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Introduction

Brucella abortus is a facultative intracellular gram-
negative bacterium that infects humans and domestic
animals. Brucellosis is an important zoonotic disease
that causes abortion in cattle, and undulant fever in
humans. Brucellosis is considered a major health
problem in most the countries all over the world
(Moreno et al., 2002).

To control brucellosis in human, it is necessary to
control it in animal first. At present, live attenuated
B. abortus strain S19 is used to immunize animals;
however, the vaccine has the three following major
disadvantages. First, S19 can mainly cause abortion
when administered to pregnant cattle; second, S19 is
pathogenic for human; third, the vaccine induces anti-
bodies in vaccinated cattle, a false manifestation that
may be mistaken for field infection diagnosis. There-
fore, developing a more effective and safer vaccine is
necessary to control the disease (Schurig et al., 2002).

Protection against B. abortus is considered to be
depended on cell mediate immunity. The B. abortus
L7/L12 ribosomal protein has been identified as a ma-
jor component in cellular immunity response (Ko and
Splitter, 2003; Cloeckaert et al., Oliveira and Splitter,
1994; 1996). Lipopolysaccharide (LPS) of Brucella
is an important component in humeral immunity to
brucellosis (Huang et al., 1999).

A noninfectious vaccine to humans but effective
in stimulating a broad protective immune response
is needed to control brucellosis. To develop this type
of Brucella vaccine, several research groups are pur-
suing different strategies, including development of
subunit vaccines (Oliveira and Splitter, 1996), utili-
zation of bacterial vectors (Onate et al., 1999), and
overexpression of protective homologous antigen
(Vemulapalli et al., 2000).

The B. abortus L7/L12 ribosomal protein has been
identified as an immunodominant antigen (Oliveira
and Splitter, 1994). The recombinant L7/L12 protein
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and the plasmid encoding the L7/L12 gene have dem-
onstrated to be able to elicit strong CMI and engender
protection from Brucella infection in mice; however,
the protective effect is much lower than that of the
live attenuated B. abortus vaccine S19 (Moreno et al.,
2002; Oliveira and Splitter, 1996 and 1994). Re-
searchers have also observed the protective role of
other types of L7/L12 based-vaccines utilizing differ-
ent vectors such as vaccinia virus and Lactococcus
lactis, nevertheless the protection level is far less than
that of the currently used live B. abortus vaccine
(Baloglu et al., 2005; Pontes et al., 2003, Ribeiro et al.,
2002). These results suggest that vaccines based on
L7/L12 alone could not induce enough protection,
regardless of the type of L7/L12 vaccine used. How-
ever, other evidence shows that polyvalent vaccines,
including protein vaccines and DNA vaccines, can
engender more effective protection than univalent
vaccines in some cases (Johnston and Bystryn, 2005;
Schirmbeck et al., 2002). Thus, polyvalent vaccines
combining L7/L12 with other immunogenic antigen(s)
such as lipopolysaccharide (LPS) of Brucella, which
is an important component in humeral immunity to
brucellosis, will be a strategy to offer higher protec-
tion levels for Brucella infection (Huang et al., 1999),
One of the best subunit vaccine is a combination,
a complex or a conjugation of L7/L12 with LPS.

Considering affinity of LPS for human serum al-
bumin (HSA) (Fujiwara and Amisaki, 2008), in this
research in order to develop a complex vaccine, we
fused l7/l12 gene to hsa and constructed a shuttle
vector pYHSA5-L7/L12 (containing, inulinase signal
sequence of Kluyveromyces marxianus, human serum
albumin cDNA, l7/l12 gene, Gal10 promoter), and
expressed in S. cerevisiae.

Experimental

Materials and Methods

Strains, plasmids and media. B. abortus S19 was
provided by Dr. B.Tabbaraee (Pasteur Institute of
Iran) and was grown on Brucella broth (Difco, USA)
at 37°C for 72 h. S. cerevisiae was the yeast strain
used as the host for expression of fusion protein (trun-
cated HSA-L7/L12) 2805(Mat" pep4::His3 prb-)1.6R
can1 his3-20 ura3-52). The yeast was cultured in
a rotary incubator (200 rpm) at 30°C in SC-Ura, where
the uracil deficient complete synthetic medium con-
tained 2% glucose (Difco, USA). Escherichia coli
DH5" (Stratagene, USA) (f-gyr A96 Nlar, recA1Thi-1
hsdR17 r-k m+k) was used for cloning, sequencing and
maintaining various DNA fragments. The medium
Luria Bertani (LB) (QUELAB, UK) was used for cul-
turing E. coli. Shuttle vector pYHSA5 contained in-
ulinase signal sequence (Kluyveromyces marxianus),

human serum albumin cDNA, Gal10 promoter, and
ura3 selective marker (Kang et al., 2000). The yeast
transformation was carried out by the modified lithium
acetate method (Hill et al., 1991; Rezaee et al., 2005).

Amplification of the B. abortus l7/l12 ribosomal
gene by PCR. According to L7/L12 nucleotide se-
quence (Gene Bank accession Number L19101), and
nucleotide sequence of pYHSA5 shuttle vector, prim-
ers were synthesized by MWG Company (Germany).
These primers create two XbaI site at 5' and 3' ends of
the gene. B. abortus S19 DNA chromosomal was
extracted (Cheng et al., 2006) and l7/l12 gene was
amplified by pfu polymerase (Fermentase) at 2.5 mM
MgSO4 (Fermentase), 0.5 Dmol primer/18 reac-
tion, annealing temperature 55°C in thermal cycler
(FGEN02TD Techneh, UK). The PCR product was
purified by PCR product Gel extraction kit (Roche)
and confirmed by EcoRI and HindIII. The PCR pro-
duct was digested with XbaI and ligated to pYHSA5
plasmid. Direction of l7/l12 gene in pYtHSA-L7/L12
was determined by enzyme digestion along with se-
quencing. PYtHSA5-l7/L12 plasmid and PCR product
were sequenced by MWG Company (Germany).

Media and culture condition for expression.
YPD medium (1% yeast extract, 2% bactopeptone,
and 2% glucose) was used for cultivation of the host
and yeast transformation. Yeast Nitrogen Base with-
out uracil (Difco) was used for selecting the yeast
transformant and seed culture (Rezaee et al., 2001).
For induction of tHSA-L7/L12 expression, the yeast
transformants were grown in shake-flasks containing
YPDG media (1% yeast extract, 2% Bactopeptone,
and 1% glucose at varying concentration of Galac-
tose). The shake-flask cultures were performed at
30°C and 150rpm (Kang et al., 2000).

Immunoblotting. Western blot analysis of culture
supernatant of yeast cells was carried out using poly-
clonal antibodies raised against human serum albumin
and anti-L7/L12 ribosomal protein antibodies (a do-
nation from Dr. Philippe Langella, France)

Protein purification. First, the supernatant of in-
duced cells was collected by centrifugation (1300×g,
3 min) containing phenylmethylsulphonyl fluoride
(PMSF, Merck), then the expressed protein from the
supernatant was precipitated by 60% ammonium sul-
fate (Merck); second, it was dialyzed against water,
and last it was purified by affinity chromatography
column CN-Br activated sepharose CL-4B (Biogen)
and anti-HSA antibody.

Results

Construction of pYtHSA-L7/L12 shuttle vector.
PCR was used successfully to amplify a gene frag-
ment encoding the sequence of L7/L12. PCR product
has about 400 bp on 1% agarose gel electrophoresis
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(Fig. 1, A; lane 3). For preliminary confirmation, the
fragment was subjected to digestion by EcoRI and
HindIII. Digestion with EcoRI yielded 165 and 210 bp
fragments, while digestion with HindIII yielded 75 and
300 bp fragments at the expected positions (Fig. 1, A,
lanes 1, 2). Ligation of PCR product in pYHSA5 was
confirmed by XbaI digestion. The sequencing of PCR
product fragment revealed complete homology at the
nucleotide level to l7/l12 gene in NCBI.

Extracellular production of fusion protein tHSA-
L7/L12 in S. cerevisiae. The pYtHSA-L7/L12 shuttle
vector has signal sequence, thus, the product was ex-
pected to secrete into the extracellular. Culture super-
natant from the induced and noninduced cells was

done by electrophoresis on SDS-PAGE and stained
by silver nitrate staining (Fig. 1, B). S. cerevisiae
strain 2805 was used as a negative control. Optimum
condition of culture for the high level expression of
fusion protein was glucose 1%, and galactose 2% at
24, 36 h. (Fig. 1, B). In samples from induced culture
supernatant a band of molecular mass ~52 KD was
present (Fig. 1, B). Considering the length of two
fused genes this weight was expected.

Western blotting of fusion protein. Anti-HSA
and anti-L7/L12 antibody from rabbit was used for
blotting (Fig. 2). The result show that the fusion
protein could be detected by both the antibodies. This
indicated that molecular structure of fusion protein

L7/L12
300 bp

100 bp

1            2          L           3

th
66.2 KD

39.2 KD

M        1              2                   3             4

Fig. 1. (A) � Electrophoresis of PCR product on 1% agarose gel (lane 3), PCR product digestion by EcoRI (lane 1) and HindIII
(lane 2); (B) � silver-stained SDS-PAGE of culture supernatant from induced and non induced cells, M-protein molecular weight
marker, HSA recombinant was produced by S.cerevisiae with pYHSA5 (lane 1), (lane 2) � strain 2805 of S. cerevisiae as negative control,
the culture supernatants at 0 h (lane 2), 24 h and 36 h (lanes 3, 4). The arrows indicate the fusion protein after 24 h and 36 h of growth.
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Fig. 2. (A) � Western blot analysis of tHSA-L7/L12 by rabbit anti-L7/
L12 antibody; (B) � immunoblotting with rabbit anti- HSA antibody.
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was constructed in a form that that the two protein
fragments were identifiable.

Extracellular protein purification. After precipi-
tation of supernatant protein by ammonium sulfate
(60%) and overnight dialyzing against water and pu-
rification by affinity chromatography, (Fig. 3) the
amount of the purified fusion protein was demon-
strated to be 0.5 mg/liter.

Discussion

To develop a new generation of vaccines to pre-
vent brucellosis, it is vital to overcome the three main
drawbacks of the currently used live Brucella vaccines,
i.e., causing abortion in pregnant animals, pathoge-
nicity for humans, and inducing antibodies that inter-
fere with the diagnosis of field infection in vaccinated
animals (Cheville et al., 1993; Corner and Alton,
1981; Moriyon et al., 2004). Improvements in the
methods for gene cloning and protein purification
have led to the use of purified recombinant proteins

as cellular vaccines in experimental trials (Oliveira
and Splitter, 1996).

So far, a variety of protein and non-protein anti-
gens of Brucella or a combination of them has been
introduced as a vaccine (Vizcaino et al., 1996; Huang
et al., 1999; Kang et al., 2000). Considering the point
that immunity against brucellosis needs induction
of both the two immune responses specially cellular
immunity, as well as the fact that most the antigens
of Brucella structure don�t enjoy the ability to induce
protective response on their own (Cloeckaert et al.,
2002), it seems that an effective subunit vaccine will
be considered to be a combination of several antigens
(Ko and Splitter, 2003; Cloeckaert et al., 2002).

Outer membrane antigens, specifically LPS are ex-
posed to direct contact with host immune system;
therefore, antigens will be a main part of the probable
subunit vaccine (Jacques et al., 1991; Jacques, 1996;
Cloeckaert et al., 2002). Recently, researchers have
noticed the stimulating ability of cellular immune by
cytoplasm proteins, specifically L7/L12. They recog-
nize it as the most important protein of this bacteria

Fig 3. (A) � silver-stained SDS-PAGE of precipitated supernatant
protein by ammonium sulfate (60%), M-marker, lane 1 � concen-
trated fusion protein tHSA-L7/L12; (B) � Comassie blue-stained
SDS-PAGE of precipitated supernatant protein by ammonium
sulfate (60%), M-marker, lanes 1and 2 � concentrated fusion
protein tHSA-L7/L12; (C) � Comassie blue-stained SDS-PAGE
of purified protein by affinity chromatography, M-marker, lane 1

� purified fusion protein tHSA-L7/L12.
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for stimulating cellular immunity. Immunity of L7/L12
recombinant protein has been demonstrated by
researchers (Oliveira and Splitter, 1994 and 1995;
Schurig et al., 2002). They recommend that a probable
suitable subunit vaccine must contain a combination
or a complex or a conjugation of LPS and L7/L12.

Considering the fact that polyvalent vaccines can
induce a more intensive immune response than the uni-
valent vaccine in some cases (Johnston and Bystryn.
2005; Schirmbeck et al., 2002), besides the idea that
bacterial LPS has affinity for bonding with HSA
(Fujiwara and Amisaki, 2008), we come to the concept
of utilizing fusion protein advantages by producing
a fusion protein, and bacterial LPS bonding with
L7/L12 protein through the possible simplest method.
Up to now, due to limitations such as glycosylations,
only a few tendencies have expressed prokaryotic
proteins in S. cerevisiae. However, there are some
examples, such as RTEM-$-lactamases, Staphylococ-
cus aureus nuclease A, TSST-1 and Shiga-like toxin I
A-chain that are expressed in S. cerevisiae (Pines and
London, 1991; Pines et al., 1988).

In this our study, tHSA-L7/L12 fusion protein was
expressed. In order to construct pYtHSA-L7/L12 vec-
tor, first multiplied l7/l12 gene was verified by enzyme
digestion, then it was confirmed by sequencing. The
sequence was exactly the same as that of l7/l12 gene
in NCBI gene bank.

The constructed strain containing pYtHSA5-L7/
L12 secreted tHSA-L7/L12 fusion protein into the
supernatant. The Bradford result of supernatant and pu-
rified protein showed (data not shown) that the amount
of the production compared with the HSA expressed
by the same vector was low. This fusion protein was
confirmed by HSA and L7/L12 specific antibodies.
This shows that precision of designing fusion protein
gene and its expression in S. cerevisiae has retained
antigenic characteristics. In addition, the finding shows
that the nature of this fusion protein can be appropria-
ted for immunological evaluation.

Conclusion. Regarding tHSA_L7/L12 fusion pro-
tein properties, this protein can be used with Brucella
LPS as a new subunit vaccine. However, immuniza-
tion assay requires more investigations with this
fusion protein and LPS. It seems necessary to accom-
plish more studies to determine an established defini-
tion of the fusion protein and its combination as an
give the immune response and a protection provider
against B. abortus infection.
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