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Mutasi tertumpu tapak operon ctx dalam VCUSM2, calon vaksin
Vibrio cholerae: ke arah pembangunan vaksin kolera

ABSTRAK

Kolera ialah penyakit cirit-birit akut dan dahsyatng disebabkan oleh jangkitan bakteria
Vibrio cholerae O1 dan 0139. la merupakan penyakit endemik dinaegegara yang tidak
mempunyai sumber air yang bersih mahupun sistenb&ban yang baik. Jumlah kes akibat
kolera dilaporkan semakin meningkat. Vaksin yangmiperi perlindungan terhadap
jangkitan V. cholerae 0139 belum wujud lagi. Objektif kajian ini adalabntuk
membangunkan vaksin 0139 yang telah dilemahkan lnetautasi operonctx dalam
VCUSM2. Mutasi ini akan menjadikan VCUSM2 tidak s$gk tetapi mengekalkan
keupayaan perangsangan sistem imun badan. VCUS#ZhamutarhemA, strain 0139,
yang memerlukan bekalan ALA luaran dan mempunyai ghlinan operontx. Operon ini
diklonkan dalam pTZ57Race danzot dilupuskan melalui PCR songsang, dan asid amino
ke-7 dan ke-112 subunit A toksin kolera dimutasikKde@USM14 dihasilkan melalui siri
eksperimen konjugasi VCUSM2 dengan BW207%pi- yang membawa pWM9l yang
mengandungi gen-gen tertentu, diikuti pemilihanres. VCUSM14 tidak mengakibatkan
cecair berkumpul dalam kajian model usus arnabblfitaileal loop model’) tetapi
mengkolonikan usus anak mencit (‘infant mouse’) géenlemah. Molekul toksin kolera
yang dihasilkan berjaya dikenalpasti melalui uf@hELISA dengan menggunakan antibodi
poliklonal. VCUSM14 mempunyai potensi dibangunkabagai calon vaksin sekiranya
keupayaan mengkolonisasikan usus berjaya ditingkatkelalui pengembalian gdemA

yang sempurna ke dalamnya.



Site Directed Mutation of ctx operon in VCUSM2, Vibrio cholerae
vaccine candidate strain:
Towards the development of a vaccine for cholera

ABSTRACT

Cholera is an acute diarrheal disease causedilinyo cholerae O1 and 0139. It affects
countries with scarce clean water supplies and panitation systems. Reported cases and
mortality rates are increasing. No vaccines arélada that confers protection against the
0139 serotype. This study aims to create an attedu@139 vaccine strain by mutating the
ctx operon in VCUSM2 through site-directed mutagenesiadering it non-toxigenic but
retaining its immunogenicity. VCUSM2 istemA mutated, ALA auxotrophic 0139 strain
with two copies ofctx operon in tandem. The operon was cloned into pRZace andzot
genes were deleted by inverse PCR and the chaleira A subunit was mutated at the 7th
(arginine to lysine, R7K) and 113glutamate to glutamine, E112Q) amino acid posgio
VCUSM14 was obtained through a series of conjugatidith BW20767xpir E. coli
harboring pWM91 carrying respective inserts, andrase selection. VCUSM14 does not
cause fluid accumulation in rabbit ileal loop mo@eld is a poor colonizer in the infant
mouse model. CT-ELISA showed that it produces toriwolecules recognizable by
polyclonal anti-CT antibodies. This strain showdegntial for vaccine development once

colonization abilities are improved through reitiger of thehemA gene.

Xi



Chapter 1: Introduction

1.1 Cholera

Cholera is an acute watery diarrheal disease cduystakigenic strains ofibiro cholerae, a
Gram negative bacillus. The disease is charactertzg rice watery stool, vomiting,
dehydration and in its extreme form cholera grakiigyovolemic shock and death. It is a
disease that mainly affects the poor, in countnwibgre clean water and sanitation systems

are not readily available.

Historically, there have been 7 recorded pandemicthe disease. The first 6 pandemics
were caused by the classical biotype of @lcholerae. Although strains of the El Tor
biotype were known to cause sporadic infectionsiaigs only in 1961 that this strain emerged

to cause the"7pandemic.

In 1992, a new strain of. cholerae was discovered to be the etiologic agent for epide
outbreaks of cholera in India and Bangladesh. Adidtnot agglutinate ifV. cholerae O1
antiserum or in any of the 137 non-O1 serogroupserd, this strain was designated the
name 0139, a new serogroup\bfcholerae. V. cholerae 0139 is also known ag. cholerae
Bengal. The concern with regards to the Bengalrstigathat it seems highly capable of

being the etiologic agent for aff 8holera pandemic.

1.2 Epidemiological data and statistics

The number of cholera cases reported in 2005 ltasdeed 30% compared to the number of
cases reported in 2004. In 2005, there were 131¢@4@s, with 2272 deaths reported,

representing a 30% increase compared to the nurimh2894 (WHO 2006).



Interestingly, despite major natural disasters sashHurricane Katrina and the tsunami,
almost no cholera cases were reported from thdseted areas with only 4 cases being

reported in the United States being linked to Hame Katrina (WHO 2006).

Officially notified cases in Asia showed an 18%raase in 2005, with a total of 6824 cases
and 37 deaths in 9 Asian countries. The Indianinent reported 46% of all cases reported
in Asia. Indonesia reported 20% of the total case&sia and 19 deaths. However, none of

these cases reported were from the region affégtede tsunami in 2004 (WHO 2006).

Cholera cases are much under reported because dffegct it may have on the tourism
industry of a country. Although many cases meetWhi¢O case definition of cholera, they
are reported as acute watery diarrhea and thusrdiegescribe the actual incidence of this
disease. In Afghanistan alone, 150,000 cases dé aeatery diarrhea were reported in 26

provinces that, according to WHO case definitior, éholera (WHO 2006).

Information with regards to infection witlfibrio cholerae 0139 was only available from
China where 35% of the laboratory confirmed cadezholera were attributed to be by the

0139 strain (WHO 2006).

1.3 Pathophysiology

Cholera results from the ingestion of pathogeMibrio cholerae, usually from a
contaminated food or water source. The incubatemog for the organism varies from 12 to
72 hours, depending on the size of the inoculumadsal the susceptibility of the individual

(Cashet al., 1974).



V. cholerae is highly acid labile and most of the organism idobe killed in the acidic
environment of the gastric pouch. Thus, a relagivetge inoculum size (fa10°) compared

to other enteric pathogens is required to estabiigttion.

Individual susceptibility revolves around the pHtlé stomach, where the infectious dose is
lower and the risk of illness is higher in persaiw are hypochlorhydric (Wachsmuth IK,
1994). In one study, volunteers who were admirgstesodium bicarbonate to neutralize the
gastric acid showed that the required infectiousedawas much lower than in a normal
individual. A study with heavy cannabis users régabincreased risk of developing diarrhea
following ingestion ofV. cholerae O1 compared with persons who did not smoke casnabi
or who smoked cannabis less frequently. This figdimay explain the patterns of infection
in the Ganges delta, where cannabis use is commgaris of the population (Wachsmuth

IK, 1994).

Vibrio cholerae colonizes the epithelial cells of the intestine$ #oes not invade nor alter
the structure of these cells (Wachsmuth 1K, 19&®tjce the organism successfully colonizes
the intestines, the production of cholera toxindkeao the increase of chloride and
bicarbonate secretion into the intestinal lumen.tifé same time, there is a decrease in
villous absorption of sodium chloride. This causesacellular fluid to be secreted into the
intestinal lumen and subsequently leads to theeadidgrrhea symptoms characteristic of

cholera.

1.4 Prevention & vaccines & cost

Extensive and in depth studies\afcholerae, its genes, their functions and the proteins they
code for have been carried out and are still omgoYet many people still die of cholera

yearly (WHO 2006). The long term solution for theolglem is to provide safe and clean



drinking water and to establish good sanitatiortesys in communities where cholera is
endemic. The short term solution would be, andtas,develop a safe, immunogenic,
affordable vaccine to be administered to the magsesuntries where clean water and

sanitation are not readily available.

However, these countries often do not have theuress to fund mass health campaigns,
what more to purchase readily available choleracimes for a large scale vaccination
program. Hence, there is a need for a vaccine tmade available to these nations at the
lowest possible cost. Currently, apart from beiog éxpensive for mass vaccination, the
available cholera vaccines do not confer long tenmunity (Trachet al., 1997, WHO 2004)
and do not produce convincing protection in difigricommunities (Richiet al., 2000,

WHO 2004).

Studies have shown that patients who experiencéerghaxhibit long term immunity
towards reinfection (Wachsmuth IK, 1994). This wbuahean that to produce a long term
immune affect, the ideal vaccine would need to mimitrue infection. Thus, an attenuated

live oral vaccine would perhaps offer better protecas compared to whole killed vaccines.

Currently, available vaccines and candidate straihich are mostly of the O1 serogroup
(Cryz et al., 1995, Fontanat al., 2000, Garciat al., 2005, Lianget al., 2003, Qadrkt al.,
2006, Thungapathrat al., 1999, Yuet al., 2005) do not protect against O139 infection
(Albert et al., 1994a, Qadrét al., 1997) CVD 103-HgR is an O1 classical Inaba strain that
has 94% of thetxA gene absent (Ketlegt al., 1993) and is now a commercially available
vaccine that does not claim to protect against Qaf&tion (Albertet al., 1994a, Alberet

al., 1994b).

IEM101 is an attenuated strain that was found todierally deficient of thetxAB gene

(Liu et al., 1995). Without this gene, the bacteria lacksgericity and does not cause fluid



accumulation. However, often efforts to develophmlera vaccine would seek to make
available the B subunit in the formulation (Liagcal., 2003, Svennerhol® al., 1984, Sack
et al., 1997, Ketleyet al., 1993, Waldor and Mekalanos, 1994). Hence, IEMW&%
developed from IEM101 with the insertion of tti®B gene (Lianget al., 2003). Other O1

serogroup vaccine strains include the Cuban 63@stPeru-15, and Texas Star-SR

Upon discovery that current O1 based vaccines dohefp in protecting against 0139
infections, research groups have increased effortdevelop live attenuated O139 strains
that may be used as vaccines. One such exampledsnlet. al. with the construction of
thyA andhap mutants from SG-25-1a, a spontaned@I X® mutant O139 strain (Ledost

al., 2003).

Costeret. al. describe the construction and evaluation of Beti§alCostest al., 1995). The
strain is a stable spontaneous non-motile derigaiiBengal-3, which is absent for the CTX

element but has been inserted with a construcetiaides foctxB.

The strain in which this study is involved and mested in is VCUSM2, demA mutant
0139 strain constructed by Ravichandretn al. (Ravichandranet al., 2006). Further

description of this strain can be found in 1.8hi$ tthapter.

1.5 Strains

1.5.1 Serogroup

Different O antigens differentiate the serogroupsVibrios. Currently, more than 139
different O antigens o¥. cholerae have been identified. These O antigens are théafies

polysaccharides that are part of the cell wall piglgsaccharide (LPS) (Wachsmuth IK,



1994). The serogroups ¥f cholerae can not be chemically identified but are determibg

respective antisera.

However, only the/. cholerae carrying O1 and 0139 antigens are associated ittemics.

The remaining serogroups are collectively knownnags-O1, non-O139 strains. These
strains may not be significant as etiologic ageftepidemics but might cause sporadic
diarrhea, gastroenteritis and occasionally extestirial infection such as wound infections
and acute sepsis. This is observed in people viitr Idisease or immunosuppression

(Ramamurthyet al., 1993).

1.5.2 Serotype

On the basis of variation in antigenic form andtaier traits, epidemic O1 strains can be
further differentiated into three serotypes, namklgba, Ogawa and Hikojima. The 3
serotypes have been designated by the antigenicufas AB (Inaba), AC (Ogawa) and

ABC (Hikojima) respectively; with the A antigen camon to all serotypes.

1.5.3 Biotype

Vibrio cholerae of the O1 serotype can be further classified iBtoTor and Classical
biotypes. They are distinguished by their hemolgativity, agglutination reaction with

erythrocytes, and Polymyxin B resistance.

The Classical biotype was responsible for the pamicke from 1817 till 1923, spread from
the Indian subcontinent to most other parts ofwtbdd. The seventh and ongoing pandemic
which began in 1961 however, is predominated bygBh&or biotype. This biotype largely

replaced the Classical biotype in India and otlatspof the world.



1.6 CTX® Phage

Cholera toxin or CT is encoded by tt& operon carried by the CTXbacteriophage. Not
all Vibrio cholerae strains are toxigenic and can produce this tokisubset ofV. cholerae
acquired these toxin genes by means of bacteri@phmgction or horizontal gene transfer

(Davis and Waldor, 2003).

Toxigenic V. cholerae O1 El Tor and 0139 typically demonstrate possessiomultiple
CTX prophages that are inserted site-specificadigrrthe terminus of Chrl, the larger of the
two Vibrio chromosomes (Heidelber al., 2000, Daset al., 1993, Eharaet al., 1997).
Hence, in these strains, it is possible to obseruliple ctx operons and reinfection by the
bacteriophage. The O1 Classical biotype shows iniitpto reinfection of the phage when
an existing phage is present. Therefore, O1 Clalsstcains have only one copy of tbix

operon (Kimsey and Waldor, 1998).

Contemporary toxigeni¥'. cholerae also contain the CT& related element RS1. RS1 is a
filamentous phage that is not autonomously trargbiis but is instead a ‘satellite’ phage of
CTX®. It is inserted adjacent to their CTX prophaged dapends on the CTdXcoat and
secretion proteins for packaging. Both G>and RS1 have identical sequences at the 5’
ends. They encode proteins used for replicatiotgrgration and regulation of gene
expression. The remaining genes in @ &ncode for proteins that are needed for packaging
and secretion (plfi”, ace andzot) and CT, which is not involved in virion formatigbavis

et al., 2002)

CTX® is more dependent on host-encoded proteins couhptrethe prototypical Ff
filamentous coliphages it is similar to. Studieségnahown that chromosomal gene products
facilitate the integration and secretion of thisagd. The genome of the C®Xdoes not

contain a sequence similar to any known integrdssitead, chromosome-encoded



recombinases XerC and XerD are required for itegration (Huber and Waldor, 2002).
CTX® relies also upon a chromosome-encoded secretsh) Ep its secretion. Interestingly,
the Eps system also mediates release of choleira(®andkvistt al., 1997, Sandkvistt al .,
1993). The secretion of the phage by the hostatkeilvs for the simultaneous vertical and
horizontal transmission of CT& Thus, CTXP can simultaneously be transferred to a new

host cell and retained within the genome of thehalstt.

1.7 Toxins & Proteins

In the ctx operon, there are five identified genes, Diil(formerly calledorfU), ace, zot,

ctxA andctxB. All these genes, except pilf, are involved in or assist in fluid secretion.

The gene plfi™ was formerly referred to as an open reading fratle unknown function.
Heilpernet. al. hypothesized and found that the protein functioimed similar manner to
that of the coliphage fd protein plll (Heilpern awhldor, 2003). The protein was found to

mediate CTXb infection as well as played a role in CbhXassembly and release.

Another potential enterotoxin produced By cholerae that has been identified is the
accessory cholera enterotoxin (Truclgisl., 1993). It has been demonstrated that the 11.3-
kDa product can cause fluid accumulation in adaitibit ileal loops and in a sealed infant
mouse model (Trucksit al., 1993). Culture supernatants from constructs d@egdiCT and

Zot but containing th@ce gene demonstrated a significant increase in shiantit current
secondary to an increase in potential differenceUssing preparations. This toxin is
suspected to be the cause behind the mild to medéi@rhea experienced by volunteers of
vaccine candidates, JBK70 and CVD101. It has alenbfound that the mechanism of
secretion by this toxin involves €aas a second messenger and it stimulates a no%él Ca

dependent synergy (Trucksisal., 1993).



The zonula occludens toxin coded 2oy, is a 44.8kDa protein that is cleaved and gives ri
to a 33kDa N-terminal fragment and a 12 kDa or ndal-terminal fragment. This toxin
activates a complex intracellular sequence of evérdt regulate tight junction permeability
of the small intestinal mucosa (Fasah@l., 1995). The increase in the permeability of the
mucosa enables the bacteria to colonize more easilyalso enhances the influx of cholera
toxin into intestinal cells. It has been observidt tpurified Zot primarily binds to a cell
receptor, rearranges the cell cytoskeleton(Fastiab, 1995), and induces secretion in the
small intestines in rabbit models (Fasasioal., 1997). It is also suggested that is
involved in the CTX> morphogenesis together with Jiif, to assemble the filamentous

phage at the bacterial envelope (Uzetgal., 1999).

The cholera toxin (CT) itself however is the maduse of the characteristic rice watery stool
diarrhea of cholera. CT is a hexameric protein tmausists of 5 B subunits (coded ¢iyB)

and 1 A subsunit (coded laixA).

The pentamer B subunit contains the GM1 gangliosieleeptor binding site and is
responsible for the binding properties of the groté&/hen the toxin is secreted in the small
intestines, the B subunit will bind to the GM1 ghogjde, a glycolipid which is practically
ubiquitous in eukaryotic cell membranes. The bigdaf the toxin will then lead to the

release of the A subunit into the intestinal cells.

The A subunit is an ADP-ribosyltransferase, an emeyesponsible for the toxicity of the
molecule and the diarrheal effect characteristichudlera. The A subunit will then cleave
into two peptides, A1 and A2. The two proteolytigatleaved proteins are still linked by
disulphide bonds before internalization (Gill andpRaport, 1979). The Al peptide will
enzymatically transfer ADP-ribose from nicotinamiddenine dinucleotide (NAD) to a
target protein. The target protein is the guanoSiAeiphosphate (GTP)-binding regulatory

protein associated with membrane bound adenylaiass. It ‘locks’ adenylate cyclase in its



‘on mode’ and this leads to excessive productiorcyafic adenosine 51-monophosphate
(cAMP). The accumulation of cAMP in the intestinadlls will cause hypersecretion of

chloride, bicarbonate and finally, water into theektinal lumen.

As mentioned, the A subunit is an enzyme. Thudjag an active site with a specific
configuration (Fontaneet al., 1995, Jobling and Holmes, 2001). This configaratis
produced through the interaction of certain amimidsa through hydrogen bonds and
disulphide bonds. If these bonds are changed,icertanfigurations may be altered. These
alterations are particularly important in the imaation of enzymes. This is because enzymes
have specific sites, known as active sites, thatuaed to bind to specific sites of particular
substrates. Once the active sites have been altdnedenzymes cannot bind to their
substrates and therefore cannot perform their dg@rfunctions. By altering the active site
of the A subunit, the molecule is unable to furctenzymatically and its toxigenicity is

addressed (Fontamhal., 1995).

1.8 VCUSM2

VCUSMZ2 is an ALA $-aminolevulinic acid) auxotrophic 0139 strain iniatha frameshift

mutation has been carried out on th@nA gene. The gene encodes for glutamyl-tRNA
reductase, an important enzyme in the C5 pathw#\Léf biosynthesis. Studies have shown
that VCUSM2 is able to colonize and induces goodhime response in animal models.
Rabbit ileal loop ligation experiments show that W&M2 is less reactogenic than its
parental wildtype O139 strain. However, slight duaccumulation was still observed at

higher doses of CFU (Ravichandreral., 2006).

Although studies have shown that VCUSM?2 is lesdgeEnic than the parental wildtype
0139 strain, it is still essentially toxigenic ds possesses the completexAB gene.

VCUSM2 has been identified to possess double copiiesx operon, arranged in tandem
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(unpublished data). This data was acquired by diggshe purified genomic DNA with
specific enzymes and performing a Southern Blohvgpecially designed probes. The
experiments were performed and analyzed by researdéh Cuba. The double copiesabt
operon in VCUSM2 are fully functional and causengfigant amounts of fluid accumulation

as well as hemorrhaging in rabbit ileal loop maelgeriments (Ravichandranal., 2006).

1.9 Objectives

It is the objective of this study to genetically mpulate VCUSM2 that its toxigenicity may
be reduced. The study aims to deletedteandzot genes in the operon by means of inverse
PCR because these genes can contribute to milche#arAlso, the study aims to mutate the
CtxA gene at two specific sites so that two amino @¢ivolved in the formation of the
active site of the enzyme will be changed, rendgeitnnon-functional. The target amino
acids are the"7and 112 amino acid of the A subunit. Thé"7s arginine and has been
substituted for lysine (R7K). The 1%3s glutamate and was substituted with glutamine

(E1120Q).

The obtainedtx operon mutanYibrio cholerae was then subjected to evaluation in areas of

CT production, reactogenicity and colonization itibi.
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Chapter 2: Materials and Methods

2.1 Experimental overview

Primer design

|

Cloning of ctx operon into pTZ57R

|

Deletion of ace & zot by inverse PCR

|

Mutation of 7" and 112" amino acid codon by
site directed mutagenesis

|

DNA sequencing & confirmation of mutation

!

Insertion of aphA gene at Fsel site T

|

Truncate aphA gene by inverse PCR

| ‘

A 4

Restrict with Sacl & Smal and subclone into pWM91

|

Conjugation, sucrose selection & screening for mutants

!

CT ELISA

l

Animal studies

|

l

Rabbit ileal loop

Infant mouse colonization

Figure 1: Experimental overview
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2.2 Reagents, chemicals, kits

2.2.1 Culture media

2.2.1.1 Luria Bertani (LB) agar

Tryptone ....ooooviiiiii i 159
Yeast extract ........cccoeeviiiiiiiiiiiiee 59
Sodium Chloride ...........ccoviiiiiiiinn . 10g
AQAr oo 15¢g
Distilled water ............coooviiiiieiininnnn. to 1L

The ingredients were dissolved in 750 ml of distlllwater. The pH was adjusted to 7.2

using 1M NaOH. The volume was made up to 1 L withilted water and the medium was

autoclaved at 12C for 15 minute. The medium was allowed to coohatund 48C and

poured aseptically into the plastic Petri platdse Petri plates were incubated at@Tor 12

h and visually inspected for the presence of arggdoel/ fungal contamination. The plates

were stored at°€ for not more than 30 days.

2.2.1.2 Luria Bertani (LB) broth

TrYPLONE «.ovvi e 159
Yeast eXtract ......oc.vvvveeieiiieniiiiiinninnn, 59
Sodium Chloride ..........c.coviiiiiiin. 10g
Distilled water ............cocoviiiieeiininnn. to 1L

The ingredients were dissolved in 750 ml of distllwater and the pH was adjusted to 7.2

using 1M NaOH. The volume was made up to 1 litrthwdistilled water. The medium was

distributed in 10 ml aliquots in universal bottlesd autoclaved at 122 for 15 minutes. The
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medium was incubated at %7 for 12 h and visually inspected for the preseateny
bacterial/ fungal contamination. The medium wasestat room temperature for not more

than 30 days.

2.2.1.3 Modified LB agar without NaCl and with 10%sucrose

Tryptone ... 15¢g
Yeast extract .........coovviiiiiiiiiiien 549
AGAr oo 159
Distilled water .............cooeeveiieiinnnnn. to 500 ml

The ingredients were dissolved in 200 ml of distllwater and the pH was adjusted to 7.2
using 1M NaOH. The volume was made up to 250 niwittilled water and the medium
was autoclaved at 122 for 15 minutes. The medium was allowed to cochtound 5%C

and added with 250 ml of sterile, warm (aboltl®0% sucrose solution.

2.2.1.4 Modified LB broth without NaCl and with 10% sucrose

Tryptone ..o 15¢g
Yeast extract .......cc.vvevviiiiiiiiiiiiiiiens 59
Distilled water ..........coooovvviiiiiiiiinnnnn. to 500 ml

The ingredients were dissolved in 200 ml of distllwater and the pH was adjusted to 7.2
using 1M NaOH and the volume was made up to 25@vithl distilled water. The medium
was distributed in 5 ml aliquots in universal bedtiand autoclaved at IZ1for 15 minutes.
Each bottle was then added with 5 ml of 20% stesilerose solution. The medium was
incubated at 3T for 12 h and visually inspected for the presenfcany bacterial/ fungal

contamination.
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2.2.1.5 TCBS Agar

Dehydrated TCBS Powder ................... 80g

Distilled water ..........ccovviviiiiiiiniinnn. to 1L

TCBS agar was dissolved in 1L of autoclaved dedilvater and the medium was brought to
a boil on a Bunsen burner. The medium was alloveedobl to 56C and poured in Petri
plates. The plates were incubated &C3for 12 h and visually inspected for the presesfce

any bacterial or fungal growth. The plates wereest@t 4C for not more than 30 days.

2.2.1.6 Addition of antibiotics/ supplements to thagar based media

The medium was allowed to cool to about’@5and sterile stock solutions of
antibiotics or other supplements were added asglytito the culture medium. The
final concentration of various antibiotics and otsapplements used in the present
study were Ampicillin (100 pg /ml); Polymyxin (0.7%8g /ml or 450 unit/ ml);
Kanamycin (50 pg /ml); ALA (80 pg /ml). For mediuosed in selection of
merodiploids, ampicillin concentration was quadeaplThe medium was swirled to
mix the contents well and poured aseptically ift® plastic Petri plates. The plates
were incubated at 83 for 12 h and visually inspected for the preseateny

bacterial or fungal growth. The plates were st@edC for not more than 30 days.
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2.2.2 General buffers, stock solutions, antibiotics

Following are the general buffers, stock solutiand antibiotics used throughout this study.

2.2.2.18-Aminolevulinic Acid 40 mg /ml

d-Aminolevulinic acid ........................ 400 mg

Distilled water ............cccoovviiiinnenn.n. up to 10 ml

d-Aminolevulinic acid salt was dissolved in autoddwistilled water and filter sterilized by
passing through 0.22 pm nitrocellulose membrane. Sgtution was stored in 1 ml aliquots

in sterile 1.5 ml micro-centrifuge tubes at °@0

2.2.2.2 Ampicillin 200 mg/ml

Ampicillin ... 500 mg

Distilled water ............cccovviiiiieennnn. up to 5 mi

Salt was dissolved in autoclaved distilled watedt &iher sterilized by passing through 0.22
pm nitrocellulose membrane. The ampicillin solutigas stored in 1 ml aliquots in sterile

1.5 ml micro-centrifuge tubes at “Z0

2.2.2.3 Calcium chloride 100 mM

Calcium chloride dihydrate .................. 14.7 g

Distilled water .............cccoeveveiennnne. uptollL

Calcium chloride was dissolved in autoclaved desfilwater and filter sterilized by passing

through a 0.22 pm nitrocellulose membrane. Thetismiwas stored at’g.
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2.2.2.4 Carbonate buffer 60 mM pH 9.6

Sodium bicarbonate 60 mM .................. 100 ml

Sodium carbonate 60 mM ..................... 20 ml

Sodium carbonate and sodium bicarbonate soluticre wixed, filter sterilized by passing
through a 0.22 um nitrocellulose membrane, ancedtat room temperature (21°3 for

not more than 30 days.

2.2.2.5 Cholera toxin (0.5 pg /ml)

Choleratoxin (I mg/ml) ...........ccooennee. 5ul

Carbonate buffer 60 mM (pH 9.6) ............ to 10 ml

This solution was used immediately as a contr@liSA.

2.2.2.6 Ethanol 70%

Absolute ethanol ...............coeiiiiini. 700 ml

Distilled water ..........coovoiviiiiiiiiiinns 300 ml

The solution was stored at room temperature.

2.2.2.7EDTAO05M

EDTA disodium dihydrate .................... 186.1¢g

Distilled water .............cocoevee vvieeennn, up to 1L

EDTA was added into distilled water and the pH adgisted to 8.0 with NaOH pellets. The

volume was made up to 1L and the solution was dtateoom temperature.
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2.2.2.8 Ethidium bromide 10 mg /ml

Ethidium bromide tablet..................... 100 mg

Distilled water ..........ccooviiiiiiiiriiiinnnnn, 10 ml

The tablet was dissolved and kept in an opaqudebdihe solution was stored at room

temperature.

2.2.2.9 Gel loading dye 6X

Orange G ..o 200 mg
Glycerol .....cooviiii i, 60 ml
EDTAOSLM. ...t 12 ml
Distilled water .............cccovviviiinennn. up to 100 ml

EDTA solution, glycerol and Orange G powder werdeatitogether and mixed thoroughly.
Distilled water was added to the solution to makeE0Dml. The solution was filter sterilized

by passing through 0.22 um nitrocellulose membeankstored at -2C.

2.2.2.10 Glycerol 80%

Glycerol ......ooovviiiiii 80 ml

Distilled water ..........ccccovvvviiveinnnn. 20 ml

Glycerol was mixed with autoclaved distilled wagerd sterilized by autoclaving at P21

for 15 minutes. The solution was stored at roonpexature.
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2.2.2.11 Hydrochloric Acid 1N

Hydrochloric acid (11.6 N) .................. 8.62 ml

Distilled water ..........ccoveviviiiiiiiiinnnn. 91.3 ml

The solution was stored at room temperature.

2.2.2.12 Kanamycin sulfate 50 mg /ml

Kanamycin sulfate ........................... 500 mg

Distilled water ..........cccoovviiiiiiiineennnn. 10 ml

The solution was filter sterilized by passing thgbwa 0.22 pm nitrocellulose membrane. The

solution was stored in 1 ml aliquots at %20

2.2.2.13 Magnesium chloride 100 mM

Magnesium chloride hexahydrate ................... 20.33g

Distilled water.............oooeiiiiiiiii i s up to 100 mi

Magnesium chloride was dissolved in autoclavedilldidt water and filter sterilized by

passing through 0.22 um nitrocellulose membrane.sbtution was stored at@.

2.2.2.14 Normal saline (0.9% NacCl)

Sodium chloride ..o, 9g¢g

Distilled water ............cccovviiiinnennnn. uptollL

Sodium chloride was dissolved in distilled wated aterilized by autoclaving at 121 for

15 minutes. The solution was stored at room tentpera
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2.2.2.15 Phosphate Buffered Saline (PBS) 10 X

Sodium chloride ...............coo i, 80g
Potassium chloride ................cooeevennnes 29
Sodium phosphate dibasic heptahydrate ... 14.4 g
Potassium phosphate monobasic anhydrous 2449

Distilled water .............cccovvviiiinn. up to 1L

The salts were dissolved in distilled water andghewas adjusted to 7.4 using 1N HCI/ 1M

NaOH. The solution was sterilized by autoclavinglaf°C for 15 minutes and stored at

room temperature.

2.2.2.16 Phosphate Buffered Saline-Tween 20

Phosphate buffered saline 10X ............... 100 ml
Tween 20 ..., 0.5ml
Distilled water .............cccoeveiveeennnnn. 900 ml

The solution was stored at room temperature.

2.2.2.17 Polymyxin B sulfate 0.75 mg /ml (4500 ug)t

Polymyxin B sulfate (6000 units/ mg) ....... 7.5 mg

Distilled water ..........cocooviviiiiiiiiinnins 10 ml

Polymyxin B was dissolved in autoclaved distilleéiter and filter sterilized by passing

through 0.22 pm nitrocellulose membrane. The smiutvas stored in 1 ml aliquots at °20
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2.2.2.18 Sodium bicarbonate 60 mM

Sodium bicarbonate .......................... 5.04¢g

Distilled water .............ccooeveveeennnnne. uptollL

Sodium bicarbonate was dissolved in autoclavedllddtwater and filter sterilized. The

solution was stored at room temperature.

2.2.2.19 Sodium carbonate 60 mM

Sodium carbonate .............c..cooiiiiiennn 6.36 g

Distilled water ...........cccooeevviiiiiinnnn. uptollL

Sodium carbonate was dissolved in autoclaved lédtilvater and filter sterilized. The

solution was stored at room temperature.

2.2.2.20 Sodium hydroxide 10M

Sodium hydroxide .............cooviiinennn, 409

Distilled water ............cccoovviiiiinninn.n. up to 100ml

Sodium hydroxide was dissolved in distilled wated atored at room temperature.

2.2.2.21 Sodium hydroxide 1M

Sodium hydroxide 10 M ...................... 10 ml

Distilled water ..........ccoveviviiiiiiinnnnnnn. 90 ml

The solution was stored at room temperature.
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2.2.2.22 Skimmed milk 5%

Skimmed milk ..., 59

Distilled water .............ccooeviiveeennnn. up to 100 mi

When used in freeze drying of bacterial stocks sthiation was steam autoclaved and stored
at -20C. When used as blocking agent in ELISA, the solutvas prepared fresh and used

immediately.

2.2.2.23 Tris Acetic Acid EDTA (TAE) 50X

Trisbase ....cooovvviivi i 242 g
Acetic acid glacial ......................onee. 57.1 ml
EDTA (0.5 M) coeiiiiiiiiiecee e 100 ml
Distilled water ............cccovviiiinnenn.n. up to 1L

The solution was sterilized by autoclaving at “@2%or 15 minutes and stored at room

temperature.

2.2.2.24 Tris Acetic Acid EDTA (TAE) 1X

TAE (50X) vt e 20 ml
Distilled water .............ccooeveiveiennnne. upto 1L

The solution was store at room temperature.

2.2.2.25 Typelll Ganglioside (10 pg /ml)

Typelll ganglioside (10 mg /ml) ............ 10 pl

Carbonate buffer 60 mM (pH 9.6) ........... up to 10 ml

This solution was used immediately to coat the BLpfates.
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2.2.3 Bacterial species and strains

Following is a list of bacterial strains that hdeen used throughout this study.

2.2.3.1E. coli BW 20767-A pir

(RP4 2tet: mu-1kan:: Tn7integrant leu 63:: rec Al cre(510hsdR17 end Al Zbf-5 uid)(AMIul):

pir thi was gifted from Dr. Copass of Harvard Medical S#hBoston, USA.

2.2.3.2E .coli TOP10

(FmerA A(mrv hsdRMS mcrBC) ¢g80lacZAM15 Adlac X74 deOR recAlaraD139 A(ara-

leu)7697galU galKrpsL(str?) endA1 nupG) was obtained from Invitrogen Corp. USA

2.2.3.3V. cholerae 0139 Bengal

Isolated from a patient in Hospital Universiti SaiMalaysia, Kubang Kerian, 16150,

Kelantan, Malaysia.

2.2.3.4VCUSM2

This strain is demA mutant, derived from VCUSM1 by removing Kanamygene cassette

from hemA gene. (Ravichandragt al., 2006)
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2.2.4 Plasmids

Following is a list of plasmid that have been pasdd or procured from other research labs

to be used in the present study.

2.2.4.1 pTZ57R

(CAP protein binding site, mRNA (LacZ)ac repressor (Lacl) binding site, f1 packaging
signal) was obtained from Fermentas.(Mehtdl., 1986). The plasmid map can be found in

Appendix A.

2.2.4.2 pWM91

(f1(+) ori lacZa of pBluescript Il (SK) unique polylinker sitegpal,BamHI,Notl,Sacl,
Smal, Spel and Xhol SacB Suc® Amp®) was gifted by Dr. Copass of Harvard Medical S¢hoo

Boston, USA. (Metcalét al., 1996)

2.2.5 Animals

BALB/c albino mice and New Zealand white rabbitvddeen used throughout this study.
All animals were obtained from Rumah Haiwan, Kampessihatan, Universiti Sains

Malaysia, 16150 Kubang Kerian, Kelantan.
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