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Generation of Hepatitis B virus PreS2-S antigen in Hansenula 
polymorpha
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Despite the long availability of a traditional prophylactic vaccine containing the HBV surface antigen 
(HBsAg) and aluminum adjuvant, nearly 10% of the population remains unable to generate an effective 
immune response. Previous studies have indicated that hepatitis B virus (HBV) PreS2-S is abundant 
in T/B cell epitopes, which induces a stronger immune response than HBsAg, particularly in terms of 
cytotoxic T lymphocyte (CTL) reaction. In the current study, the HBV PreS2-S gene encoding an extra 
26 amino acids (PreS2 C-terminus) located at the N-terminus of HBsAg was cloned into the pVCH1300 
expression vector. PreS2-S expressed in the methylotrophic yeast, Hansenula polymorpha, was 
produced at a yield of up to 250 mg/L. Subsequent purifi cation steps involved hydrophobic adsorption 
to colloidal silica, ion-exchange chromatography and density ultracentrifugation. The fi nal product was 
obtained with a total yield of ~15% and purity of ~99%. In keeping with previous studies, ~22 nm virus-
like particles were detected using electron microscopy. The generated PreS2-S antigen will be further  
studied for effi cacy and safty in animals.  
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 INTRODUCTION

Hepatitis B virus belongs to hepadnaviridae, a family of 
enveloped viruses containing a partially double-stranded 
and circular DNA genome (G. Birkenmeyer L, 2003). 
Records show that more than 350 million people world-
wide are infected by this virus (Awan A R, et al., 2012). 
Clinical antiviral therapies currently used for chronic 
hepatitis B infection often lead to drug tolerance and are 
unable to eradicate the virus completely (Janssen H L, 
et al., 2005; Liaw Y F, et al., 2000; Niederau C, et al., 
1996). Although an effective prophylactic vaccine has 
been available for nearly 30 years to date, up to 10% 

of individuals do not experience a response with an 
adequate antibody level to hepatitis B surface antigen  
(Sjogren M H, 2005). Therefore, development of a novel 
hepatitis B vaccine with a better penetrating and a higher 
response rate is essential.

The HBV envelope consists of three major immuno-
genic proteins, known as large (PreS1-PreS2-S), medium 
(PreS2-S) and small protein (HBsAg), and is the main 
component of the currently licensed recombinant prophy-
lactic vaccine (Hadiji-Abbes N, et al., 2009). Previous 
studies have suggested that the PreS2-S region has the 
strongest immunogenicity, which could enhance anti-
body response to HBsAg and thus mitigate the chance of 
non-responsiveness of vaccines against escape variants, 
making it the most suitable candidate antigen for a novel 
HBV vaccine (Hadiji-Abbes N, et al., 2009). However,   
the entire PreS2 region containing 55 amino acids is sen-
sitive to protease degradation, which makes large-scale 
preparation difficult (Langley K E, et al., 1988). The 
C-terminus of PreS2 containing 26 amino acids (120-
145 aa) has been shown to be the most effective immu-
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nogen for production of antisera and has been proposed 
to contain a conserved conformational epitope critical 
for neutralization of infection (Chi S W, et al., 2006). 
Moreover, PreS2 containing 26 amino acids (120-145 
aa) appears more stable than PreS2 containing 55 amino 
acids. Therefore, a truncated PreS2-S protein comprising 
120-145 aa of the PreS2 (26 aa) C-terminus and entire 
HBsAg was used in the current study.

The methylotrophic yeast Hansenula polymorpha (H. 
polymorpha), a highly effi cient microbial cell factory, has 
been successfully used in the production of several cur-
rent commercial prophylactic HBV vaccines (Gellissen 
G, et al., 1992; Huang Y, et al., 2007). Here, H. poly-
morpha was employed as the host strain to express HBV 
PresS2-S, leading to a production yield of up to 250 mg 
per liter. After several steps of purifi cation, total yield of 
~15% with ~99% purity was obtained. Consistent with 
previous findings, ~22 nm virus-like particles were de-
tected using electron microscopy. 

MATERIALS AND METHODS

Strains and reagents
H. polymorpha DL-1 (ATCC 26012) was purchased 

from ATCC, GeneticinTM (G418) from Invitrogen (Life 
Technologies, California, USA), the PCR cloning kit 
from Toyobo (Toyobo, Osaka, Japan) and CsCl from 
Sigma Aldrich (Sigma Aldrich, Missouri, USA). EcoR 
I, Not I, Bgl II were purchased from Takara (Takara Bio 
Inc., Otsu, Japan).

Plasmid construction and protein expression
The codon-optimized coding sequence of adw2-sub-

type HBV PreS2-S antigen (containing 26 aa of PreS2 
C-terminus) was amplified from pVAC1010-PreS2-S 
(plasmid stored in our laboratory). Briefly, the 
PreS2-S was amplified by KOD plus kit according to 
the manufacturer’s instructions using primer M26-F: 
CCGGAATTCGACATGGGTACAGTTAGTC (EcoR I) 
and primer M-R: ATAGTTTAGCGGCCGCTTAAATGT 
(Not I). The amplifi ed coding sequence was subsequent-
ly digested with EcoR I, Not I and inserted into the 
expression vector, pVCH1300. The resultant plasmid 
was sequenced by GENEWIZ, Inc (Suzhou, China). For 
yeast transformation, plasmid p  VCH1300-PreS2-S was 
linearized with the restriction endonuclease Bgl II and 
transformed into H. polymorpha according to the method 
described by Faber et al. (1994). Positive clones were 
cultured in BMGY or YPD medium at 220 rpm/min, 37ºC, 
for 1 day and induced using 1% (w/v) methanol f  or 48 h. 

Protein purifi cation
Harvested cells was re-suspended in sodium phos-

phate buffer (50 mmol/L PB, 150 mmol/L NaCl, pH 

8.0) and disrupted with a high-pressure homogenizer 
at 4 ºC (1500 bar, 4). The cell debris was removed via 
centrifugation at 4 ºC, 4,400 g, for 15 min and the super-
natant mixed with colloidal silica Aerosil-380 (Evonik 
Degussa, Essen, Germany), which was pre-equilibrated 
in 25 mmol/L sodium phosphate buffer, 0.5 mol/L NaCl, 
pH 7.2. The suspension was stirred at 4 ºC for 4 h and 
centrifuged at 4 ºC, 7500 g, for 30 min. The pellet was 
washed with 25 mmol/L sodium phosphate buffer, pH 
7.2, and centrifuged as above. The resultant pellet was 
re-suspended in 100 mmol/L sodium carbonate-bicarbon-
ate buffer (pH 10.8) and incubated at 37 ºC for 4 h. The 
suspension was centrifuged at 25 ºC, 10,000 rpm, for 1 
h. The clarifi ed supernatant was adjusted to pH 8.0 and 
processed using ion-exchange chromatography (DEAE 
Sepharose FF, GE Healthcare). Bound PreS2-S was eluted 
using a salt step (50 mmol/L Tris-HCl buffer, pH 8.0, 0-1 
mol/L NaCl). PreS2-S-containing fractions were pooled 
and further separated via CsCl density gradient centrifu-
gation (Beckman, California, USA) at 36,000 rpm and 
4 ºC for 16 h. 

Quantitative measurement of PreS2-S using 
ELISA

The PreS2-S concentration in the crude extract was 
determined using a commercially available ELISA kit 
(Kehua Bio-engineering, Shanghai, China). Purified 
PreS2-S was employed to establish a standard curve. 
Crude yeast extract containing PreS2-S was diluted 
appropriately with 0.1% BSA in PBS (pH 7.2) and ap-
plied for ELISA. The resultant absorption values were 
converted to PreS2-S concentrations using the standard 
curve established above. All samples were analyzed in 
triplicate.

Silver staining and Western Blot
The protein sample was separated using 12% SDS-

PAGE and characterized via silver staining ac  cording 
to the manual of Novex (Life Technologies, California, 
USA). Western blot analysis was carried out us-
ing mouse anti-human HBsAg polyclonal antibody 
(ABMAX, Beijing, China) and HRP-conjugated goat 
anti-Mice IgG antibodies (Sigma Aldrich, Missouri, 
USA). Briefl y, NC membrane was incubated with pri-
mary antibody (1:1000 dilution) in 5% blocking solu-
tion at 37°C for 40 min. After washing with TBST, the 
membrane was incubated with HRP-conjugated second-
ary antibody (1:10000 dilution) in 5% blocking buffer 
at 37°C for 30 min. Signal detection was performed 
using Western Lightning® Plus-ECL (PerkinElmer. Inc, 
Massachusetts, USA)

Electron Microscopy 
T  he structure of PreS  2-S virus-like particles was con-
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fi rmed using transmission electron microscopy (HT7700, 
Hitachi). Purified samples were applied to a 400-mesh 
copper grid, dried, and stained with 2% tungstophosphor-
ic acid before TEM observation. The particle size was 
measured using Image J software.

RESULTS

Plasmid construction
The coding sequence of the adw2-subtype HBV 

PreS2-S antigen (containing 26 amino acids of the PreS2 
C-terminus, 120-145 aa) was optimized according to 
the codon bias of H. polymorpha (Figure 1A). The op-
timized sequence was amplifi ed and further cloned into 
the expression vector, pVCH1300, under the control of 
the strong methanol-inducing MOX promoter (Figure 1B 
and 1C). A geneticin (G418) resistance gene was used as 
a positive selection marker. The resultant plasmid was 
verifi ed using colony PCR and restriction enzyme ana  ly-
sis (Figure 1D).

Expression of PreS2-S
The plasmid was transformed into H. polymorpha cells 

using a previously published method (Faber K N, et al., 

1994). Multiple copy inserts were screened according to 
protocols of the Invitrogen manual and further confi rmed 
using rea1-time PCR (data not shown). The resultant 
multiple copy colonies were cultured in YPD medium 
and induced with methanol at a fi nal concentration of 1% 
(Figure 2A and 2B). Induced samples were collected at the 
indicated time-points and characterized using Western 
blot (Figure 2C). After two days of methanol induction, 
the expression yield was estimated as 250 mg/L culture 
(2.5 mg/g wet cells).

Purifi cation of HBV PreS2-S
Harvested cells was re-suspended in sodium phosphate 

buffer and disrupted using a high-pressure homogenizer. 
After clarification via centrifugation at 4,400 g for 15 
min, the supernatant containing HBsAg was further clari-
fi ed with colloidal silica. The salt steps in the purifi cation 
of PreS2-S protein using DEAE Sepharose FF chroma-
tography are presented in Figure 3A. The SDS-PAGE 
pattern (Figure 3B) showed that the fraction eluted with 
buffer (50 mmol/L Tris-HCl pH 8.0 plus 500 mmol/L 
NaCl) mainly contained the monomer and polymer forms 
of the desired protein and no other evident bands of host 
protein. PreS2-S-containing fractions were pooled, fur-

Figure 1. A: Schematic representation of the truncated PreS2-S. B: Construct of plasmid (pVCH1300-PreS2-S) 
used to produce Hepatitis B PreS2-S in H. polymorpha. C: The coding sequence of PreS2-S was amplifi ed by 
PCR. D: Restriction enzyme analysis of pVCH1300-PreS2-S.
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ther separated via CsCl density gradient centrifugation, 
and analyzed via Western Blot. We observed enrichment 
of PreS2-S mainly in fractions 7-8 (~1.18 g/mL) (Figure 
3C). The final product, with a total yield of ~15% and 
purity of 99%, was quantifi ed using ELISA, as described 
above.

Electron Microscopy fi ndings 
HBsAg needs to assemble into spherical particles, 

so-called virus-like particles (VLPs), to initiate the re-
quired protective immune response (Cabral G A, et al., 
1978). To establish whether PreS2 is able to assemble 
into VLPs, transmission electron microscopy was per-
formed. The hepatitis B PreS2-S antigen derived from 
H. polymorpha cells organized into 22.6±3.0 (n=32) 
nm virus-like particles (Figure 4A and 4B), which 
were morphologically similar to those isolated from 
S  accharomyces cerevisiae and Pichia pastoris. 

DISCUSSION

Hepatitis B virus (HBV) infection is the main cause of 

cirrhosis and hepatocellular cancer  (Torbenson M, et al., 
2002). The currently available recombinant prophylactic 
vaccine for HBV, either expressed in Chinese hamster 
ovary (CHO) cells or yeast, can induce effective humoral 
responses (Chen H, et al., 2012). However, up to 10% 
of individuals are still unable to experience a response 
with an adequate protective antibody level to hepatitis B 
surface antigen (Sjogren M H, 2005). Therefore, there 
remains an urgent requirement for a novel hepatitis B 
vaccine with a better penetrating and response rate.

The HBV envelope consists of three major immuno-
genic proteins, known as large (PreS1-PreS2-S), medi-
um (PreS2-S) and small protein (HBsAg), respectively. 
The PreS2-S region has the strongest immunogenicity, 
which could accelerate antibody response to HBsAg and 
thus lower the chance of non-responsiveness of vaccines 
against escape variants (Hadiji-Abbes N, et al., 2009). 
Moreover, the PreS2 region contains a conserved polym-
erized albumin receptor site involved in virus attachment 
to human hepatocytes, and anti-PreS2 antibodies often 
arise earlier than anti-HBsAg antibodies (Kuroda S, et al., 
1991; Milich D R, et al., 1985). 

Figure 2. pVCH1300-PreS2-S transformed H. polymorpha cells growth curves before (A) and after methanol 
induction (B). Samples inducing at indicated time points were characterized by Western-Blot (C).
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Figure 3. Purification of HBV 
PreS2-S from H. polymorpha 
cells. A: Elution profi le of DEAE 
chromatography. B: Eluate of 
DEAE chromatography was 
characterized by Silver Stain-
ing. C: Fractions from CsCl 
density gradient centrifugation 
were analyzed by Western Blot. 

Figure 4. A: Electron micrograph of 
purified Hepatitis B PreS2-S VLPs 
derived from H. polymorpha cells. B: 
Particle size of Hepatitis B PreS2-S 
VLPs.
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However, PreS2-S was comparatively unstable and 
easily degraded in our previous experiments (data no 
shown), consistent with other reports (Lian M, et al., 
2008). Therefore, a truncated PreS2-S protein compris-
ing the C-terminus of PreS2 (120-145 amino acids, 26 
aa) and entire HBsAg was used in this study. Vaccines 
containing PreS2 can compete with HBV and block the 
route of infection, implying that PreS2 is a potential can-
didate component of novel HBV vaccines (Jiang Z G, 
et al., 2007).

The methylotrophic yeast, H. polymorpha, is a highly 
effi cient microbial cell factory (Gellissen G, et al., 1992). 
Here, a PreS2(26 aa)-S truncated gene was cloned into 
pVCH1300 and transformed into H. polymorpha DL-1. 
High dose G418-resistant colonies were screened and 
confirmed via real-time quantitative PCR. Remarkably, 
nearly 60 copies of plasmid were integrated into the ge-
nome of H. polymorpha DL-1 cells and transferred stably 
in progeny (data not shown), which possibly contributed 
to the significant production of foreign proteins. In our 
experiments, PreS2-S production yield in H. polymorpha 
cells was up to 250 mg per liter. Additionally, the gen-
eration process was more productive and cost-effective. 
After several steps of purifi cation, a total yield of ~15% 
with ~99% purity was obtained, which was significantly 
higher than that from Pichia pastoris (Hardy E, et al., 
2000). As a prerequisite for initiating the protective 
immune response, the ability to assemble into ~22 nm 
virus-like particles of PreS2-S antigen derived from H. 
polymorpha cells was confi rmed using electron micros-
copy (Cabral G A, et al., 1978). To our knowledge, this 
is the fi rst report of intracellular expression of PreS2-S 
VLPs in H. polymorpha. Further animal immunization 
studies with this antigen are required to fully evaluate 
PreS2-S as a potential vaccine candidate. Efficacy and 
safety studies will be reported in future publications.
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