
INTRODUCTION

At the beginning of the 21st century, cholera still remains an
epidemic or endemic disease in much of the world (Sack et
al., 2004). It is a severe diarrhoeal disease caused by the
bacterium Vibrio cholerae. The bacterium secretes cholera
toxin that is responsible for the profuse watery diarrhoea
(Holmgren and Svnnerholm, 1994). The toxin, an 85 kDa
protein, comprises of one cholera toxin A (CTA) and five B
subunits (CTB) combined in an AB5 holotoxin. CTA is com-
posed of two polypeptides (22 and 5 kDa) responsible for the
toxic activity of the toxin (Lonnroth and Holmgren, 1973).
The B subunit pentamers (55.6 kDa) are non-toxic and
responsible for the binding of the toxin to ganglioside M1
(GM1) receptors present on the surface of intestinal epithe-
lial cells (Spangler, 1992). 

CTB has many important scientific applications. There is
a great deal of interest in the use of CTB as an adjuvant for
vaccines targeted for delivery to the mucosa-associated lym-
phatic tissues. On the other hand, CTB has been reported
to elicit serum and secretory antibodies to antigens that are
usually poor immunogens especially when presented togeth-
er in chemically conjugated or genetically fused forms
(Tochikubo and Yasuda, 2000). Other investigations have also
suggested that CTB is an efficient mucosal carrier for the

induction of peripheral immunologic tolerance (Sun et al.,
1996). It is a candidate oral subunit vaccine for cholera. Oral
administration of CTB effectively stimulates local and sys-
temic immunologic responses, especially in humans (Jertborn
et al., 1994, 2001). These responses are associated with
high-level although relatively short-term (6 months), pro-
tection against challenge or natural infection with Vibrio
cholerae (Jertborn et al., 1988; Lebens et al., 1996). As most
infections are acquired through the mucosa, it is logical to
hypothesize that stimulation of mucosal immunity by vacci-
nation is the most effective approach in preventing the ini-
tial infection. 

The development of plant biotechnology has promoted
the scientists to express foreign antigens in plant tissue as
edible vaccine vehicles (Haq et al., 1995). CTB is among the
first bacterial antigens expressed in edible plants such as
potato and tomato for vaccine purposes (Jani et al., 2002).
Transgenic plants are subjected to several disadvantages and
limitations. Some concerns are: low-level expression of for-
eign antigens, crop loss and spreading of pollen (Yu and lan-
gridge, 2000). Another concern may be that the plant-pro-
duced vaccines must be purified free of alkaloids and other
toxic materials (Anderson, 1997).

Whole recombinant yeast may offer a good alternative
for this new generation of vaccines, as the whole recombi-
nant yeast based vaccine against HIV has been examined
recently (Stubbs et al., 2001). The yeast has remarkable
potentials as vaccine vector. It is well established that whole
recombinant yeast confers a potent adjuvant property
against recombinant antigens (Rodríguez et al., 2002; Stubbs
and Wilson, 2002). It enhances both cell mediated and

Annals of Microbiology, 55 (2) 145-150 (2005)

Expression of cholera toxin B subunit in Saccharomyces cerevisiae

Mohsen ARZANLOU1, Abbas REZAEE1*, Nader SHAHROKHI2, Ahmad Zavaran HOSSINI1, Yoko YASUDA3, Kunio TOCHIKUBO3,
Mohammad AHANGARZADEH REZAEE1

1Faculty of Medical Sciences, Tarbiat Modarres University, Tehran; 2Department of Molecular Biology, Institute Pasteur of Iran,
Tehran, Iran; 3Department of Microbiology, Nagoya City University, Medical School, Mizuho-ku, Nagoya 467-8601, Japan
  
   
  

Abstract - Cholera toxin, secreted by Vibrio cholerae, consists of A and B subunits. Cholera toxin B subunit (CTB) is used in many sci-
entific researches. It has already been expressed in several bacterial and plant systems. In order to express CTB protein in Saccha-
romyces cerevisiae, the expression plasmid pCTB83 was constructed by inserting ctxB gene in pYES2 shuttle vector. The new construct
was transferred into S. cerevisiae cells and the ctxB gene was induced with 2% galactose. SDS-PAGE analysis showed the presence of
CTB in yeast lysate and immunoblotting analysis of yeast total soluble protein indicated that the yeast-derived CTB protein was anti-
genically indistinguishable from bacterial CTB protein. Quantitative ELISA showed that the maximum amount of CTB protein expressed
in yeast was approximately 1.8% of total soluble protein. CTB is a subunit vaccine candidate against cholera. Since the whole recom-
binant yeast has been introduced as a new vaccine formulation, expression of ctxB in S. cerevisiae may offer an effective and inex-
pensive strategy to protect people against cholera in high-risk areas.

Key words: Saccharomyces cerevisiae, CTB, gene expression, Vibrio cholera.

* Corresponding Author: Postal Address: No. 106, Immam
Zaman Alley, 95 square, Narmak, 16456, Tehran, Iran. 
Fax: +98 21 8013030; E-mail: abbasrezaee@yahoo.com, 
rezaee@modares.ac.ir

12 ARZANLOU 145-150  6-06-2005  12:05  Pagina 145



146 M. Arzanlou et al.

humoral immune responses against co-administered recom-
binant antigens (Stubbs et al., 2001; Rodríguez et al., 2002). 

Bakers yeast, Saccharomyces cerevisiae, has been part
of our diet for centuries without any adverse effects. Its GRAS
(generally regarded as safe) status allows its uses in phar-
maceutical and food industry. Additional major advantages
of the yeast, S. cerevisiae, are its fast cultivation, growth on
simple and cheap mediums and resistance against acidic con-
dition of stomach and bile (Harashima, 1994; Psomas et al.
2002). Accordingly, whole recombinant yeast can be used as
a safe, effective and inexpensive vaccine delivery system and
development of such a formulation could possibly circumvent
the problems such as high expenses of development, deliv-
ery and administration logistics of the current vaccines espe-
cially in the developing countries. 

In the present study, we expressed CTB in S. cerevisiae.
Whole recombinant yeast expressing CTB could represent a
platform vaccine strategy to prevent cholera in high-risk
areas.

MATERIALS AND METHODS

Strains, plasmids and media. Hypertoxigenic Vibrio choler-
ae strain 569B was used for amplification of ctxB gene.
Yeast experiments were performed with Saccharomyces
cerevisiae 2802 (MAT∝ pep4:His3 prb-∆1.6Rcan1 his3-20
ura3-52). The yeast was grown in a rotary incubator (200
rpm) at 30 ºC in SC-Ura, uracil-deficient complete synthet-
ic medium, containing, 2% glucose (Difco, Becton, Dickin-
son and Company Sparks). Escherichia coli DH5α (Strata-
gene) (ƒ- gyr A96 Nlar, recA1Thi-1 hsdR17 r- k m+k) togeth-
er with pBluescript II KS (Stratagene) were used for the ini-
tial cloning, sequencing and maintenance of different DNA
fragments. The E. coli was grown in LB medium (QUELAB).
The required antibiotics were added according to the refer-
ence recommendation (Sambrock and Russell, 2001). For
recombinant protein production, a yeast shuttle vector pYES2
(Invitrogene) was used. The pYES2 is a 2 µm-based multi-
copy yeast shuttle and expression plasmid. All the chemicals
and enzymes were obtained from Merck (Germany) and
Fermentase (Lithuania) Companies, respectively.

Construction of yeast expressing vector encoding CTB.
General DNA manipulation was performed using typical
recombinant procedures (Sambrock and Russell, 2001). DNA
fragments were analysed by electrophoresis on a 0.8% (w/v)
agarose gel and purified from the agarose gel-by-gel extrac-
tion kit (Viogene) according to the manufacture’s recom-
mendation. 

Oligonucleotide primers: 5’TATGGATCCATGACACCT-
CAAAATATTACT3’ and 5’GGCGAATTCATATCTTAATTTGCCAT-
AC3’ were designed according to the published sequence for
CTB (accession number: U25679) and synthesized by MWG
(Germany) Company. The first oligonucleotide contains
three-base leader followed by a BamHI site (underlined), an
ATG start codon (underlined bold), and 18 nucleotides as the
sequence encoding CTB. The second oligonucleotide contains
a four-base leader followed by an EcoRI site (underlined) and
18 nucleotides complementary of the sequence encoding
CTB, including the complement of the TAA stop codon (under-
lined bold). 

PCR was carried out (Techne Thermal Cycler, FGEN02TD)
to create BamHI-EcoRI ctxB cloning cassette. The following

conditions were used for amplification: hot start at 95 °C for
5 min, followed by thirty cycles of denaturation at 95 °C for
1 min, annealing at 55 °C for 1 min and extension at 72 °C
for 1 min .The program was followed by a final extension for
5 min. For further analysis and before sequencing, the ampli-
fied ctxB cassette was confirmed by digestion with restric-
tion enzyme TaqI. The ctxB cassette was digested with both
BamHI and EcoRI and recovered in pBluescript KS II. PCR
fidelity was verified by complete sequencing of the ctxB por-
tion. The cassette was then excised and subcloned between
the BamHI and EcoRI sites of pYES2 to create yeast express-
ing plasmid pCTB83. The plasmid contains the ctxB cassette
downstream of the yeast inducible GAL1 promoter (Fig. 1).
Its BamHI site is located downstream of GAL1 transcriptional
start site but upstream of GAL1 translational start site. Thus,
ctxB cassette is translated beginning with the first ATG
codon. Accordingly, under the inducing conditions (i.e. galac-
tose present and glucose absent), our construct was expect-
ed to direct the production of mature CTB. 

Yeast transformation, maintenance and plasmid
recovery. Yeast cells were transformed by the modified
lithium chloride method (Hill et al., 1991). The transfor-
mants were selected on SC-Ura medium lacking uracil and
containing 2% glucose and 2% agar. The strains were main-
tained as glycerol stocks at -70 °C. To confirm the presence
of recombinant plasmids in the transformed yeasts, the plas-
mids were extracted with the modified method of Smash and
Grab (Hoffman and Winston, 1987). The recovered plasmids
were further analysed by PCR to confirm the presence of ctxB
cassette in the recovered plasmids. 

Expression and preparation of cell extract. The recom-
binant yeasts were grown in the buffered (0.1 M potassium
phosphate buffer, pH 6.7) SC-Ura medium, containing 2%
glucose and supplemented with appropriate amino acids at
30 °C under shaking condition (250 rpm) for 2 days. Initial

FIG. 1 – Structure of Saccharomyces cerevisiae expression vec-
tor pCTB83. The following three genes are located with-
in the pCTB83: ctxB, a 309 bp CTB coding sequence,
under the control of the GAL1 promoter; a beta-lacta-
mase cassette for resistance against ampicillin in E. coli;
URA3 cassette for the selection of recombinant yeast. Ori
pUC is the replication origin of pUC for maintenance of
the plasmid in E. coli; 2µ Ori is the replication origin of
the yeast 2µ based plasmid for the maintenance of plas-
mid in S. cerevisiae; CYC1 is the transcription termina-
tion signal for the efficient termination and stabilization
of mRNA.
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optical density at 600 nm was 0.2. The cells were separat-
ed by centrifugation (1300 x g, 3 min) and resuspended in
the same volume of induction medium (SC-Ura medium
supplemented with 2% galactose instead of glucose). The
samples (1.5 ml) were collected in 12-h intervals till 36 h
after induction. The induced cells were collected by cen-
trifugation (1300 x g, 3 min), washed once with fresh media
and resuspended in 400 µl of TPE (10 mM Tris-Cl, pH 8.0;
0.1 M sodium phosphate pH 8.0; 1 M EDTA, and 30 µl of
phenylmethylsulphonyl fluoride (PMSF). The cells were then
broken by vortexing with acid washed glass beads (0.3 g)
at maximum power for seven 1-min increments, and then
centrifuged to recover a clear supernatant (Schonberger et
al., 1991; Deresiewicz et al., 1994).

SDS-PAGE and immunoblotting. Recombinant S. cere-
visiae was analysed for the presence of CTB protein by SDS-
PAGE analysis. The amount of yeast total soluble protein
(TSP) content was estimated by Bradford assay (Bradford,
1976). Aliquots of the samples (12, 24 and 36 h after the
induction) with the same amount of TSPs were separated by
15% sodium dodecylsulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE). The gel was stained with Com-
massie blue R250 to visualize the protein bands. Samples of
bacterial CTB (a gift from Dr. Yasuda, Nagoya City Universi-
ty, Japan) and non-induced yeast TSP were loaded on the
gel as well. Immunoblotting was used to determine the iden-
tity of recombinant protein. According to SDS-PAGE results,
immunoblot was carried out on the samples of 24 h. TSPs
from the boiled (5 min) and no boiled samples as well as a
sample from non-induced cells and bacterial CTB were
loaded. The separated protein bands were electrophoretically
transferred from the gel to a 0.45-µm nitrocellulose mem-
brane (Sigma) and the presence of recombinant CTB was
detected with anti-cholera toxin monoclonal antibodies (a gift
from Prof. Svennerholm, Göteborg University, Sweden) and
rabbit anti-mouse IgG peroxidase conjugate (Sigma). The
reaction was developed by DAB (diaminobenzidine- H2O2)
solution (Sigma) 

ELISA quantification of CTB. Certain amounts of TSPs in
the range of 100-600 ng from induced and non-induced
recombinant yeasts were bound to a 96 well microtitration
plate (Linbro/Titertek, Flow Laboratories, Inc. USA),
overnight at 4 °C. The process was followed by standard pro-
cedures with anti-cholera toxin monoclonal antibodies and
anti-mouse IgG peroxidase conjugate. The plates were
developed with TMB (tetramethylbenzidine-H2O2) substrate
(Bio-Rad, Marnes-la-Coquette, France). The reaction was
stopped with H2SO4 and the plates were read at 450 nm.
Comparison of the absorbance at 450 nm of a known amount
of bacterial CTB-antibody complex (liner standard curve) and
that of the absorbance differences between a known con-
centration of the induced and non-induced S. cerevisiae
TSPs were used to estimate the CTB expression levels.

RESULTS

Construction of CTB expression vector
PCR was used to create a gene fragment encoding the
sequence of mature CTB. The eluted PCR product was
analysed by digestion with TaqI. The restriction enzyme
analysis with TaqI showed tow fragments at the expected

positions (256 and 79 bp) (Fig. 2). The recombinant plas-
mid (pSK-CTB) was sequenced by standard T7/T3 primers
and dideoxy chain termination method. Complete sequenc-
ing of the PCR-generated fragment in pBluscript revealed
complete identity at the nucleotide level to relative strain (V.
cholerae 569B). In order to construct the yeast expressing
vector, the confirmed fragment was next cloned from
pBluscript into pYES2.

Transformation of Saccharomyces cerevisiae
Out of several colonies raised on the selective media, 10
colonies were selected and the presence of ctxB was con-
firmed by PCR following the plasmid recovery from trans-
formants. The results indicated the presence of the ctxB cas-
sette in the transformed yeasts but not in the untransformed
and intact pYES2.

Intracellular expression
Expression of pCTB83 in S. cerevisiae was induced in the
presence of 2% galactose. SDS-PAGE analyses of TSPs
(boiled and no boiled) showed only a thin band of recombi-
nant CTB in monomeric form with the expected molecular
mass of near to 11.6 kDa. (Fig. 3). The results showed that
the new synthesized recombinant protein could not assem-
ble to its pentameric form as native bacterial protein. Pen-
tameric form (55.6 kDa) was not detected in both the boiled
and no boiled samples. The recombinant band appeared
within 12 h and reached its highest level within 24 h after
the induction. After 36 h it was scarcely detectable on SDS-
PAGE gel stained with Commassie blue.

Immunoblotting
In order to determine the antigenicity of the recombinant
CTB, western blot analysis of TSP was performed. As shown
in Fig. 4, TSPs from boiled and no boiled cells transformed
with pCTB83 and induced with galactose, contained a single
immunoreactive band at the expected position of mature bac-
terial monomeric CTB. No immunoreactive band was found
under the non-inducing conditions. Pentamers and other
suspected mers were not evident. Anti-cholera toxin mono-

FIG. 2 – PCR amplification of ctxB from Vibrio cholerae 569B and
restriction map of the eluted PCR product. Lane 1: molec-
ular weight marker; lane 2: amplified ctxB; lane 3: neg-
ative control; lane 4: digestion of ctxB gene by TaqI
(256 and 76 bp).
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clonal antibodies showed no significant cross-reaction with
the yeast TSP (Fig. 4).

ELISA quantification of CTB expression
CTB protein was quantitatively estimated in the TSP of trans-
formed and induced S. cerevisiae by ELISA analysis. The
amount of CTB was detected in different concentrations of
the total soluble yeast protein and expressed as nanogram
per sample (Fig. 5). As shown in figure 5, optimal concen-
trations of the TSP (100-400 ng), loaded in the wells of the
microtiter plate, yielded optimal increase of CTB protein
level (reaching to 1.8% of the TSP in recombinant yeast).

When the concentration of the TSP deviated from optimal lev-
els, the amount of the detected CTB protein was decreased
may be due to the binding characteristics of microtiter plates
to CTB protein in a mixture of total yeast proteins. With
increase of the total protein levels, the increasing amount of
recombinant protein may be unable to bind to the wells and
is eventually lost through washing.

DISCUSSION

Todate, because of some limitations such as post translational
modifications, there is fewer tendencies to express prokary-
otic proteins in S. cerevisiae. However, there are some exam-
ples such as beta-lactamases, Staphylococcus aureus nucle-
ase A, TSST-1 and Shiga-like toxin I A-chain that have been
expressed in S. cerevisiae (Pines and London, 1991; Schon-
berger et al., 1991; Deresiewicz et al., 1992, 1994). As indi-
cated in “The Results” we detected only the monomeric
forms of CTB in the boiled and no boiled samples of recom-
binant yeast total protein. Schonberger et al. (1991) have
expressed pantameric complex of the hybrid protein of Lipo-
LTB (heat-labial enterotoxin B subunit), the more related pro-
tein to CTB, in S. cerevisiae. Previous studies on the assem-
bly of LTB in E. coli have revealed that enterotoxoid oligomer-
ization occurs after the liberation of mature subunit into the
periplasm. It has been postulated that the periplasm of
Gram-negative bacteria provides an environment that would
favour the spontaneous assembly of B subunit monomers
into oligomers (Hirts and Holmgren, 1987). Now, it is clear
that the accumulation and concentration are important fac-
tors for oligomeric assembly of the CTB and LTB proteins.
Schonberger et al. (1991) have directed Lipo-LTB into endo-
plasmic reticulum (ER) lumen that acts in a manner similar
to the periplasmic space of Gram-negative bacteria, and
provides an intracellular environment in which monomeric B
subunits are concentrated and assembled to oligomeric form.
Same concept exists about the oligomeric CTB, expressed
in plant systems. In plant expression vectors, CTB is usual-
ly expressed as a fusion protein together with the leader and

FIG. 3 – Expression of recombinant CTB. Lane 1: protein mark-
er; lanes 2, 3 and 4: total soluble proteins from samples
collected 12, 24 and 36 h after induction; lane 5: total
soluble protein before induction; lane 6: mixture of pen-
tameric and monomeric bacterial CTB. Arrows indicates
the band (M~ 11.6 kDa) corresponding to recombinant
CTB monomers. 

FIG. 4 – Immunoblat analysis against the total soluble proteins
from the induced and non-induced recombinant Saccha-
romyces cerevisiae by monoclonal anti-cholera toxin anti-
bodies. Lane 1: molecular weight marker; lane 2: total
soluble protein from the induced recombinant yeast (no
boiled); lane 3: total soluble protein from the induced
recombinant yeast (boiled); lane 4: total soluble protein
from the recombinant yeast before induction; lane 5: mix-
ture of monomeric and pantomimic bacterial CTB.

FIG. 5 – Determination of CTB protein levels in the recombinant
yeast. CTB protein levels (ng) were plotted against the
dilutions of Saccharomyces cerevisiae total soluble pro-
tein. The ELISA detection indicated that CTB level
increased optimally in 100, 200,300 and 400 ng con-
centrations of the recombinant yeast total soluble protein
and reached to 1.8, 3.6, 5.4 and 7.2 ng, respectively.
These amounts are equivalent to 1.8% of the recombi-
nant yeast total soluble protein. Error bars indicate SE. 
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SEKDEL fragments (Arakawa et al., 1997). The leader pep-
tide of the CTB protein directs the newly synthesized CTB pro-
tein in the lumen of the ER and SEKDEL fragment helping to
the accumulation of CTB within the plant tissue. The aim of
this research was to produce the native CTB intracellulary,
so, to avoid secretion and some unwanted posttranslation-
al modifications such as glycosylation, signal sequence was
not used. 

In this study, we used pYES2, the yeast shuttle vector.
Our fragment (ctxB) is located downstream of GAL1 promoter
and the start codon ATG, was located upstream of the first
codon of the mature protein. Thus, as expected, the recom-
binant protein was expressed in the cytoplasm and could not
retain its oligomeric form. It maybe, yeast cytoplasm is so
large to provide a limited environment for the accumulation
and assembly of monomeric CTB as limited space, provided
by periplasmic space of Gram-negative bacteria and ER in
plant systems. Beside these assumptions, intrinsic less ten-
dency of the inclusion bodies formation in yeasts maybe con-
flicted with this approach (Harashima, 1994). The optimum
time for production of the recombinant CTB was found to be
in 24 h after the induction. As described in “Results” the het-
erologous recombinant CTB was subjected to proteolysis
and 36 h after the induction the recombinant protein band
was degraded and scarcely seen on SDS-PAGE gel analysis.
Proteolysis is a known phenomenon in yeast systems, which
influence the production of foreign proteins (Harashima,
1994). Recombinant CTB, produced in S. cerevisiae, retained
its antigenicity as indicated by western blot analysis. The
researchers in previous studies have shown that the
monomeric subunit LTB is capable of eliciting mucosal and
serum IgA responses in mice and protecting animals against
toxin challenge (Takahashi et al., 1996; Ricci et al., 2000).
As estimated by quantitative ELISA, the maximum expres-
sion level of the recombinant CTB was 1.8% of TSP, which
is more than that of recombinant CTB which is produced in
the edible plants of potato (0.3%) and tomato (0.02%), but
less than the one produced in tobacco plant (4.1%) (Arakawa
et al. 1997; Jani et al., 2002; Daniel et al., 2001). Aggre-
gation of assembled pentamers similar to bacterial antigen
should have resulted in underestimation of CTB in ELISA test
(Daniel, et al., 2001) but our monomeric protein may not be
subjected to this problem. Therefore, our estimated level
could be near to the real one. In bacterial and yeast systems,
the level of gene expression is strictly related to specific
codons (Yu et al., 2004). Therefore, it would be possible to
improve the expression level of prokaryotic CTB in eukary-
otic S. cerevisiae by specific codon optimization. High-level
(100 mg/L) chimeric CTB was expressed according to the
codon usage preferred by Hansenula polymorpha (Song et
al., 2004). 

It seems that the amount of the CTB produced in S. cere-
visiae is enough to elicit immune responses. It may induce
mucosal and systemic anti-cholera toxin antibodies at the
levels sufficient to provide protective immunity against the
cholera toxin challenge following feeding whole recombi-
nant yeast. Oral administration of transgenic potato express-
ing CTB up to 0.3% of TSP, has induced both mucosal and
serum CTB-specific antibodies in mice and protected the
animals against the cholera toxin challenge (Arakawa et al.,
1998).

A major problem in the development of new vaccines
against cholera will be to make them sufficiently inexpensive
and to develop a formulation that can be readily distributed

to huge population at risk. Booster doses will probably be
needed for each of the new oral vaccines and the formula-
tions will be needed to be sufficiently simple so that the vac-
cine might even be self-administrated at the time of risk
(Sack et al., 2004). Recombinant yeast can be used as a safe,
effective and inexpensive vaccine delivery system and devel-
oping such a formulation could possibly solve some problems
such as the high cost of development, delivery and admin-
istration logistics of the current vaccines especially in the
developing countries.
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