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ABSTRACT

DNA coding for the core antigen from hepatitis B Virus 
(HBcAg) was amplified, cloned and propagated in E. coli. The 
core protein was expressed in E. coli and the product was 
readily detected by Western blot. This protein can be used as a 
diagnostic material in serum screening tests. To increase the 
level of expression of this antigen in bacteria, two plasmids were 
constructed in which the gene coding for N-terminal part of the 
human IL-2 has been fused to 5¢ -terminus of the core antigen 
gene under control of the tryptophan promoter. Although the 
expression level of core antigen from hepatitis B Virus in E. coli
was increased in fusion forms, but the size of fusion partner 
could affect the antigenicity, particle formation and assembly of 
the core antigen. The native and the two fusion forms of the core 
antigens from hepatitis B Virus were evaluated as a diagnostic 
material in serum screening. Iran. Biomed. J. 4: 37-43, 2000
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Expression of the gene coding for HBcAg in E. coli leads to highly 
efficient synthesis of capsids that are morphologically and 
immunologically indistinguishable from viral core particle [1]. This 
protein is a 21.5 kDa polypeptide that spon-taneously assembles into 
characteristic 27-nm particles [2] when expressed in a wide range of 
systems including bacteria [3] and yeast [4]. In addition to the 
application of recombinant HBcAg for diagnostic purposes, the 
usefulness of this polypeptide as a carrier for foreign oligopeptide 
sequences has been suggested [1, 5, 6]. The core particle is known to 
be highly immunogenic as a result of its polymeric nature and the 
presence of a number of well defined helper T-cell epitops within 
HBcAg sequence [7]. However, the cellular immune response to the 
nucleocapsid antigens is thought to be an important factor in viral 
clearance because it elicits strong HLA class I and class II-restricted 
T-cell responses in the infected patients [8]. Previously, it has been 
shown that the native form of HBcAg is poorly expressed in E. coli
[1]. Therefore, attempts were made to express this protein in fusion 
forms to improve the expression level. In this study, the expression 
of HBcAg was undertaken in order to use the expressed protein as a 
detecting antigen for an ELISA system for diagnostic purposes.

MATERIALS AND METHODS

Bacterial strains. E. coli strains XL-1 Blue and HB101 were used 
for DNA manipulation and expression of recombinant HBcAg, 
respectively.

Enzymes. Restriction enzymes were purchased from New England 
BioLabs and Boehringer Mannheim A.G.

Construction of expression vector for HBcAg. Manipulation of 
the bacterial strains and plasmids followed routine protocol [9]. 
Synthetic oligo-nucleotides including restriction enzyme recognition 
sites were designed on a computer software (Gene Runner 3.02, 
Hasting Software Inc., USA). The core gene of HBV was amplified 
using these primers: F1 5¢ -GGCCATGGACATTGACCC-TTAT, 
R1 5¢ -ACGGATCCTAACATT GAGATT-CCC, F2 5¢ -
CCTCTAGACATTGACC CTTATAA. The pHBV plasmid that 
contains the whole genome of hepatitis B Virus subtype adw2 was 
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used as a template for PCR reaction [10]. The PCR products were 
run on 1.5% LGT agarose gel and the desired band was purified with 
phenol extraction. The purified band was cloned into pMOSBlue 
plasmid (Amersham UK) and then subcloned into the expression 
vectors, pFP15 [ 11] or pILc-4 [12]. These plasmids contain 
tryptophan (trp) promoter and gene coding for human interlukin 2
(hIL2). Cloning the gene of interest in XbaI and BamHI sites of 
pFP15 or pILc -4 resulted in fusion proteins with 60 or 26 amino 
acids partner from hIL2, respectively.

Expression of recombinant HBcAg. The plasmid constructs were 
transformed into E. coli strain HB101. Bacteria harboring expression 
vectors were grown until the optical density at 620 nm (OD620)=1 in 

LB medium containing Ampicillin (50 m g/ml) and Tryptophan (200
m g/ml). Then the bacterial culture was inoculated onto fresh 
medium containing Ampicillin (but not Tryptophan) at initial
OD620= 0.05 and incubated at 37°C over night.

SDS-PAGE and Western blot. The optical density of the cultures 
was measured at 620 nm and the same cell content of bacteria was 
taken for SDS-PAGE. The bacteria were spun down and washed 
with TE buffer (1mM Tris, 6mM EDTA). The bacterial pellets were 
lysed by boiling in 2X sample buffer (4% SDS, 125mM Tris-Hcl, 
pH 6.8, 10% 2-mercaptoethanol, 10% glycerol and 0.002%
bromophenol blue). SDS-PAGE was performed with a discontinuous 
gel system, using Tris/glycine buffer [13]. The protein bands were 
stained with Coomassie Blue or electroblotted to 0.45 µm pore size 
nitrocellulose membrane (BioRad, USA). The electroblotting onto 
nitrocellulose filter was performed using a solution containing 
0.025M Tris/HCl, 0.15 M Glycine, 20% methanol, pH 8.3, for 1 h at 
room temperature. The immunodetection was done as previously 
described [14]. The protein concentration was determined as 
described by Lowry et al. [15], using bovine serum albumin as a 
standard. A mouse monoclonal antibody against truncated HBcAg 
(aa 1-149) and the human antiserum from infected patient were used 
for Western blot.

Purification of recombinant HBcAg. The bacteria were harvested 
and sonicated. The cell lysates were centrifuged for 15 min at 18,000
g and the soluble fraction was separated from percipitant. The 
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sample was dialyzed against 0.01M carbonate-bicarbonate buffer 
(CB), pH 10.6. Differential ammonium sulfate (AS) precipitation 
was done [16] and the protein contaminants were precipitated at 
10% AS. The recombinant proteins were later precipitated at 30%
AS. For further purification steps, the pellets were washed with 1
mM phosphate buffer, pH 6.8 and applied on Q-Sepharose Fast Flow 
column (Pharmacia, Sweden). Recombinant proteins were eluted 
using a linear gradient of NaCl (0.1 - 0.8 M) in 1 mM phosphate 
buffer, pH 6.8 [17].

In the sample where the recombinant HBcAg remained in the 
insoluble fraction after cell disruption, the protein was purified by 
washed pellet procedure. Briefly, pellets were washed with CB 
buffer and 4M urea in the same solution. The pellets were washed 
again with CB buffer, prior to the extraction of the recombinant 
HBcAg. For extraction, saturated guanidinium hydrochloride in 70%
acetic acid was used. Further, purification was performed in a Butyl 
650 (S) column (TosoHaas, Japan). The extracted protein was 
diluted 1:3 with 0.1% trifluoroacetic acid (TFA), applied to the 
column and purified using H2O-acetonitrile (AcN)/TFA buffer 

system [18] with a linear gradient (10-60% AcN: 0-60 min ). The 
eluted protein was freeze-dried, and kept at 4°C until used. Later, the 
freeze-dried protein was resuspended in 2% sarcosyl in CB buffer, 
and dialyzed back to CB buffer to remove the existing detergent.

ELISA. Maxisorp plates (Nunc, Denmark) were coated with 5
µg/ml of HBcAg preparations (native and fusion forms) in 0.1M 
Tris/HCl pH 8.5 with 0.02% sodium azide, 3 h at 37°C. Plates were 
washed 4 times with PBS containing 0.05% Tween 20 (PBST) 
before serum dilutions were added. Sera were diluted 1:20 in PBST 
and incubated 1 h at 37°C in precoated plates. After washing, bound 
antibodies were detected by incubation for 1 h at 37°C with alkaline 
phosphatase labeled anti-human conjugate, diluted 1:1,000. The 
substrate
p-nitrophenyl phosphate (1 mg/ml) in 0.5 M diethanolamine buffer 
pH 9.8, was used to develop the antigen-antibody reaction, and 
absorbance was read after 20-45 min at 405 nm. A panel of 18
known sera for anti-HBcAg antibody was used for the evaluation of 
reactivity of the antigen-antibody as a diagnostic material.
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Sequencing of 5¢ end of HBcAg gene. The 5¢ end of HBcAg gene 
in each construct was sequenced to defined in-frame sequence by 
Sanger method [19]. It was done using oligonucleotides matching to 
the upstream and downstream of HBcAg gene (sequencing kit and 
32P-Labelled dATP form Amersham UK).

RESULTS

Construction of expression vectors for HBcAg. Three expression 
vectors were constructed according to (Fig. 1) under the control of 
trp promoter. The plasmid pHBc180 coding for native core antigen 
was resulted from subcloning of HBcAg gene in expression vector 
(pFP15). Plasmid pHBcSF8 and pHBcLF7 were obtained after the 
subcloning of HBcAg gene in two types of expression vectors (pILc-
4 or pFP15). These vectors contain some parts of hIL2 gene and 
coded for short and long fusion HBcAg, respectively (Fig. 1).

Fig.1. Scheme for construction of plasmids expressing HBcAg in the native 
and fusion forms. Plasmid A expresses the native form of HBcAg and 
plasmids B & C express the long & short forms of the fusion HBcAg protein, 
respectively.

Expression of HBcAg in native and fusion forms. The constructed 
plasmids expressed the HBcAg in native (185 amino acids) or fusion 
forms in E. coli (Fig. 2). The fusion forms of core antigen contain 26
(short) or 60 (long) amino acids of hIL2 as a partner. The expression 
products were recog-nized as a single band with expected molecular 
masses in the Western blot by staining with anti-truncated HBcAg 
specific monoclonal antibody (Fig. 2). The expression level of native 
core antigen from pHBc180 plasmid was less than 1% of total cell 
protein, whereas it was increased to 10% and 12% for short and long 
fusion forms, respectively.

Fig. 2. A) SDS-PAGE, B) Western blot analysis of E. coli strain HB101 with 
and without the following expression vectors. Lane 1, molecular weight 
marker; lane 2, bacteria without plasmid; lane 3, plasmid pHBcSF8 (Short 
fusion); lane 4, plasmid pHBcLF7 (long fusion); lane 5, plasmid pHBc180
(Native).
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Purification of recombinant HBcAg. E. coli cells expressing 
various forms of HBcAg were disrupted and centrifuged. Following 
centrifugation the native and the short fusion form of HBcAg 
remained in the soluble fraction. The soluble proteins were purified 
up to 70% after differential precipitation with ammonium sulfate. 
Soluble recombinant HBcAg was precipitated in 30% ammonium 
sulfate and then eluted with 0.4-0.5 N NaCl in Q-Sepharose Fast 
Flow column chromatography. Precipitation followed by anion 
exchange chromatography resulted in up to 90% purity of target 
proteins.

The long fusion form of HBcAg was insoluble after cell disruption 
and separation from host soluble proteins. This resulted in 70%
purity in one step. The purity was increased up to 85% by washing 
the pellets with 4M urea in CB buffer pH 10.6. Finally, passage 
through a Butyl 650 (S) column gave a purity of up to 95%.

ELISA. The evaluation of reactivity of each antigen with human 
anti-sera was performed using ELISA. Antigens were coated on 
microtitre plate and a monoclonal antibody specific for truncated 
HBcAg (aa 1-149) was used as a positive control. All the positive 
sera from infected patients showed similar reactivity with the 
recombinant proteins except for the long fusion form. The validity of 
the test was assessed with a panel of 18 sera with known titers for 
anti-HBcAg antibody. The native and the short fusion form of the 
recombinant HBcAg clearly discriminated between known positive 
(OD405 = 1.5-2) and negative (OD405 = 0.1-0.2) sera (Fig. 3).

DISCUSSION

The cloning of HBV core antigen gene in the expression vector and 
transformation into E. coli led to the synthesis of recombinant 
HBcAg. E. coli harboring these plasmids were analyzed for the 
expression of the HBcAg by SDS-PAGE and Western bloting. As 
the fusion form of HBcAg could react with antiserum in Western 
blot, therefore it is valuable for screening of HBcAg positive sera. 
Further work is required to determine the specificity and sensitivity 
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of the reaction by using a larger number of antisera from different 
HBV infected patients.

The purified HBcAg was used as a diagnostic antigen for the 
detection of anti-HBc antibody in human sera by ELISA system. 
The validity of the

Fig. 3. ELISA analysis using the HBcAg in forms of A) native, B) long fusion 
and C) short fusion. Sera coded X236, NA502 and MSP6162 were known as 
negative sera for anti-HBc antibody.

test was confirmed using a panel of positive sera detected by 
commercial kit. The presence of anti-HBc in these sera was detected 
by a home-made ELISA, using recombinant HBcAgs. In this study, 
recombinant native and short fusion forms of HBcAg were 
recognized in the ELISA system equally well by both anti-HBc 
monoclonal antibody and sera obtained from infected individuals 
(Fig. 3).

The expression of HBcAg in E. coli was first reported by Pasek et al.
[20]. Then, Cohen and Richmond [2] demonstrated that this protein 
which is produced by recombinant DNA technology, has a particle 
structure and antigenicity similar to the native HBcAg. For this 
reason, the recombinant HBcAg has often been used to investigate 
the antigenicity, particle forming ability and RNA binding capacity 
of HBcAg [3]. When a large amount of recombinant proteins are to 
be prepared in E. coli different methods may be utilized. The fusion 
of the gene for a highly expressed protein in E. coli to the N-terminal 
or C-terminal of the recombinant protein is one of these methods 
[21]. Furthermore, when examining the antigenicity and particle 
forming ability of the HBcAg, it is important to avoid the influence 
of fusion partner on HBcAg antigenic properties. For this purpose, a 
protein with the same primary sequence as that of the wild type 
HBcAg must be prepared. However, it is difficult to obtain a high 
level expression of the unfused HBcAg in E. coli for protein 
purification.

A number of explanations can be offered for the various levels of 
expression of HBcAg in the native and fusion forms. Most of which 
are related to differences in the nucleotide sequence and secondary 
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structure of mRNA that lead to alterations in the efficiency of 
translation [22]. The variations may also be simply due to 
differences in the nucleotide sequence proceeding the initiation 
codon of the HBcAg gene, which alter the efficiency of ribosome 
binding and initiation of protein synthesis, and needs further 
investigation.

Furthermore, a recombinant HBcAg encom-passing the complete 
precore sequence produced in yeast was also shown to assemble into 
particles [23]. Further evidence for the sequence–specific influence 
of precore (fusion) residues comes from the observation that a 
number of N-terminal extensions fused to HBcAg for vaccine 
purpose have not prevented particle assembly [23, 24]. Recent 
studies have revealed that the cysteine disulfide bridges within 
HBcAg particles stabilize the molecule but are not essential for 
particle formation [25]. It was observed that the exchange of 
cysteine at aa position–7 in precore region is essential to prevent 
particle assembly probably by forming disulfide bridges [26].

Several groups have reported that the addition of heterologous 
sequences to the termini of the HBcAg protein maintain the property 
of spontaneous self-assembly presenting the foreign peptide on its 
surface at a high density [23]. Sequences as long as 40 amino acids 
have been successfully inserted with no deterimental effect on 
particle assembly [6]. Furthermore, other groups have shown that it 
is also possible to add heterologous sequences to the carboxy 
terminus of the molecules next to the amino acid 144 [1] and retain 
particle structure. Therefore, there is a great potential for the 
development of multivalent HBcAg based particle containing 
sequences from the same or different pathogens at the amino- and or 
carboxy-termini of the protein [27].

This analysis revealed that the inclusion of 26 aa from hIL2 at the N-
terminal of HBcAg precluded spontaneous assembly into particulate 
structures and resulted in a molecule that exhibits HBc antigenicity. 
However, the addition of 60 aa from hIL 2 resulted in insolubility of 
the protein with lower antigenicity as it was obtained from the 
ELISA results (Fig. 3). It should be added that such differences were 
not observed while analyzing these combination with Western blot 
(Fig. 2). Therefore, the results obtained in this study indicated that 
addition of limited numbers of aa at the N-terminal could not affect 
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the biological activity of the protein. Similar observation was noted 
by Brown, A.L., et al. [6]. Further experiments in the particle 
formation and mRNA structure analysis of these different forms are 
underway.
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