC GGC
ATT-3’) as previously described in Navehal. (1999). PCR was carried out in a total
of volume of 25ul containing 1X buffer, 2.5 mM MgGJ| 50 uM of each dNTPs, 0.6
uM of primer, 1.0 UTag DNA polymerase (Promega, Madison, USA). The PCR
program consisted of an initial denaturation ofmi#h at 94°C, followed by 35 cycles of

94°C for 1 min, 42°C for 1 min, 68°C for 8 min amfinal extension of 8 min at 72°C .
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6.2.6 Vibrio cholerae Repeats (VCR)-PCR

VCR-PCR was carried out as described by Tokuregh (2010) with a minor
modification in PCR condition. Briefly, the PCR rhixe (25 pl) contained 1 X buffer,
25 mM MgCh 50 uM of each dNTPs, 0.5uM of primer (VCR-5
TCCCTCTTGAGGCGTTTGTTAC; VCR-3' AGCCCCTTAGGCGGGCGTH), 1.5
U Taq DNA polymerase (Promega, Madison, USA). The P@Ry@mam consisted of 25

cycles of 94°C for 30 sec, 65°C for 30 sec, an@ 7@f 3 min.

6.2.7 Analysisof PCR amplicons

The amplicons generated by RAPD-PCR, ERIC-PCR, RER- and VCR-
PCR were electrophoresed on a 1.2% (w/v) agarosat@® V for 6 hours. A 1 kb
DNA marker (Promega, Madison, USA) was used asrbkecular size standard. The
gels were stained with ethidium bromide (0.5 pg/antd then visualized by a Gel
documentation (Bio-rad, Hercules, CA) system a<masd in Chapter 3, Section

3.2.5.

6.2.8 Analysisof Fingerprinting Patterns

Banding patterns generated by RAPD-PCR, ERIC-PER-RCR and VCR-
PCR were analyzed with BioNumerics 6.0 (Applied MatKortrijk, Belgium). All the
PCR fingerprints profiles were assigned arbitrargsignation. The quantitative

differences among the profiles were defined byDiee coefficient, F. Cluster analysis
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was carried out based on the unweighted pair gvatiparithmetic averages (UPGMA)

using the position tolerance of 0.15.

6.2.9 Comparison of PCR-based finger printing methods

The typeability, reproducibility, stability, andsdiriminatory power of RAPD-
PCR, ERIC-PCR, REP-PCR and VCR-PCR were comparseddban the fomulars
described in Castane@fal. (2005) and Hunter and Gaston (1988). The analyas

repeated three times on different days using fygstdpared DNA templates.

6.3 Results

6.3.1 RAPD-PCR

RAPD-PCR subtyped the 48. cholerae strains into 38 profiles (F=0.4-1.0)
consisting of 14 to 24 bands ranging from 250 bpG00 bp Figure 6.1). The banding
patterns were reproducible for all except fouriegavhich showed the same banding
pattern in two out of three repeated tests. Twoomelusters (RAPD1 and RAPD?2)
were observed at the similarity of 80%idure 6.2). RAPD1 comprised of 14 O¥Y.
cholerae strains isolated from human stool (2004 and 2@08&) water (2008). On¢.
cholerae strain isolated from human stool (66/08) showedes®anding pattern with
two strains isolated from water (88/08 and 90/@®)ur V. cholerae strains isolated
from human stool (three isolated in 2008 and on20i¥) also shared the same profile

in this cluster.
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RAPD2 was composed by six non-O1/non-0139, one @i ane O139V.
cholerae strains. All the strains were isolated from watdgae and seafood. Strain
6/08 (O1 serogroup) was distinctly different frotth the strains with similarity less

than 50%.

1 2 3 4 5 6 7.8 9.10 1112 13 14 15 16 17 18 19 20

2000 bp
1000 Lp

S00bp

Figure 6.1 Representative agarose gels of RAPD profile¥.afholerae strains using

primer 1281. Lanes 1 & 20: 1kb DNA marker; Land /08 (O1); Lane 3: 64/08 (O1);
Lane 4: 87/08 (O1); Lane 5: 1/08 (O1); Lane 6:183/01); Lane 7: 6/08 (O1); Lane 8:
85/08 (non-01/non-0139); Lane 9: 70/08 (O1); Lafe 111/08 (O1); Lane 11: 37/04
(O1); Lane 12: 66/08 (O1); Lane 13: 63/08 (O1);&d4: 21/04 (O1); Lane 15: SW/08
(O1); Lane 16: 4370/08 (O139); Lane 17: 35/04 (QBne 18: 77/08(non-Ol/non-

0139); Lane 19: 933/08 (non-0O1/non-0139).

96



50
(1]
TO
— 80
0
— 100

9
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3/08 Water 01

85/08 Seafood non-Ol/non-0139
B4/08 Water  non-Ol/non-0139
M2/08  Water non-Ol/non-0139
123/08  Stool 01

T0/08 Water 01

64/08 Stool 01

87/08 Water 01

66/08 Stool 01

88/08 Water 01

00/08 Water 01

38104 Stool 01

37004 Stool 01

11704 Stool 01

52/08 Stool 01

63/08 Stool 01

65/08 Stool 01

40104 Stool 01

/08 Stool 01

10/08 Stool 01

4/08 Stool 01

4933/08 Water  non-Ol/non-0139
B2/08 Wiater  non-Ol/non-0139
PSW/08 Water non-Ol/non-0139
MI/08  Water non-Ol/non-0139
35104 Stool 01

11/08 Algae 01

GB/0S  Water non-Ol/non-0139
033/08  Seafood non-Ol/non-0139
ip/8  Water Ol

310/08  Seafood non-Ol/non-0139
17/08 Water  non-Ol/non-0139
37408  Water  non-Ol/non-0139
4370/08 Water 0139

SWi0§  Algae  non-Ol/non-0139
1/08 Water 01

3477/08 Water  non-Ol/non-0139
83/08 Seafood non-Ol/non-0139
82/08 Seafood non-Ol/non-0139
71108 Wiater  non-Ol/non-0139
81/08 Seafood non-Ol/non-0139
84/08 Seafood non-Ol/non-0139
6/08 Stool 01

Year

2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2004
2004
2004
2008
2008
2008
2004
2008
2008
2008
2008
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2008
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2008
2008
2008
2008
2008
2008
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2008
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Kota Bharu
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PJ

Klang
Selangor
Selangor
Klang
Selangor
Selangor

Kota Kinabalu

Figure 6.2 Dendrograms derived from banding patterns of RARIR for 43V.

cholerae strains.
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6.3.2 ERIC-PCR

ERIC-PCR subtyped 43/. cholerae strains into 40 profiles (F=0.67-1.0)
comprising of 12-14 band$igure 6.3). The banding patterns were reproducible in
three repeated tests. At the similarity of 80%e¢hclusters were observed (ERIC1-

ERIC3) Figure6.4).

ERIC1 comprised of 11 O1 and one non-O1/non-O138inst The O1V.
cholerae strains in this cluster were isolated from alga&ter and human stool samples
in 2004 and 2008. The non-O1/non-OMTholerae strain (SW/08) was isolated from
algae sample and closely related (similarity of 9@&6strain 11/08 (O1 serogroup),

which was also isolated from algae.

ERIC2 was the largest cluster which comprised o©12and three non-O1/non-
0139V. cholerae strains. All the strains in this cluster were &et in 2008 from water,
human stool, and seafood samples. In this clusterO1V. cholerae strains (6/08 and
10/08) isolated from human stool in 2008 sharedsiduwme profile while another O1
strain isolated from water also showed same bangattern with twoV. cholerae

isolated from human stool (9/08 and 4/08).

ERIC3 comprised of six non-O1/non-0O139 strains and O139V. cholerae
strain. All members of this cluster were isolateoihf aquatic sources in 2008 except

for strain 84/08 which isolated from seafood. Ak tstrains were from Selangor.
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Figure6.3  Representative agarose gels of ERIC profilesVofcholerae strains

using ERIC 1R and ERIC 2. Lanes 1 & 18: 1kb DNA kear Lane 2: 52/08 (01);
Lane 3: 35/04 (O1); Lane 4: 38/04 (O1); Lane 5:021(0O1); Lane 6:GB/08 (non-
0O1/non-0139); Lane 7: 3477/08 (non-O1/non-0139)nd.a&8: 17/08 (non-Ol/non-
0139); Lane 9: M1/08 (non-0O1/non-0139); Lane 10/088(01); Lane 11: 4370/08
(0139); Lane 12: 63/08 (0O1); Lane 13: 11/08 (Olané 14: 64/08 (O1); Lane 15:

123/08 (O1); Lane 16: 83/08 (non-O1/non-0139); Lane100 bp DNA marker
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Strains Sources Serogroup Year Location ERIC Group

$3/08  Seafood mon-Ol/mon-0139 2008 Selangor
8508  Seafood mon-Ol/mon-0130 2008 Selangor
MI0$ Water non-Ol/mon-0139 2008 PJ

M2/08 Water non-Olmon-0139 2008 Kajang
B40S Water non-Ol/mon-0130 2008 Serdang
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8708 Water 0l 2008 KotaBharu W
~|— 3804 Stool 01 2004 Tumpat
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9808 Water Ol 2008 Kota Kinabalu
3704  Steol Ol 2004 KotaBharu
40004 Stool Ol 2004 Tumpat
3504 Stool Ol 2004 AlorSetar
1708 Water  non-Ol/non-0139 2008 Bachok
GB/0S Water non-Ol/non-0130 2008 Klang
6408  Stool 01 2008 KotaKinabalu )
| 374/08 Water  non-Ol/mon-0130 2008 Morib
12308 Stool Ol 2008 KL
933/08 Seafood mon-Ol/mon-0139 2008 Selangor
E 308  Water Ol 2008 Klang
P08 Water Ol 2008 Banting
l———— 31008 Seafood non-Ol/non-0139 2008 Selangor
608  Stool 01 2008 KotaKinabalu =~ =ERIC2
10008  Stool 01 2008 KotaKinabalu
— 008  Stool Ol 2008 Kota Kinabalu
70108  Water 0Ol 2008 Labuan
408  Steol 01 2008 KotaBharu
65/08 Stool 01 2003 KotaBharu
90,08 Water Ol 2008 Kota Kinabalu
——  §6/08 Stool Ol 2008 Labuan
81008  Seafood mon-Ol/mon-0130 2008 Selangor
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84/08  Seafood mon-Ol/mon-0139 2008 Selangor

7708  Water non-Ol/mon-0139 2008 Klang
347708 Water  non-Ol/mon-0139 2008 Klang =~ ERIC3
4933/08 Water  non-Ol/mon-0130 2008 Klang
B2/08 Water non-Ol/non-0139 2008 Serdang
4370/08 Water 0139 2008 Klang

il

Figure 6.4 Dendrograms derived from banding patterns of ERER for 43V.
cholerae strains
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6.3.3 REP-PCR

REP-PCR subtyped 43. cholerae into 35 profiles (F=0.44-1.0) comprising of
12-20 bandsKigure 6.5). The banding patterns were reproducible for atlept two
strains which showed the same banding pattern enamt of three repeated tests. The
strains were grouped into four clusters (REP1-RER4he similarity of 80%HKigure

6.6).

Four non-O1/non-0O13Y. cholerae strains which isolated from water samples
were clustered with one non-O1/non-OMAXholerae isolated from seafood in REP1.
All the strains were from Selangor. REP2 was coregdsy four non-O1/non-O13@.
cholerae strains. Among the four strains, two showed saamaling pattern but isolated

from different sources (algae and water).

REP3 was formed by nine OA cholerae strains isolated in year 2008. There
were seven profiles in this cluster. Strain 11/@Bde) shared 100% similarity with
strain 90/08 (water) while strain 9/08 (human steblowed same banding pattern with

strain 6/08 (human stool).

REP4 also comprised of nine V1 cholerae. The strains in this cluster were
either isolated in 2004 or 2008 from human stoxtegt for strain 87/08 which isolated
from water. Although not isolated in the same yd&ath strains 40/04 (human stool)
and 65/08 (human stool) were identical (100% sintya Strain 87/08 which isolated
from water was also 100% similar to strains 63/08 &4/08 which isolated form

human stool.
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2000 bp

1000 bp

500 bp

Figure 6.5 Representative agarose gels of REP profile¥.atholerae strains using

primer REP. Lanes 1 & 20: 1kb DNA marker; Lane 2/08 (O1); Lane 3: 1/08 (O1);
Lane 4: 90/08 (O1); Lane 5: 35/04 (O1); Lane 6:8Q/01); Lane 7: 40/04 (O1); Lane
8: 123/08 (01); Lane 9: 38/04 (O1); Lane 10: 3R/0&); Lane 11: 63/08 (O1); Lane
12: 4933/08 (non-0O1/non-0139); Lane 13: 4370/083@);LLane 14: 3477/08 (non-
0O1/non-0139); Lane 15: 81/08 (non-O1/non-0139); d d®: B2/08 (non-Ol/non-

0139); Lane 17: 374/08 (non-O1/non-0139); Lane9B3/08 (non-O1/non-0139).

102



| 45
- s0
55
— 60
I 65
L 7o
.
L &0
— &5
— o0
— 95

im0

e

Strains  Sources Serogroup
4933/08 Water  non-Ol/non-0139
PSW/08 Water  non-Ol/mon-0139
77108 Water  non-Ol/non-0139
3477108 Water  non-Ol/mon-0139
84/08 Seafood non-Ol/mon-0139
B2/08 Water  non-01/non-0139
82/08 Seafood non-Ol/mon-0139
4370/08 Water 0130

85/08 Seafood non-Ol/mon-0139
B4/0§ Water  non-Ol/non-0139
M2/08  Water  non-Ol/mon-0139
M1/08  Water  non-Ol/non-0139
81/08 Seafood non-Ol/mon-0139
83/08 Seafood non-Ol/mon-0139
SWi0§  Algae  non-Ol/non-0139
GBS  Water non-Ol/non-0139
37408  Water  non-Ol/mon-0139
17/08 Water  non-Ol/non-0139
310/08  Seafood non-Ol/mon-0139
033/08  Seafood non-Ol/mon-0139
11/08 Alzae 01

90/08 Water 01

52/08 Stool 01

1/08 Water 01

9/08 Stool 01

6/08 Stool 01

3P/08 Water 01

4108 Stool 01

10/08 Stool 01

70/08 Water 01

123/08  Stool 01

3/08 Water 01

40/04 Stool 01

65/08 Stool 01

87/08 Water 01

63/08 Stool 01

64/08 Stool 01

66/08 Stool 01

38/04 Stool 01

2104 Stool 01

3704 Stool 01

88/08 Water 01

35/04 Stool 01

Year

2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2004
2008
2008
2008
2008
2008
2004
2004
2004
2008
2004

Location REP

Group

Klang
Morib
Klang
Klang
Selangor
Serdang
Selangor
Klang
Selangor
Serdang
Kajang

3]
Selangor
Selangor
Morib
Klang
Morib
Bachok
Selangor
Selangor
3]

Kota Kinabalu
Labuan

19

Kota Kinabalu
Kota Kinabalu
Banting
Kota Bharu
Kota Kinabalu
Labuan -
KL

Klang

Tumpat

Kota Bharu
Kota Bharu
Labuan

Kota Kinabalu
Labuan

Tumpat

Alor Setar

Kota Bharu
Kota Kinabalu
Alor Setar

REP1

~ RER

— REP3

~ REP4

Figure 6.6 Dendrograms derived from banding patterns of RERFor 43 V.

cholerae strains.

6.34 VCR-PCR
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VCR-PCR gave reproducible results in three repe&tsts and subtyped 43
strains into 31 profiles (F=0.56-1.0figure 6.7). Based on the similarity of 80%, all
the 43V. cholerae strains were grouped according to their serogrq@ds and non-
0O1/non-0139) and three clusters were obtained (VERR3) (Figure 6.8). VCR1
and VCR3 were composed by non-O1/non-0139 straindevall O1 strains were

clustered in VCR 2.

VCR1 was the largest cluster for non-O1/non-O13%holerae (n=10) with
eight profiles obtained. In this cluster, strain/GBLand 82/08 (both form seafood)
shared 100% similarity while strain M1/08 and s$tr&d2/08 (both from water) were

also 100% related. All the strains were isolatexliad Selangor.

VCR2 comprised of 23 OV. cholerae isolated from various sources, such as
human stool, water and algae samples. Thirteenlgsofiere obtained in this cluster

with four profiles shared by at least two strains:

1. Six strains isolated from human stool in 2004 (21/60/04 and 37/04) and
2008 (52/08, 63/08 and 65/08) shared the samédearofi

2. Two clinical strains isolated in 2004 (38/04) an@02 (64/08) were 100%
similar.

3. Strain 66/08 isolated from human stool was 100%lamto strains 90/08 and
88/08 from water sample. All strains were from Bdataysia.

4. Strains 70/08 (water), 11/08 (algae) and 123/08n@u stool) from different

sources shared same profile.

Five non-0O1/non-0O13Y. cholerae strains were clustered in VCR3. All the

strains were isolated from water samples.
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Figure 6.7 Representative agarose gels of VCR profile§/.otholerae strains using

primer VCR. Lanes 1 & 20: 1kb DNA marker; Lane ZW/08 (non-O1/non-0139);
Lane 3: B2/08 (nhon-O1/non-0139); Lane 4:83/08 (Qdiinon-0139); Lane 5: 10/08
(O1); Lane 6: 1/08 (0O1); Lane 7: 123/08 (O1); L&n&P/08(01); Lane 9: 11/08 (0O1);
Lane 10: 70/08 (O1); Lane 11: 4/08 (O1); Lane 1203 (O1); Lane 13: 37/04 (O1);
Lane 14: 35/04 (O1); Lane 15: 4370/08 (O139); L462933/08 (non-O1/non-0139);
Lane 17:SW/08 (non-O1/non-0139); Lane 18: 374/G&{®1/non-0139); Lane 19:

B2/08 (non-O1/non-0139).
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o g Sfrains Sources Serogroup Year Location VCR Group

] 81/08  Seafood non-Ol/mon-0130 2008  Selangor -
82/08  Seafood non-Ol/mon-0139 2008  Selangor

— 84/08  Seafood non-Ol/non-0139 2008 Selangor

ML/08 Water  non-Ol/mon-013¢ 2008 PJ

M2/08 Water  non-Ol/mon-0139 2008 Kajang

83/08  Seafood non-Ol/mon-0139 2008  Selangor

B2/0§  Water  non-Ol/non-0139 2008 Serdang

37408  Water  non-Ol/non-0139 2008  Morih

033/08  Seafood mon-Ol/non-0139 2008 Selangor

347708 Water  non-Ol/mon-0139 2008 Klang )

~ VCR1

- I: 310/08  Seafood non-Ol/mon-0O139 2008  Selangor
SWi08  Algae non-Ol/non-0139 2008  Morih
§5/08  Seafood mon-Ol/non-0139 2008 Selangor
W04 Stool 01 2004 AlorSetar |
4004 Stool 01 2004 Tumpat
3704 Stool 01 2004 KotaBharu
52008  Stool 01 2008 Labuan
03/08  Stool 01 2008 Labuan
65/08  Stool 01 2008 KotaBharu
3804 Stool 01 2004 Tumpat
64/08  Stool 01 2008 KotaKinahalu
66/08  Stool 01 2008 Labuan
00/08  Water 01 2008 KotaKinabalu
r §3/08  Water Ol 2008 KotaKinabalu
| 8708  Water Ol 2008 KotaBharu ~ VCR2
70/08  Water 0Ol 2008 Labuan
11708 Algae 01 2008 PJI
123/08  Stool 01 2008 KL
l[- 3504 Stool 01 2004  Alor Setar
P08 Water 0l 2008 Banting
4/08 Stool 01 2008 KotaBharu
6/08 Stool 01 2008 KotaKinabalu
9/08 Stool 01 2008 KotaKinabalu
3/08 Water 01 2008 Klang
— _E 10/08  Stool 01 2008 KotaKinahalu
1/08 Water 01 2008 PI _
4370/08 Water 0130 2008 Klang
1708  Water  non-Ol/non-0139 2008 Bachok )
B4/08  Water  non-Ol/non-0139 2008 Serdang
N — PSW/08 Water  non-Ol/non-0139 2008  Morih = VCR3
— 4933/08 Water  non-Ol/non-O139 2008 Klang
l—— GB/0S Water  non-Ol/non-0130 2008 Klang |

77/08 ~ Water  non-Ol/non-0139 2008 Klang

Figure 6.8 Dendrograms derived from banding patterns of V@&RRor 43 Malaysian

V. cholerae strains.
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6.3.5 Comparison of the methods based on typeability, reproducibility, stability

and discriminatory power

ERIC-PCR scored the highest (0.93) in typeabilipiowed by RAPD-PCR
(0.88), REP-PCR (0.81) and VCR-PCR (0.72). Foradpcibility test, ERIC-PCR and
VCR-PCR correctly assigned the 43 strains into sproéles on three repeated tests
(2.0) while RAPD-PCR (0.9) and REP-PCR (0.95) wess reproducibile.

Due to the consistency in banding pattern, ERIC-PL&id VCR-PCR also
scored 1.0 in stability while both RAPD-PCR and REEPR scored 0.6 only. Among
the four approaches, ERIC-PCR was the most discativie (0.996), followed by
RAPD-PCR (0.990), REP-PCR (0.988) and VCR-PCR (.97

The typeability, reproducibility, stability and disminatory power of the four

approaches are summarizediiable 6.1.
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6.4 Discussion

Rapid identification of geographical or historiaaigin of the strains is very
important to avoid prolonged public health probléran Belkumet al., 2001). Four
PCR-based methods were evaluated and applied éondet the relatedness of thie
cholerae strains in this study. The total time requireddtithe PCR analysis including

agarose gel electrophoresis were less than 14 .hours

Overall, VCR-PCR was useful to differentiate stsaiof non-O1/non-0139
from the O1 and O139 strains. Therefore, this neibauseful to categorize O1, 0139
and non-O1/non-0139. cholerae serogroups. In the study of Tokunagaal. (2010),
all 0139 strains formed a homogenous genotype dégss of the geographic origin or
time of isolation. However, only one strain isothten this study, therefore the

comparison of types for 0139 could not be performed

Besides VCR-PCR, REP-PCR also showed distinctelingt between O1 and
non-O1/non-0O13Y. cholerae. Among the four clusters obtained in REP-PCR &gy
REP1 and REP2 were comprised of non-Ol/non-O¥3%holerae isolated from
aguatic environment while REP4 consisted of stresakted from human stool (except
for 87/08). This suggests that the genetic elemamidyzed in REP-PCR were possibly
associated with the key process which affects tbpulation dynamics and the

ecosystem in its living environment.

RAPD-PCR and ERIC-PCR concordantly showed cluggef three non-
0O1/non-0O139V. cholerae (374/08, 310/08, and 933/08) with O1 strains. éitgh
REP-PCR and VCR-PCR had distinguished the 43 strato clusters according to the

serogroups, both analyses showed that strains 8734M/08 and 933/08 were more
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related to O1V. cholerae compared to other non-Ol/non-O139 strains. This
observation is also in concordance with Li et &02) that there were some genetic
elements shared between O1 and non-Ol/non-OA3¢holerae. All the methods
concordantly clustered six O1 strains (40/04, 3,/88/04, 21/04, 63/08 and 87/08)
together. Besides strains 63/08 and 87/08, all vgedated in 2004. This suggests that
there is conserved genetic elements shared by 208i#4s and the conserved region in

the genome might be descended in strains 63/082/08.

The generated dendrograms based on RAPD-PCR, ERKd#hd REP-PCR
showed that the O139 strain was closely relatedh witains of non-O1/non-0139
serogroup. However, the 0139 strain was distingisirom other O1 and non-
0O1/non-0139 strains by VCR-PCR analysis and waenmelated to O1 strains. Hence,
this particular 0139 strain which was isolated fraquatic environment could be the
result of horizontal gene transfer of O1 antigersbnthesis and housekeeping genes of
O1 El Tor strains into non-O1/non-O139 environmesteain. This observation is in
agreement with Faruquet al. (2004) and Singhet al., (2001) who described the

derivation of 0139 strain from O1 and environmentah-O1/non-0O139 strains.

There were 19 non-O1/non-0138 cholerae strains in this study. All the
strains were isolated from environmental samplélected around Selangor, except for
17/08 which was from Bachok, Kelantan. Hence, in@& significant to show the
relatedness of non-O1/non-O139 cholerae based on the geographical variation.
Moreover, all the four approaches failed to shoevdbographical relatedness of @1
cholerae strains. A genetic relatedness study of non-OX@&€89 V. cholerae was

carried out by Chakraborst al., (2001). A wide genetic variation with no correbat
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within the strains of non-O1/non-O139 cholerae was observed. This is in concurred

with our findings on the relatedness of non-O1/@iB9V. cholerae in this study.

Overall, all the four methods gave comparablscritninatory power to
distinguishV. cholerae strains (>0.90). Although RAPD-PCR and REP-PCRw&tb
higher discriminatory power than VCR-PCR, both werg reproducible in certain
cases as shown in this study. Based on the critexaluated (typeability,
reproducibility, stability and discriminatory powelERIC-PCR was the best PCR-
based fingerprinting method for discriminating pasp. VCR-PCR scored the least in
typeability, and discriminatory power but it mighé more useful for differentiating

serogroup®f V. cholerae.

In conclusion, there were six O4 cholerae strains which might be closely
related while only four non-O1/non-0139 strains evarore related to the O1 strains.

The 0139 strain was genetically related to botha@®d non-O1/non-0139. cholerae.
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Chapter Seven

Development of Multiple-locus variable-number of tandem repeat analysis
(MLVA) for relatedness study of Vibrio choleraein comparison with

Pulsed-field Gel Electrophoresis (PFGE)

7.1  Background

Molecular subtyping of pathogen is important faacing a new or previously
found virulent or multidrug-resistant clone (vanligen et al., 2007). Genomic
variation and epidemiological study for differemr@groups oV. cholerae have been
carried out using many DNA-fingerprinting tools. |std-filed gel electrophoresis
(PFGE) is the most common subtyping method to de$inains from outbreaks and
from sporadic cases of cholera as it has the highssriminatory ability (Chermt al.,
2004). However, PFGE is time consuming and requatest adherence to standardize

protocols for inter-laboratory comparison.

Multiple-locus variable number of tandem repeatlysis (MLVA), a method
based on the tandem repeats in multiple loci wa®ldped and has been popularly
adopted for differentiation of bacterial pathogemsce 2006 (van Belkum, 2007). Six
polymorphic variable number of tandem repeats (VINIDRI were used to evaluate the
polymorphism ofV. cholerae isolated worldwide by Olsesrt al. (2009) and a high
discriminatory power of this method in defining tteains was desmonstrated. Besides,
Choi et al. (2010) also used MLVA to characterize 74 hybrigisis into three groups
which were distant from the seventh pandemic El Swains. The MLVA studies
carried out was either more discriminative or corapke to PFGE. However, little is

known about the ability of MLVA to subtype non-O&mO139V. cholerae. Moreover,
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based on th¥. cholerae tandem repeat databagety://minisatellites.u-psud/y; there

are numbers of loci which remain uninvestigated.

The objective of the study was to develop a MLVAasfor relatedness study
of V. cholerae. A comparison of discriminatory ability between MA and PFGE

assays for genotyping ® cholerae strains from different serogroups was performed.

7.2 Materials and M ethods

7.2.1 Bacterial Strains

Strains used in this Chapter were previously desdrinChapter 5 and listed

in Appendix A.

7.2.2 DNA preparation for PCR

DNA preparation was carried out as describe@hapter 3, Section 3.2.3.

7.2.3 VNTR search and primersdesign

A search for potential VNTR candidates in the geeoofi V. cholerae O1
biotype El Tor, N16961 was carried out (http://reatellites.u-psud.fr/). Primers were
designed for each VNTR based on a ~500 bp sequemwering the flanking and

tandem repeat regions retrieved from the datal&eeen loci were selected based on

113



the unit length, copy number and percentage matsta¢ed in the database. Primer 3

software (Rozen and Skaletsky 2000) was used igrddse primers.

7.24 PCR and capillary electrophoresis

Primers labeled with fluorescent dyes in the 5-dond the VNTRs were
synthesized and used for PCR. The multiplex PCRturexwas prepared in a total
volume of 25 ul contained 1X PCR buffer, 2 mM MgQl60 uM dNTPs, 0.4 uM each
primers, 2 ul ofTag DNA Polymerase (Promega, Madison, USA) and ~50gNA
template. The multiplex PCR was run at 95°C fanid (1 cycle); 95°C for 30 sec,

58°C for 30 sec, 72°C for 50 sec (30 cycles); 787 min (1 cycle).

Preparation of sample for loading into the ABI pr® 3130xI Genetic
Analyzer (Applied Biosystems, Carlsbad, CA) waseobsn the protocol obtained from

MLVA.net (http://www.mlva.net/bpertussis/documents/ProtocdlMA) with minor

modification. In brief, the PCR product was thetui@id in 1:100 ratios with ddi®.
One microlitre of the dilution was mixed with 10 @fl HiDi formamide and 0.2 ul of
GeneScah" 500 LIZ size standard (Applied Biosystems, Cardst@A). The mixture
was boiled at 95°C for 5 min and analyzed with Gien&nalyzer (Applied Biosystems,
Carlsbad, CA). The amplicons were identified basadthe peak height and colour
while the size was determined with the Gen$¥asize standard using GeneMapper
software (Applied Biosystems, Carlsbad, CA). Furtbptimization was carried out
based on the peak generated in the electropherograenoptimized condition were

used and applied on all cholerae strains.
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7.25 Dataanalysisfor MLVA

The peak tables obtained from Gene Mapper wereri@g into BioNumerics
6.0 (Applied Maths, Belgium). The character valimseach VNTR were determined
and mapped. Cluster analysis was carried out basethe unweighted pair group
method with arithmetic averages (UPGMA). The disamation power of each VNTR
was calculated individually and combined using ftanudescribed by Hunter and

Gaston (1988) as previously mentioneimapter 6.

7.2.6 Pulsed-Field Gel Electrophoresis (PFGE)

PFGE was performed according to established prbtoommn CDC PulseNet,
(2009). Briefly, the growth on agar plate was tfanged to 2 ml of cell suspension
buffer (CSB) and the cell density was adjusted By{= 0.9. An aliquout of 100 pl of
standardized cell suspension buffer was then tearesf to a 1.5 ml microfuge tube.
Two pl of Proteinase K (20 mg/ml stock solution)snedded to the cell suspension.
Then, 100 pl of 1% Seakem Gold agarose (Cambre)SBience Rockland, Inc, USA)
were mixed with 100 pl of the cell suspension. Irdrately, the mixture of agarose and
cell suspension was dispensed into the well of phatd to form plugs. The plugs were
allowed to solidify in refrigerator (4°C) for 5 miithe bacterial cells were lysed within
the plugs with cell lysis buffer (50 mM Tris: 50 mEDTA [pH 8.0] + 1% Sacrosine +
1 mg/ml proteinase K) and incubated at 54°C for. e plugs were then washed

thoroughly with sterile deionised water (twice) ariel buffer (6 times).

A slice of DNA plug was digested overnight with WQrestriction enzyméot |

(5-GCGGCCGC-3) (Promega, Madison, USA) at 37°@eTdigested chromosomal
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DNA was subjected to PFGE on a 1.0% (w/v) agaradgSjgma Type 1, St. Louis,
Mo) with the CHEF DRIII (Bio-Rad, Hercules, CA) uagi the following conditions:
200 V for 13 h with pulse times of 2-10 s and 6 ithwpulse time 20-25 s. Gel image

was captured by using Gel Doc XR after stainindhwethidium bromide (0.hg/ml).

PFGE banding patterns were analyzed with BioNureesi® (Applied Maths,
Kortrijk, Belgium). The quantitative differences ang the banding patterns were
defined by the Dice coefficient, F. Cluster anaysias carried out based on the
unweighted pair group method with arithmetic avem@gJPGMA) using the position
tolerance of 0.15. Discriminatory index (DI) wadccdated as described by Hunter and

Gaston (1988) as previously mentionecimapter 6.
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7.3  Result

731 MLVA

Two multiplex PCR were performed: VCTR1-FAM, VCTR2E, VCTR3-
PET, VCTR4-NED (Multiplex 1); VCTR5-FAM, VCTR6-VICand VCTR7-NED.
(Multiplex 2). The initial PCR performed showedistictory peaks of amplicons in the

electropherogram and no further optimization wasded.

By using capillary electrophoresis, the sizes of ADItagments could be
determined more accurately based on the pdaksire 7.1 andFigure 7.2) compared
to the gel-based determination of band size. OlemILVA showed high
polymorphism among the 48 cholerae strains based on the size distributions of the
for each VNTR: 212-230 bp (VCTRL), 216-252 bp (\RZ)), 218-276 bp (VCTR3),
278-300 bp (VCTR4), 228-251bp (VCTR5), 211-269 MCTR6) and 328-369 bp

(VCTR?) (Table7.2).
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Figure 7.1 Electropherogram showing separation of four fragisiéorV. cholerae O1

isolates (52/08) from multiplex 1 defined by thegie and colours of the peaks.
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Figure 7.2 Electropherogram showing separation of four fragiméorV. cholerae O1

isolates (52/08) from multiplex 2 defined by thegie and colours of the peaks.

118



6TT

awouab seso|oyd "0 || dwosowo4yd ul uonisod 4

€ - 91VIL1O91VVIOIO9DI1D1VVIO -S '

68°0 1T % 18T 69€-82€  .£-91LO10D9DIL09OVOVOLLLD -S 4 L H10A
£ - LV11VVOIIOLOVVYIOVYID -G ‘d

6G°0 v « OVS 692-TTZ  .£-VOLOI9LVOLIDIIVLILILIIO -G 9 H1DA
£ - OVVLLO9DL119VVIOVIDIL -S Y

G9'0 9 G897 162-822 £ - DILVOLLIDIVOOIVOVOVYO -§ 4 G H1DA
£ - 91VODIL1D01110DIDVIVVLL -G :d

26°0 LT « €0€ 00€-8/Z .£- 1L1VOVVOOODLIVIOIVVYOIL -G 4 ¥ H41OA
£ - VOO LVIOVIOOLI1IIVIODLID -G :d

¥8'0 L 8//7 9/2-8T2 £ - VVVILOLOVOVIVIOOOLOV -§ 4 € "10A
€ - YYVYOODL1DILOLYVILOVID -G d

GL0 G L9Y 2G2-9TZ £ - 9109LOVVYVOILVYIOVLLIODD -S Z "10A
£ - LOVVYVOVVYVYIODIDIOVVLLL -G :d

280 6 LET 0€Z-2TZ £ - 091OVIIVVVIIOIVVVVOVO -S T H10A

Ainge (o)
Aloreuiwiiosiq sop|ly uonsod HINA (dg) wewbely joazis aouanbasslewlld 1R IRYD

"ApNIS WA @43 Ul 190] H LNA 9eJooud 011q140 SonsLaldeeyD T/ 9|ge L



7.3.2 Application of MLVA on Vibrio cholerae strains

Thirty-eight MLVA profiles (F=0.63) were obtainedased on the character types
(allelic profiles). The 43 strains were groupeaiBtmajor clusters (MLVA1-MLVA3) in the

MST (Figure7.3).

The first cluster (MLVAl) comprised of 13 O1 strain(eight clinical, five
environmental) (90.6% similarity). In this clustéive of the O1 strains shared the same
profile (M1: 09-08-09-12-05-02-23). These straid$08, 52/08, 63/08, 65/08, and 66/08)

were isolated in Kota Bahru, West Malaysia (n=2) aabuan, East Malaysia (n=3) in 2008.

MLVAZ2 consisted of 10 O1 strains, one non-O1/nor8@%train and one O139 strain.
In this cluster, four strains (21/04, 37/04, 38/88/04) isolated in 2004 from human stools
were highly similar except for one to two alleladestence. Strain 40/04 (O1 clinical) have
two and three alleles difference from strains 11(@8vironmental O1l) and 4370/08
(environmental 0139), respectively. Strain PSW/@8vironmental non-O1/non-0139) also
has two different alleles from strain 11/08 (enmim@ental O1). There was 95% similarity

among the O1 and O139 strains.

MLVA3 comprised of non-O1/non-0139 strains with 3. similarity. All the non-
0O1/non-0139V. cholerae strains were from Selangor, except for strain 8 AMhich was

isolated from water sample collected in Bachok ak&in.

Discrimnatory ability of each individual VCTR raed) from 0.59-0.92T(able 7.2)

while the discriminatory index for the combined VR Toci was 0.988.
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El ’T‘ |§ EI Allelic Profile Strains  Sources Serogroup Year Location 1'[L-1'.'—\ Group
09-08-09-28-05-00-18  1/08 Water 01 2008 PJ
09-08-07-28-05-00-20  35/04 Human Stool 01 2004  Alor Setar
09-08-09-28-05-02-24  64/08 Human Stool 01 2008 Kota Kinabalu
09-08-07-28-05-02-24  88/08 Water 01 2008 Kota Kinabalu
09-08-07-09-05-02-24  87/08 Water 01 2008 KotaBharu
09-08-09-29-04-02-18  6/08 Human Stool 01 2008 Kota Kinabalu
09-08-09-12-05-02-21 7008  Water 01 2008 Labuan [ MLVal
09-08-07-12-05-02-21  90/08 Water 01 2008 KotaKinabalu
09-08-09-12-05-02-23  4/08 Human Stool 01 2008 KotaBharu
09-08-09-12-05-02-23  52/08 Human Stool 01 2008 Labuan
09-08-09-12-05-02-23  63/08  Human Stool Ol 2008 Labuan
09-08-09-12-05-02-23  65/08 Human Stool 01 2008 KotaBharu
09-08-00-12-05-02-23  66/08 Human Stool 01 2008 Labuan -
10-07-08-24-05-02-20 11/08 Algae 01 008 BRI =
06-07-08-24-05-02-19  40/04  Human Stool 01 2004 Tumpat
06-07-08-11-05-02-21  21/04 Human Stool 01 2004  Alor Setar
06-07-08-11-05-02-23  37/04 Human Stool 01 2004 KotaBharu
06-07-08-21-05-02-21 3804  Human Stool Ol 2004 Tumpat
10-07-08-28-04-02-21  123/08  Human Stool 01 2008 KL L MLVA2
12-07-06-15-05-02-19  4370/08 Water 0139 2008 Klang
11-08-08-24-05-02-18  10/08 Human Stool 01 2008 Kota Kinabalu
11-08-08-23-05-02-21  9/08 Human Stool 01 2008 Kota Kinahalu
10-07-09-24-04-02-22  3/08 Water 01 2008 Klang
10-07-09-05-05-02-20  PSW/08 Water non-Ol/non-0139 2008 Morih
10-08-09-11-05-02-26  3P/08  Water 01 2008 Banting =

07-05-06-08-04-01-18  84/08  Seafood non-O1/non-0139 2008 Selangor
07-05-06-(-02)-04-01-18 B2/08  Water non-O1l/non-0139 2008 Serdang
13-07-03-03-04-01-13  4933/08 Water non-01/non-0139 2008 Klang
13-07-03-03-03-01-24  81/08  Seafood non-Ol/non-0139 2008 Selangor
13-07-03-07-04-01-15  933/08  Seafood non-O1/non-0139 2008 Selangor
06-06-03-03-02-01-24  17/08 Water non-Ol/non-0139 2008 Bachok
06-06-03-04-03-01-24 7708  Water non-01/non-0139 2008 Klang
06-06-03-03-05-03-21  85/08 Seafood non-0l/non-0139 2008  Selangor
08-05-03-03-05-02-21  M2/08  Water non-01/non-0139 2008 Kajang
06-05-06-03-(-02)-00-22 B4/0S  Water non-Olimon-0139 2008 Serdang -

~ MLVA3

16-04-02-02-06-01-24  83/08  Seafood non-Ol/non-0139 2004 Selangor N
16-04-04-05-03-01-24  M1/08  Water non-O1/non-0139 2008 PJ
06-04-04-02-04-01-16  GB/08  Water non-Ol/mon-0139 2008 Klang
16-04-04-02-04-01-16  SW/08  Algae non-01/non-0139 2008 Morih
16-04-04-05-04-02-27  310/08  Seafood non-O1/non-0139 2008 Selangor
11-04-06-02-03-01-19  374/08  Water non-01/non-0139 2008 Morih
09-05-06-08-03-01-19  3477/08 Water non-01/non-0139 2008 Klang
09-08-04-07-06-01-15  82/08 Seafood non-Ol/non-0139 2008 Selangor

Figure 7.3 Dendrogram derived from the 38 MLVA profiles iddigtd among 43/. cholerae.

The strains were well differentiated based on sengas.
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7.3.3 PFGE Analysis

PFGE ofNot I-digested chromosomal DNA vyielded 15-22 fragmeatsging from 40
to 400 kbp Figure 7.4). Thirty-five pulsotypes (F= 0.71) were observéd.a similarity of
80%, one major cluster was observed, comprisedl 6fla one 0139 and seven non-Ol1/non-
0139 strains. Twenty-four profiles were obtainedhis cluster with five profiles shared by

at least two strains:

1. Both 933/08 (seafood) and 77/08 (water) of non-Od/®139

serogroup were 100 % similar.

2 Strains isolated from human stool in 2008 (10/08 &r08) showed

same banding pattern. Both strains were from Kotelbalu.

3. Strain 66/08 isolated from human stool was 100%sttains 87/08,
88/08 and 90/08 from water sample.
4. Strain 64/08 (human stool) showed same bandingpattith strain

4/08 (human stool).

The non-0O1/non-O139/. cholerae strains were heterogenous based on PFGE

analysis Figure 7.5). The discriminatory index for PFGE was 0.989.
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398 4 kbp

1339 Kkbp

54 T kbyp

Figure7.4  Notl-PFGE profiles of representati%é cholerae strains. Lanes 1 & 20Xball-
digestedS. Braenderup H9812standard; Lanes 2, 8, 14 &19: leamdrker; Lane 3: 4/08
(O1); Lane 4: 6/08 (O1); Lane 5: 9/08 (O1); Land @08 (O1); Lane 7: 123/08 (0O1); Lane 9:
70/08(01); Lane 10: 1/08 (0O1); Lane 11: 11/08 (QBne 12: 3P/08 (O1); Lane 13: 17/08
(non-O1/non-0139); Lane 15: GB/08 (non-0O1/non-013%ne 16: SW/08 (non-Ol/non-

0139); Lane 17: 310/08 (non-O1/non-0139); Lane9B3/08 (non-O1/non-0139).
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v g %2 £ % £ Strains  Sources Serogroup Year Location PEGE Group
I I I I I |
63/08 Stool 0l 2008 Labuan =
4370/08 Water 0139 2008 Klang
123/08 Stool 0l 2008 KL
933/08 Seafood Non-Ol/mon-0139 2008  Selangor
77/08 Water Non-Ol/mon-0139 2008 Klang
81/08 Seafood Non-Ol/mon-0139 2008  Selangor
/08 Water 01 2008 Klang
374/08 Water Non-Ol/mon-0139 2008  Morib
] —  11/08 Algae 0l 2008 PBJ
—— 1/08 Water 0l 2008 PBJ
— 3PS Water 0l 2008 Banting
10/08 Stool 0l 2008 KotaKinabalu
6/08 Stool 0l 2008 KotaKinabalu
2/08 Stool 0l 2008 KotaKinabalu
= 87/08 Water 0l 2008 KotaBharu
88/08  Water Ol 2008 KotaKinabalu >— PFGEI
66/08 Stool 0l 2008 Labuan
90/08 Water 0l 2008 KotaKinabalu
_— 1 4933/08 Water Non-Ol/mon-0139 2008 Klang
~E‘ P5W/08 Water Non-Ol/mon-0139 2008  Morib
83/08 Seafood Non-Ol/mon-0139 2008  Selangor
— T0/08 Water 0l 2008 Labuan
] 64/08 Stool 0l 2008 KotaKinabalu
E 4/08 Stool 0l 2008 KotaBharu
65/08 Stool 0l 2008 KotaBharu
| _[: a8/04 Stool 01 2004 Tumpat
40/04 Stool 0l 2004 Tumpat
_!7{ 21/04  Stool Ol 2004  AlorSetar
37/04 Stool 0l 2004 KotaBharu
52/08 Stool 0l 2008 Labuan
35004 Stool 0l 2004  Alor Setar -
82/08 Seafood Non-Ol/nen-0139 2008  Selangor
SW/08 Algae Non-Ol/mon-0139 2008  Morib
] GB/03 Water Non-Ol/mon-0139 2008 Klang
———— 347708 Water Non-Ol/mon-0139 2008 Klang
i10/08 Seafood Non-Ol/mon-0139 2008  Selangor
—_ 84/08  Seafood Non-Ol/mon-O139 2008  Selangor
B4/08 Water Non-Ol/mon-0139 2008  Serdang
M1/08 Water Non-Ol/mon-0139 2008 PJ
—: M2/08  Water  Non-Ol/mon-0139 2008 Kajang
B2/08 Water Non-Ol/mon-0139 2008  Serdang
17/08 Water Non-Ol/non-0139 2008 Bachok
85/08 Seafood Non-Ol/mon-0139 2008  Selangor

Figure 7.5 Dendrogram generated using PFGE profiles showiegréhatedness of 49.

cholerae strains.
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7.4 Discussion

The MLVA assay was developed based on the sevemlebromosomes | and Il of
V. cholerae. Among these loci, VCTR4 demonstrated the higtdstriminatory ability
(D=0.92), followed by VCTR7 (D=0.89). Both loci asguated in the small chromosome of
V. cholerae genome (chromosome Il) and suggests that theaehigher genetic variation in
chromosome |l ofV. cholerae genome compared with chromosome |. Danin-Paegl.
(2007) and Olsemt al. (2009) reported that the tandem repeat locussiatved the highest
discriminating ability is physically located at 183 in chromosome Il (such as VCTR7 in
this study). However in this study, VCTR4 whichligated at 303 kb in chromosome Il

showed even higher genetic variation (17 alleles).D2) among the 43 strains tested.

In addition, VCTR4 was also able to differentiate tO1 and non-O1/non-O138
cholerae strains where OY. cholerae strains exhibited more copy numbers in VCTR4 than
non-0O1/non-O139V. cholerae strains. Nine to 28 copy numbers of tandem repeat®
observed for O1V. cholerae strains while two to eight copy numbers of tandexpeats
observed for non-O1l/non-O139. cholerae strains. Therefore, it is indispensable to
emphasize the important role of this locus fohitgh discriminative value and also its ability

for serogroups differentiation.

Both the PFGE and MLVA data showed that thecholerae 0139 strain (4370/08)
was closely related with an O1 strain with simtkaef more than 90%. Strains GB/08 and
SWI/08, isolated from river water and algae, respelgt were indistinguishable by both
PFGE and MLVA. The result suggests that both riwetter and algae were probably
contaminated with the same clone of non-O1/non-O43¢holerae based on the definition

of relatedness among the strains by van Belkuah (2007).
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With the exception on one strain (35/04), mosthef 2004V. cholerae O1 strains
were very similar with only 1-2 alleles’ differenead were different from the 2008 strains in
MLVA analysis. Similarly, PFGE also showed a closelationship (94%) between the 4

2004V. cholerae O1 strains compared to 35/04.

The strains which belonged to the same PFGE profiiee distinguishable by MLVA.
However, some strains with same MLVA profiles cobll further distinguished by PFGE.
Different methods assessed the genetic variahititylifferent parts of the chromosome.
Mutations at the restriction sites may result irriateon in PFGE profiles while gene
mutations may affect the number and frequency mdiéen repeats. Hence, a combination of
PFGE and MLVA analysis may yield more informationoat the clonality of bacterial
pathogens. For example, five strains (4/08, 52/68/08, 65/08 and 66/08) were
indistinguishable by MLVA as they shared identiak¢lic profile. However, PFGE was able
to separate two of Kota Bahru outbreak strains§40d 65/08) (West Malaysia) from the
Labuan outbreak strains in East Malaysia. In addjtthree environmental strains (87/08,
88/08, and 90/08) and one clinical strain (66/G8) [dentical pulsotype. This is in agreement
with Chakrabortyet al. (2001) that it is very difficult to differentiat@hether an isolate was
deposited in the aquatic environment by infectedividual or whether from aquatic
environment to man. However, these strains (668808, 88/08, and 90/08) were

distinguishable by MLVA in this study.

Cholera cases caused by O1 serogroup occur ocedgian Malaysia and the
neighboring countries. PFGE is the most commongdusubtyping method to determine the
epidemiological relatedness of the strains. In stigly, the 23 O1 strains were subtyped into
18 pulsotypes. Comparison of the pulsotype distitims amongV. cholerae in different

neighboring countries would provide important imf@tion and further facilitate the
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epidemiological study of cholera in Southeast Aklawever, as different PFGE conditions
were used by different researchers in the regimactdcomparison was difficult. Adoption of
a standardized PFGE protocol such as the PulseR&EPprotocol proposed by CDC
PulseNet, USA would greatly enhance interlaboratamyparison and improve tracking \éf

cholerae strains among the endemic countries in the region.

In conclusion, a MLVA assay was developed in thislg and was useful to study the
relatedness o¥. cholerae. The discriminatory ability of MLVA was comparablativ PFGE.
Overall, MLVA and PFGE concurred that all straigslated in 2004 were closely related,
except for strain 35/04. The 0139 strain was closglhated to OL. cholerae and two non-
O1/non-0O139 V. cholerae (GB/08 and SW/08) were clonally related. In adofhfi
combination of MLVA and PFGE analyses may providaennformation of the relatedness

of strains and to distinguish strains from difféareources and geographical regions.
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Chapter Eight

M ultilocus Sequencing Typing (ML ST) and M ulti-vir ulence-locus Sequence Typing

(MVLST) Assaysfor Gene Variation Study of Vibrio cholerae

8.1 Background

Strain typing and phylogeny study Wf cholerae using sequencing analysis such as
Multilocus Sequencing Typing (MLST) assay has be@tely used in addition to other gel-
based fingerprint methods such as random amplifiefymorphic DNA (RAPD)-PCR,
enterobacterial repetitive intergenic consensusieete (ERIC)-PCR, repetitive extragenic
palindromic (REP)-PCR, Pulsed-field Gel Electromsis (PFGE) and BOX-PCR (van
Belkumet al., 2007). MLST was originally described to determihe nucleotide changes in
the housekeeping genes (Aanensen and Spratt, 2005)T was easy to perform and more

discriminative (Kotetishviliet al., 2003).

MLST was able to distinguish th¥. cholerae of the 6th pandemic from the 7th
pandemic clones and the evolutionary relationsHiphe strains from different pandemic
clones from Asia and other countries (Sakmal., 2005). Kotetishviliet al. (2003) had
includedtcpA and ctxAB as two loci in their study astxAB and tcpA were found to be
present in non-epidemi¥. cholerae serogroups. In addition, compared to housekeeping
genes which diversify slowly, virulence genes arerampolymorphic and have been
suggested to be used in the sequence-analysisn{Pateget al., 2007; Kotetishviliet al.,
2003). Furthermore, it is important to include nplé loci scattered around the chromosome
to ensure that strains are reliably grouped basegkeaoetic relatedness (Achtman, 2001). For

example, Zhangt al., (2004) had developed a Multi-virulence-locus Saoe Typing
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(MVLST) for Listeria monocytogenes and reported a higher discriminatory power of MVLS

compared to MLST and PFGE.

In this study, we investigated the genetic variatd 43 MalaysiarV. cholerae based
on the six housekeeping genes and six virulence vamdence-associated genes. Cluster
analysis was also carried out for MLST, MVLST amanbined MLST/MVLST to study the

relatedness of the strains isolated in Malaysia.

8.2 Materials and M ethods

8.2.1 Bacterial Strains

Strains used in this Chapter were previously dbedriin Chapter 5 and listed in

Appendix A.

8.2.2 DNA preparation for PCR

DNA preparation was carried out as describe@hapter 3, Section 3.2.3.
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8.2.3 MLST Analysis

Six housekeeping genesnéE, lap, recA, gyrB, cat andgmd) were selected for the
MLST analysis Table 8.1). Monoplex PCRs were carried out for each genéh am initial
denaturation at 95°C for 5 min, followed by 35 @glof denaturation (94°C for 30 sec),
annealing (59°C for 30 sec), extension (72°C fonit) and a final extension at 72°C for 5
min. A single reaction of PCR consisted of 1x PQRfdy, 2 mM MgC}, 200 uM each
dNTPs, 0.3 pM each primers, 50 ng DNA template antd of Tag DNA polymerase

(Promega, Madison, USA).
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8.24 MVLST Analysis

Three virulence genestkA, tcpA and tcpl) and three virulence-associated genes
(hlyA, toxR andrtxA) were selected for MVLST analysi§dble 8.2). Monoplex PCRs were
carried out for each gene in a total volume of 2Bagntaining 1x PCR buffer, 2 mM Mgg&l
200 uM each dNTPs, 0.3 uM each primers, 50 ng DbiAplate and 2 U oTaqg DNA
polymerase (Promega, Madison, USA). The PCR cyatmgdition consisted of 95°C for 3
min (pre-denaturation), followed by 35 cycles of@4or 30 sec (denaturation), 59°C for 30

sec (annealing) 72°C for 1 min (extension) andhalfextension at 72°C for 5 min.

8.2.5 DNA extraction from agarose gel and DNA sequencing

DNA was extracted from gel as describedCimapter 3, Section 3.2.6. The extracted
DNA was sent to a laboratory*{Base, Seri Kembangan, Malaysia) for sequencingthey

with the PCR primers.
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8.2.6 DataAnalysis

The DNA sequences obtained were analyzed and &jastst the published sequence

in the GenBank Hitp://www.ncbi.nih.gov/BLAS]. Multiple sequence alignments,

transition/transversion ratio, and Tajima’s nelilyatest were performed using Mega 4
(Tamuraet al., 2007). The transition/transversion ratio tesimgportant for determining the
bias of substitution types and mutational pattemsa genome (Wakeley, 1996), while
Tajima’s neutrality test was applied to determihe heutrality of evolution (Tamurt al.,
2007). Strains with no amplification (designated@sllele) were not included in Tajima’s

test.

Arbitrary numbers (to denote allelic type, AT) weassigned for different allelic
sequences (at least one nucleotide difference), ‘Witfor the most common allele for a gene
and ‘0’ for no amplification. The sequence type vaasigned for MLSTdhaE, lap, recA,
gyrB, cat, andgmd), MVLST (ctxAB, hlyA, rtxA, tcpA, toxR, andtcpl) and the combined
MLST/MVLST (dnaE, lap, recA, gyrB, cat, gmd, ctxAB, hlyA, rtxA, tcpA, toxR, andtcpl)
analyses for all tested strains. Dendrograms fo6Miand MVLST were computed using the
categorical unweighted pair group method with angkic mean (UPGMA) of sequence types
using BioNumerics 6.0 (Applied Maths NV, Belgium® minimum spanning tree (MST) was
also constructed using the categorical data for btoed MLST/MVLST data using
BioNumeric 6.0 (Applied Maths NV, Belgium). The disninatory index (DI) was
calculated as described by Hunter and Gaston (1f&88i)ndividual genes and combined

analyses.
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8.2.7 Nucleotide Sequence Accession Numbers

The DNA sequences obtained in this study were sigggb in GenBank under

accession numbers HM042636-HM042677 and HQ452862526099.

8.3 Results

8.3.1 All€lic polymorphism of housekeeping genes

For MLST analysis, 3,034 bp (30% coverage of theesmplete CDS) were analyzed
for each strain. For each of the loci examined, thenbers of alleles obtained were the
following: 1-5 fordnaE, 1-10 forlap, 1-11 forrecA, 1-11 forgyrB, 1-10 forcat and 1-4 for
gmd. The most common allele fanakE was present in 72% of strains, 74% liaw, 65% for
recA, 49% forgyrB, 53% forcat and 93% fogmd.

All of the allelic types (ATs) were blasted agaittee NCBI GenBank database. AT6
for therecA gene in the non-toxigenic non-O1/non-OA8&holerae strain wasl00% similar
to the allelic type of aBrazilian non-toxigenic O1V. cholerae strain (accession no.
EU085353) (Mohapatrat al., 2009) Of the allelic types of thgyrB gene, AT6 and AT8
were also 100% similar to the allelic types of twon-O1/non-O139%V. cholerae strains
isolated in Argentina (accession no. EU101418 atd®417, respectively) (Gonzalez-
Fragaet al., 2008)

A total of 42 novel ATs with single -nucleotidelpmorphism (SNP) mutations were
found for the six analyzed genes. One novel sequeach for théap (HM042651),recA
(HM042658), andgmd (HQ452884) genes was found in the O1 strains,enfiolir novel O1

sequences were obtained §yrB (HM042661, HM042662, HM042663, HM042667) acat

136



(HM042668, HM042669, HM042670, HM042672) genes. YOohe allele (AT1) was
observed for thenaE gene in 23 OY. cholerae strains.

Based on thd-igure 8.1 which showed the combined mutation points for she
housekeeping genesecA gene was the most polymorphic with 54 polymorphitess
observed, followed bgat, gyrB, dnaE, lap andgmd genes.

There were two and 11 common polymorphic sitesdf@E (AT2-AT5) andrecA
genes (AT 2-11), respectivelfigure 8. 1). The two polymorphic sites fanaE are located
at the 978 (TAT— TAC) and 1251’ (GAT— GAC) nucleotide of 12 non-O1/non-O139
cholerae. ForrecA gene, the mutations were located at 420’ (GGAGCQ), 490’ (TTG—
CTG), 585’ (GTG— GTA), 591’ (GTC— GTG), 594’ (ATC— ATT), 609’ (GTA— GTO),
972’ (GCT— GCQG), 930’ (GCG— GCA), 978 (AAT — AAC), 1017’ (AAA — AAG) and
1026’ (GAG — GAA) nucleotide in the sequence. Except for AT 2 (f))=AT3 — AT11
were comprised of 1¥. cholerae of non-O1/non-O139 serogroup. The allelic profitex
MLST types of the strains are summarized inThble 8.3.

Transitional biases (A~» T or C«— G) were predominantly observed for all genes
(transition/transversion ratio, R>0.5), except fgmd. Overall, silent mutations were
commonly observed in thénaE, lap, recA, gyrB, andcat genes. Three polymorphic sites
with primarily transversional substitution in thB24bp fragment of thgmd gene were non-
synonymous, while no deletion was observed. Tapnr&utrality test showed negative D
values in all analyzed genes except for dhaE gene (D=0.06233), indicating a potential

balancing selection for the 43 strains.
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8.3.2 Allélic polymor phism of virulence and virulence-associated genes

Approximately 3,530 bp of DNA from each strain wassessed using MVLST
analysis (48% coverage of the six complete CDShef\t cholerae genome). The allelic
numbers assigned for virulence and virulence-aasetigenes ranged from 0-3 txAB, 1-

5 for hlyA, 1-2 forrtxA, 0-2 fortcpA, 1-8 fortoxR and 0-4 foitcpl. The virulence genes$xAB
andtcpA were absent in all of the non-O1/non-0139 strawts|e tcpl was amplified from
nearly all Ol strains (except strain 35/04). Cosghyf, only two non-O1/non-O139 strains
possessed thepl gene. In comparison to other genes, ihy& gene yielded a shorter DNA

fragment (~244 bp) in two AT4 strains (77/08 andB08).

Similar allelic profiles were shared among the is§a95%, 84%, 74%, 70%, 65%
and 56% forrtxA, tcpl, ctxAB, toxR, tcpA andhlyA, respectively. ThetxA gene was the most
conserved gene in O1 strains. Overall, a total7ohdvel sequences were obtaineddoAB
(HM042644 and HMO0426450yA (HQ452878 and HQ452879txA (HM042636), tcpA
(HQ452875), toxR (HM042637-HM042642 and HQ452872-HQ452873), ardpl

(HM042643, HQ452869 and HQ452870).

Based on th&igure 8.1, toxR gene was the most polymorphic with 82 polymorphic
sites observed, followed bWlyA, ctxAB, rtxA, tcpl and tcpA gene. Three common
polymorphic sites were observeddixAB (AT2 and AT3) at nucleotides 863 (TGF TGG),
888 (TAT — CAT), and 976 (AT — ACT). These SNPs resulted in amino acid
substitutions at positions 30 (Cys Trp), 39 (Tyr— His) and 68 (lle— Thr). Similarly,
three common polymorphic sites were also foundchat®xR gene for AT2 through AT8 at
nucleotides 510 (GTF GTQO), 684 (AAC — AAT) and 768 (ACA— ACG). No amino

acid substitution was observed for these three compolymorphic sites. Except for AT2,
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AT3 through AT8 were found in 12 non-O1/non-O1%99 cholerae strains. The allelic

profiles and MVLST types of the strains are sumaetiinT able 8.3.

Transitional biases were observed foctxAB, rtxA, toxR and tcpl
(transition/transversion ratio, R>0.5). The tramsianal substitution of nucleotides occurred
more frequently inhlyA (R=0.299) andcpA (R=0) than in other genes. Non-synonymous
substitutions were more commonly observed in vircéeand virulence-associated genes than
housekeeping genes. All of the mutations obseruetthe ctxAB, tcpA, andtcpl genes were
non-synonymous. Except for tingyA gene, in which deletions occurred at nucleotid&3- 7
743 in the Classical- and El Tor-distinguishingioeg a 3-bp nucleotide deletion was found
at 410-412 of theoxR gene. This deletion was observed in one non-Oi(t3o V.
cholerae strain (85/08) isolated from seafood. All genes;ept for ctxAB and tcpA, had
positive D values based on Tajima’s neutrality,texticating diversifying selection in these

two genes

8.3.3 Cluster Analysisof V. cholerae based on MLST, MVLST and combined analysis

Cluster analyses were performed to determine thetgerelatedness d&f. cholerae
strains isolated in Malaysia. For MLST, a dendrograas generated based on the character
types (allelic profiles) of the 29 MLST types (F20). One major cluster was observed at the
similarity of 80%, which comprised 18 O1 and one8@%trains Figure 8.2). In this cluster,
the most common MLST type, Al (1,1,1,1,1,1), waanfb in 12 O1 and one O13@.
cholerae strains. Three OV. cholerae strains showed the same MLST type (A9: 1,1,1,1,5,1)

All of the non-Ol1/non-O139 strains had different $IL types and were diverse.
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Discriminatory indices for each locus ranged from40forgmd to 0.74 forgyrB (Table 8.2)

while index for the combined MLST loci was 0.91.
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Strains Sources Serogroup

308 Water 01

4/08  Human Stool 01

P08 Water 01

11/08  Algae 01

2104  Human Stool Ol

37104  Human Stool Ol

38/04 Human Stool Ol

4370/08 Water 013

5208 Human Stool 01

63/08 Human Stool 01

64/08  Human Stool 01

65/08 Human Stool 01

66/08  Human Stool 01

87/08  Water 01

88/08  Water 01

00/08  Water 01

10/08  Human Stool 01

123/08 Human Stool 01

70/08  Water 01

108  Water 01

40/04  Human Stool 01

6/08  Human Stool 01

0/08  Human Stool 01

4033/08 Water non-01/non-0139
B4/08  Water non-0l/non-0139
83/08  Seafood non-01/non-0139
3504 Human Stool Ol

310/08  Seafood non-01/non-0139
85/08  Seafood non-0l/non-0139
1708  Water non-01/non-0139
§2/08  Seafood non-0l/non-0139
GB/08  Water non-0l/non-0139
§4/08  Seafood non-0l/non-0139
B2/0S Water non-0l/non-0139
PSW/08 Water non-0l/non-0139
SWI08  Algae non-01/non-0139
033/08 Seafood non-01/non-0139
81/08  Seafood non-0l/non-0139
M2/08  Water non-01/non-0139
374008  Water non-0l/non-0139
7708 Water non-01/non-0139
MIL/08  Water non-0l/non-0139

3477108 Water

non-01/non-0139

Year
2008
2008
2008
2008
2004
2004
2004
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2004
2008
2008
2008
2008
2008
2004
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

Location

MLST Group

Klang

Kota Bharn
Banting

PI

Alor Setar
Kota Bharu
Tumpat
Klang

Labuan
Labuan

Kota Kinahalu
Kota Bharu
Labuan

Kota Bharu
Kota Kinahalu
Kota Kinahalu
Kota Kinahalu
KL

Labuan

= MVLST1

PJ
Tumpat
Kota Kinabalu
Kota Kinabalu
Klang
Serdang
Selangor
Alor Setar
Selangor
Selangor
Bachok
Selangor
Klang
Selangor
Serdang
Morih
Morih
Selangor
Selangor
Kajang
Morih
Klang

PJ

Klang

—_—
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Figure 8.2 Dendrogram generated for the MLST analysis shouiregrelatedness of 43

cholerae strains.

Similarly, a dendrogram was generated based oMIHeST allelic profiles of the 27
types (F=0.27). The most common MVLST type of ori8®and all OW. cholerae strains
was B1 (1,1,1,1,1,1), while the most common MVL$pe of one O1 and all non-O1/non-
0139 V. cholerae strains was B15 (0,1,1,0,1,0Figure 8.3). hlyA was the most
discriminative locus (DI=0.64), followed lgxR (DI=0.51) andctxAB (DI1=0.44), whilertxA
was the least discriminative (DI=0.09)gble 8.2). The discriminatory ability of combined

loci in MVLST was 0.96.

A minimum spanning tree (MST) with 37 observed 3/&s generated based on the
combined MLST and MVLST data. With the inclusion MVLST, the V. cholerae strains
were distinguishable based on their toxigenicityjmeQlistinct cluster of toxigenic OY.
cholerae strains was observed in which all of the membadsdnclose relationship, with only
one to two allelic differencesFigure 83). ST11 (1,1,1,1,1,1,1,1,1,1,1,1) and ST2
,2,1,1,1,1,1,1,1,2,1,1) were the most commonescpitype and each comprised by 3\01

cholerae (Table 8.3). The discriminatory ability for the combined ana$ygias 0.96.
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7708 Water non-01/non-0130 2008  Klang
MTI08 Water non-Ol/non-0130 2008 Klang
— 1108 Algae 0l W8 P )
4370/08 Water 0130 2008 Klang
108 Water 01 2008 FJ
123/08 Human Stool 01 008 KL
3704  Human Stool 01 2004 KotaBharu
408  HumanStool 01 2008  KotaBharu [ VLSS
70/08  Water 01 2008 Labuan
8808  Water 01 2008  Kota Kinabalu
90/08  Water 01 2008  Kota Kinabalu
. 4004 Human Stool 01 2004  Tompat
8708  Water 01 2008 KotaBharu
— 308  Water 01 2008 Klang
63/08  Human Stool 01 2008 Labuan
“ 64/08  Human Stool 01 2008 KotaKinabalu = MVLST4
- 66/08  Human Stool 01 2008 Labuan
] P 5208  HumanStool Ol 2008 Labuan -
_| 38/04  Human Stool 01 2004  Tumpat
6/08  HumanStool 01 2008  Kota Kinabalu
_| 10/08  Human Stool 01 2008  Kota Kinabalu
’ /04 Human Stool 01 2004 Alor Setar
65/08  Human Stool Ol 2008 KotaBharu
_|: P08 Water 01 2008 Banting
908  Human Stool 01 2008  Kota Kinabalu

Figure 8.3 Dendrogram generated for the MVLST analysis shgwie relatedness of 48

cholerae strains.
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84 Discussion

In this study, the majority of the analyzed gewese located on the big chromosome
(chromosome 1), while only two gendag andhlyA) were located on the small chromosome
Il of V. cholerae. Although the DNA fragments analyzed in this stwdyered only 39% of
12 complete CDS oW. cholerae, the genetic variation among the strains of ddfer
serogroups (01, 0139 and non-0O1/non-0139) coulddbermined. This result shows that

sequence-based typing is a highly discriminatiyeny method.

The MLST of the differenV. cholerae serogroups walased on the loci reported by
Garget al. (2003). Garget al. (2003) reported thdap was the most variable gene (n=20)
among the 0139 isolates, followed gynd (n=11) dnakE (n=9), cat (n=7), gyrB (n=4) and
recA (n=2). To determine the usefulness of these gendsgferent serogroups, we initially
evaluated the genes of varying diversity shown ang&t al. (2003) in Malaysian O1, 0139
and non-O1/non-0139. cholerae strains. As a result, botiecA andgyrB gave the highest
number of different alleles (n=11), while tgend gene showed only four alleles in the O1,
0139 and non-0O1/non-013A4 cholerae strains in our study. This result might be du¢hi®
nature of the strains used in this study, whichenggnetically different from the strains used
in Garget al. (2003) because they were from different serogrogpegraphical origins and

years of isolation.

Among the analyzed genefaE andrtxA were highly conserved in O1 strains. Only
one AT for each gene was observed for all of thesbains, and this suggests that no
mutation or recombination occurred in the genesrgrbe O1V. cholerae strains studied.
AT1 of thednaE gene was the only allele for the O1 strains ansl aso commonly found in

other non-OMV. cholerae strains. The low variability of thenaE gene indicates thahakE is

148



conserved among the population and might not les@atrof recombination. This theory is in
agreement with the principle of balancing selegtianwhich an allele is actively maintained

in the gene pool for the long-term stability ofedilt variation (Charleswortét al., 1995).

In this study, MVLST was more useful than MLST hesa MVLST was able to
subtype the strains into toxigenic and non-toxigenategories. In addition, MVLST
exhibited more subtypes of O1 strains than did ML3$His difference indicates that the
diversity of virulence and virulence-associatedageim O1 strains is higher than the diversity
of housekeeping genes. For example, MVLST could dlfferentiate the environmentsl
cholerae O1 strains isolated from Kota Bharu from two otbawvironmentaV. cholerae O1

strains (88/08 and 90/08) from Kota Kinabalu basedhetcpl gene.

Virulence genes, such asAB, tcpA, andtcpl, are associated with colonization and
are always present in toxigenic @1cholerae (Riveraet al., 2001). However, the presence
of virulence genes in non-toxigenit cholerae has been reported (Farugekeal., 2004);
therefore, it is useful to investigate the presétrsence and allelic type aixAB, tcpA, and
tcpl in non-O1/non-013Y. cholerae. In this study, the same allelic type (AT3) of tiopl
gene was found in both an environmental non-O1@&B9V. cholerae (3477/08) strain and
O1V. cholerae (87/08).This result is in agreement with Farugaieal. (2004), who showed
that virulence genes could be dispersed among amental strains of. cholerae from
different serogroups. Furthermore, to increasedtberimination, virulence-associated genes,
such agilyA, rtxA andtoxR, which are present in all serogroups/otholerae, were included
in MVLST analysis. However, MVLST analysis of nori@on-O139 strains was less
satisfactory than expected because onlyt¢plegene was found in two non-toxigenic strains

(310/08 and 3477/08). Because non-O1/non-O13%straiuld be distinguished using MLST
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analysis, it was useful to analyse both MLST and U@V in parallel to provide better

discriminatory power.

Overall, the O1 strains and the non-O1/non-O138irg could be discriminated.
Based on the combined analysis, there were envigatahand clinical strains which shared
the same sequence type and suggest that clinidagérmwironmental O1 could be originated
from the same traits (van Belkuehal., 2001). However, one OX. cholerae (35/04) strain
isolated in 2004 was different from other 1 cholerae strains and were more closely
related to non-O1/non-0134 cholerae based on MLST and MVLST analyses. This finding
suggests that strain 35/04 is genetically diffefeomn the rest of the OV. cholerae strains
and therefore might be a new variant of strainvagetifrom non-O1/non-O13¥. cholerae as

described by Chakraborgy al. (2001).

El Tor variant strains of. cholerae O1 that produce cholera toxin of the Classical
biotype have been reported since the last decatwikGet al., 1993). The mutation site
leading to amino acid substitution at positionsa®@ 68 of the genectkB) has also been
reported (Nairet al., 2006). In the present study, AT2 and AT3 &xAB were found to
possess the mutation at the same positiocthx®. This result indicates that the strains that
possess AT2 (strains 11/08, 4370/08 and 65/08)Aar&l(strains 40/04, 3P/08 and 9/08) are
El Tor variant strains, as previously reported bgirMt al. (2006). Interestingly, AT2 was
observed in the O134. cholerae strain isolated from aquatic environment. This @%8ain
also possessed the same sequence type as thea®1(k1/08) isolated from algae (ST12:
1,1,1,1,1,1,2,1,1,1,1,1), hence concurred that @189 V. cholerae strain was clonally
related to strain 11/08 based on the combined aisalgs shown in the MSTigure 8.4).
This observation is in agreement with Sirgglal. (2001), who showed that the strainsvof

cholerae 0139 originated from the horizontal gene transfeserogroup O1 to non-Ol1/non-
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0139. Hence, 013Y. cholerae is genetically related to O1 and non-Ol1l/non-O239
cholerae strains. Liet al. (2002) and Kotetishviliet al. (2003) have also reported the
occurrence of genetic recombination and transfe©cdntigen-encoding genes amovig

cholerae with a common genetic background.

The hlyA gene was used as a marker for differentiatiorhef@lassical and EI Tor
biotypes because there is an 11-bp deletion irCtassical O1 biotype (Rader and Murphy,
1988). In additionrtxA has also been used to differentiate Classical @il E Tor O1
biotypes because the RTX cluster is absent in thesical O1 strains (Chog al., 2001). In
this study, all O1V. cholerae strains belonged to the El Tor biotype becausettife gene
was amplified in these strains. Only two non-O1A@fB9 V. cholerae strains (77/08 and

3744/08) showed amplification of the ClassidgiA gene.

In conclusion, mutations in housekeepirdpa, lap, recA, gyrB, and cat) and
virulence genesh(yA, rtxA, andtoxR) were observed in all serogroups\ofcholerae strains
with low amino acid substitution rates. Higher genaliversity was observed for non-
0O1/non-0139 strains. Regardless of the sourceauadlities of isolation, clonally related O1
V. cholerae were found and one O1 strain was clonally relai®dO139 V. cholerae.
Combination of MLST and MVLST analysis in this spudias able to differentiate the
toxigenic and non-toxigenic strains. In additioeggence typing analyses provided further
information on the type of gene mutations, whichsweot possible using other typing

methods.
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Chapter Nine

In-vivo Gene Expression Study for Strains of Different Serogroups and the Host

Environmental Influences

9.1  Background

Environmental strains of/. cholerae are genetically diverse and harbour various
combinations of virulence-associated genes. Hetimse environmental strains could be
reservoirs for transmissible virulence geffearuquect al., 2004). Moreover, despite sharing
the same serogroups, clinical and environmental/holerae are genetically heterogenous;
therefore, the colonization ability of these diwestrains might be different (Chakraboety

al., 2001).

The mechanism of pathogenesis of @lcholerae is well-defined. Three major
virulence-associated elements are foun¥.icholerae such as the TCP (toxin-corregulated
pilus) gene cluster, cholera toxin (CTX) genetienaént and repeat in toxin (RTX) element
which is associated with cytotoxicity in Hep-2 se{Chowet al., 2001; Riveraet al., 2001).
tcpA, tcpl andacfB are the TCP-island-specific genes necessary ntestinal colonization
while ctxA, zot, andace from CTX element are responsible for the productid cholera
toxin (Reidl and Klose, 2002). The production ofM@nd CT is dependent on ToxT while
ToxRS and TcpPH are the key componentgdrrf induction. Meanwhile, the regulations of
ToxRS and TcpPH are complex, involving additioreggulators such as AphA, HapR, LuxO
and others (Xwet al., 2003). Other factors such as cell density, mygtilchemotaxis also
direct or indirectly affect the regulation of ToXIiu et al., 2008; Matsoret al., 2007; Syed
et al., 2009). Majority of the genes in both VPI and C&¢ments are not available Vh

cholerae non-O1/non-0139 strains while the genes in RTX gelaster are found in all
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serogroups o¥. cholerae (Chowet al., 2001). Non-toxigenic O1 and non-O1/non-O239
cholerae which lack TCP and CT are also capable of coldimnaFaruqueet al., 2004;
Dalsgaardet al., 1999), but strains which harbour eithepA or ctxA were more efficient
colonizer (Faruquet al., 2003). In additiontcpl acts as downstream regulatortedA and is
used to assists in the virulence expression of [Rifreraet al., 2001). However, the ability

of colonization for non-O1/non-0139 strains whi@rldour onlytcpl remains unknown.

Generally, the expression of virulence genes isifsogntly enhancedin-vivo,
especially those genes which are responsible f@molaxis, adherence, motility and
regulators associated with TCP and CT productiamdbal., 2003). Pathogens must be able
to regulate specific genes in order to survive ke thost environment and mediate
colonization during different stages of infectiddofceet al., 2004; Xuet al., 2003). DNA
microarray was used to monitor the expression akegm-vivo for V. cholerae and it was
reported that 80% of genes are down-regulated mmamushed/. cholerae (Boyceet al., 2004;
Hinton et al., 2004; Shelburne and Musser, 2004). Converselydeget al. (2004) had also
reported the selective enrichment of potential pgéimic strains which occurred in the host,
which led to the hyperinfectious stage \af cholerae isolated from stools (Merrekt al.,

2002).

In this Chapter, the ability of colonization for awO1 V. cholerae strains which
shared the same virulence alleles was comparedafihity of colonization for non-toxigenic
01, tepl™ non-01/non-0139, and non-toxigenic non-O1/non-O¥38holerae strains were

determined. In addition, the influence of hostimmvment in colonization was also studied.

153



9.2 Materials and M ethods

9.2.1 Strainssdection and mouse inoculation

Five V. cholerae strains including one toxigenic/clinical O1 (123)0 one
toxigenic/environmental O1 (1/08), one non-toxigéclinical O1 (35/04), and two non-
toxigenic/clinical O1 (310/08 and GB/08) were s&decbased on MVLST analysis in
Chapter 8. Toxigenic O1 strains, 123/08 and 1/08 shareds#imae allelic profiles foctxAB,
hlyA, rtxA, tcpA, toxR andtcpl genes. The inocula were prepared as previouslyrides in
Olivier et al., (2007) with slight modification. Briefly, overrig cell cultures were diluted
1:1000 in fresh LB broth supplemented with 100 figteeptomycin and allowed to grow to
reach mid-log phase ¢#s~0.5). An aliquot of 100 ul of the culture was sglown and the
pellet was washed and resuspended twice with 1 Ksptate-buffered saline (PBS).

Approximately of 16—10" CFU/ml was used for inoculation in mice.

The mouse-inoculation protocol was approved byR&eulty of Medicine, University
of Malaya [PM08/06/2010/CKH(R)]. Eight weeks ol@dithy ICR mice were used. The
mice were forced to feed with the inocula usingnali feeding gauge, and labelled
accordingly. One uninfected mouse was used as taotohhe mice were sacrificed after 24

h. The intestines were removed and observed fa 8dacumulation.
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9.2.2 RNA isolation from bacterial culture and mouse intestines

RNA was isolated from both bacterial culture andus®intestines. The RNA isolated
from in-vitro growth was used as the reference sample of peetioh (B1-B5) while the

RNA derived from the mouse intestine was used apkes of post-infection (M1-M5).

One millilitre of bacterial culture was pelleteddaresuspended with 1 ml of easy-
BLUE Total RNA extraction solution (Intron Bioteoblilogy, Gyeonggi-Do, Korea). Two
hundred microlitre of chloroform was added. The tonig was centrifuged for 10 min at 4°C.
Approximately 400 ul of upper aqueous layer wasdferred to an empty microcentrifuge
tube, followed by adding 400 ul of isopropanol ithe tube. After mixing, the mixture was
left at room temperature for 10 min and centrifugBuke pellet was washed with 75% ethanol,
and allowed to dry. Finally, the pellet was disgolvin 30 pl of ddBO and kept in -20°C

before use.

To isolate the total RNA from mouse intestine, 19@ of intestine tissue was
homogenized in 1ml of Easy-blue Total RNA extracti®olution (Intron Biotechnology,
Gyeonggi-Do, Korea). 200 ml of chloroform was addeul the extraction was performed

similarly as mentioned above.

One microlitre of the extracted RNA was mixed wdtiul of TE and run on 1% (w/v)
agarose gel. The total RNA was treated with DN&serfiega, Madison, USA) (incubate at

37°C for 30 mins) and quantified using a biophottanéEppendorf, Milan, Italy).
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9.2.3 Reversetranscription (RT)-PCR

Single-stranded cDNA was synthesized from RNA (BiL-d&\d M1-M5) using the
High Capacity cDNA Reverse Transcription kit acéngdto the manufacturer’s instruction
(Applied Biosystems, Carlsbad, CA, USA). BrieflyX2RT master mix including RT buffer,
dNTP mix, random primers, reverse transcriptasedaitO was prepared and finally 10 ul
(~2 png) of total RNA was added. Reverse transaniptvas carried out in a thermal cycler
with optimized condition as recommended from thenafacturer (25°C folO min, 37°C for
120 min, 85°C for 10 min and held at 4°C). The cDNas directly used for real-time PCR

analysis.

9.2.4 Detection of virulence genes by conventional PCR

Conventional PCR was carried out for detectiorrtg, tcpl, hlyA, tcpA, ctxA and
toxT genes. cDNA of B1-B5 and M1-M5 were used as DNAgkate. The PCR was

performed as described @hapter 8, Section 8.2.4.

9.25 Comparative Expression Study

An initial standard curve experiment was carried twu quantify and validate the
expression of endogenous contrahpW) in all samples according to the guidelines predid
by the manufacturer (Applied Biosystems, Carlslia@l). Same concentration of cDNA for

each sample was loaded.
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The expressions of nine target gendsA| acfB, toxT, tcpl, hlyA, tcpA, ace, ctxA and
zot) were evaluated using Tagman probes (Applied Biesys, Carlsbad, CA). Quantitation-
Comparative Ct experiment type was used in thidystReal-time PCR was performed using
Step-One Plus Real-time PCR System (Applied Biesyst Carlsbad, CA) in a total volume
of 20 ul containing 1xTagMan Universal Master Mix without AmpErase UNG, 1ssay
Mix (Applied Biosystems, Carlsbad, CA) and ~10 MgNA template at cycle conditions:
50°C for 2 min, 95°C for 10 min, followed by 40 ¢gs at 95°C for 15 sec and 60°C for 1

min. All reactions including negative control wetm in triplicates.

B1-B5 were selected as reference while M1-M5 aspsesn The expression of genes
for each sample was compared in fold-chang€ value>1 indicates up-regulation of gene
expression while RQ<1 indicates down-regulation g#gne expression based on the

manufacturer’s instruction (Applied Biosystems, I6laad, CA).

9.3 Result

9.3.1 Colonization and observation for fluid accumulation

Severe fluid accumulation was observed in mougecied with strains 123/08 and
1/08 along the small intestine, cecum and colom.tke mouse infected with strains 35/04
and 310/08, slight fluid accumulation was obseriredhe small intestines. The colonized
intestines were also observed with gas accumulatdanfluid and gas accumulation was

found for GB/08 Figure 9.1).
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Non-infected 12308 10§ 3N 310 08 GB 0%

Figure9.1 Intestines removed from the mice infected with aefiéht variants of strains
showing gas and fluid accumulations compared withrion-infected mouse. Strain 123/08
was clinical O1V. cholerae; Strain 1/08 was environmental @1cholerae; Strain 35/04 was
clinical O1 V. cholerae which did not harbour virulence genes; Strain 3&80¥as non-
O1/non-O1V. cholerae which harbouredcpl; Strain GB/08 was non-O1/non0-O139

cholerae which did not harbour virulence genes.

9.3.2 Detection of V. cholerae from stools

Stools were collected from the mice and subjed¢tedmpW-based PCR fol.
cholerae detection. Rice watery stool was observed for tbese infected with strain 123/08,
while others were not watery. Unfortunately, noosteas collected from the mouse infected
with GB/08. Overall,V. cholerae was detected in the stools collected from the mous

infected with strains 123/08 and 1/08 orifygur e 9.2).
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1500 bp
1000 bp

00 bp

100 bp

Figure 9.2: Agarose gels showing the results of PCR perfororethe stools collected from
the mice. Lane 1: 100 bp DNA marker; Lane 2: negationtrol (ddHO); Lane 3: 35/04

(O1); Lane 4: 310/08 (non-0O1/non-0139); Lane 5:/a8301); Lane 6: 1/08 (0O1).

9.3.3 PCR detection of virulence genes before and after inoculation

Before the commencement wf-vivo expression study, the detection rafA, tcpl,
hlyA, tcpA, ctxA, andtoxT were performed on the strains 123/08, 1/08, 35314/08 and
GB/08. Strains 123/08 and 1/08 wemxA®, tcpl®, hlyA’, tcpA’, ctxA™ and toxT'. Strain
310/08 harbouredtxA, tcpl, hlyA andtoxT while strains 35/04 and GB/08 harbouréxi,

hlyA andtoxT.

PCR was performed again on the cDNA which syn#iegsirom RNA isolated from
the intestines. As a result, the virulence profoéstrains 123/08, 1/08 and GB/08 remained
the same. Strain 35/04 wetsA™, tcpl™, hlyA™ andtoxT™ while strains 310/08 wasxA”, tcpl ™,
hlyA", tcpA”, ctxA™ andtoxT'. PCR was carried out twice and the same results alatained

(Figure9.3). The PCR results are summarized able 9.1.
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Figure 9.3: Agarose gels showing the results of PCR carriatl an the cDNA (after
inoculation). A) Amplification ofctxA gene at ~564 bp. Lane 1: 100 bp DNA marker; Lane 2
123/08 (0O1); Lane 3: 310/08 (non-O1/non-0139); L4nd/08 (O1); Lane 5: 35/04 (O1);
Lane 6: GB/08 (non-O1/non-0139). B) AmplificatiohtopA gene at ~451 bp. Lane 7: 100
bp DNA marker; Lane 8: 123/08 (O1); Lane 9: 310{68n-O1/non-0139); Lane 10: 35/04
(O1); Lane 11: 1/08 (O1); Lane 12: GB/08 (non-ObA@139). C) Amplification oftcpl
gene at ~862 bp. Lanes 13: 100 bp DNA marker; Uahe 23/08 (0O1); Lane 15: 35/04 (0O1);
Lane 16: 1/08 (O1); Lane 17: 310/08 (non-Ol/non®)l1Rane 18: GB/08 (non-Ol/non-

0139).
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9.34 Genesexpression via Real-time PCR

In strain 123/08, all the virulence genes were mioggulated, except fdoxT
andtcpl after 24 hour of inoculation. The expressiortaT andtcpl ranged from 1.2-
1.45-folds. However, in strain 1/0&cfB, tcpA, ctxA and zot were down-regulated

while rtxA, toxT, tcpl, hlyA andace genes were expressed at the range of 1 to 2.8-fold

Most of the expression of virulence genes in s§eé85/04 and 310/08 were
increased. In strain 35/04, the expressioadB, toxT, tcpl, ace, tcpA, ctxA and zot
genes were up-regulated and these increments rdrgeadl.4 to 3.5-folds. In strain
310/08, all the expression of virulence genes weyeegulated, excepttxA gene.
Besides that, all the genes were expressed attige rof 3.2 to 6.6-folds, except for

hlyA which only 1-fold expressed.

Only tcpl andtcpA expression were upregulated in strain GB/08. Adl dither
genes were down-regulated. A comparative view exgiressed genes for the five

strains is shown ifigure 9.4.
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“3 310/08
GB/08
1
l
0
rtxA actB toxT tepl hivA tcpA ace cixA zot
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Figure9.4  The regulation of expressed genes for the fivarsra he expression of
genes were up-regulated when RQ>1. Genes expressio, acfB, toxT, tcpl, hlyA,
tcpA, ace, ctxA andzot for toxigenic/clinical O1 (123/08), toxigenic/enenmental O1
(1/08), non-toxigenic/clinical O1 (35/04ipl* non-O1/non-0139 strain (310/08) and

non-toxigenic non-O1/non-0139 strain (GB/08) werenpared.
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94 Discussion

Majority of fluid accumulation was found along tleelon and cecum. This
finding was in agreement with Angelichi@ al. (1999) thatV. cholerae are well-
colonized at the cecum and large bowel with higibiity. However, although the
fluid accumulation was not obviously found in theadl intestine, the establishment of
colonization in the small intestine was still pdésibeyond 24 hours as long as the

bacterial cells were cleared (Olivigral., 2007).

Xu et al. (2002) have suggested that genes for motility elnemotaxis are
significantly induced in the intestinal environmeAs motility is associated with the
virulence ofV. cholerae, it is suggested that the regulation of motilitydavirulence
occurred inversely (Syeet al., 2009). Flagella is used to penetrate mucin laygris
not attached to the cells after enter the mucim @tial., 2008). The loss of motility
also represses th@pR and leads to induction of ToxT. Besides the ntgtilhe effect
of cell density on virulence production is also @rant. V. cholerae required 18 of
cells to induce a symptomic infection (Salyes antitth/2002). The cells continuously
multiply while moving from the digestive systemittestine. However, the number of
cells is decreased by barriers such as changesngerature, osmolarity, gastric acid,
and bile salt to reach the intestine. Low cell dignaterrupts the transcription ¢pR
and enhances the expressionaphA. This facilitates the activation of ToxRS and
TcpPH to induce the expressiontoXT as the initial induction of virulence factors (Liu
et al., 2008, Matsonet al., 2007). In contrast, when the cell density is higte
increased production of HapR protein can represdridmscription ofphA and result
in the inactivation of virulence factors (Matsah al., 2007). This is commonly

observed at the late stage of infection as the eurabcell reach a higher density. It
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was suggested that virulence factors such as CTramsiently expressed for infection
and repressed before being shed to the environfoetitansmission to the new host
(Boyceet al., 2004; Liet al., 2008,). In our study, most of the virulence gemethe
toxigenic clinical O1V. cholerae (123/08) were down-regulated, indicating that the
cells are in preparation or in progress of dissaiimig out of the host. This finding was
also supported by the evidence\bitholerae detected in the rice watery stool collected
from the mouse infected with strain 123/08. #&pA and ctxA were down-regulated
after 24 hours of inoculation, these two genes \egpected to be transiently expressed
(Boyce et al., 2004). The uninterrupted high expressionta{T and tcpl in the
intestinal derivedV. cholerae for this strain suggests that the acquisitiontadse 2
genes for cell growth and survival &T is one of the components in the cascade
mechanism to regulate and express genes for aaiNtlyrand survival whildcpl is
involved in environmental sensing and chemosenddrg observation concurred with
Rivera et al., (2001) thattcpl gene may be important in both physiology and

pathogenesis of. cholerae.

Olivier et al. (2007) have proposed the utility of accessoryrs»x@uch astxA
andhlyA for establishment of prolonged colonization inTelr O1 strains, where the
bacteria were able to prevent clearance from tist. Aavo El Tor O1 strains (123/08
and 1/08) with similar MVLST profiles but differesburce of isolation were included
in this study. Interestingly, the prolonged colatian was only observed in the
toxigenic environmental O¥. cholerae (1/08) which showed upregulation kA and
hlyA genes expression. This strain also caused asymptomaiction of the infected
mouse as this mouse did not shed typical ‘rice wastool. Howevery. cholerae was
detected in the stool collected from this mouseusTtihis finding suggests that the

ability of the environmental O¥. cholerae to resist variety of environmental stress has
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increased the fitness in intestinal environment favdurably established a prolonged
colonization event. The finding supports the obsgon that clinical and
environmental O1V. cholerae strains are very different in certain genetic edata

(Chakrabortyet al., 2001).

Merrel et al. (2002) suggested that the virulence gene¥.ioholerae will be
turned-off before being shed to the environment tardnfectivity ofV. cholerae does
not correlate with the increased expression ofieirce genes. Merret al. (2002) also
found thatin-vitro expressed virulence genes might not be expregsettiei host
environment. In this study, no virulence genes waetected for the non-toxigenic
clinical O1V. cholerae (35/04)before inoculation. However, after inoculatioepl was
detected and the expression was increased by 8ld5¥hetcpl gene in this strain
(35/04)might be turned-on when it re-entered the intekenaironment of the mouse.
Repetitivein-vitro experiments which have been carried out on tharsttid not alter
the infectivity of this strain as the virulence genare induced in a favourable

environment regardless of the period of isolation.

Harkeyet al. (1994) reported that Tcpl is the negative regulatiotcpA gene
and is able to reduce the motility of cell. Howewshen the cell reaches the correct
anatomical site of the intestine, signal transaurctdf Tcpl to the environment will
activate the expression of TcpA and fine-tune th@monents of virulence and promote
TCP assembly (Harkewt al., 1994). Therefore, the involvement tfpl in the
colonization is consequential. Riveeaal. (2001) have reported environmental non-
0O1/non-0139V. cholerae that harboutcpl gene. This suggests that the virulenc® .of

cholerae is associated with ecosystem (Rivetaal., 2001). However, the intestinal
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environment also facilitates the enrichment of isgawith pathogenic potential

(Faruqueet al., 2004).

In this study, onécpl®™ non-O1/non-0139 was used to test for the effigieoc
colonization. The overall result of thepl® non-O1/non-0O139V. cholerae was
interesting. Firstly, the strain harbourgdA, tcpl, hlyA andtoxT before entering the
host but detected withtxA, tcpl, hlyA, tcpA, ctxA, zot andtoxT after derived from the
intestine. Except fortxA andhlyA genes, the expression levels of genes in thigstra
were obviously high. The high expression level ehgs $ection 9.3.4) in this strain
had led to the occurrence of colonization. Thisgests that the virulence genes were
intensively enriched in the intestinal environmetitus increase the ability of

colonization.

The ability of colonization by non-O1/non-0139 stewithout TCP and CT
has been reported (Oliviet al., 2007). However, no colonization was observedtier
non-toxigenic environmental non-O1/non-0O189cholerae in this study. Expressed
ToxT in this strain may activate the transcriptadfrtcpA, but was not able to establish
colonization significantly. The repressions tpl and acfB lead to inappropriate
circumstances for colonization and CT induction glet al., 1999), thus fluid
accumulation was not observed. This is in agreeméht Chaparrcet al., (2010) that
tcpl and acfB have overlapping or redundant chemotactic functidrich lead to

intestinal colonization.

Fluid accumulation caused Wy cholerae infection is a well-known observation.
In this study, gas accumulation was also obsermedddition to fluid accumulation.
This happened only to the mouse infected weph positiveV. cholerae. It is tempting

to speculate that the gas production may be adsedciwgith the TCP cluster and gas
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production may be crucial with the presence of s&og/ toxin such as haemolysin.
This speculation is outlined by the repressiomlghA gene in toxigenic clinical OV.
cholerae in consequence of the least production of gas.eMbeless, inflammatory
responses caused by the accessory toxin mutantleavedescribed elsewhere (Fullner
et al., 2002), gas production and the factors mediatechbaibeen mentioned and could

be further investigated in the future.

In conclusion, this study shows that 1 cholerae strains from different
sources which shared same virulence profiles maxe tdifferent performance in
colonization.tcpl™ non-O1/non-0139 can be more efficient colonizemtttpl™ non-
0O1/non-0O139V. cholerae astcpl might be useful in regulating the expression bieot
colonization-associated genes in parallel with Tokihally, the host environment can
favourably enrich the virulence genes in non-torigedD1V. cholerae, thus enable the

colonization once the virulence genes are introduicehe intestinal environment.
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Chapter Ten

General Discussion

Vibrio cholerae, the causative agent olfiolera, is endemic in many parts of the
world, especially in developing and less developaghtries which lack of clean water
supplies and inadequate public health facilitiekiet al., 2005).V. cholerae O1 and
0139 serogroups are responsible for severe diagdsas which can cause mortality if

no treatment is given to the patients (Faruefua., 1998).

In Malaysia, cholera outbreaks due to tfiecholerae Ol serotype occur
periodically (Vadiveluet al., 2000). Two hundred and thirty seven cases oferhol
with two fatal cases were reported in 2006 by tlepddtment of Public Health (DPH),

Ministry of Health Malaysiakttp://www.dph.gov.my/survelans/StatistilElhadiet al.

(2004) reported that the ratio of distribution \&f cholerae 0139 to O1 serogroups
isolated from seafood from 1998-1999 was 14:1. Rdron-O139V. cholerae is also
frequently isolated from seafood and water soubzgshas not been implicated in any
major outbreaks (Elhadt al., 2004; Cheret al., 2004). Although non-O1/non-0O139
cholerae is not associated with any major outbreak, it lhaen reported to be

responsible for sporadic cases of diarrhea (Rigeah, 2001; Faruquet al., 2004).

Conventional identification oW. cholerae is time consuming and tedious.
Moreover, ambiguous identification was observed doethe high similarity of
biochemical properties amony. cholerae and otherVibrio species as well as
Aeromonas species. Molecular identification ¥t cholerae based on 16S rRNAXAB
and tcpA were not satisfactory because 16S rRNA was coaderamong the

Vibrionaceae family and some of thé cholerae strains do not harbor virulence
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markers (Kita-Tsukamotat al., 1993; Ruimyet al., 1994; Kaperet al., 1995).
Therefore, Nandet al. (2000) had developed a PCR detectioV.otholerae based on

ompW gene and this PCR had shown high specificity.ioholerae detection.

On the other handy. cholerae is autochthonous to the aquatic environments,
hence it is important to monitor this bacteriumwater sources for control of cholera
(Choopunet al., 2002). BesideV. cholerae, V. parahaemolyticus andV. vulnificus are
another two important water-borne pathogens whicimarily cause seafood-
associated bacterial illnes¥. cholerae, V. parahaemolyticus and V. wulnificus are
associated as principal pathogehibrio spp which are involved in gastrointestinal
illness or septicemia (Panicker al., 2004). Therefore, it is necessary and useful to
develop a PCR assay which could simultaneouslyctietee three pathogens from
environmental sources. Current available PCR assiflysr target the virulence genes
of pathogenicVibrio species (Panickest al., 2004) or require an additional step of
DNA sequencing for confirmation (Taet al., 2007; Nhunget al., 2006; Thompsoet
al., 2005). In order to explore another specific marfieg V. cholerae detection and
overcome the limitations of current methods for hpgenic differentiation, the
gyrB/pntA-based PCR was developed. Besides the differeamiatdf V. cholerae, V.
parahaemolyticus and V. vulnificus, otherVibrio species could be detected by using

this PCR approach based gmB marker.

Generally, virulence genes may not be suitablekerar for V. cholerae
detection because some of thecholerae strains including O1 serogroup do not harbor
cholera toxin and toxin-corregulated pillus (Naetlal., 2000). However, it would be
useful to develop a multiplex PCR that could défeirate the virulotype, biotype and

serogroups ol/. cholerae. In this study, a multiplex targeting tloenpW, hlyA, orf
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complex, ctxA, toxR andtcpl was developed to differentiate the biotype, seyogs and

virulotypes of the 4%/. cholerae isolated from different sources.

V. cholerae comprises of three major serogroups (01, O139remdO1/non-
0139) where El Tor O1 and O139 are associatedtivdlseventh and eighth pandemic
(Salimet al., 2005). The derivation of O13@. cholerae is believed to be the result of
horizontal genes transfer from non-O1 to @Xkholerae (Elizabethet al., 1995). This
serogroup conversion reflects the phenomenon thaétg recombination and genes
transfer occurred amony. cholerae (Li et al. 2002; Kotetidhviliet al. 2003) and
directly affect the level of genetic variation aslhas increase the genetic variance in a
population (van Belkuret al., 2001). Virdi and Sachdeva (2005) had reported the
different traits of O1, O13¥. cholerae in India and the participation of non-Ol1/non-

0139V. choleraein the genesis of new variants\afcholerae.

A variety of genotyping methods have been dewaldp assess the variation of
genome composition, restriction endonuclease pfilnumber and position of
repetitive elements and nucleotide sequences (\adkuB et al., 2007). Genotypic
typing is important for surveillance of infectiodseases, outbreak investigation, study
of pathogenesis and investigation of genetic ditye(¥irdi and Sachdeva, 2005; van
Belkumet al., 2007). A good typing method should be able tondethe relatedness of
strains, should not be too costly or complicatedofoeration, must be rapid, and easily
assessable (van Belkuehal., 2001). In the present study, a total of eightoggning
methods were performed. Overall, the discriminaoower for all the methods used
were high (>0.90). To have a better separation asfds, longer gel was used for
RAPD-PCR, ERIC-PCR, REP-PCR and VCR-PCR; hencgyeomel running time

was needed. For MLVA and PFGE, special materiatduded fluorescent primers,
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HiDi formamide, appropriate size standard, resticienzyme, Proteinase K, Seakem
Gold agarose were needed, hence increased théogostform both methods. MLST,
MVLST and MLVA produced the best quality of datathe data generated was less

subjective compared to gel-based analysis.

In this study, each method has shown to be efficiersubtyping the 43/.
cholerae strains of different serogroups that isolated frdifferent sources. Generally,
non-0O1/non-013Y. cholerae in this study demonstrated high genetic divensityle
all the O1V. cholerae were genetically linked (shared same profiles agnesich other
for at least once), except for strain 35/04 and)8Mased on the combined analysis
(Table 10.1). Strain 35/04 was isolated in 2004 from a choleatient while strain
3P/08 was isolated from water samples in 2008. ase RAPD-PCR and MVLST
analysis, strain 35/04 was more related to non-@tM139V. cholerae while the
close relationship (>80%) between strain 3P/08 atiter non-O1/non-0139/.
cholerae was exhibited by RAPD-PCR. Strain 35/04 was ddiférfrom other O1V.
cholerae strains because it did not harbour virulence geBesides that, this strain also
harboured different allelic type ofecA gene which is highly conserved in O1
serogroups. On the other hand, the close gendéitedmess of strain 3P/08 and other
non-0O1/non-O13¥. cholerae suggests that there are common genetic elemeartsdsh
by this O1 strain and other non-O1/non-O139 straifisis is in agreement that
pathogenicV. cholerae evolved from nonpathogenic environmental straind ¢he
environmental sources remain a reservoir for aewarof genetically differentv.

cholerae strains (Colwelkt al., 1995; Rahmast al., 2008).
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The high diversity of non-O1/non-O13@ cholerae is expected as the non-
0O1/non-0O139V. cholerae is composed of more than hundreds of known ancawk
serogroups (Thongt al., 2002). Moreover, Chakraborgy al. (2001) reported that in
spite of sharing the same serogroup, clinical amdrenmentalV. cholerae exhibit
high genetic diversity. In this study, some strawvtsch had the same profiles in the
individual typing methods were further discriminvatiby the the combined analysis.
For example, based on the MLVA and PFGE analySésgter 7), same pulsotype
and MLVA type were obtained for two environmentahrO1/non-O139/. cholerae
(GB/08 and SWI/08). As these two strains were isdlahdependently from different
sources (water and algae) and different locatidflang and Morib), both strains
should be denoted ‘clonally’ related according lie tefinition of relatedness in van
Belkum et al. (2007). However, based on the combined analybisset two non-
O1/non-0O139V. cholerae strains were distinguishable. Similarly, basedoan MLST
and MVLST analysesGhapter 8), there were four groups of strains (Group 1: 63/08
64/08, and 66/08; Group 2: 37/08, 88/08 and 90&8up 3: 70/08 and 123/08; Group
4: 11/08 and 4370/08.) which should be denotedhally’ related as they had 100%
similarity, however, they were not identical in tbembined analyses. Therefore, it is
important to include multiple markers to facilitatee determination of relatedness of
strains, and to support or reject the hypothesisttie strains come from a single origin

(van Belkumet al., 2007).

Generally, MLVA is the most suitable typing metHodV. cholerae because of
its ability to differentiate serogroups of. cholerae, high discriminatory power,
average cost, and precise interpretation of dataretbVer, the procedure is very
straight forward and rapid. However, the determamaof relatedness of strains will be

more reliable by including multiple loci which aseattered around the chromosome in
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order to ensure that the strains are grouped basegenetic relatedness (Achtman,

2001).

The mechanism of colonization using TCP and CTXpplicable to both O1
and O139V. cholerae since the virulence properties of both serogroages similar
(Faruqueet al., 1998). However, colonization does occur in nodrOh-O139V.
cholerae which lack of virulence genetcp andctx). In general, CTX and TCP remain
as the most important element for colonization. Eweevr, the production of CTX and
TCP are co-regulated by the ToxR regulatory systdmch includes the ToxT protein
and other genes suchtapl, tcpP andtcpH (Faruqueet al., 2003). Riveraet al. (2001)
reported the environment¥dl cholerae strains which harboured a single virulence gene
such astcpA, tcpl or ctxA while Faruqueet al. (2003) suggested that strains which
harbour any of the virulence genes are better adonThis perhaps explains why only
non-O1/non-0O139V. cholerae with tcpl positive was able to colonize the mouse

intestine compared to thepl negative strains in the present study.

On the other hand, host environment is also a faethich influences
expression of virulence genes for colonization (gaeet al., 2004). Virulence genes
are enriched in the host and expressed during izaltton, motility and chemotaxis
(Xu et al. 2002). The virulence genes W cholerae could be turned-off after a
complete colonization and before being shed toethgronment (Merrekt al., 2002).
However, this phenomenon does not affect the iviégiof the strain as the virulence
genes are potentially to be induced in a favourabhigronment regardless of the period

of isolation.

Furthermore, it has been suggested that accessafgnce genes such asA

andhlyA are important for establishment of prolonged caatmon in O1 El Tor strains
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(Olivier et al., 2007). In the present study, only environmentaOcholerae showed
prolonged colonization although the same viruleatielic profiles were shared by
another O1 clinical strain. This is in agreemerthv@hakrabortyet al., (2001) that the
environmental O1 strains were higher in fitnesseleeompared to clinical O1.
Additionally, this shows that the theory of prol@adgcolonization by Olivieet al.

(2007) may not be applicable to all the strain®afserogroup.
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Chapter Eleven

Conclusions

A multiplex PCR for simultaneous differential detien of V. cholerae, V.
parahaemolyticus, V. vulnificus and otheNibrio species was developed basedontA
and gyrB genes. This multiplex PCR exhibited high spedyicand sensitivity
compared to conventional biochemical tests and 2. Another multiplex PCR was
also developed for detection, serogrouping, bistggnd virulotyping olV. cholerae
and could shorten the time for conventional biatgoand serogrouping to four hours.
RAPD-PCR, ERIC-PCR, REP-PCR, VCR-PCR, PFGE, MLVALSM and MVLST
were performed and subtyped theM3holerae strains into 38, 40, 35, 30, 35, 38, 29
and 27 profiles, respectively and the clonally tedaess among a few V1 cholerae
was shown. However, these strains were later digtaited and classified as closely
related but not originated from the same clonehm ¢combined analysis of the eight
methods. This finding shows the heterogeneity ofldysan V. cholerae including
clinical and environmental O1 strains. Among thgheimethods, MLVA developed in
this study performed the best because it coulatdfitiate the strains into serogroups
and was discriminative, easy to operate, inexpensapid and gave precise data for
interpretation. Finally, the important role ¢dxT and tcpl for colonization inV.
cholerae was ascertained. Clinical and environmentaMOg&holerae of same virulence
profiles showed different ability in colonizatioBtrain which harbourettpl was easier
to colonize the mouse intestine. Moreover, the lgitce genes were favourably
enriched in the host environment, and therefordlitiéie the colonization in non-

toxigenicV. cholerae strains.
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In conclusion, all the objectives in this studyrevechieved. The genotypic
profiles of V. cholerae obtained in this study may be compared to othainst either
from previous outbreaks in Malaysia or from othegions for genetic relatedness
surveillance. DNA microarray might also be perfodras an alternative methods for

in-vivo expression study of. cholerae.
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