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Expression of Hepatitis B Viral Core Antigen Gene in
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ABSTRACT: We cloned and expressed hepatitis B viral core antigen (HBcAg) gene in E. coli
using P\, promoter system. For optimal expression of the gene, we undertook the studies on the
effects of the distance between Shine-Dalgarno (SD) sequence and start codon, copy number of
repressor gene, induction temperature, and the stability of the core antigen. The results
demonstrated that the induction at 37C was more efficient than at 42C, and the 11 base pairs
(bp) distance between SD sequence and start codon of HBcAg gene was more efficient than the
15 bp distance in E. coli. The copy number of cI857 repressor gene did not influence on the
expression of HBcAg, and the expression level of HBcAg in mutant type (low protease activity)
and wild type strains was almost the same. The produced core antigen appeared to be HBcAg
not HBeAg judged by two different radioimmunoassay (RIA) kits. This result suggested that the
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antigen was stable in E. coli.
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Recent progress in understanding the molecular
biology of hepatitis B virus (HBV) has been largely
accomplished through the expression of cloned
viral DNA in a variety of host cells. The sequence
analysis of cloned HBV DNA has resulted in the
identification of at least four open reading frames
(ORFs); S/pre-S, C, X and P (Robinson ef al, 19
81).

The C ORF contains two in-phase ATG codons,
delimiting the pre-C sequence and the C region.
The core protein (p22) assembles with pregenomic
viral RNA into a core particle (Will et al, 1987).
This particle contains protein kinase activity
capable of phosphorylating the p22 protein (Albin
and Robinson, 1980; Petit and Pillot, 1985). The N-
terminus of p22 contains highly conserved
protease-like segment (Asp-Thr-Gly) that is usually
present at the gag-pol overlapping region in most
hepadnaviruses and retroviruses (Miller, 1987). The
C-terminus of p22 is remarkable in that it is
extremely rich in arginine, serine and proline
residues. A small soluble ¢ antigen (HBeAg) is also
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encoded by the C gene and produced by the
proteolytic clecavage of HBcAg. The HBeAg is
secreted out of the cell and the sccretion is
mediated by the signal sequence of pre-C region.
Although many studies were performed to know
the function of HBcAg. the function of protein
kinase activity and the protease domain of core
protein are unknown.

Mutant HBV (adr) genome from a Korcan
patient was cloned previously (Choi er al, 1984)
and its whole nucleotide sequence was determined
(Rho er al, 1939). The sequence data revealed that
a single T addition occurred at the nucleotide I,
821. This mutation caused the frameshift of X ORF
and the precore region. Thus, the virus life cycle
may require another mechanism in addition to
that of wild-type virus.

It was reported that the differential utilization of
codons for particular amino acids between E. coli
and certain cukaryotes (Grantham er al, 1980)
might acount tor the observations some cukaryotic
¢DNAs were cxpressed at lower levels than
expected in £ coli. Because the HBcAg gene
contains 26 arginine codons, 17 of which are rarely
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utilized in E. coli (Valenzuela et al., 1980). the
overexpression of HBcAg was difficult in E cofi.
In this study, we investigated the optimum
conditions which affect the expression of HBcAg
to overcome codon usage.

For the optimal expression of HBcAg. the re-
combinant plasmids with the appropriate distance
between SD  sequence and ATG
HBcAg gene were constructed. Heat induction was
performed at 37C or 42C. We also investigated the
stability of HBcAg and the cffect of copy number
of temperature-sensitive mutant of cl repressor
gene (cI857) on the expression of HBcAg. The
results indicated that the induction at 37C was
more efficient for the expression of HBcAg than
at 42T, and that the copy number of cI857 gene
did not influence on the expression of HBcAg in
L. coli. In addition. the HBcAg appeared to be
stable and not cleaved to HBeAg in £. coli, the size
of which was determined by SDS-polyacrylamide
gel electrophoresis  (SDS-PAGE) and radioim-
munoassay (RIA).

MATERIALS AND METHODS

Enzymes and reagents

Restriction  enzymes were  purchased  from
Bethesda Research  Laboratories (BRL). New
England Biolabs (NEB) and KOSCO. Other
enzymes including mung bean nuclease and T4
DNA  ligase were purchased from NEB.

Radioimmunoassay (RIA) kits for the detection of

HBcAg were purchased from Abbott Laboratories
and Sorin Biomedica.
Bacterial strains

E coli strain M5248 (A bio275, ¢I857. H1) was
used for the cloning and expression of core antigen
gene. The plasmid containing mutant ¢l gene was
transformed into strains HBIO1 (F . r ., m . recA
13). CAG630 (lacZam, trpam, phoam, SupCts. Str |
malam. htpR . Tnl0 (tet)) and LCI37 (lacam.
trpam, phoam, malam, SupCts, tsx:Tnl10). These
transformed strains were used as host for the
expression of core antigen.
Cell culture and induction

E. coli strains were grown at 30C in LB medium
and transformed by the method of Kushner (1981).
The induction medium for the antigen expression
contained 32 g of tryptone and 20 g of yeast extract
per liter, with additions of M9 salts (Miller, 1972)
and ampicillin to 100 ug/m/. The induction was
performed for 2 hr at 42C. or for 17 hr at 37%C.
Assays of core antigen

After heat induction of the cells harboring the
corresponding plasmids, 1.0 m/ of the induced
cultures were harvested by centrifugation. The cells
were resuspended in 500 w/ of a sample buffer (1.5%
Tris-HCI (pH 6.8), 20% glycerol, 2% SDS. 2% 2-
mercaptoethanol,  0.01%  bromophenol  blue).

codon of
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Fig. 1. Constructon of plasmids for expression of
HBCcAg.
Each plasmid pPLC1S and pPLCI1 has a 13
and 11 base pairs of the distance between SD
scquence and start codon of HBcAg gene.
respectively. Py, lambda P, promoter: C. core
antigen gene: E. EcoRI: S, Sall: B. Bglll.

followed by boiling for 5 min. The samples were
centrifuged and analyzed by SDS:PAGE. On the
other hand. the induced cells were harvested and
resuspended in 500 p/ of a sonication buffer (20
mM Tris-HCl (pH 8.0). 1 mM EDTA. 5 mM 2-
mercaptoethanol). After freczing and thawing. the
60w/ of samples were assayed with RIA kits from
Abbott Laboratorics and Sorin Biomedica.

RESULTS AND DISCUSSION

Construction of expression plasmids

Since the distance between Shine-Dalgarno (SD)
sequence and start codon of structural gene is very
important for the expression of foreign gene in E.
coli (Shine an¢ Dalgarno, 1974), two plasmids.
pPLCI15 and pPLCIL, were constructed with an
appropriate disiance between SD sequence and
start codon of HBcAg gene (Fig. 1). The previously
constructed plasmid pUCPI that has a precore
region and core gene was used for the construction
of two plasmids pPLCI3 and pPLC11 (Choi. 1990;
Kim, 1988). The DNA fragment containing precore
region and C gene was electroeluted from the
plasmid pUCPI. and digested with Nlalll followed
by cloning under the control of the P, promoter.
The resulting plasmid. named pPLC15, had a 15
base pairs (bp) of the distance between SD
sequence and stuart codon of HBcAg gene. For the
shorter distance, plasmid pPLCI5 was digested
with EcoRI and sticky ends were removed with the
mung bean nuclease digestion followed by self
ligation. The restriction analysis showed that the
resulting plasm:d pPLCI1 had a 1llbp of the
distance between SD sequence and start codon of
HBcAg gene.
Expression of HBcAg in E. coli

For the expression of corc antigen, the
recombinant plasmids, pPLC15 and pPLC11. were
transformed into the £. coli cells. After growth and
heat induction. cach cell lysate was analyzed by
SDS-PAGE and assayed with RIA kits from
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Fig. 2. Expression of HBcAg in E. coli.

The plasmids pPLCI5 and pPLCI1l were
transformed into E. coli HB10! containing
plasmid pRK248. The cell lysates were
analyzed by SDS-polyacrylamide gel (12%)
electrophoresis and stained by Coomassie
Brilliant Blue. The arrow indicates the
expressed HBcAg. Each lanes was the tem-
perature-induction products; a, E. coli host; b,
at 42¢ from pPLC15 transformed cells; ¢, at
37C from pPLCI15 transformed cells; d, at 427
from pPLCI! transformed cells; e, 37C from
pPLCI1 transformed cells; m, molecular
weight marker.

Abbott and Sorin.

Phage lambda P, promoter is inducible by heat
induction commonly performed at 42C (Mot er al,
1985; Reinikainen er al, 1988). However, it was
reported that the plasmid stability was extremely
decreased for long-time induction at 42¢C (Han,
1987). In this reason, the induction was generally
performed for short time. In this study, overnight
induction at 37C was compared with induction for
2 hr at 42C. The SDS-PAGE (Fig. 2) and RIA
results (Table 1) showed that the HBcAg was
highly expressed on the overnight induction at 37C
in comparison with induction for 2 hr at 42C. This
results revealed that long-time induction at 37C
was more cfficient for the expression of HBcAg
than the short-time induction at 42C in E. coli.

HBeAg has been characterized in serum as a 15.
5 KD polypeptide, which has been shown by
carboxyl-terminal sequence analysis to lack the
last 34-36 amino acid residues of core protein
(Standring et al, 1988). In this study, we
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Table 1. £ffect ot induction temperature on  the
expression and stability of HBcAg in E. coli

Reactivity with anti-e antibody

Induction (cpm)’
temprature’
Abbott RIA kit Sorin RIA kit!
control 477 658
37C 352,280 528
42T 6,948 377

“MS5248 carrying the plasmid pPLC15 was induced in
maximal induction media for 2 hr at 42C and
overnight at 37C. collected, lysed with freezing and
thawing, and cleared by centrifugation

" Assayed with 60 u/ of cell extract (2.5X107 cells).

¢ Abbott RIA kit can detect both the HBcAg and
HBeAg.

“Sorin RIA kit can not detect the natural HBcAg.

Table 2. Expression of HBcAg in various E. coli strains

Reactivity with anti-e antibody

(cpm)’
Host“
control  pPLCl5 pPLCII
M5248 477 352280 3455246
HBI01(clts) 444 339,652 3435928
CAG630(clts) 409 381,250  3,488.902
LC137(clts) 399 316794 3434712

The cpm of negative control was 374+5 n=3).nis
the number of independent measurments. Cutoffl
value=2.1X374 cpm=785 cpm. Samples with cpm
less than the cutoff value are considered nonreactive
for HBcAg by the criteria of the Abbott-HBe test.
“Strains HB10I, CAG630 and LCI137 were trans-
formed with the plasmid containing a tempera-
ture-sensitive mutant cI gene.

* Assayed by AUSRIA-II RIA kit (Abbott) with 60 p/
of cell extract (2.5X 107 cells).

“The distance between SD sequence and start codon
of HBcAg gene was 15 bp and 11 bp in pPLCIS and
pPLCI11, respectively.

investigated the synthesis of HBeAg by the
degradation or proteolytic cleavage of core protein
in E. coli. The RIA kit from Sorin can not detect
the natural HBcAg (Gallina e al, 1989) but detect
HBeAg and the RIA kit from Abbott can detect
both the HBcAg and HBeAg. The RIA results
showed that the expressed antigens were not
detected by the Sorin RIA kit but detected by the
Abbott RIA kit (Table 1). This result revealed that
the core antigens were not cleaved to e antigens in
E. coli.

The E. coli M5248 contains a single copy of the
cI857 repressor gene which is integrated into the
host genome. However, the cI857 gene, contained
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in a plasmid, would be present in multicopy. To
study the effect of copy number of cI857 gene on
the expression of HBcAg, we expressed core
antigen gene in M5248 which has a single copy of
cI857 gene on the host chromosome or HBI101
which has plasmid pRK248 containing cI857 gene.
The expression level of HBcAg was about the same
in these two strains (Table 2). This result indicated
that the copy number of cI857 gene did not
influence on the expression of core antigen in E.
coli.

For the study of stability of the HBcAg, we also
expressed core antigen gene in CAG630 (htpR™)
and LCI137 (htpR™. lon~) cells that have low
activity of protease La (Table 2). The expression
level of HBcAg in HB101, CAG630 and LC137 was
also the same. This result suggests that the HBcAg
appears to be stable in E. coli.

Since the distance between SD region and start
codon affects the translational efficiency (Jay et al,
1982; Shepard et al. 1982), the two plasmids
containing the HBcAg gene were constructed with

51
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the different distance between SD region and ATG
start codon. The cells harboring the plasmid pPLC
11 were expressed higher than the cells containing
the plasmid pPLC15 (Table 2). This result agreed
to SDS-PAGE data (Fig. 2). Thus, the 11 bp
distance betwen SD region and start codon of
HBcAg gene was more efficient for the expression
of HBcAg than the 15 bp in E coli This result
agrees to the previous observation that the optimal
distance between the SD region and the ATG start
codon was approximately 11 nucleotide (Dalboge
et al, 1988).

Previous evidence showed that the particulated
form of core protein had a protein kinase activity,
but there is no evidence that the free polypeptide
of HBcAg has a protein kinase activity. Also,
further studies are required about the function of
protein kinase activity on the virus life cycle. For
the study of the function of HBcAg, we have
undertaken the purification and characterization
of expressed HBcAg.
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