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Optimization of Parameters for Accessory Cholera
Enterotoxin (Ace) Protein Expression
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The accessory cholera enterotoxin (Ace) is one of the identified toxin of Vibrio
cholerae. The gene coding for Ace toxin was successfully cloned in Escherichia
coli expression system, pBAD/Thio-TOPO vector. The Ace toxin causes a mild
cholera manifestation, increases the potential differences across the intestinal
epithelium and alters ion transport. All these characteristics are proposed as
contributing factors in causing diarrhea in human. |In this study, the Ace
protein was expressed in the Escherichia coli (E. coli) host strain, LMG194.
Several parameters and conditions including host strain, temperature of
culturing, arabinose concentrations, antibiotic concentrations and a suitable
time course induction were performed in order to get the expression of the Ace
protein. Secreted toxin obtained from the supernatant produced a fusion-
protein (combination of the Ace protein and HP-thioredoxin protein) with a
molecular mass of 34 kDa (the Ace protein is expected to have a molecular
weight of 18 kDa). The fusion protein was detected by anti V5-HRP epitope
tagged antibody. However, the Ace protein failed to be expressed in another
E. coli host strain, TOP10 cell, which could be due to the deleterious effect of
the toxin to the cell.
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Introduction

During the past decade, it has widely been accepted that the
primary pathophysiclogical changes in cholera are caused by a
soluble exotoxin elaborated by certain strains of Wibrio cholerae.
This toxin is produced in the lumen of the small intestine of man
and acts locally to produce a massive outpeouring of small intestinal
secretion resulting in net loss of body water and electrolytes
leading to hypowelemic shock (Kadis er &l 1270). According to
Koch et &l [18323) the major virulent factor produced by Vidric
cholerse is the cholera enterotoxin (CTI, encoded by two
contiguous genes forming the crxAB operon. V. cholerge also
produces a putative toxin knowwn as zonula occludens toxin [Zor),
wwhich increases the permeability of small intestinal muceosa by
affecting the structure of the intercellular tight junction (Baundry
et al, 1982 and Fasano er &/, 1981). Preliminary studies, using
crude toxin extract in animal models indicated that Ace as the third
toxin, acts by increasing transcellular ion transport (Trucksis et af.,
18371, The genes encoding the toxins (ace, zot and craAB) and a
coreencoded pilin (zap) and an orfU are located ona 4.8 kb "core
region”, flanked by one or more copies of a repetitive sequence
called RSl [Trucksis et al, 19983]). According to Trucksis er al.
[(1997] the Ace foxin can be expressed efficiently in the
methylotrophic yeast Fichia pastoris but in the Escherichia coll
expression system tested in the study, the Ace toxin obtained
wvere unstable and resulted in cell hysis (Trucksis er al, 19831

In this study, the ace gene wwas successfully cloned in pBAD/Thio-
TOPD wector and expressed using £. colf host strain, LMG194.
Thus, the objective of this study is to report the optimum
conditions suitable for the expression of the Accessorny cholera
enterotoxin (Acel in pBAD/TOPO Thiofusion E. coll expression
systemn [lvitrogen, USAL

Materials and Methods

Bacterial isolates: Twwenty Wibrio cholerae clinical isolates wwere
cbtained during an epidemic (1998-1988) in Malaysia from the
patients with cheolera. The isclates wwere collected from Hospital
Fuala Lumpur and Institute of Medical Research (IMRB), Kuala
Lumpur, Malaysia. Eighteen of the isclates belongs to the Ogawva
serotype, while two strains wvere Inaba and the 0138 Bengal
SErotypes respectively.

Expression of fusion protein: Initially, the sce gene was cloned into
E. coli expression vector, pBAD/Thio-TOPO and transformed into
TOP10 E coll host strain. Subsequently, the Ace clones were
retransformed inte different £ coll host strain called as LMG124.
This wvas carried out in order to determine the host strain that is
suitable for expression of Ace toxin. For both host strains, similar
procedures wvere carried out to get the expression. Sewveral
modifications weere made from the manufacturer’s procedure
(ple!\Dfo:JF'fCJe ThioFusion™  Expression  System, “Wersion B,
Inwvitrogen, USA. Cat. MNo. K370-01), in order to get the
expression. Firsthy, the recombinants from TOFP10 and LMG1584
host straing containing the Ace clones wwere streaked on Luria
Bertani (LB) and B ([MS Salts, 2% casamino acids, 0.2% glucose,
Tmid MgClal, Invitrogen, USA) media respectively containing 100
wgrl~! ampicillin. Secondly, a single recombinant colomy from
both media was selected and incculated in 2 ml of LB and RM
broth containing 100wy mi—! ampicillin and incubated overnight at
37°C wvith shaking (22B-2B0 rpm) until the optical density at
B00nm [ODgw) reached 1.5 ODggo.  This wwas follovwed by
inoculating each of the five flasks of 100 ml LB and BM broth (100
or 200ug mi=" ampicillin) with 0.1 ml of overnight cultures of the
recombinant colony. These flasks were incubated at 29 and 37°C
with wigorous shaking until the turbidity wwas 0.5 ODgy. The
recombinant  cultures  wwere  then  induced with  different
concentrations of arabinose (20, 2, 0.2, 0.02 and 0.002%) and
wwere further incubated at 23 and 37°C. At waricus incubation
pericds (after 4, 24, 33, 48, 80, 88, 72, 84 and 80 hrs), aliquots of
the cultures at 1 or 10 ml wwere spun at the maximum speed
(13,000 rpm) for 30 seconds to collect the cells. The recombinant
cultures wwere then stored at -20°C.

Protein analysis: The thawed recombinant cultures that wwere
induced with different concentrations of arabincse wwere
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resuspended in 4 ml of lysis buffer [BO ml potassium phosphate,
400 mh NaCl, 100 mb KCI, 10% ghyoerol, 0.9% Triton ¥-100,
10 ml imidazele] respectively, and sonicated until the cells were
lysed to release the expressed protein from the cells. The lysis
buffer wwas prepared fresh to hyse the cells. The sonicated cultures
woere centrifuged at a maximurm speed of 13,000 rpm for 1 min at
4°C and the supernatant wwas transferred into a news tube. The
pellet and supernatant were treated wwith 1 3DS and 2 SD3 gel-
loading buffer respectively, vortexed and then heated at 9%°C for
5 min. The treated pellet and supernatant wwere then loaded on a
10% SDS pohyacrylamide gelin a Laemmili buffer system (Laemmli,
1970 and electrophoresed at 100 “Wolt for 3 hours. The
electrophoresed gel was then "sandwiched” to the peolywinylidane
diflucride [PWDF) membrane in a transfer buffer in order to
facilitate the transfer of the protein from gel to the membrane.
The procedure wwas according to a method that has been adapted
from Tewvbin gr &/ (1878). The transferred protein which is a
fusion protein wvas incubated wvith primary antibody anti WB-HRP
(1 :12B0, Fermentas) and HRP conjugate anti-mouse [Amresco),
as a secondary antibody. The detection was carried out using a
Chromogenic Detection kit (Amresco).

Results

Expression of fusion protein: Cne of the six clones (TOP10/ace)
identified by (Polymerase Chain Reaction | as containing a0e gene
tested for expression of Ace protein under different conditions
that includes temperature of the cultures (29 and 37°C), antibictic
concentrations (100 to 200wy mi™'), arabincse concentrations
(0.02 te 20%) and time course induction (4 to 90 hours) weas
unable expressed.

M1 2 3 4 5 &6 7 @8 @

Fig. 1: Expression of Ace toxin in LMJ3184 E coli host strain.
Lane 1- Broad range protein marker  (Fermentas),
lane 2-positive control (0.02% arabinose, O hrs), lane 3-18
kDa HP-thioredoxin protein when induced with 0.02%
arabincse at 37°C  for 4 hrs, lane 4- negative control,
lane B- sample (0.02% arabinose, O hrs), lane G- sample
[0.2% arabinocse, Bhrs), lane 7- sample (2.0% arabinose,
Bhrsl, lane B-sample (0.2% arabinose, 17 hrs), lane
3- sample (20% arabinose, 17 hrs), lane 10- sample (2.0%
arabinose, 24 hrs).

On the other hand, the Ace fusion protein wwas successfully
expressed in another Escherichia coli host strain, LM3184, which
is named as LMG1 934/ace clone. In this study, the expression of
the Ace protein wwas examined in a minimal medium, [which is
called as R medium) and found that the expression of arabinose-
induced protein weas produced in s stable pattern. The fusion
protein wwas detected in the supernatant (Fig. 21 indicating that the
protein is soluble. Howwewer, no protein weas detected in the pellet.
The band of fusion protein appeared at a size of approximately 34
kDa where the Ace protein’s molecular wweight is estimated to be
18,000 Dalton. The wector control is pBAD/Thio (4438 bp) which
expressed a 18 kDa HP-thicredoxin protein when induced with
0.02% arabinose at 37°C and wvas detected in the pellet after
4 hours induction  [Fig. 1, lane 3). The optimized conditicns that
enabled the expression of the fusion protein includes
the termperature for culturing of construct LM G194/ace,  which
wwas at 29°C with a high antibictic concentration of 200 ug mi—1.
In addition, the protein wwas expressed after 80 to 72 hours of
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Fig. 2 : Expression of Ace toxin in LMG184 £ coli host strain. The
fusion protein wwas detected in the supernatant indicating
that the protein is soluble. Howwever, no protein wwas
detected in the pellet. Lane 1- sample (0.2% arabinose,
Ohrs), lane 2- negative control [(0.2% arabinose, 4hrs), lane
3- Broad range protein marker, lane 4- sample (0.2%
arabinose, 4hrs), lane B- sample (2.0% arabinose, 4hrs),
lane @- sample (0.2% arabinose, 24hrs), lane 7- sample
[0.2% arabinose, 80hrs]), lane 8- sample (0.2% arabinose,
72hrs), lane 8- sample (0.2% arabinose, Bhrsl

induction wwith O.2% arabinose. The pBAD/Thio-TOPO wector

encodes His-Patch thicredoxin as an MN-terminal fusion partner.
The thioredoxin fusion significantly increases the solubility of
proteins that wvere difficult to express and improves the wield of
protein  production. The protein was detected from the
recembinant culture at & wolume of 10 ml but not from the
recombinant culture at a wvolume of 1 ml as suggested by the
protocol in the manual {pB,QDITOF'Ou ThioFusion™ Expression
Systermn, Wersion B, Invitrogen, US4 Cat. Mo, K370-01).

Discussion

A peried of eight menths was taken in optimizing the expression
conditions for both Escherichia coli host strains, LMG194 and
TOP10. The expression conditions tested wwere the induction time,
induction temperature, concentration of arabinose and choice of
host strain. To our knowvledge this is the first report of expression
of Ace protein produced in the pBAD/TOPD expression systern.
In this stuchy, we hawve demonstrated the efficient expression of
Ape toxin in pBADThie-TOPD wector, Escherichiz coli (£ coll
expression system and successfully expressed in LMG184 host
strain. Howwewer, this toxin did not express into an E coll host
strain, TOP10. The different impacts of expression might be
caused by the use of different host strains (WMeickert et &, 1538)
Some lovw copy number host strains generally produce lovwer
protein expression level. The pBAD wvector represent a simple and
useful expression system for efficient repression, modulation and
moderately high expression. The E coli strain LM G194 allowws the
additional repression of lowe basal level expression of toxic genes
[(Guzman er &, 1995)

The pBAD wectors wwere constructed containing the Prap promoter
of the arabinose operon and its regulatory gene, aralC (Schleif,
1892). In the presence of arabinose, transcription from the Feep
promoter is turned on and in its absence transcription occurs at
wany lowe levels (Lee gt 2, 1381). The 34 kDa bictinylated Ace
fusion protein weas expressed after 80 to 72 hours of induction
with 0.2% arabinose at 29°C compared to the expression of 18
kDa HP-thicredoxin protein which is 0.02% arabinose at 37°C after
4 hours induction. Previoushy, Trucksis gt &L (1293 reported two
forms of Ace toxin produced in the yeast expression system
“Fichia pastoris” the predominant protein with a molecular wweight
of 18,000 Dalton and a second protein 8,000 Dalton. In another
study, the expression of tetanus toxeid (TT) control of Peap weas
obtained at lowy temperature (20FC) after 3 hours of induction with
0.2% arabinose (Clark st i, 1997). However, the concentration
of arabinose vwas considerably higher than the concentration used
in the previous study [Johnson and Schlief, 1835). According to

Guzman et &l (1895), sewveral factors that contribute to an
efficient repression of gene expression include the concentration
of arabinose (the lowwer is better), the ability of the strain to
degrade arabincse (ara® strains are better] and the physiclogical
state of the culture due to the type of medium, amount and type
of carbon sources present in medium. In this study, the Ace
protein wwas detected after spun dowvwn from a large wolume of
induced recombinant cultures, 10ml instead of 1ml which is
recommended by manuafacturer’s  instruction.  This s in
accordance to Trucksis ar & (1987, whereby the Ace protein that
weas expressed in the methylotrophic weast Fichis Pasrons
produced only 7 mg of Ace toxin per liter. They also noted that
the expression of Ace protein wwas highly dependent on the
compeosition of the growwth medium and the density of the culture
at the time of induction of protein expression. Therefore, this
investigation on the optimization of Ace toxin expression conclude
that Pgen promoter could induce high lewel of expression by using
lones lesvel of arabinose.
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