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We have expressed both S and preS2-S genes coding for the hepatitis B small (S) and medium (M) pro-
teins, respectively, in different yeast based expression systems and compared the production level of the
recombinant proteins. In Saccharomyces cerevisiae, viral genes were expressed under the inducible Gal10/
cyc1 and the constitutive PGK promoters using 2 l replicating vectors. We showed that the yield of S pro-
tein was higher than M protein under both inducible (14.27 vs 10.9 mg/l) and constitutive (9.18 vs
6.39 mg/l) conditions, respectively. In the methylotrophic yeast Pichia pastoris, the viral genes were
expressed in GS115 (Mut+: Methanol Utilizing) and KM71 (MutS: Methanol Utilizing Slow) under the con-
trol of the alcohol oxidase promoter (AOX1). In MutS background, both S and preS2-S genes were
expressed at higher levels than in Mut+. In attempt to increase the yield of recombinant viral proteins
in S. cerevisiae, we have co-expressed both inducible and constitutive vectors harboring the S or preS2-
S genes leading to recombinant strains called UTS (containing pDP/S + pYePIT/S) and UTP (containing
pDP/preS2-S + pYePIT/preS2-S). We showed that the recombinant S and preS2-S proteins were success-
fully detected and the production level reached 18.31 mg/l for the S and 13.22 mg/l for the M proteins.

Our comparative study provides evidence that in small scale, S. cerevisiae is more suitable for HBsAg
and preS2-S proteins production than P. pastoris under inducible rather than constitutive condition.

� 2009 Elsevier Inc. All rights reserved.
Hepatitis B virus (HBV)1 is one of the main etiological agents of
acute and chronic liver disease that is still a major public health
problem as more than 2 billion people worldwide have a history of
this infection and there are 350 million chronic carriers [1]. As there
is no effective treatment for hepatitis B infection, a preventive vac-
cine is the only way for its control [2]. The surface antigen of hepa-
titis B virus (HBsAg) is the primary component of vaccines against
hepatitis B virus infection [3].

The envelope of HBV is made of three proteins: the major protein
(226 amino acids) encoded by the S gene; the middle protein (281
amino acids) encoded by the preS2-S gene and the large protein
(389 or 400 amino acids, according to the subtype) encoded by the
preS1–preS2-S region [2,3]. These three proteins are translated from
separate initiation codons but share a common reading frame and
stop codon. These antigens have been shown to elicit virus-neutral-
izing and protective antibodies [4]. Production of anti-HBs antibod-
ies after HBV infection provides efficient clearance of the virus and
ll rights reserved.
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long-term protection. The region of the HBsAg which induces this
immune response is designated the ‘‘a” determinant. It is exposed
on the viral particle surface and is common to all subtypes of the
virus [5,6]. The ‘‘a” determinant is located within the hydrophilic re-
gion of the protein S, between amino acid 110 and 160. There are two
pairs of mutually exclusive subtype-specific determinants ‘d’ or ‘y’
and ‘r’ or ‘w’ (adr, ayr, adw and ayw). It can be classified into nine ma-
jor subtypes: ayw1, awy2, ayw3, awy4, adw2, adw4, ayr, adrq�,
adrq+ reflecting genetic variability [6,7].

To be immunogenic, the HBsAg polypeptide must assemble into
particles of 20–22 nm diameters which has been correctly
achieved in mammalian cells culture [8], in yeasts Saccharomyces
cerevisiae [9], Pichia pastoris [10] and Hansenula polymorpha [11].
Therefore, most of the commercially available HBV vaccines con-
tain the S protein expressed in the yeasts S. cerevisiae or P. pastoris
[9,12] or CHO cells [13]. However, slow or non-responders to the
conventional vaccines have been reported. Therefore, it has been
suggested that inclusion of the preS2 regions into the vaccines
could enhance the antibody response to the S protein and thus cir-
cumvent the non-responsiveness to the S protein [14]. Indeed, the
preS2 region is known to be highly immunogenic at both B and T
cell levels and to give rise to neutralizing antibodies [15]. The
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preS2 region contains a polymerized albumin receptor site, in-
volved in the virus attachment to human hepatocytes and the
anti-preS2 antibodies often arise earlier than the anti-S ones
[16,17].

The purpose of this study was to express the S and preS2-S
genes in different yeast based systems in order to compare their
ability to produce these viral proteins in small scale experiments.
In S. cerevisiae, the viral genes were expressed under galactose
inducible (Gal10/cyc1) and constitutive (PGK, Phospho Glycerate
Kinase) promoters using 2 l replicative vectors. We also con-
structed yeast strains expressing S or preS2-S genes under both
inducible and constitutive promoters with the aim to increase
the production level. In P. pastoris, the S and preS2-S regions were
expressed in both MutS and Mut+ strains under the strong and
methanol inducible AOX1 promoter. The yield of recombinant pro-
teins were determined by ELISA and a comparison between differ-
ent expression systems tested will be discussed.

Materials and methods

Strains and media

Saccharomyces cerevisiae strain W303-1B [Mata leu2 ura3 trp1
his3 ade2 canR] was used as host for gene expression and trans-
formed by lithium chloride procedure. The recombinant strains
were grown in a shaker flask (200 rpm at 30 �C) in 100 ml of a min-
imal medium (0.67% yeast nitrogen base) supplemented with 0.5%
glucose or 2% ethanol as carbon source. In inducible condition,
after growth on 0.5% glucose until OD at 600 nm = 3, 2% galactose
was added in the medium and culture was prolonged for 18 h at
30 �C, 200 rpm.

Pichia pastoris strains GS115 (Mut+, His�) and KM71 (MutS, His�,
Arg+) purchased from Invitrogen, (San Diego, CA, USA) were used as
host for S and preS2-S gene expression.

Escherichia coli strain TOP10 [F-Dlac U169 (U80 lacZ DM15)
supE44 hsdR17 recA1 gyrA96 endA1 thi-1 relA1] was used as host
for plasmid cloning experiments as described in [18]. Bacteria were
grown in Luria–Bertani medium.
Plasmids and DNA manipulation

The HBV S and preS2-S genes were cloned in the YepDP1-8 vec-
tor (provided by D. Pompon, CGM, CNRS, Gif/Yvette) under the con-
trol of the inducible Gal10/cyc1 promoter and in YepIPT [19]
downstream of the constitutive PGK (Phospho Glycerate Kinase)
promoter leading to the transformed yeast strains IS, IP (for induc-
ible) and CS, CP (for constitutive) constructed in our previous work
[20]. The S and preS2-S genes were isolated from recombinant vec-
tors YepDP/S and YepDP/preS2-S as described by Borchani-Chabc-
houb et al. [20].

For expression in P. pastoris, the BamH1-KpnI DNA fragments
containing the S (700 bp) and preS2-S genes (850 pb) were purified
and cloned into the pPICZA (Invitrogen) to generate the plasmids
pPICZA/S and pPICZA/preS2-S.
P. pastoris transformation and selection

Pichia pastoris strains GS115 (Mut+) and KM71 (Muts) were
grown in 500 ml YPD medium at 30 �C until OD at 600 nm = 1.3–
1.5. Cells were harvested by centrifugation at 1500g for 5 min at
4 �C washed twice in 500 ml ice-cold water. The pellet was then
washed twice in 1 ml ice-cold 1 M sorbitol, and centrifuged at
1500g for 5 min at 4 �C. The cells were finally resuspended in
1 ml ice-cold 1 M sorbitol and kept on ice until use. The competent
cells were transformed with SacI linearized recombinant plasmids
DNA (1–5 lg) by pulsed electroporation using a Bio-Rad GenePul-
ser (1500 V, 25 lF, 200 X). One milliliter of ice-cold 1 M sorbitol
was added to the cells immediately after electroporation. Cells
were incubated for 2 h at 30 �C and transformants were selected
on YPDS (1% yeast extract, 2% peptone, 2% dextrose, and 1 mol/l
sorbitol) plates containing 100 lg/ml zeocin.

Real-time PCR

The ICyler (Bio-Rad) was used for QPCR amplification and detec-
tion. QPCR was prepared in duplicates in 25 ll reaction mixture
containing 5 ll of template DNA (100 ng), 12.5 ll of SYBR Green
PCR Master Mix (Bio-Rad), and 12.5 pmol of forward (50-ATGG
AGAACATCACATC AGGA-30) and reverse (50-AAGGTACCTTAAATGT
ATACCCAAGAG-30) primers. The thermal cycling conditions were
10 min at 94 �C followed by 35 cycles of 30 s at 94 �C, 30 s at
50 �C and 30 s at 72 �C. The fluorescence signal was measured at
the end of each extension step at 72 �C. After the amplification, a
melting curve analysis with a temperature gradient of 0.1 �C/s from
65 to 95 �C was performed to confirm that only the specific prod-
ucts were amplified.

Gene copy number was determined by the quantification meth-
od which presents the target/reference ratio in a sample compared
to the calibrator which contains both target and reference genes at
a known ratio. The initial concentration of the sample is calculated
using the comparative delta Ct method as described by Livak and
Schmittgen [21], and the gene copy number is given by the for-
mula: n = 2�DDCt, where DDCt = (Ct target sample�Ct reference
sample)�(Ct target calibrator�Ct reference calibrator). Ct is de-
fined as the point at which the fluorescence level rises above the
baseline. Beta-actin, used here as reference gene, was amplified
with the following primers: forward: 50-ACACACAGTGTTCCCATC
GGT-30 and reverse: 50-AAGAACTGGGTGCTC TTCTG-30.

Southern blot

Genomic DNA was prepared from 1.5-ml cultures of the various
Pichia transformants expressing HBsAg using the standard proto-
col. Briefly, cells were washed in SCK buffer (1 M sorbitol, 50 mM
citric acid, 150 mM K2HPO4) then incubated in buffer A (1 M sorbi-
tol, 50 mM citric acid; 150 mM K2HPO4, 10 mM EDTA, pH 8; 0.1% b-
mercaptoethanol, 0.3 mg/ml Zymolyase, pH 7) for 2 h at 37 �C to
generate spheroplasts. They were then lysed in buffer B (150 mM
NaCl, 10 mM Tris, pH 7.5, 5 mM EDTA, pH 8, 1% Sarkosyl). After
phenol–chloroform extraction, genomic DNA was recovered by
ethanol precipitation. Equal quantities of genomic DNA from dif-
ferent Pichia transformants (MutS and Mut+) were digested with
HindIII and run on 0.8% agarose gel. The separated fragments were
transferred to Hybond N+ nylon membrane (Amersham Pharmacia
Biotech) and probed with the radioactive probe (pPICZA/S plasmid
radiolabeled with a-P32 dCTP using a Rediprime II kit from Amer-
sham Pharmacia Biotech). Following hybridization, the HBsAg con-
taining bands were visualized by autoradiography.

Proteins extraction, Western blot and ELISA

All recombinant strains were cultivated on appropriate media
for gene expression. Aliquots of cells corresponding to 20 OD units
were harvested by low speed centrifugation (6000 rpm, 5–10 min),
resuspended in 0.2 ml lysis buffer (20 mM Tris–HCl, pH 7.5, 5 mM
EDTA, pH 8, 150 mM NaCl, 0.1% Nonidet P-40 1 mM PMSF, 2 mg/ml
leupeptine and 1 mg/ml pepstatine) containing zirconia glass
beads (0.45 mm-Sigma) and lysed by 10 min bursts of vortexing
at maximum speed, with chilling on ice for 1–2 min between
bursts. After centrifugation at 12,000 rpm for 15 min, the superna-
tant was collected and protein concentration determined using the



Table 1
Expression of AgHBs by S. cerevisiae and P. pastoris recombinant strains.

Strains Conditions Total
proteins
(mg/l)

Yield of
HBsAg (mg/l)

Specific activity
(lg HBs/mg
total protein)

S. cerevisiae
IS Galactose 1751 14.27 8.16
IP // 1711 10.9 6.5
CS Ethanol 1660 9.18 6.86
CP // 1583 6.39 4.6
UTS Ethanol/Galactose 2008 18.31 9.7
UTP // 1928 13.22 8.23

P. pastoris
GS115 (Mut+)
SG9 Methanol 33.33 0.35 10.5
PG1 // 85.36 0.19 2.28
KM71 (Muts)
SK4 Methanol 1587 5.7 3.59
PK6 // 72.66 0.215 2.99
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Bio-Rad assay. Total proteins (30 lg) were separated on 12.5%
SDS–PAGE and electrotransferred to Hybond P membrane (Amer-
sham Pharmacia Biotech). Immuno-blotting was carried out with
anti-HBs antibody coupled to peroxidase (diluted to 1:500) and
the complex was visualized using the enhanced chemilumines-
cence Western blotting detection kit ECL plus (Amersham Pharma-
cia Biotech). The anti-HBs used is a mixture of three monoclonal
antibodies raised against the ‘‘ad” and ‘‘ay” subtypes (Diasorin).
ELISA test was performed using the ETI-Mak 4 kit (Diasorin) to esti-
mate the HBsAg concentration in the soluble cell extracts (10 lg)
as described by the manufacture’s protocol. A standard curve was
prepared using dilution series containing 0–100 ng of HBsAg from
the commercially available vaccine Engerix B and included in each
assay.

Results

Optimisation of the culture conditions for the expression of preS2-S
and S genes in S. cerevisiae

The viral genes preS2-S and S isolated from virus DNA from
Tunisian patients with chronic hepatitis B (with accession numbers
AF229159 for S and AF214661 for preS2-S in the Genebank data-
base), belonging to the ayw2 subtype (Genotype D) were cloned
into the replicating vectors yePDP1-8 and YEpiPT and expressed
under the control of the inducible Gal10/cyc1 and the constitutive
PGK (Phospho Glycerate Kinase) promoters, respectively [20].

Four recombinant strains were selected: IS, IP (for Inducible S
and preS2-S) and CS, CP (for Constitutive S and preS2-S) and culti-
vated in 100 ml of minimal and rich media supplemented with dif-
ferent carbon sources: glucose, glycerol, galactose or ethanol.
Overall, the yield of recombinant proteins is considerably higher
on rich than minimal media under inducible as well as constitutive
promoters (Fig. 1A and B). Interestingly, we showed that ethanol is
the most appropriate substrate for the production of HBsAg and M
proteins in both the constitutive and inducible systems. Indeed, in
the latter one, we tested all pre-culture media (glucose, glycerol,
galactose and ethanol) in combination with either 2% or 0.5% gal-
actose during the induction phase. We showed that a significantly
higher level of recombinant preS2-S (Fig. 1A) and S (data not
shown) proteins were obtained in presence of 2% rather than
Fig. 1. Comparison of HBV S and preS2-S proteins level by ELISA. Recombinant yeast st
different carbon sources: 2% glucose, 0.5% glucose, 2% glycerol, 2% galactose and 2% ethan
for Gal10/cyc1 promoter induction. Total proteins were extracted and 10 lg were assayed
the total quantity of proteins.
0.5% galactose. In order to define the optimal condition for viral
antigens production in the constitutive system, we cultivated the
CS and CP strains on glycerol, glucose, galactose or ethanol. Our
data showed, once again, that the highest amount of HBsAg was
obtained after 48 h culture on 2% ethanol compared to other car-
bon sources tested (Fig. 1B). Similarly, the ethanol appears as the
most appropriate substrate for preS2-S protein production by the
CP strain (data not shown). When IS and IP recombinant strains
were cultivated in optimal conditions as described above, the
yields of HBsAg and preS2-S proteins were estimated by ELISA to
14.24 and 10.9 mg/l under inducible conditions, respectively. How-
ever, the amount of viral proteins was lower when gene expression
was driven by the constitutive PGK promoter: 9.1 and 6.3 mg/l of S
and preS2-S, respectively (Table 1). The Western blot analysis re-
vealed a single 27 kDa protein in both S transformants (CS and
IS) whereas a proteolysis product was observed for the M protein
in the IP strain, due to the presence of a protease site as already
mentioned in several works [22,23]. In the CP strain, no signal cor-
responding to the preS2-S protein was observed (Fig. 2). This result
is in line with our previous report showing that this strain pro-
duces the M protein on several carbon sources such as ethanol,
rains IP (A) and CS (B) were cultivated on minimal (MM) or rich media (RM) with
ol for 24 h. Cultures from IP strain were then supplemented by 0.5% or 2% galactose
by ELISA using the ETI-Mak 4 kit (Diasorin). The ratios OD450/630 were normalized to



Table 2
Determination of the copy numbers in different yeast recombinant strains according
to the Livack method: 2�DDCt.

Clones DDCt Copy number: 2�DDCt

SK4 �1.25 2.37
PK2 �0.95 1.92
PK6 �2.25 4.75
PG1 �3.15 8.87
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glycerol, galactose but not on 2% glucose which could be explained
by a post-translational negative control [20, see the Discussion].

Cloning of the preS2-S and S genes in P. pastoris and estimation of
copies number

The preS2-S and S regions were cloned into the expression vec-
tor pPICZA (Invitrogen). The recombinant plasmids (pPICZA/preS2-
S) and (pPICZA/S) were integrated in the strains GS115 (Mut+) and
KM71 (MutS) and the recombinant clones were selected on zeocine
supplemented medium. Four clones were retained: SG9, PG1
which have integrated pPICZA/S and pPICZA/preS2-S, respectively,
in the GS115 strain and SK4, PK6 which have integrated the pPIC-
ZA/S and pPICZA/preS2-S, respectively, in KM71.

Genomic DNA extracted from the selected MutS and Mut+

clones were analyzed by Southern blot and Q-PCR to estimate
the gene copies number. The Southern blot revealed in the Mut+

clones (SG5, SG9, SG55, PG1, PG13, PG22, and PG47) the same frag-
ment of 4.3 kb in addition to a common band of 2.3 kb correspond-
ing to the endogenous single copy AOX gene also present in the
GS115 host strain (Fig. 3A). The intensity of the latter band was ta-
ken as reference to estimate the copy number of integrated plas-
mid. This allowed us to conclude that most of the Pichia clones
harbored a single copy of the S or preS2-S gene except the PG1
clone which should contain more than 1 copy. In the case of the
MutS transformants, we showed that SK2, SK3 and SK5 clones have
integrated a single copy of the expression cassette while the SK4
Fig. 2. SDS–PAGE and Western blot analysis of HBV S and preS2-S proteins expressed by
vector (panel B; CS and CP strains) and using an anti-HBs monoclonal antibody coup
Pharmacia Biotech). IS, IP: recombinant yeast strains producing HBsAg and M protein,
HBsAg and M protein, respectively, in constitutive conditions. M, Rainbow Molecular W

Fig. 3. Southern blot analysis of Pichia Muts and Mut+ recombinant clones. Genomic DNA
PG22, and PG47) and Mut+ (SK2, SK3, SK4 and SK5) or untransformed host strains (G
radiolabelled probe corresponding to pPICZA/S vector. Fragments of 4.3 or 4 kb correspon
The AOX endogenous gene was visualized as a band of 2.3 kb.
appears to harbor more copies since the band of 4.3 kb (corre-
sponding to the expression vector) is about two times more intense
than the endogenous AOX reference (Fig. 3B).

To confirm the Southern blot data and determine precisely the
gene copy number in recombinant clones, we performed Q-PCR
analysis using the relative quantification based on the b-actin as
reference gene. In this experiment, we have chosen the SG9 clone
as calibrator since the Ct values of the target (S) and the reference
(b-actin) are approximately equal. Using the DDCt method, we
have estimated the gene copy number in the recombinant strains
to 1, 2.3, 1.93, 4.7 and 8.8 copies for SK3, SK4, PK2, PK6 and PG1,
respectively (Table 2). Fig. 4 shows a representative example of
Q-PCR data for Mut+ SK4 (2.3 copies) and SK3 (1 copy) strains. Fur-
thermore by ELISA, we compared the yield of recombinant proteins
in the 2 Mut+ clones PG1 and SG9. As shown on Fig. 5A, the level of
preS2-S protein was lower compared with the AgHBs despite the
high copy number in the PG1 clone suggesting that in Pichia the
the YepDP1-8 inducible vector (panel A; IS and IP strains) and YepIPT constitutive
led to peroxydase (Diasorin). The complex was revealed by ECL plus (Amersham
respectively, in inducible conditions. CS, CP: recombinant yeast strains producing
eight (Amersham Pharmacia).

(10 lg) prepared from recombinant Pichia clones Muts (SG5, SG9, SG55, PG1, PG13,
S115 and KM71) was digested with HindIII and subjected to hybridisation with a
d to the expression vector pPICZA containing the preS2-S or the S gene, respectively.



Fig. 4. Representative example of Q-PCR analysis for Muts recombinant strains which have integrated 1 copy (SK3) and 2.3 copies (SK4) as determined by the relative
quantification using the b-actin as reference gene.
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preS2-S protein was not well expressed and probably subject to a
proteolysis as already demonstrated in S. cerevisiae [22].

Effect of copy number and genetic background on HBsAg expression

In P. pastoris, the expression level of many recombinant proteins
including HBsAg can be significantly enhanced by utilizing multi-
copy transformants [24,25]. To study the effect of the gene copy
number on HBsAg expression in our system, we cultivated SK4,
SK3 strains (in the same genetic background, MutS) with different
S gene copy number, as described above, in minimal medium sup-
plemented by 0.5% methanol for 24, 48, 72, 96 and 110 h. The yield
of HBsAg was estimated by ELISA as described in Materials and
methods section. We showed that the production of HBsAg was
very low before 96 h and increased at 110 h post-induction
(Fig. 5B). Interestingly, we found a direct correlation between the
gene dosage and the expression level of HBsAg. The effect of copy
number was additive as the 3 copy clone (SK4) resulted in about 3-
fold higher yield of HBsAg than in single copy clone (SK3), at both
96 and 110 h post-induction (Fig. 5B). In fact, the copy number
influences the HBsAg productivity, since the amount of HBsAg pro-
duced by SK4 at 96 h is equal to that produced by SK3 at 110 h. The
effect of the Muts/+ genetic background was assessed in two trans-
formants (SK3 and SG9) bearing the same copy number (one copy)
of S insert in MutS and Mut+ context, respectively. Fig. 4B shows
that the level of HBsAg is about 3-fold higher in MutS SK3 than
in Mut+ SG9 strain. In addition, the optimal amount of recombinant
HBsAg was obtained after 110 h post-induction by 0.5% methanol
in both contexts Mut+ and MutS (Fig. 5C). Once again, the produc-
tivity is greatly influenced by the genetic background, as the SK3
produces at 96 h the same amount of HBsAg than SG9 at 110 h
post-induction.

Co-expression of the preS2-S and S genes in S. cerevisiae

In an attempt to increase further the antigen production in
yeast, we planned to co-transform S. cerevisiae by the constitu-
tive and the inducible vector expressing either the S or the
preS2 proteins. Therefore, recombinant plasmids YePDP/S + YE-
piPT/S and YePDP/preS2-S + YEpiPT/preS2-S were co-transferred
in the same yeast cells, leading to two strains named UTS
(expressing the S gene under both Gal10/cyc1 and PGK promot-
ers) and UTP (expressing the preS2-S gene under both Gal10/
cyc1 and PGK promoters). These strains were selected on min-
imal media without uracil and tryptophan then cultivated on 2%
ethanol for 48 h where only the constitutive promoter was
functional, followed by the addition of 2% galactose for 18 h
to induce the Gal10/cyc1 promoter. By Western blot, we
showed that the recombinant S and preS2-S proteins were suc-
cessfully detected (Fig. 6). In addition, the production level
reached 18.31 mg/l for the S protein and 13.22 mg/l for the M
protein (Table 1).

Discussion

Hepatitis B is still a serious problem in human health and much
effort was made to counteract this viral infection and to minimize
the number of slow or non-responders to the conventional vaccine.
Given its important functional role in the HBV life cycle and being a
potential target for the development of novel antivirals, the preS
region has been expressed with the S gene to generate a more effi-
cient recombinant HBV vaccine [26,27].

In this study, we tested different yeast based expression sys-
tems to produce both recombinant HBsAg and M protein of HBV.
According to our previous analysis of local virus genotypes, the
ayw2 was the most frequent serotype in Tunisia and should be
therefore used in order to produce a more appropriate vaccine
for our population [28]. The S and preS2-S viral genes were ampli-
fied from a Tunisian patient with chronic hepatitis B and inserted
into yeast multicopy vectors. The heterologous expression of each
gene was driven in S. cerevisiae by two promoters: an inducible
Gal10/cyc1 and a constitutive one PGK [20]. We have also inserted
upstream of the translation initiator codon ‘‘ATG” a 10 bp sequence
‘‘ACAAAACAAAA” deriving from yeast genes exhibiting high
expression level. In fact, it was shown that this sequence improves
the translation efficiency. This sequence is usually specific of genes
belonging to GAP (glyceraldehyde phosphate) family but it can ex-
pand to others, however, the molecular mechanism by which this
sequence acts to modulate gene expression is still unknown [29].

We showed that the galactose inducible promoter was more
efficient to express either S or preS2-S genes than the constitutive
one (Phospho Glycerate Kinase). In fact, the yield of recombinant
proteins was 1.5-fold higher under inducible than constitutive con-
ditions. The S gene has been expressed in several yeast, based sys-
tems but to our knowledge, this is the first study comparing in the
same conditions (the same host strain, replicative origin and tran-
scriptional terminator) the ability of two yeast promoters to ex-
press both S and preS2-S genes. We showed that under inducible
as well as constitutive conditions, the S region was more efficiently
expressed than the preS2-S, which might be due to the degradation
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Fig. 5. Kinetics of HBsAg and preS2-S proteins production at different times after
methanol induction. (A) Comparison of the yield of AgHBs and preS2-S in Mut+

clones SG9 and PG1. ELISA was performed using the ETI-Mak 4 kit (Diasorin) to
estimate the HBsAg and preS2-S yield in 10 lg of total proteins extracted from PG1
(expressing the preS2-S) and SG9 (expressing the HBsAg). A standard curve was
constructed using a dilution series (0–1 lg of HBsAg from the commercially
available vaccine Engerix B) and was included in the assay. (B) Effect of Mut+/Muts

context of Pichia on the production of recombinant HBsAg. ELISA was performed as
described above using 10 lg of total proteins extracted from Mut+ SG9 and Muts

SK3. Both clones have integrated a single copy of the S gene. Proteins were
extracted after 24, 48, 72, 96 and 110 h of methanol induction. (C) Effect of gene
copy number on the HBsAg production by recombinant Muts strains Aliquots of
10 lg of total proteins extracted from SK4 (3 copies of the S gene) and SK3 (1 copy
of the S gene) at different times of methanol induction were analyzed by ELISA as
described above.

Fig. 6. Western blot analysis of HBsAg and preS2-S protein expression in UTS and
UTP strains. Strains were cultivated on 2% ethanol for 48 h where only the
constitutive promoter was functional, followed by the addition of 2% galactose for
18 h to induce the Gal10/cyc1 promoter. Thirty micrograms of total proteins were
separated on 12.5% SDS–polyacrylamide gel and electrotransferred to Hybond P.
The membrane was treated with anti-HBs monoclonal antibody coupled to
peroxydase (Diasorin). The complex was revealed by ECL plus (Amersham
Pharmacia Biotech).
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of the M protein in this heterologous background. This is in accor-
dance with previous works which reported a proteolytic degrada-
tion of preS2 sequence in plasma-derived particles [30], in S.
cerevisiae [31] and in H. polymorpha [32]. It was demonstrated that
the preS2 region was very sensitive to intracellular protease in S.
cerevisiae extract and that expression in protease-deficient yeast
strain carrying pep4-3 mutation could minimize proteolytic degra-
dation of the preS2 region [22]. The deletion of the site susceptible
to trypsin-like protease in the preS2 region reduced the degrada-
tion process and enhances the productivity of the M protein [33].

The Western blot analysis revealed, not only the proteolysis of
the preS2-S protein, but also a striking feature of the preS2 gene
expression in the CP background. Indeed, such expression was ab-
sent in presence of 2% glucose. We have already resolved this sur-
prising result in our previous work [20]. We showed that the
preS2-S and S genes were well transcribed in both systems and
the two corresponding mRNAs had a similar abundance. At the
protein level, the HBsAg was produced at a high level with
the Gal10/cyc1 and PGK promoter based vectors. However, the
preS2-S was well expressed only under the Gal10/cyc1 promoter
and was detected at very low level or totally absent during growth
on glucose using the PGK promoter based system. Note that on the
other carbon sources (glycerol, ethanol, galactose) the preS2-S pro-
tein was correctly expressed. The discrepancy between the preS2-S
mRNA and protein levels led us to suggest that in yeast, the preS2-
S protein synthesis is submitted to a negative translational control
which takes place only when glucose was used as carbon source
[20].

Our data showed that ethanol is the optimal carbon source for
the production of recombinant HBsAg and M proteins in yeast
strains IS, IP, CS and CP. This is advantageous since ethanol pro-
vides a slight sterilization of the medium and is a cost-effective
substrate compared to galactose for example.

In attempt to increase the yield of recombinant viral proteins in
S. cerevisiae, we co-transformed the same W303-1B host strain by
both plasmids pDP1-8/S + YepIPT/S (UTS strain) and pDP1-8/
preS2-S + YepIPT/preS2-S (UTP strain). This should enable the re-
combinant strains to produce the corresponding proteins, firstly
during the growth phase through the constitutive PGK promoter,
then during the induction phase through Gal10/cyc1 promoter. In-
deed, after the culture on 2% ethanol followed by the addition of 2%
galactose, both UTS and UTP strains produced higher amount of
HBsAg (18.3 vs 14.2 mg/l for IS and 9.1 mg/l for CS) and M protein
(13.2 vs 10.9 mg/l for IP and 6.3 mg/l for CP).

Pichia pastoris offers an excellent eukaryotic expression system
for large-scale production of functional recombinant proteins.
High-level expression and efficient assembly of HBsAg particles
has been reported in P. pastoris by integrating the S gene under
the control of alcohol oxidase (AOX1) promoter. It is well known
that to the assembly of the HBsAg polypeptide into particles of
20–22 nm diameter is necessary for the immunogenicity [35].
HBsAg particle assembly does not appear to occur in E. coli-based
expression systems [36,37]. However, characterization of the re-
combinant protein produced in P. pastoris as well as in S. cerevisiae
showed that HBsAg exists in a form which is similar to human ser-
um-derived HBsAg 22 nm particles [4,37].
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In this work, we have expressed both S and preS2-S of ayw2
serotype in the two genetic background of Pichia Mut+ (GS115)
and MutS (KM71) under the control of the methanol inducible
AOX1 promoter. Our data showed that fast growing Mut+ strain
(capable of efficient methanol utilization) was less efficient than
MutS to produce HBsAg and M proteins, which is in agreement
with previous reports [34]. Indeed, a single copy MutS transform-
ant produced about 2.5-fold more than Mut+ strain harboring a sin-
gle S gene. Recently, it was shown that Mut+ strains was able to
express HBsAg with similar productivity as MutS strains when
maintained at a limited growth during induction in bioreactor [35].

We also noticed a direct correlation between the gene dosage
and the expression level of HBsAg since the 3 copies clone (SK4) re-
sulted in about 3-folds higher yield of HBsAg than the single copy
clone (SK3) at both 96 and 110 h post-induction. Similarly, Vassil-
eva et al. have shown that the increase in copy number of the
HBsAg expression cassette leads to an increased expression of
the HBsAg in Muts strain [25].

Overall, we can conclude that the expression of recombinant S
and preS2-S of ayw2 HBV subtype was successful in S. cerevisiae
and P. pastoris but with higher yields using the inducible Gal sys-
tem in S. cerevisiae. More interestingly, we showed that the co-
expression of S or preS2-S genes under inducible and constitutive
promoters in yeast cells leads to significant increase in the expres-
sion levels of the corresponding proteins.
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