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Abstract. The choleraenterotoxin (CT) hasbeen considered amajor virulencefactor of Vibrio cholerae.
The accessory cholera enterotoxin (ace) geneis the third gene of V. cholerae virulence cassette. The
gene coding for the Ace toxin was amplified from V. choleraeisolates producing asingle band of 314
bp. The presence of ace gene was confirmed by hybridization aswell as by sequencing. The genewas
successfully expressed in Escherichia coli (LMG194) using expression, pBAD/Thio-TOPO vector.
Optimal conditions for expression included choice of host strain, temperature used for culturing, and
concentration of antibiotic and arabinose inducer. The Ace protein was obtained from the cell super-
natant as a fusion protein with a molecular mass 34 kDa which was detected using an anti V5-HRP

epitope tagged antibodly.

INTRODUCTION

Cholerahas been epidemic in southern Asia
for at least 1,000 years and to date has caused
seven pandemics since 1817. When untreated,
choleraisadisease of extraordinarily rapid onset
and potentially high lethality. Although clinical
management of cholerahas advanced over thelast
40 years, choleraremains a serious threat in de-
veloping countries where sanitation is poor,
healthcare is limited, and drinking water is un-
safe. Neither apparent nor unapparent infection
isknown to occur naturally in any species of ani-
mal other than man, and there is no epidemiol-
ogy evidenceto suggest that animal reservoir play
any rolein the maintenance or spread of cholera.
Choleraischaracterized by a severe watery diar-
rhea caused by toxigenic Vibrio cholerae which
colonize the small intestine and produce an en-
terotoxin, cholera toxin, CT (Norris, 1974;
Rabbani and Greenough, 1990). CT has molecu-
lar weight of 84 kDa, and is composed of one A
subunit of 27 kDaand five B subunits, each of 11
kDa (Ghosh et al, 1996) encoded by one or more
copiesof CT genes(ctxAB). V. cholerae produces
other putative toxins such as zonula occludens
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toxin (zot) that increases the permeability of the
small intestinal mucosa by affecting the structure
of the intercellular tight junction (Fasano et al,
1991; Baundry et al, 1992) and accessory chol-
eraenterotoxin (ace) that increases the short-cir-
cuit current in Ussing chamber, atersion trans-
port and causesfluid accumulationin ligated rab-
bit ilea loops (Trucksis et al, 1993). The gene
that encodesthe Acetoxinislocated immediately
next to the ctx gene on a 4.5 kilobase (kb) region
of V. cholerae chromosome termed the core re-
gion and when amplified producesa 314 basepair
(bp) fragment (Aidaraet al, 1998). According to
Trucksis, Conn et al (1997), the Ace toxin was
expressed efficiently in the methylotrophic yeast
Pichia pastoris but not in Escherichia coli (E.
coli). However, in this study the ace gene was
successfully expressed in E. coli LMG194 strain
using the pBAD/Thio-TOPO vector. We also re-
port the optimum conditions suitable for the ex-
pression of Ace toxin in E. coli. The study was
carried out with the future aim of including the
toxin in the development of a vaccine for chol-
era.

MATERIALSAND METHODS

Sources of bacteria and DNA extraction

Twenty Vibrio choleraeclinical isolateswere
obtained from patients during acholeraepidemic
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(1996-1998) in Malaysia. Eighteen of theisolates
belong to the Ogawa serotype, and oneisolate to
Inaba and the other to 0139 Bengal serotype.
Genomic DNA wasextracted fromthe V. cholerae
isolates using QIAGEN QIAamp Tissue kit
(QIAGEN, Germany) according to the
manufacturer’s instruction. DNA concentration
and purity were determined by measuring the ab-
sorbance at 260 nm and 280 nm using UV-vis-
ible spectrophotometer (UV- 1601, Shimadzu).

Detection and amplification of ace gene
Polymerase chain reaction (PCR) was used
to amplify the ace gene in the V. cholerae iso-
lates. Two oligonucleotide primers, 5'-TAA GGA
TGT GCT TAT GAT GGA CAC CC-3' and 5'-
CGT GAT GAA TAA AGA TAC TCA TAG-3,
were synthesized (Operon Technologies Inc) in
accordanceto published data(Aidaraet al, 1998).

A typical PCR reaction was performed in a
final volume of 25 ul containing 200 ng/ul of ge-
nomic DNA, 1.8 mM of MgCl,, 1X of BST buffer
(Biosynthec Inc), 200 uM of dNTPs, 5 pmoles of
each primer and 1U of BST Taq polymerase
(Biosynthec, Inc) in an automated DNA thermal
cycler (Biometra-TRIO Thermoblock). Typically,
the DNA amplification steps consisted of an ini-
tial denaturation at 94°C for 5 minutes, followed
by 35 cyclesof denaturation at 94°C for 1 minute,
annealing at 65°C for 1 minute, and elongation
at 72°C for 2 minutes. The amplification was
ended with asingle final extension at 72°C for 7
minutes. Ten ul aliquot of the PCR product mix-
ture was electrophoresed through 1.0% agarose
gel.

Hybridization

The presence of ace genein V. choleraeiso-
lates was confirmed by hybridization employing
the biotinylated non-radioactive Ace probe, 5'-
CCG CTT ATC CAA CAG GCT AT-3', and
Phototope® Chemiluminescent kit (New England
Biolab) following the manufacturer’ sinstructions,
following transfer onto MAGNA graph Nylon
membrane (M S|, Micon Separation Inc).

Cloning of ace gene

The PCR product was cloned into an E. coli
expression vector pBAD/Thio-TOPO (pBAD/
TOPO ThioFusion™ Expression System, Version
B, Invitrogen, USA, cat. No. K370-01), and trans-
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fected into TOP10 E. coli host strain. Subse-
quently, the recombinant ace plasmids were
retransfected into another E. coli host strain,
LMG194, which was provided in the kit. The
LM G194 competent cells were prepared accord-
ing to Nishimura et al (1990). The transfected
TOP10 and LMG194 E. coli strains were grown
inLB-ampicillin broth at 37°C overnight and sub-
jected to plasmid extraction using QIAGEN fol-
lowing the protocol provided by the manufacturer.
The extracted pBAD-Ace* from both host cells
was digested with Pmel and Ncol (Fermentas) to
confirm for the presence of theinsert. ThepBAD-
Ace' recombinant plasmids were sent for com-
mercial automated sequencing. Analysis of the
sequencing data was performed using Biology
Workbench 3.2 (http://workbench.sdsc.edu/CGl/
bw.cgi). Alignment of the ace gene sequence in
this study was compared with the published se-
quences in the database under three accession
numbers, 222569, AF175708.1 (Shinet al, 1999)
and AF220606.
Messenger RNA (mMRNA) analysis

The preparation of mMRNA from transfected,
TOP10-Ace"and LMG194-Ace' E. coli were car-
ried out using Micro-FastTrack 2.0 kit (Invitrogen
Corp) following the manufacturer’s instructions
with slight modifications. The generation of
cDNA was carried out using cDNA Cycle kit
(Invitrogen Corp) following the manufacturer’s
instructions. Two ul of each cDNA product were
subjected to PCR using the protocol as described
above.
Expression of fusion protein

Thetransfected TOP10-Ace' and LM G194-
Ace' E. coli were subjected to protein expression
inorder to determinewhich host strainissuitable
for expression of Acetoxin. Several modifications
were made to the manufacturer’s procedure
(Invitrogen, USA) in order to obtain expression.
A single colony from TOP10 and LM G194 host
strain containing the ace gene clone was selected
from the Luria Bertani (LB) and RM [(M9 salts,
2% casamino acids, 0.2% glucose, 1 mM MgCl,)
Invitrogen, USA] media, respectively, containing
100 ug/ml ampicillin and inoculated overnight
in mediacontaining 150 ug/ml ampicillinat 37°C
with shaking until the OD,, reached 1.5. Thiswas
followed by inoculating each of the five tubes of
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100 ml LB and RM broth (100-200 ug/ml ampi-
cillin) with 0.1 ml of the overnight culture. These
flaskswereincubated at 29°C and 37°C with vig-
orous shaking until OD ., was 0.5. The cultures
were then induced with different concentrations
of arabinose (20, 2, 0.2, 0.02, and 0.002%) and
were further incubated at 37°C. At various incu-
bation periods (after 4, 24, 36, 48, 60, 66, 72, and
90 hours), 1 ml or 10 ml aiquots of the cultures
were centrifuged (13,000 rpm, Eppendorf 5403)
for 30 seconds to sediment the cells, which were
then stored at -20°C.

Protein analysis

Thethawed pelletsfrom 10 ml of arabinose-
induced cultures were resuspended in 4 ml of ly-
sisbuffer (50 mM potassium phosphate, 400 mM
NaCl, 100 mM KCI, 10% glycerol, 0.5% Triton
X-100, 10 mM imidazole) and sonicated for about
20 minutesor until the cellswerelysed. The soni-
cated cell suspensions were centrifuged (13,000
rpm, Eppendort 5403) for 1 minute at 4°C and
the supernatants transferred into new tubes. The
pellet and supernatant was treated with 1X SDS
and 2X SDS gel-loading buffer, respectively,
vortexed and heated at 95°C for 5 minutes. The
treated pellet and supernatant were then loaded
on a10% SDS polyacrylamide gel in aLaemmli
buffer system (Laemmli, 1970). The electrophore-
sed gel wasthen ‘ sandwiched' to polyvinylidane
difluoride (PVDF) membranein atransfer buffer
in order to facilitate the transfer of the protein
from gel to the membrane. The transfer was con-
ducted for 1 hour at 90V. The transferred protein
was detected using anti V5-HRPasaprimary an-
tibody (1:1250, Fermentas) and a Chromogenic
Detection kit (Amresco).

RESULTS

Amplification of ace gene

Genomic DNA of high molecular weight was
successfully extracted from twenty isolates of
Vibrio choleraeusing the QIAGEN QlAamp Tis-
sue kit. Polymerase chain reaction (PCR) with
the specific primers was sensitive enough to de-
tect 100 ng/ul of V. cholerae genomic DNA (data
not shown). The accessory cholera enterotoxin
(ace) gene was successfully amplified from 15
out of 20 V. cholerae isolates producing asingle
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Fig 1-Amplification of ace geneby PCR. Theacegene
positiveisolateshave asingle band present inthe
region between the sizeladders of 250 bp to 500
bp. The actual band positionisat a 314 bp.

W ) 3N @B T RV W LR AT

¥ ¥ FYE PR

Fig 2—Hybridization of ace gene. The presence of the
ace gene in Fig 1 was confirmed using an Ace
probe and detected on x-ray film by chemilumi-
nescence. Lanes 1-15 show the presence of the
ace gene with asize of 314 bp and lane Cisthe
negative control.

band of 314 bp (Fig 1). The presence of the ace
genewas confirmed by hybridization withanAce
gene probe (Fig 2).
Cloning and transformation of ace gene
The PCR product containing the ace gene
wasligated to pBAD/Thio-TOPO expression vec-
tor (Invitrogen, USA). Therecombinant ace gene
was transfected into TOP10 E. coli and then
retransfected into, LMG194 E. coli strain. Con-
firmatory PCR was carried out using the Ace spe-
cific primers on fifteen colonies. Restriction en-
zyme analysiswas also carried out on the recom-
binant plasmids containing the ace gene, using
Pmel and Ncol enzymes. Plasmid was also in-
cluded from untransformed E. coli as negative
control. Asexpected, plasmidsfrom transformants
produced two fragments of approximately 783 bp
(314 bp from ace plus 469 bp from the pBAD
vector) and the pPBAD/Thio vector of 4.4 kb (Fig
3). The results indicated that the ace gene had
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been successfully cloned and transfected into both
host cells. One clone from transformed TOP10
and LMG194 host, namely pBAD10/ace2 and
pBADLMG/ace2, respectively, was selected and
sequenced.

Analysis of clones

The sequences obtained from pBAD10/ace2
and pPBADLMG/ace2 (which showed the same
sequence) were compared to the sequence of ace
gene in the database using NCBI Blast software
in The Biology Workbench 3.2 under CLUSTER
W program. The ace gene sequence in this study
was aligned to the ace gene sequence under three
accession numbers, 222569, AF175708.1 and
AF220606 and isshownin Fig 4. Thealignments

Fig 3-Restriction endonuclease digestion of pBAD/ showed that the ace gene sequences obtained were
TOP10 recombinant plasmids. Lanes 1-4 show highly homologous (97- 99%). In this study, the
recombinant clones producing two bands of 4.4 start codon of ace geneisGTG, valineinstead of
kb and 783 bp after digestion with Pmel and methionine, due to insertion of T and G after the
Ncol. Lanes5-6 (negative controls) and lanes 7- first ATG. However, the effect of this change is
8 (positive controls) produced two bands of 4.4 currently unknown.
kb and 469 bp and 4.4 kb and 969 bp, respec- o
tively. Lane 9isundigested plasmid and lane M Reverse transcription-PCR (RT-PCR)
is DNA size markers (Fermentas, Germany). Messenger RNA (MRNA) was extracted

722569 ATGCTTATGATGGACACCCTTTATGACTGGCTAATTGATGGCTTTACGTG

AF175708.1  ATGCTTATGATGGACACCCTTTATGACTGGCTAATTGATGGCTTTACGTG
AF220606_ ATGCTTATGATGGACACCCTTTATGACTGGCTAATTGATGGCTTTACGTG
Ace ATGTGCTTATGATGGACACCCTTTATGACTGGCTAATTGATGGCTTTACGTG

R R R R R R

722569 CTTGTGATCAAGCTCGGTATTATGTGGATTGAGAGCAAGATTTTTGTTAT
AF175708.1  CTTGTGATCAAGCTCGGTATTATGTGGATTGAGAGCAAGATTTTTGTTAT
AF220606_ CTTGTGATCAAGCTCGGTATTATGTGGATTGAGAGCAAGATTTTTGTCAT
Ace CTTGTGATCAAGCTCGGTATTATGTGGATTGAGAGCAAGATTTTTGTTAT

B R I R R

722569 CAATTCTTCTGGGAGATGTCCCAGAAAGTGATTGATATGTTTACCATCT
AF175708.1  CAATTCTTCTGGGAGATGTCCCAGAAAGTGATTGATATGTTTACCATCT
AF220606_ CAATTCTTCTGGGAGATGTCCCAAAAAGTGATTGATATGTTTACCATCT
Ace CAATTCTTCTGGGAGATGTCCCAGAAAGTGATTGATATGTTTACCATTT

Kkkkkkhkhkhkhhhhhkhkhkhkhkhhhkhkk KX AAArArhrhrhhhkhhhhhhkhkhkkx k% *

722569 ATCCGCTTATCCAACAGGCTATCGATATGCTGCCTCCTCAATACAGCGGC
AF175708.1  ATCCGCTTATCCAACAGGCTATCGATATGCTGCCTCCTCAATACAGCGGC
AF220606_ ATCCGCTTATCCAACAGGCTATCGATATGCTGCCTCCTCAATACAGCGGC
Ace ATCCGCTTATCCAACAGGCTATCGATATGCTGCCTCCTCAATACAGCGGC

R R R

722569 TTTCTGTTCTTTTTAGGGTTAGACCAAGCGCTGGCTATCGTGCTTCAG
AF175708.1  TTTCTGTTCTTTTTAGGGTTAGACCAAGCGCTGGCTATCGTGCTTCAG
AF220606_ TTTCTTTTCTTTTTGGGGTTAGACCAAGCGCTGGCTATCGTGCTTCAG
Ace TTTCTGTTCTTTTTAGGGTTAGACCAAGCGCTGGCTATCGTGCTTCAG

Khkhkhk*k KXkKKKKkKk* KAk k Ak Ak kkhkhkhkhkhkhhhhhhhhhhkrArArAk***k*

722569 GCTTTGATGACCCGTTTTGCCCTGCGAGCGTTAAACCTATGA
AF175708.1  GCTTTGATGACCCGTTTTGCCCTGCGAGCGTTAAACCTATGA
AF220606 GCTTTGATGACCCGTTTTGCCCTGCGAGCGTTAAACCTATGA
Ace GCTTTGATGACCCGTTTTGCCCTGCGAGCGTTAAACCTATGA

E R

*single, fully conserved residue.
Fig 4-Sequence analysis of ace gene by ClusterTree (phylogenetic analysis with CLUSTAL W program).
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Fig 5-RT-PCR amplification of transformants express-
ing ace gene. Lanes 1 and 2 are RT-PCR prod-
ucts from pBADLMG/ace2 and pBAD10/ace2
transformant, respectively. Lane3andlane4 are
positive and negative controls, respectively.
Lane M is DNA molecular weight markers
(Fermentas).

ilis I I M3 4 2 &7 18
178 i

[ By

Fig 6-Analysis of proteins from pBADLMG/ace2
clone lysate by Western blot technique. Lane 1
shows sample at 0 hr induction time, 0.2% ara-
binose, lane 2 negative control, lane 3 at 4 hr,
0.2% arabinose, lane4 at 4 hr, 2% arabinose, lane
5at 24 hr, 0.2% arabinose, lane6 at 60.5 hr, 0.2%
arabinose, lane 7at 72 hr, 0.2% arabinose, lane
8 at 5 hr, 0.2% arabinose. Lane M is a broad
range protein marker (Biolabs). The arrows
show the 34 kDaband indicating the expression
of Ace fusion protein.

from the pBAD10/ace2 and pBADLMG/ace2
transformants to determineif transcription of the
ace gene had taken place. The RT-PCR was per-
formed onthe mRNA samples. The RT-PCR prod-
uct was shown to be approximately the same size
astheoriginal amplified ace gene (314 bpinsize)
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indicating that transcription had occurred in the
transformants (Fig 5). A single band of asize 500
bp was amplified from the mRNA positive con-
trol and no band was obtained from the mRNA
negative control showing that amplified products
were specific for the ace gene.

Expression of Ace fusion protein

Once the recombinant pBAD10/ace2 and
pBADLMG/ace2 were confirmed to contain the
ace genein the correct orientation, expression of
the ace gene product was performed. Several con-
ditionsfor the expression were tested such asthe
temperature of induction, concentration of anti-
biotic, and concentration of arabinose. The E. coli
host strain, TOP10, could not express the fusion
protein under any of the conditionstested. How-
ever, the E. coli host strain, LM G194, was found
to be a suitable host to express the Ace fusion
protein in the presence of 200 ug/ml of ampicil-
lin after induction with 0.2% arabinose. The in-
duction time for this protein to be expressed was
from 60 to 72 hours at 29°C. These conditions
produced the expected fusion protein of approxi-
mately 34 kDa (Fig 6) from 10 ml cell suspen-
sion. The fusion protein was not observed in the
crude lysate pellet after sonication (20 minutes)
in fresh lysis buffer, indicating the compl etion of
lysis procedure.

DISCUSSION

The accessory choleraenterotoxin (Ace) has
recently been identified asathird toxin of Mibrio
cholerae (Trucksiset al, 1997; Aidaraet al, 1998)
which causes a milder choleramanifestation, in-
creasesthe potential differencesacrossintestinal
epithelium and altersion transport. In this study,
the ace genewas successfully amplifiedin 15 out
of 20 V. cholerae isolates as a single DNA frag-
ment of 314 bp which corresponded to published
data (Trucksis et al, 1993; Aidara et al, 1998;
Damian et al, 1998). The presence of theace gene
in V. cholerae isolates was then confirmed by
hybridization with abiotinylated oligonucleotide
Ace probe. Thisisin accordance to Aidara et al
(1998) who confirmed the presence of ace gene
in V. cholerae 01 by using an Ace probe labeled
with digoxigenin-11-dUTP.

Initially, the ace gene was cloned in 2.1-
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TOPO vector and the ace construct was sent out
for automated sequencing after the clonewas con-
firmed by confirmative PCR and restriction en-
donuclease analysis. An obvious difference be-
tween ace sequence in this study and other pub-
lished ace sequences (222569, AF175708.1 and
AF220606) in the Genbank was an extra two
bases, T and G after thefirst ATG. Using the pro-
gram Biology Workbench 3.2, the sequence of
acegeneinthisstudy was aligned wherethe start
codon of acegeneisGTG (valine) instead of ATG
(methionine), with no change in the sequence of
theamino acids. In E. coli, the ATG (AUG) trip-
let is normally used as a trandlation start codon,
but, GTG is used in 8% of the genes (Baneyx,
1999).

Finally, the ace PCR product was directly
cloned in the expression vector pBAD/Thio-
TOPO and transfected into an E. coli host strain,
TOP10. The construct pBAD10/ace2 was
retransfectedin LM G194 E. coli host strain since
aceisatoxic gene. A previous study has shown
that the Acetoxin was expressed efficiently in the
methylotrophic yeast, Pichia pastoris (Trucksis
et al, 1997) but in the TOP10 E. coli expression
system the ace construct was unstable and resulted
in cell lysis. According to Guzman et al (1995)
the E. coli strain LMG194 allows for the addi-
tional repression of low basal level of toxic genes.
The authors also noted that the expression of pro-
tein in LMG194 as a host strain and pBAD as a
vector produced 11% of total protein and 10 mg
of purified protein per liter of culture. In the
present study, the expression of Ace toxin was
successfully obtained from the ace construct
transformed in LMG194 E. coli host strain but
not in the TOP10 host strain.

In this study, the results showed that a low
concentration of arabinose, 0.2%, was ableto in-
ducetheexpression of Acein LB medium (inRM
medium thefinal concentration was 0.02%) after
60 to 72 hours induction. The protein was not
expressed at all with induction of twenty four
hours or less. Sugrue et al (1997) reported that a
longer or shorter induction timethan the optimum
duration would produce alow protein level which
may be due to in vivo proteolytic degradation of
the recombinant protein in the cytoplasm of E.
coli by intracellular proteins. The fusion protein
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had a size of approximately 34 kDa where the
Ace protein’smolecular weight is estimated to be
18 kDa(Trucksiset al, 1997) and approximately
16 kDafor the VV 5-epitope protein. The optimized
condition that enabled the expression of the Ace
fusion protein includes temperature for culturing
at 29°C with a high concentration of ampicillin,
200 wg/ml in the minimal medium. The incuba-
tion temperature was important for the toxin to
be expressed because the lower temperature fre-
guently improves the solubility of the yields
(Weickert et al, 1996). According to Wang et al
(2003), the E. coli LM G194 strain expressing pro-
tein at lower temperature can reduce inclusion
bodies and increase protein insertion into mem-
brane. The recovery of the recombinant protein
is difficult when induced at higher temperatures
such as 37°C since the use of higher induction
temperature would result in an insoluble form of
recombinant proteins (Sugrue et al, 1997). Ac-
cordingto Lohrkeet al (2001), highlevel expres-
sion of virBp::lacZ from A. tumefaciensin E. coli
was observed at alow temperature of 28°C while
no expression was seen at 37°C. In another study,
the expression of tetanus toxoid control by P,
was obtained at a very low temperature of 20°C
after 3 hoursinduction of 0.2% arabinose (Clark
et al, 1997). In the present study, the fusion pro-
tein was detected from 10 ml of culture but not
from culture volume of 1 ml as suggested by the
manafacturer’s protocol (Invitrogen, USA). This
isin accordance with Trucksis et al (1997) who
reported that the Ace protein that was expressed
in methylotrophic yeast, Pichia pastoris at only
7 mg of Acetoxin per liter. The researchers also
noted that the expression of Ace protein was
highly dependent on the composition of the
growth medium and the density of the culture at
the time of induction of protein expression.
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