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The  recombinant  hepatitis  B surface  antigen  (HBsAg)  vaccine  provides  excellent  protection  against  hep-
atitis B virus  (HBV).  However,  high  costs  of  its  production  prevents  many  underdeveloped  and  developing
nations  from  implementing  HBsAg  vaccination.  This  in  turn  increases  the  risk  of contracting  HBV related
diseases.  Majority  of  the  commercial  HBV  vaccines  are  derived  from  purified  HBsAg  expressed  in  recom-
binant  yeasts.  Most  of the  cost  in production  of the  vaccine  is  incurred  during  the  downstream  processing.
The  costs  associated  with  HBsAg  purification  can  be decreased  by optimizing  the  pre-chromatography
steps  and  by  reducing  the impurity  burden  on  chromatography  operations.  Here  in  this  work  we present
a  novel  strategy  for  the  enriched  extraction  of  recombinant  HBsAg  from  Pichia  pastoris  membranes.  We
urification
embrane

accine

have also  developed  a  simple,  easy  to  operate  process  for the  purification  of HBsAg  VLPs  from  the  mem-
branes  of P.  pastoris.  This novel  strategy,  while  utilizing  a  single  column  chromatographic  step  in the
purification  scheme  results  in  the  highest  recovery  of  HBsAg  VLPs  reported  in the  literature.  The  yield  of
HBsAg at  the  end  of  purification  was  nearly  5% (85 �g/g  of  induced  wet  cell  biomass).  The  HBsAg  purified
from  this  process  has shown  the presence  of VLPs.  The  immunization  of  these  VLPs  in BALB/c  mice  with

how
alhydrogel  adjuvant  has  s

. Introduction

Hepatitis B virus (HBV) is an enveloped DNA virus of the family
epadnaviridae. The virus transmission occurs through mucocu-
aneous routes, through infected blood samples, and vertically
rom mother to child during pregnancy. The virus infection causes
nflammation of the liver. Majority of these infected subjects
ecover quickly, but some progress to fulminant liver failure and
eath. But, a fraction of other cases progress to become chronic
arriers who in the long term might develop conditions like liver
irrhosis and hepatocellular carcinoma (HCC) leading to liver fail-
re. HBV is by far the most important etiological factor for HCC
1] and accounts for nearly 80% of global burden of HCC. World-
ide about 2 billion people are infected with HBV, of which 350
illion are chronic carriers, causing around 600,000 deaths every

ear [2].
Recombinant subunit vaccines for HBV are available from var-

ous commercial manufacturers. Majority of the HBV vaccines

vailable in the market are based on HBsAg portion of viral enve-
ope protein. HBsAg is incorporated into the vaccines in the form of
irus like particles (VLPs) of 20–25 nm size. Majority of these HBV
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vaccines are based on purified HBsAg from yeast expression sys-
tems like Saccharomyces cerevisiae [3],  Pichia pastoris [4], Hansenula
polymorpha [5],  etc. HBsAg vaccination has also been incor-
porated as a pediatric vaccine in the Universal Immunization
Programme.

Recently, there is a re-emergence in the interest in HBsAg VLPs
as these VLPs are being studied as carrier for the presentation of
foreign epitopes in the development of novel vaccines for sev-
eral infectious diseases like Plasmodium falciparum [6],  dengue
[7,8], HIV [9,10],  hepatitis C virus [11] and polio virus [12,13]. The
advantages of HBsAg VLP vaccines over traditional ones are many,
including better safety profile, higher efficacy and lower dosage
requirements. HBsAg VLPs are nanomeric in size and structure, and
the production of such VLP based vaccines is complex and encoun-
ters various constraints [3].  In spite of the obvious merits of these
vaccines, their potential is yet to be fully realized [14]. Some of
the reasons for this are the difficulties involved in the downstream
processing for the purification and isolation of such VLPs. Most of
the cost in production of these VLPs is incurred during downstream
processing which utilize various chromatography resins which are
expensive and, at times, have low throughputs [15]. Although it
may  not be possible to avoid the use of chromatography resins, a

decrease in the number of purification steps would go a long way  in
decreasing the production costs. One way to achieve this is by opti-
mizing the pre-chromatography steps and by reducing the impurity
burden on chromatography operations.

dx.doi.org/10.1016/j.jchromb.2012.03.041
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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HBsAg is a hydrophobic protein of molecular weight 24 kDa. The
24s monomers of HBsAg are co-translationally secreted into the
ndoplasmic reticulum [16,17]. As the protein is localized within
he ER, cell lysis followed by a detergent step is necessary for the
elease these VLPs from the membranes [18]. Detergents facili-
ate HBsAg recovery by weakening the interactions between HBsAg
nd the membranes. A study of the extraction of HBsAg from
ecombinant plant systems has shown that the detergent may  also
romote VLP vesicle formation by inward budding of the ER mem-
rane [19,20]. An alternative methodology for purification has been

nvestigated in this paper by exploiting the membrane association
roperty of HBsAg. Since lysis of Pichia cells in the absence of deter-
ents localizes HBsAg to the membranes, a centrifugation step was
ntroduced after the lysis stage [3]. This would ensure that majority
f the host cell proteins and other impurities are removed in the
upernatant with hardly any loss of HBsAg. The membranes con-
aining enriched HBsAg were processed for extraction of HBsAg.
ased on the properties of HBsAg, a novel purification process
as designed from membrane fractions. The purified HBsAg was

valuated for its ability to assemble into VLPs and for their immuno-
enicity and protective efficacy.

The use of yeast expression systems for the production of recom-
inant HBsAg is well documented. An examination of the available

iterature [4,5,17,21–25] shows wide variation in the different con-
entional processes developed for HBsAg purification (Table 1).
ost of these studies have used detergents for the dissociation

f HBsAg from the membranes. Majority of these processes use
everal different purification steps and several different resins for
urification which makes the process cumbersome to operate and
lso time consuming. In this work, we present a simple, easy to
perate, single column purification process for HBsAg with high
ields. The recovery of HBsAg at the end of purification was  ∼5%.
ater the process which was designed for the purification of HBsAg,
as successfully employed in the purification of some of the HBsAg

usion constructs expressed in P. pastoris (Section 3.3).

. Material and methods

.1. Source of HBsAg P. pastoris clone

The HBsAg clone used in this study was an in house clone of
S115/Muts transformant having 8 copies of HBsAg expression cas-
ettes under the control of methanol inducible AOX1 promoter and
as been previously described [26].

.2. Reagents, instruments and apparatus

Phenyl-600M Toyopearl chromatography resin was  purchased
rom Tosoh Bioscience (Stuttgart, Germany). Sephacryl-300 HR
esin was purchased from GE Healthcare (Uppsala, Sweden). Goat
nti-mouse IgG (H&L chain-specific)-horseradish peroxidase (HRP)
onjugate was purchased from Calbiochem (La Jolla, CA, USA).
ubstrate 3,3′,5,5′-tetramethylbenzidine (TMB) insoluble for mem-
rane and TMB  soluble for ELISA were obtained from Sigma–Aldrich
St. Louis, MO,  USA). 5S-mAb (which detects HBsAg) was an in-
ouse preparation. Costar 96-well EIA/RIA polystyrene plates were
urchased from Corning Incorporated, Corning, NY, USA. BCA pro-
ein assay kit was purchased from Thermo Scientific (Rockford,
SA). Non-fat dry milk and Bradford reagent were procured from
io-Rad Laboratories (Hercules, CA). PVDF membranes for West-
rn blot analysis were purchased from Advanced Microdevices Pt.

td. (Ambala Cantt, India). Hepanostika HBsAg Ultra Microelisa sys-
em kit was purchased from Biomerieux (Marcy L’Etoile, France).

onolisa Anti HBs plus kit was purchased from Bio-Rad, (Marnes-
a-Coquette, France). Acid-washed glass beads (∼450 �m)  were
ogr. B 898 (2012) 7– 14

from Sigma–Aldrich Inc. (St. Louis, USA). Alhydrogel adjuvant
for vaccine formulation was purchased from BrennTag Biosector
(Frederikssund, Denmark). Yeast extract, bacto-peptone and yeast
nitrogen base (without amino acids and ammonium sulphate) were
purchased from Becton, Dickinson and Company, (Sparks MD, USA).

The AKTA-FPLC system, AKTA purifier system was  from GE
Healthcare (Uppsala, Sweden). Chromatography columns were
procured from Bio-Rad (Marnes-la-Coquette, France). Pichia cul-
ture shakers were from Kunher Shaker (Birsfelden, Switzerland).
Thermomixer was from Eppendorf AG (Hamburg, Germany). Dyno-
mill was  from WAB  (Muttenz, Switzerland). Tangential flow
filtration (TFF) apparatus was  from Sartorius Stedim Biotech (Goet-
tingen, Germany). Peristaltic pump was  from Watson Marlow
(Wilmington, USA). The Pellicon-2 polyethersulphone membrane
of 300 kDa for TFF was  procured from Millipore (Billerica, USA).
XK 26/70 chromatography column was  purchased from GE Health-
care (Uppsala, Sweden). Sorvall RC6+ centrifuge was from Thermo
Scientific (Germany).

2.3. Shake flask cultures

YPD starter culture was set up with HBsAg Pichia clone and
grown for 18 h at 30 ◦C with shaking at 250 rpm. The starter culture
was diluted into 4 L of BMGY growth medium, into eight 2 L baffled
flasks at an initial OD600 (Optical density at 600 nm) ∼0.06. The
cultures were incubated in the shaker at 30 ◦C at 250 rpm until the
OD600 of the culture reached ∼25–30. At this point, the cells were
pelleted down by centrifugation at room temperature, washed with
sterile PBS (20 mM Phosphate buffer pH 6.0 + 150 mM NaCl) and
resuspended in 2 L of BMMY  induction medium into eight 2 L baffled
flasks. Induction was carried out at 30 ◦C with shaking at 250 rpm
and by addition of 0.5% (v/v) methanol twice daily. The induction
was carried up to 96–100 h [27]. At the end of induction, the cells
were pelleted by centrifugation at 4 ◦C, washed twice with sterile
PBS and stored at −70 ◦C.

2.4. Compartmentalization of HBsAg

Induced P. pastoris (100 OD cells) were lysed with 0.5 ml of
450 �m size glass beads, in a thermomixer with 0.5 ml  of lysis
buffer containing 20 mM Phosphate buffer pH 7.2, 5 mM EDTA,
150 mM NaCl and 8% glycerol. The total lysate (around 0.5 ml)  along
with the membranes was collected. The glass beads were washed
with 0.5 ml  of lysis buffer, to remove residual lysate, and were
pooled with the lysate collected earlier. The lysate was then spun
down, and the supernatant was separated from the membranes.
The membranes were then resuspended into 1 ml  of lysis buffer.
The lysate, the supernatant after lysis and the resuspended mem-
brane fractions were analyzed by Western blot with 5S-mAb for the
amount of HBsAg present in supernatant and membrane fractions.

2.5. Optimization of membrane extraction

Induced P. pastoris (100 OD cells) were lysed as mentioned in
Section 2.4.  The total lysate (around 0.5 ml)  along with the mem-
branes were collected. The glass beads were washed with 0.5 ml
of lysis buffer, to remove residual lysate, and were pooled with
the lysate collected earlier. The lysate was then spun down, and
the supernatant was  separated from the membranes. The mem-
branes were then extracted at 25 ◦C for 2 h with different extraction
buffers containing; 20 mM Phosphate buffer pH 7.2, 5 mM EDTA,
150 mM NaCl and various extraction agents like 1% Tween-20, 2%

Tween-20, 1% Triton X-100, 1 M urea, 4 M urea, 8 M urea, 0.5%
NP-40, 0.5% sarcosine, 0.1% SDS and 0.5% CHAPS. The membrane
extracts were estimated for HBsAg recovery by using Hepanostika
HBsAg microelisa kit. Based on the results of Hepanostika ELISA, the



A. Patil, N. Khanna / J. Chromatogr. B 898 (2012) 7– 14 9

Table  1
Estimated recoveries of recombinant HBsAg from yeast expression systems [4,5,17,21–25]. The values mentioned in this table are either the values given in the article or
have  been calculated based on the data provided in the article.

Author Expression Purification steps and resins No. of columns/resins Estimated recoveries Method of HBsAg
estimation

Present study P. pastoris, GS115, Mut s PEG-6000 precipitation, tangential
flow filtration, phenyl-600 M toyopearl

1 20% Hepanostika ELISAa

Liu et al. [21] P. pastoris, GS115, Mut s Ammonium sulphate precipitation,
phenyl-5PW, CsCl density gradient

1 37% Sandwich ELISA

Hardy et al. [4] P. pastoris Acid precipitation, diatomaceous earth
matrix, immunoaffinity, anion
exchange and size exclusion
chromatographies

4 6–13.6% Sandwich ELISA

Huang et al. [5] H. polymorpha DEAE sepharose FF, butyl-S-QZT,
ultrafilration-500 kDa, sepharose 4 FF

4 21% Sandwich ELISA

Bardiya et al. [22] P. pastoris, GS115, Mut s Aerosil-380, DEAE toyopearl 650 M,
superdex 75

3 nd RPHA

Bo  et al. [23] P. pastoris, KM71H, Mut s Ammonium sulphate precipitation,
Ni-NTA IMAC

1 nd Sandwich ELISA

Kee  et al. [24] S. cerevisiae XAD-4 beads, Ammonium sulphate,
butyl sepharose

2 nd Sandwich ELISA

Wampler et al. [25] S. cerevisiae Tangential flow filtration, XAD-2
beads, aerosil 380, butyl agarose or
immunoaffinity chromatography

3 nd nd

Lunsdorf et al. [17] P. pastoris, GS115, Mut s PEG-6000 precipitation, Aerosil 380,
DEAE-sepharose FF, CsCl density
gradient

2 nd nd

nd is not determined. Recovery of HBsAg per gram of induced wet cell biomass (wcb) was  approximately 85 �g/g of wcb in the present study, and it was approximately
2
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7  �g/g of wcb  in the study by Liu et al. [21].
a Recovery of ELISA activity as per Hepanostika ELISA, RPHA (Reverse passive hem

embrane extraction experiment was repeated again to further
valuate the optimal condition for extraction of HBsAg. The mem-
ranes were extracted with extraction buffers containing; 20 mM
hosphate buffer pH 7.2, 5 mM EDTA, 150 mM NaCl and differ-
nt concentrations of Tween-20 and urea like; 0% Tween-20 + 0 M
rea, 2% Tween-20 + 0 M urea, 2% Tween-20 + 1 M urea, 2% Tween-
0 + 4 M urea, 2% Tween-20 + 8 M urea and 0% Tween-20 + 8 M urea.
he membrane extracts were then analyzed by SDS-PAGE gel silver
tain and by Western blot with 5S-mAb to determine the optimal
ondition for recovery of HBsAg from membranes. The total protein
ecovered by each of these extraction conditions was  calculated by
icinchoninic acid (BCA) method of protein estimation. The per-
entage of HBsAg present in each of the extractions was  estimated
y Image J densitometry scan of the silver stained gel. Based on
hese values the specific activity of HBsAg in different extractions
as estimated as �g of HBsAg per mg  of total protein.

.6. Purification of HBsAg

Induced P. pastoris biomass (100 g) (Section 2.3)  was lysed with
lass beads in dyno-mill in 400 ml  of lysis buffer, containing 20 mM
hosphate buffer pH 7.2, 5 mM EDTA, 150 mM  NaCl and 8% glyc-
rol at 10 ◦C. The lysate was spun down at 4 ◦C, and the membranes
ere washed twice with the lysis buffer. HBsAg was extracted from

he membranes with 200 ml  of membrane extraction buffer, con-
aining 20 mM Phosphate buffer pH 7.2, 5 mM EDTA, 150 mM NaCl
nd 2% Tween-20 at 30 ◦C for 2–2.5 h. The membrane extract was
eparated from the cell debris by centrifugation. The supernatant
fter the centrifugation was turbid and hence it was subjected to
% PEG-6000 precipitation by adding 20-25 ml of 50% PEG-6000
ver 30 min, and left overnight at 4 ◦C for complete precipitation.
ext day, the precipitate was removed by centrifugation and the

upernatant of PEG precipitation was collected. The PEG super-
atant was then subjected to tangential flow filtration through

00 kDa polyethersulphone membrane. The TFF was carried out at
◦C. The buffer used for TFF contained 20 mM phosphate buffer pH
.2, 5 mM EDTA and 150 mM NaCl. 10 L of this buffer was used to
lter 220 ml  of PEG supernatant. Small molecular impurities and
tination assay).

smaller oligomeric forms of HBsAg were removed in the filtrate.
As the TFF buffer did not contain any Tween-20, the percentage of
Tween-20, which remained in the retentate, also got reduced. The
unfiltered material/retentate, which contained higher order struc-
tures, and VLPs of HBsAg were collected. The NaCl concentration of
the retentate was increased to 1 M at pH 7.2 by adding 5 M NaCl. The
binding of the retentate to 35 ml of pre-equilibrated phenyl-600M
Toyopearl resin (equilibration buffer contained 20 mM  Phosphate
buffer pH 7.2, 5 mM EDTA, 1 M NaCl) was  carried out as a batch
process for 2.5 h at 30 ◦C. The bound resin was  then packed into a
50 ml  Bio-Rad column and further chromatographic steps were per-
formed with an AKTA-FPLC apparatus. The resin was  then washed
and eluted on AKTA system by programmed buffer conditions
as outlined here; 0 ml  to 100 ml  – 20 mM phosphate buffer pH
7.2 + 5 mM EDTA + 1 M NaCl; 100 ml  to 200 ml – 20 mM phosphate
buffer pH 7.2 + 5 mM EDTA + 1 M NaCl to 20 mM phosphate buffer
pH 7.2 over 100 ml  base run; 200 to 300 ml  – 20 mM Phosphate
buffer pH 7.2; 300 to 380 ml  – 20 mM Bicarbonate buffer pH 9.6;
380 to 460 ml  – 20 mM bicarbonate buffer pH 9.6 + 1 M urea; 460
to 540 ml  – 20 mM bicarbonate buffer pH 9.6 + 4 M urea.

The elution fractions of 4 M urea elution peak, were pooled and
dialyzed against 20 mM phosphate buffer pH 7.2 and 150 mM NaCl,
to remove urea, and the protein was stored in this buffer after sterile
filtration. This protein was  later used for all other biochemical and
immunological studies.

The purified Phenyl eluate of HBsAg was  further character-
ized by gel filtration. The gel filtration was  carried out to evaluate
the proportion of VLPs in the phenyl eluate of HBsAg. The HBsAg
VLPs have an average molecular weight of 2 MDa  [28], and since
the Sephacryl-300 HR resin has an exclusion limit of 1 MDa, it
was chosen for gel filtration. XK 26/70 column was  packed man-
ually with 320 ml  of Sephacryl-300 HR resin. This would give a
void volume of ∼130 ml  (determined by calibration markers). The
column was  equilibrated with 5 column volumes of 20 mM Phos-

phate buffer pH 7.2 + 150 mM NaCl. The purified HBsAg protein
from the phenyl elution was  dialyzed against 20 mM Bicarbonate
buffer pH 9.6 + 1.2 M urea. 10 ml of this protein, at a concentration of
0.6 mg/ml, was loaded onto gel filtration column. The gel filtration
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Fig. 1. Western blot showing the compartmentalization of HBsAg. Induced P. pas-
toris (100 OD) were lysed with glass beads on thermomixer in lysis buffer containing
20  mM phosphate buffer pH 7.2, 5 mM EDTA, 150 mM NaCl and 8% glycerol. The
total cell lysate (around 0.5 ml)  along with the membranes was collected. The beads
were washed with 0.5 ml of lysis buffer and mixed with the lysate collected earlier.
The lysate was spun down and the supernatant and the membrane portions were
separated. The total cell lyaste (lane 1), the lysate supernatant (lane 2) and the mem-
0 A. Patil, N. Khanna / J. Ch

as performed with the equilibration buffer (20 mM Phosphate
uffer pH 7.2 + 150 mM NaCl) at a flow rate of 0.5 ml/min (11 cm/h).
he peak fractions were collected and analyzed by SDS-PAGE gel
ilver stain and Western blot with 5S-mAb.

.7. SDS-PAGE gel, sample buffer and silver staining of SDS-PAGE
els

SDS-PAGE was  carried out using standard protocols. Gels were
repared and run in the presence of 0.1% SDS (denaturing) [29,30].
he 2× sample buffer contained 0.5 M DTT, 50% �-mercapto-
thanol, 10% SDS and 3% glycerol [27].

Protein bands on SDS-PAGE gels were visualized by silver stain-
ng. The gel was first soaked in water for 10 min  to remove traces
f SDS and fixed with 10% methanol and 10% acetic acid for 2 h.
he fixative was removed and the gel was thoroughly washed with
ater overnight with 3–4 changes to remove the traces of fixa-

ive embedded in the gel. It was then treated with 5 �l of 1 M
TT in 100 ml  water for 30 min  and incubated with silver nitrate

1 mg/ml) in water for exactly 30 min  at room temperature. The
el was then washed quickly 2–3 times with the developer solu-
ion (3 g sodium carbonate + 50 �l 37–41% formaldehyde in 100 ml
ater) and developed with the same. The reaction was stopped by

dding stopping solution (3 ml  of 2.3 M citric acid in 100 ml  water).

.8. BCA protein estimation

Protein concentrations were estimated by bicinchoninic acid
BCA) method [31] using BSA as reference protein. The procedure
as carried out as per the manufacturer’s instructions.

.9. Electron microscopy

The membrane purified phenyl eluate of HBsAg was diluted in
0 mM bicarbonate buffer pH 9.6 to a concentration of 3 �g/ml. The
rotein sample was then adsorbed onto 400 mesh carbon coated
opper grids. The grids were contrasted with 2% aqueous uranyl
cetate, dried under an infrared lamp and visualized with FEI, Tec-
ai, 120 kV transmission electron microscope.

.10. Immunization of mice

Animal experiments were reviewed and approved by the
nternational Centre for Genetic Engineering and Biotechnology’s
nstitutional Animal Ethics Committee and the Guidelines of the
overnment of India were followed. The HBsAg protein was
dsorbed onto alhydrogel adjuvant as per the manufacturer’s
nstructions. 25 �g of alum was used for 1 �g of protein formu-
ation. A group of 5 female Balb/c mice aged 4–6 weeks were
mmunized intraperitoneally on 0, 28 and 56 days. Another group
f 5 female Balb/c mice were mock immunized with equal amount
f adjuvant in PBS. For collection of sera for analysis, mice were
led 3 days prior to primary immunization and 1 week after both
he boosters.

.11. Anti-HBsAg protective antibody response

The mice sera samples were evaluated for the levels of protective
ntibodies generated in response to HBsAg immunization. This was
one by using Monolisa Anti-HBs Plus kit, which is a direct antibody
andwich ELISA system for quantitative and qualitative estimation

f protective antibody titers against HBsAg. The determination of
nti-HBsAg levels has been standardized by the use of WHO  Anti-
BsAg reference preparation expressed in milli-International Units
er milliliter (mIU/ml). A level greater than or equal to 10 mIU/mL
brane portions (lane 3) were analyzed by Western blot with 5S-mAb for the amount
of  HBsAg present. Lane M shows pre-stained low molecular weight markers. The
HBsAg is seen at 25 kDa position.

is generally considered as the standard for demonstrating post-
vaccination protection against HBV.

3. Results and discussion

3.1. HBsAg is associated with membrane

HBsAg is a lipid envelope VLP and is a hydrophobic protein.
HBsAg when expressed to high levels in Pichia,  is seen localized
with the endoplasmic reticulum [16–18,24].  This necessitates the
need for the use of detergents for the release of HBsAg VLPs from
the membranes [3].  The investigation of the membrane association
property of HBsAg showed (Fig. 1) that of the total amount of HBsAg
present in the Pichia cells (Fig. 1, lane 1), most of it remained asso-
ciated with the membranes (Fig. 1, lane 3). The lysate supernatant
did not contain any detectable amount of HBsAg (Fig. 1, lane 2).
This indicated that when Pichia cells are lysed with buffer without
any detergents, most of the recombinant HBsAg remains associ-
ated with the membranes. This was  of advantage in the purification.
The Pichia cells were lysed with buffer without detergent followed
by a centrifugation step to remove proteins present in the super-
natant. The membrane fraction, which then contained HBsAg was
extracted with suitable membrane extraction buffer. This ensured
that majority of the host cell impurities were removed in the super-
natant, while the enriched HBsAg protein could be extracted from
the membranes [24]. This reduced the burden of host cell impurities
in the downstream processing.

3.2. Optimal recovery with 2% Tween-20

Since majority of HBsAg, on lysis of Pichia cells, remained associ-

ated with the membranes, experiments were carried out to identify
the optimal condition for the recovery of HBsAg from the lysed
cell membranes. Pichia cells were lysed and the membranes were
extracted with different detergents and urea as mentioned in
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Fig. 2. Membrane extraction of HBsAg by different extraction conditions. Graph showing the amount of HBsAg extracted by different extraction conditions. Induced P.
pastoris (100 OD) were lysed with glass beads on thermomixer in lysis buffer containing 20 mM Phosphate buffer pH 7.2, 5 mM EDTA, 150 mM NaCl and 8% glycerol. The total
cell  lysate (around 0.5 ml)  along with the membranes was collected. The beads were washed with 0.5 ml  of the lysis buffer and mixed with the lysate collected earlier. The
lysate  was  spun down and the supernatant and the membrane portions were separated
Tween-20, 2% Tween-20, 1% Triton X-100, 1 M urea, 4 M urea, 8 M urea, 0.5% NP-40, 0.5% S
Hepanostika HBsAg Microelisa system. The graph shows ELISA readings per 100 OD of ce

Fig. 3. Optimization of membrane extraction conditions for HBsAg. (A) Silver
stained SDS-PAGE gel. (B) Western blot of the gel on panel A with 5S-mAb show-
ing the amount of HBsAg extracted. Induced P. pastoris (100 OD) were lysed with
glass beads on thermomixer in lysis buffer containing 20 mM Phosphate buffer pH
7.2, 5 mM EDTA, 150 mM NaCl and 8% glycerol. The total cell lysate (around 0.5 ml)
along with the membranes was collected. The beads were washed with 0.5 ml  of the
lysis buffer and mixed with the lysate collected earlier. The lysate was spun down
and the supernatant and the membrane portions were separated. The membranes
were then extracted with different combinations of Tween-20 and urea. All the
membrane extraction buffers also contained 20 mM Phosphate buffer pH 7.2, 5 mM
EDTA and 150 mM NaCl. The table on the top of panel A shows the percentage of
Tween-20 and Molarity of urea present in the extraction conditions corresponding
to  respective lanes. Lane M shows pre-stained low molecular weight markers. Lane
1–6 show extractions with different concentrations of Tween-20 and urea. lane 1:
0% Tween-20 + 0 M urea; lane 2: 2% Tween-20 + 0 M urea; lane 3: 2% Tween-20 + 1 M
urea; lane 4: 2% Tween-20 + 4 M urea; lane 5: 2% Tween-20 + 8 M urea; lane 6: 0%
Tween-20 + 8 M urea.
. The membranes were then extracted with different extraction conditions like 1%
arcosine, 0.1% SDS, 0.5% CHAPS. The amount of HBsAg extracted was calculated by

lls.

Section 2.5. The HBsAg activity extracted was  measured by Hep-
anostika microelisa system. Of the different detergents used in
extraction, 2% Tween-20 gave the highest HBsAg recovery (Fig. 2).
Of the different concentrations of urea, 8 M urea gave the highest
recovery (Fig. 2). Further extraction experiments were carried out
using a combination of different concentrations of Tween-20 and
urea (Section 2.5). Analysis of these membrane extracts by SDS-
PAGE gel silver stain and by Western blot with 5S-mAb (Fig. 3A
and B) showed that the extraction of membranes with PBS (Fig. 3A
and B, lane 1) did not recover any HBsAg. However, with the incor-
poration of 2% Tween-20 (Fig. 3A and B, lane 2) in the membrane
extraction buffer, it was possible to recover significant amount of
HBsAg. The addition of 1 M urea (Fig. 3A and B, lane 3) and 4 M
urea (Fig. 3A and B, lane 4) into 2% Tween-20 membrane extraction
buffer increased the yield of HBsAg in a concentration dependent
manner. The addition of 8 M urea (Fig. 3A and B, lane 5) into 2%
Tween-20 membrane extraction buffer, although did increase the
recovery of HBsAg as compared to that of 2% Tween-20 (Fig. 3A and
B, lane 2), however, the HBsAg yield was less as compared with that
of 2% Tween-20 + 4 M urea (Fig. 3A and B, lane 4). Extraction with
8 M urea (Fig. 3A and B, lane 6) without any Tween-20 did recover
significant amounts of HBsAg, however the HBsAg recovery was
less as compared with that of 1 M,  4 M and 8 M urea with 2% Tween-
20 (Fig. 3A and B, lanes 3–5). It was also observed that addition of 2%
Tween-20 (Fig. 3A, lane 2) besides recovering HBsAg, also extracted
more impurities as compared to PBS (Fig. 3A, lane 1). With increas-
ing urea concentration in presence of 2% Tween-20, there was  also
increased extraction of impurities (Fig. 3A, lanes 3–5). Extraction
with 8 M urea alone (Fig. 3A, lane 6) also yielded almost equiva-
lent amounts of impurities as compared to 2% Tween-20 + 4 M and
8 M urea (Fig. 3A, lanes 4 and 5) even though the amount of HBsAg
recovered was  less as compared to Fig. 3A and B (lanes 3–5).

Specific activity of HBsAg in each of the extractions was  cal-
culated to find out an optimal extraction condition. A summary
of specific activity of HBsAg membrane extractions is shown in
Table 2. The PBS extraction (without the addition of Tween-20)
recovered least amounts of protein and also it did not recover any
HBsAg (Table 2, lane 1). This was  in congruence with the gel picture
and Western blot (Fig. 3A and B, lane 1). While extraction with 8 M
urea without Tween-20 (Fig. 3A and B, lane 6 and Table 2) yielded
sufficient quantity of protein, the recovery of HBsAg was  lower as
compared with that of 2% Tween-20 + 1 M,  4 M and 8 M urea (Fig. 3A

and B, lane 3–5 and Table 2) and hence the specific activity of HBsAg
was also low. 2% Tween-20 along with extracting proteins from
the membranes also recovered significant amounts of HBsAg, and
hence the specific activity of HBsAg was highest (Fig. 3A and B, lane



12 A. Patil, N. Khanna / J. Chromatogr. B 898 (2012) 7– 14

Table 2
Table showing estimation of total protein and specific activity of HBsAg extracted in different extraction buffers. The silver stained gel picture in Fig. 3A was used to estimate
the  percentage of HBsAg protein present among total proteins in the respective lanes. The calculations were made by the use of Image J software densitometry scan of the
gel.  Please note that all the extraction conditions mentioned in the above table apart from their respective components also contained 20 mM phosphate buffer pH 7.2, 5 mM
EDTA  and 150 mM NaCl.

Lane no. Extraction Total proteina (mg) % of HBsAgb Total HBsAgc (�g) Specific activityd

Without Tween-20
1. PBS 0.2 0 0 0
6.  8 M urea 2.2 9 199 90

With  2% Tween-20
2. 0 M urea 0.8 19 155 190
3.  1 M urea 1 18 190 180
4. 4  M urea 2.3 13 292 130
5.  8 M urea 3.1 9 279 90

a Total protein was estimated by BCA protein estimation kit using BSA as standard.
ained 
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peak-2) was seen when the column was  washed with 20 mM
Bicarbonate buffer pH 9.6 (300–380 ml,  Fig. 4). The analysis of this
peak by SDS-PAGE silver staining and by Western blot (Fig. 5A and
B, lane 6) showed the loss of some amount of HBsAg along with few

Fig. 4. Chromatogram showing the elution profile of HBsAg from phenyl-600 M
Toyopearl resin. The NaCl concentration of the retentate was increased to 1 M by
adding 5 M NaCl. It was  then bound for 2.5 h at 30 ◦C, on to pre-equilibrated toy-
opearl phenyl-600 M resin. The resin was then washed and eluted. The dark colored
curve is the elution profile of the protein from phenyl-600 M toyopearl column.
The  Y-axis shows absorbance of protein at 280 nm in mAU. The X-axis shows vol-
ume  in ml.  The dotted line shows wash with a salt gradient of 20 mM Phosphate
buffer pH 7.2 + 1 M NaCl (0 to 100 ml); 20 mM Phosphate buffer pH 7.2 + 1–0 M NaCl
(100–200 ml); 20 mM phosphate buffer pH 7.2 + 0 M NaCl (200–300 ml). The pro-
b % of HBsAg in total protein was estimated by Image J software analysis silver st
c Total HBsAg was estimated by values of total protein and % of HBsAg.
d Specific activity of HBsAg (in �g of HBsAg per mg  of total protein) was estimate

 and Table 2). Addition of 1 M and 4 M urea with 2% Tween-20
Fig. 3A and B, lanes 3 and 4; Table 2) increased the yield of total
BsAg, but extracted far more impurities than HBsAg and hence

heir specific activity was low as compared with that of 2% Tween-
0 alone (Table 2, lane 2). 2% Tween-20 + 8 M urea (Fig. 3A and B,

ane 5; Table 2) extracted the highest amount of total protein, while
he amount of HBsAg recovered was less as compared to 2% Tween-
0 + 4 M urea (Fig. 3A and B, lane 4; Table 2) and hence the specific
ctivity of HBsAg was lower. It can be seen from Table 2 lanes
–5 that as the amount of urea increased in 2% Tween-20 mem-
rane extraction buffer, the amount of total protein extracted also

ncreased, while the amount of total HBsAg recovered increased in
 M and 4 M urea, but decreased with 8 M urea. The specific activity
f HBsAg also decreased with increasing urea.

.3. Purification and characterization of HBsAg

The purification of a protein would be easier if the specific
ctivity of the starting material is high. The results indicated 2%
ween-20 as ideal condition for membrane extraction of HBsAg,
ince the amount of impurities extracted by this condition was
ess as compared to the recovery of HBsAg. Hence during purifi-
ation of HBsAg the condition of 2% Tween-20 along with other
uffer components was selected for the extraction of HBsAg from
he lysed Pichia cell membranes. A novel downstream process was
lso designed (Section 2.6) which involved steps like membrane
xtraction, PEG precipitation, tangential flow filtration and Phenyl
ydrophobic interaction chromatography (Fig. 4). The lysate super-
atant contained majority of proteins (∼4 g) (Table 3). As the lysis
as carried out in the absence of detergents, majority of HBsAg

emained associated with the membranes. The membrane extrac-
ion recovered significant amount of HBsAg (Fig. 5A and B, lane
). The amount of total protein extracted was also low (∼50%) as
ompared to lysate supernatant (Table 3). In the case of membrane
xtraction of HBsAg with 2% Tween-20, the yield of HBsAg was
20% on small-scale lysis with thermomixer (Table 2), whereas it
as ∼9% on large-scale lysis with dynomill (Table 3). This differ-

nce in the yield of HBsAg is attributable to the vigorous lysis in
ynomill, which in turn extracts more host cell proteins from mem-
ranes. But the amount of total HBsAg recovered per 100 OD of cells
as similar in lysis with both thermomixer (155 �g/100 OD cells)

nd dyno-mill (186 �g/100 OD cells). The membrane extract was
urbid and not suitable for TFF and hence it was subjected to PEG-
000 precipitation. The PEG precipitation removed nearly 50% of

he total proteins with over 17% loss of HBsAg (Fig. 5A and B, lane 2;
able 3), and also removed the turbidity making it suitable for TFF.
ajority of the purification was achieved by TFF, which removed

mall molecular weight impurities and also the lower oligomers of
gel.

alues of total protein in mg and total HBsAg in �g.

HBsAg (Fig. 5A and B, lane 3; Table 3). Thus the TFF procedure func-
tioned as purification and a pre-chromatography step for isolation
of VLPs.

Since HBsAg is a hydrophobic protein it binds very strongly
on the Phenyl hydrophobic column, leaving behind some of the
impurities in flow through (Fig. 5A and B, lane 4). The strong
interaction of HBsAg and Phenyl column ensures that the column
can be washed with stringent conditions to remove the remaining
impurities. The Phenyl chromatography profile (Fig. 4) showed two
minor peaks (Peak-1 and 2) and a major peak (Peak-3). There was
a small hump in the chromatogram between peak-2 and 3. During
chromatography, some minor impurities were removed in the
wash with 20 mM  Phosphate buffer pH 7.2 + 1 M NaCl (0–100 ml,
Fig. 4) and 20 mM Phosphate buffer pH 7.2 + 1 M to 0 M NaCl
(100–200 ml,  Fig. 4). During wash with 20 mM phosphate buffer
pH 7.2 (200–300 ml,  Fig. 4), a small peak (Fig. 4, peak-1) was seen.
The analysis of this peak by SDS-PAGE silver staining and by West-
ern blot (Fig. 5A and B, lane 5) showed the loss of some amount
of HBsAg along with few impurities. Another minor peak (Fig. 4,
tein  was eluted as shown in the figure with a step gradient (in dark colored straight
line curve) of 20 mM Bicarbonate buffer pH 9.6 (300–380 ml), 20 mM bicarbonate
buffer pH 9.6 + 1 M urea (380–460 ml)  and 20 mM bicarbonate buffer pH 9.6 + 4 M
urea (460–540 ml). Majority of HBsAg was  eluted at 20 mM Bicarbonate buffer pH
9.6  with 4 M urea.
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Table 3
Purification table summarizing different steps of purification of HBsAg. The silver stained gel picture in Fig. 5A was used to estimate the percentage of HBsAg protein present
among  total proteins in the respective lanes. The calculations were made by the use of Image J software densitometry scan of the gel. NA refers to not applicable.

Step Total proteina (mg) % of HBsAgb Total HBsAgc (mg) Estimated recoveryd (%) Purification folde

Lysate supernatant 3880 NA NA NA NA
Membrane extract 2170.2 8.6 186.6 100 1
PEG  precipitated supernatant 1095.7 14.1 154.5 82.8 2
Retentate of TFF 85.1 36.3 30.9 16.6 13
Phenyl eluate 8.5 99.6 8.5 4.6 10

a Total protein was  estimated by BCA protein estimation kit using BSA as standard.
b % of HBsAg in total protein was estimated by Image J software analysis silver stained gel.
c Total HBsAg was  estimated by values of total protein (mg) and % of HBsAg.
d Recovery % was estimated by values of total HBsAg (�g).
e Purification fold was  estimated by values of total protein (mg).

Fig. 5. Different steps of purification of HBsAg. Silver stained SDS-PAGE gel (A) with corresponding Western blot (B) developed with 5S-mAb. Lane M shows pre-stained low
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shows that most of the HBsAg protein eluting from the Phenyl col-
umn  was  assembled into VLPs. Hence the Phenyl eluate of HBsAg
probably did not need any further fractionation. We  believe that
olecular weight markers. Lane 1: Membrane extract; lane 2: PEG precipitated sup
:  20 mM phosphate buffer pH 7.2 elution peak (Fig. 4, peak-1); lane 6: 20 mM bica
een  as 25 kDa monomer (m)  and 50 kDa dimer (d).

mpurities. However these washes were required to ensure that the
olumn was thoroughly washed before elution. To ensure complete
emoval of impurities from the column, one more wash was given
ith 20 mM Bicarbonate buffer pH 9.6 + 1 M urea (380–460 ml,

ig. 4). During this wash there was only a minor hump seen with
ery little protein loss. Following this wash, the purified HBsAg
as eluted from the column with 20 mM Bicarbonate buffer pH

.6 + 4 M urea (460–540 ml,  Fig. 4). This elution step showed up as a
ajor peak in the chromatogram (460–540 ml,  Fig. 4, peak-3). The

nalysis of this peak by SDS-PAGE silver staining and by Western
lot showed the presence of purified HBsAg, majority of which was
een as a 25 kDa monomer (Fig. 5A and B, lane 7, m)  while a small
mount was also seen as 50 kDa dimer (Fig. 5A and B, lane 7, d). The
lution fractions were pooled and dialyzed against 20 mM phos-
hate buffer pH 7.2 + 150 mM NaCl. Even after elution of Phenyl
olumn with 20 mM bicarbonate buffer pH 9.6 + 4 M urea, some
mount of HBsAg was still bound to the resin (data not shown). A
urther elution with 8 M urea was not preferred, as it would result
n loss of biological activity of VLPs. The total HBsAg recovered at
his stage was nearly 8.5 mg  with recovery % of 4.6 (Table 3).

To be an effective immunogen, the viral envelope protein should
ave the ability to assemble into VLPs. HBsAg is known to assemble

nto VLPs. To address this issue, the phenyl eluate of HBsAg was
isualized under transmission electron microscope (TEM), which
howed the presence of VLPs of 20–40 nm size (Fig. 6).

In order to investigate the ratio of VLP and non-VLP species in
he purified HBsAg, a gel filtration was carried out on a Sephacryl-
00 HR column (Section 2.6). The VLPs are expected to elute near
he void volume. The chromatography profile showed a broad peak

ear the void volume (Fig. 7). The analysis of peak fractions by SDS-
AGE silver staining and by Western blot with 5S-mAb showed the
resence of HBsAg in all the void volume peak fractions (Fig. 7, inset

 and B). However on SDS-PAGE silver stained gel or on Western
nt. Lane 3: Retentate after TFF; lane 4: Phenyl-600 M toyopearl flow through; lane
te buffer pH 9.6 elution peak (Fig. 4, peak-2) and lane 7: Purified HBsAg. HBsAg is

blot there was no difference among HBsAg eluted at different por-
tions of the peak. This result was expected as the difference would
probably lie in the quality or in the size of the HBsAg VLPs. Pre-
viously it has been shown that the purified HBsAg on gel filtration
elutes as a broad void volume peak [32]. The TEM analysis of HBsAg
from different portions of this void volume peak had shown the
presence of VLPs of similar size and shape [32]. The fact that the
membrane purified HBsAg assembles into VLPs and that the mem-
brane purified HBsAg elutes as a broad volume peak on gel filtration
Fig. 6. Transmission electron microscope image of purified HBsAg protein. The
purified phenyl eluate of HBsAg in 20 mM Bicarbonate buffer pH 9.6 at 3 �g/ml
concentration was  coated on to 400 mesh carbon coated copper grid and stained
negatively with 2% uranyl acetate and visualized under TEM.
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Fig. 7. Gel filtration profile of membrane purified HBsAg protein on sephacryl-
300HR. The HBsAg protein eluted from the Phenyl column was  pooled and
dialyzed against 20 mM Bicarbonate buffer pH 9.6 + 1.2 M urea. The protein was
then concentrated to 0.6 mg/ml, and 10 ml  (6 mg)  of this protein was loaded onto
sephacryl-300HR gel filtration column. The thick dark colored curve is the elution
profile of HBsAg protein from the gel filtration column. The Y-axis shows absorbance
of  protein at 280 nm in mAU. The X-axis shows volume in ml.  The inset shows silver
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tained SDS-PAGE gel (A) and corresponding Western blot (B) developed with 5S-
Ab. Lane M shows low molecular weight pre-stained markers. Load refers to the

rotein load onto the gel filtration column.

he incorporation of tangential flow filtration with 300 kDa mem-
rane in the initial steps of purification scheme must have removed
ajority of the monomeric and lower oligomeric forms of HBsAg,

hus enriching the VLP forms of HBsAg in the purified preparation.
he mice immunized with the Phenyl eluate of HBsAg (Section 2.10)
licited high titers of anti-HBsAg antibodies. After two boosters,
he levels of protective anti-HBsAg antibodies were raised to an
xtent of 12,000 mIU/ml, which is far higher compared to the mini-
um requirement of 10 mIU/ml. This indicates that the membrane

urified HBsAg can be used as a vaccine.
The process which was developed for the purification of HBsAg,

s based on the unique properties of HBsAg. Hence this process
an be expected to work in the purification of some of the HBsAg
usion proteins. To this end, the process has been successfully
pplied in the purification of at least three other constructs of
BsAg fusion proteins (data pending publication) expressed in P.
astoris like; Den2EDIII-HBsAg (Dengue virus-2 envelope protein
omain-III (EDIII) as an N-terminal fusion of HBsAg), Den2EDIII-
reS2-S (Dengue virus-2 EDIII as an N-terminal fusion of PreS2-S of
BV) and HEV (ORF2 nAg) fusion with HBsAg. In all these above con-

tructs, the HBsAg purification process was successfully employed
n the purification and isolation of these recombinant VLPs. Hence
his method can be a useful and generic purification process for the
urification of HBsAg and other HBsAg chimeric proteins.

. Conclusions

HBsAg protein, when over expressed to high levels in P. patoris
ets associated with cell membrane. This membrane association
f HBsAg can be disrupted by 2% Tween-20. The membrane asso-
iation property of HBsAg was exploited in its purification. The
ichia cells were lysed with buffer lacking detergents. A centrifu-

ation step followed by the cell lysis ensured that majority of the
ost cell impurities are removed in the supernatant. The enriched
BsAg was then extracted from the lysed cell membranes by treat-
ent with 2% Tween-20. Further, a downstream process involving

[
[

[

ogr. B 898 (2012) 7– 14

membrane extraction, PEG precipitation, TFF and Phenyl hydropho-
bic chromatography ensured the complete purification of HBsAg.
Majority of the HBsAg purified from the Phenyl column, existed
in the form of VLPs and eluted as a broad void volume peak on gel
filtration with Sephacryl-300 HR. The immunization of HBsAg puri-
fied from the Phenyl column showed that the membrane purified
HBsAg VLPs were immunogenic and elicited high titer anti-HBsAg
protective antibody responses in Balb/c mice.
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