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Region of Hepatitis B Virus Surface Antigen
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Abstract : Epitope tagging is the process of fusing a set of amino acid residues that are recognized as
an antigenic determinant to a protein of interest. Tagging a protein with an epitope facilitates various immu-
nochemical analyses of the tagged protein with a specific monoclonal antibody. The monoclonal antibody
H8 has subtype specificity for an epitope derived from the preS2 region of hepatitis B virus surface antigen.
Previous studies on serial deletions of the preS2 region indicated that the preS2 epitope was located in
amino acid residues 130~142. To test whether the amino acid sequence in this interval is sufficient to
confer on proteins the antigenicity recognizable by the antibody H8, the set of amino acid residues in
the interval was tagged to the amino terminal of B-galactosidase and to the carboxyl terminal of the truncated
p56'™* fragment. The tagged B-galactosidase, expressed in Escherichia coli, maintained the enzymatic activity
and was immunoprecipitated efficiently with H8. The tagged p56'* fragment, synthesized in an in vitro
translation system, was also immunoprecipitated specifically with H8. These results demonsirate that the
amino acid sequence of the preS2 region can be used efficiently for the epitope tagging approach.
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The interaction of an antibody with an antigen forms
the basis of all immunochemical techniques. The region
of an antigen that is recognized as an antigenic deter-
minant by an antibody is defined as an epitope. The
epitope is identified as either continuous, comprised of
a short linear sequence, or discontinuous, comprised of
residues separated in the primary amino acid sequence.
Epitope tagging is the process of fusing a set of amino
acid residues that are recognized as an antigenic deter-
minant to a protein of interest. By introducing an im-
munological marker into a tagged protein, the protein
of interest, tagged with a well-characterized epitope, fa-
cilitates various immunochemical analyses using a spe-
cific monoclonal antibody. The usefulness of monoclo-
nal antibodies stems from their specificity of binding,
their homogeneity, and their ability to be produced in
unlimited quantities. The epitope tagging approach
using the monoclonal antibody that recognizes an epi-
tope derived from the influenza hemagglutinin, or the
antibody for an epitope from the human myci protein
has been applied in several studies, such as localization
and association with other molecules of a protein of
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interest (Kolodziej and Young, 1991).

The monoclonal antibody H8 (mAb H8) was gener-
ated by immunizing mice with the hepatitis B virus
(HBV) surface antigen isolated from a Korean hepatitis
patient (Chung and Kim, 1987). The antibody H8
shows subtype specificity for the preS2 region of the
HBV surface antigen; it interacts specifically with the
preS2 region of the adri subtype but has little cross-
reactivity with the adwi subtype (Lee et al, 1990). Al-
though the preS2 region of HBV surface antigen is
a minor component of the virus particle, it has been
known to carry an epitope which is immunodominant
(Neurath, 1986) and elicits protective immunity in ani-
mals by inducing neutralizing antibodies (Budkowska
et al, 1986; Itoh et al, 1986). The preS2 epitope has
been considered to be a conformation-independent de-
terminant which is made up of amino acids within resi-
dues 120~145 (Neurath et al, 1985). Serial deletion
analyses of the preS2 region has indicated that the
amino acid residues 130~142 are required to repre-
sent the antigenicity of preS2 to the mAb H8 (Kwon
et al, 1990).

The objectives of the present study are to investigate
whether the amino acid sequence in the suggested in-
terval alone is sufficient to be an epitope recognized
specifically by the mAb H&, and to examine the immu-
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nopracipitation capability of the mAb H8 with the epi-
tope-tagged proteins. We fused the set of amino acid
residues in the interval to the amino terminal of B-gala-
ctosidase and to the carboxyl terminal of truncated p56
% fragment and then tested the antigenicity of the tag-
ged proteins with the mAb H8. We report here that
the preS2-sequence and the antibody H8 can be used
efficiently for epitope tagging.

Materials and Methods

Reagents and enzymes

Restriction enzymes, T4 DNA ligase and T4 polynu-
cleotide kinase were purchased from New England
Biolabs (Gaitherburg, USA) and Gibco.BRL (Gaithers-
burg, USA). [a** S]dATP, [**S]methionine and DNA
sequencing kit were from Amersham (Buckinghamshire,
UK). Conditions for enzyme reactions were set follow-
ing the manufacturer instruction.

Bacterial strains and plasmids

As the bacterial host for subcloning plasmids, E. coli
strain DH5a {supE44 AlacU169 [¢80 lacZ AMI15]
hsdR17 recAl endAl gyrA96 thi-1 relA) was used and
for expressing the f-galactosidase fusion proteins, E.
coli JM109 (recAl endAl gyrA96 hsdR17 supE44
relAl thiA(lac-proAB) F'[traD36 proAB~ lacl® lacZAM
15]) was used. Plasmid pTSZ and pTSZ(F141T), as
described previously (Kwon et al, 1990: Moon et al,
1994), encode hybrid B-galactosidase proteins fused
with either the wild or the mutant adr type of the preS2
fragment (Fig. 1A). Plasmid LCK/pBSKS*, which con-
tains cDNA of mouse p56"* was kindly provided
by Dr. M. Y. Han (Korea Reserch Institute of Bioscience
and Biotechnology). Plasmid pF(BGL)AT contains
c¢cDNA of human a;-antitrypsin connected downstream
of the T7 promoter and the 5 untranslated region of
rabbit B-globin gene (Lee et al, 1993).

Construction of the expression vector for preS2 epi-
tope-tagged lacZ protein

The plasmid pETSZ expressing the preS2 epitope-
tagged B-galactosidase was constructed by replacing the
DNA fragment coding for the whole preS2 region in
the plasmid pTSZ with the synthetic oligonucleotide
cassette coding for the amino acid residues 130~143
in the preS2 region (Fig. 1B). Detailed construction is
as follows. The plasmid pTSZ was digested with EcoRI
and BamHI to remove the DNA fragment containing
the tac promoter and the sequence encoding the preS2
region. The BamHI/EcoRI fragment of pTSZ carrying
the lacZ gene was ligated with the epitope-coding cas-
sette in frame with the lacZ gene. Then, the EcoRI
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Ptasmid
12aa 52 aa
pTSZ S __presz I lacZ ]
ad 33,7,
12aa 52 aa
pTSZ-F1417 R\Npresz(F141D] tacZ ]
a3, 2,7y
7aa 14 aa
pETSZ N presz | lacZ ]
33130 33“3

: the amino acid sequences from the pUC palylinker sequence
777 : the amino acid sequences from the adr subtype of preS2

(A)

PreS2-epitope cassette (I)

_EcoR! BamHi
AATTCCGCTCTGCTAGATCCCAGAGTGAGGGGCCYATATTTT CCTGCG
GGCGAGACGATCTAGGGTCTCACTCCCCGGATATAAAA GGACGCCTAG
Ala Leu Leu Asp Fro Arg Val Arg Gly Leu Tyr Phe Pro Ala

B)

Fig. 1. A. Schematic representation of the preS2-lacZ fusion pro-
teins. Plasmid pTSZ encodes the fusion protein in which the adr
subtype preS2 sequence from amino acid residue 120 to residue
171 was fused in frame to 5’ end of B-galactosidase. The preS2(F
141T)-lacZ fusion protein, encoded by pTSZ(F141T), has the sub-
stitution of threonine for phenylalanine at residue 141 of the
preS2 sequence. pETSZ encodes the fusion protein where the
sequence expected as a preS2 epitope (residues 130~142) was
tagged to 5' end of B-galactosidase. The hatched box represents
the amino acid sequences from the pUC 7 polylinker sequence.
The amino acid sequence derived from the adri subtype of preS2
region of HBV surface antigen is indicated as the dotted box.
B. The synthetic oligonucleotide cassette used to tag B-galacto-
sidase with a preS2 epitope. The sequence encodes amino acid
residue 130~143 of the adri preS2 sequence. The cassette was
generated by annealing of two single oligonucleotides synthesized
with an automated DNA synthesizer. To facilitate subcloning proc-
ess, an EcoRI site and a BamHI are included at 5 end and
3’ end of the oligonucleotide cassette, respectively.

fragment of the tac promoter was inserted into the
EcoRl site of the ligated plasmid, generating an expres-
sion vector, pETSZ, which carries the lacZ gene that
is fused with the DNA sequence of the preSZ epitope
under the control of the taci promoter.

Construction of the expression vector for preS2-epi-
tope tagged p56'*

To express the N-terminal truncated p56'* fragment
containing amino acid residues 1-150 under the control
of the T7 promoter, the 0.45 kb Pstl/BamHI fragment
of cDNA encoding mouse p56“* was obtained from
the plasmid LCK/pBSKS™ and ligated with the BsaHI-
Pstl synthetic oligonucleotide linker coding for the first
four amino acids of p56* together with the 3.2 kb
partially digested BsaHI/BamHI fragment of pF(BGL)
AT, generating a plasmid, pF(BGL)LCK. To tag the Ick
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Fig. 2. Analysis of preS2 epitope-tagged B-galactosidase with the
antibody HB8A. Recombinant E. coli JM109 cells harboring plas-
mid pTSZ (lane 1), pETSZ (lane 2), and pTSZ-F141T {lane 3)
were grown at 37°C and the expression of preS2-B-galactosidase
fusion protein was induced by adding 2 mM IPTG. Cells were
suspended in cell lysis buffer (20 mM HEPES, 100 mM DTT,
pH 75, 1 mM PMSF, 10 pg-ml™! aprotinin, 10 pg-ml ! leupetin,
10 pg-ml™! pepstain and sonicated. Cell extracts containing eqiv-
alent amounts of total protein were analyzed on 8% SDS/poly-
acrylamide gel (Laemmli, 1970). Proteins were stained with Coo-
masie Brilliant Blue. Molecular weight markers are indicated in
kilodaltons on the left. B. Western blot analysis of cell extracts
in panel A was performed with the mAb H8 and peroxidase-con-
jugated anti-mouse IgG antibody as previously described (Lee et
al, 1990). C. Immunoprecipitation of the cell extracts containing
the same levels of B-galactosidase activity was carried out with
1 pg antibody H8 as described in Materials and Methods. Immu-
noprecipitates were resuspended in B-galactosidase assay buffer
and then incubated with ONPG (o-nitrophenyl-$-D galactopyrano-
side). The activity of B-galactosidase in immunoprecipitates is ex-
pressed as Miller units (Miller, 1972).

fragment with the preS2 epitope, the synthetic oligo-
nucleotide cassette encoding the amino acid sequence
of preS2 (Fig. 3B) was inserted into the BamHI and
EcoRV sites of pF(BGL)LCK. The resulting plasmid,
pF(BGL)LCK-preS2, contains the sequence coding for
the Ick fragment fused at its C-terminal with the preS2

l unique SHp Sty Kinase
lck | I I T )

1 65 220 s6e

Ick(N) 1!_—__133

65 150

Ick(N)-preS2 T 1 &g

1 65 150 166

T :the amino acid sequence (residues 130-142) from the adr subtype of preS2

(A)
PreS2-epitope cassette (i)

BamHI EcoRV

GATCCGGCGGCGGCGCTCTGCTAGATCCCAGAGTGAGGGGCCTATATTTTCCY TAGTAGAT
GCCGCCGCCGCGAGACGATCTAGGGTCTCACTCCCCGGATATAAAAGGAATCATCTA
Gly Gly Gly Alaleuleu Asp Pro ArgVal Arg Gy Les Tyr Phe Pro Ter Ter

(B)

Fig. 3. A. Schematic representation of p56'* proteins. Ick; the
full length Ick protein is represented on the basis of the domain
structure characteristic of src family members. Ick(N); in vitro syn-
thesized N-terminal truncated p56* fragments containing amino
acid residues 1~150. Ick(N)-preS2; the Ick fragment tagged with
the preS2 epitope that is presented as block box. B. The synthetic
oligonucleotide cassette to tag the Ick(N) fragment with preS2
epitope. The oligonucleotide contains the preS2 epitope sequence
derived from amino acid residue 130 to residue 142, followed
by two stop codons. Three codons for glycine are placed at the
junction of the Ick fragment and the epitope because the flexibility
provided by glycine (Kamtekar et al, 1993) might be advanta-
geous for the exposure of the epitope sequence recognized by
the antibody H8. To facilitate subcloning process, a BamHI site
and an EcoRV site are included at 5" end and 3" end of the
oligonucleotide cassette, respectively.

epitope. To verify the construction of pF(BGL)LCK-
preS2, DNA sequencing was carried out by the dideoxy
chain termination method (Sanger et ¢l., 1977) using
double-strand plasmid DNA as a template.

In vitro translation of cloned genes

In vitro synthesized mRNAs encoding the Ick(N) frag-
ment or the Ick(N)-preS2 were generated by T7 poly-
merase using EcoRV-linearized pFBGL)LCK or Eco47lll-
linearized pF(BGL)LCK-preS2 as templates, respectively.
The reaction was performed with the SP6/T7 transcrip-
tion system (Boehringer-Mannheim, Mannheim, Gemany)
at 37°C for 60 min. In vitro translation was carried
out at 30°C for 60 min with the rabbit reticulocyte
lysate system which was pre-treated with micrococcal
nuclease (Promega, Madison USA).

Immunoprecipitation

A portion of cell extracts or [**SJmethionine-labelled
rabbit reticulocyte lysate translation products were di-
luted in 250 pl ice-cold HND buffer (20 mM HEPES,
100 mM KCl, 10% glycerol, 0.4% NP-40, 5 mM EGTA,
100 pg'ml~! bovine serum albumin, 1 mM dithiothrei-
tol, 1 mM phenylmethylsulfonylfluoride, 10 pg-ml™!
aprotinin, 10 ug'ml ! leupeptin, 10 pg-ml~' pepstatin,

J. Biochem. Mol. Biol. (1995), Vol. 28(4)




356 Hyun Ah Kang et al

pH 7.5). To remove proteins that bind to protein A-
Sepharose beads, 30 ul of protein A-Sepharose CL-4B
(Sigma, MO, USA) saturated with HND buffer was
added and incubated for 30 min at 4°C. After pelleting
the protein A-Sepharose beads, the supernatant was
incubated with the mAb H8 for 2 h at 4°C, then cen-
trifuged for 10 min. The supernatant was then incubat-
ed further with protein A-Sepharose for 1 h, followed
t ; centrifugation. The protein A-Sepharose pellets were
washed three times with HND buffer, and then ana-
lyzed by the assay of B-galactosidase activity or by so-
dium dodecyl sulfate/polyacrylamide gel electrophoresis
(SDS/PAGE).

Results and Discussion

PreS2 epitope-tagging of f-galactosidase

Cur previous study showed that deletions of the preS
2 antigen from the amino and carboxyl termini up to
residue 130~132 and 140~143 did not affect its an-
tigenicity to the mAb H8 (Kwon et al, 1990). The
region indicated for the antigenicity (residues 130~
143) is long enough to carry a continuous epitope
which is considered to reside within four to seven resi-
dues (Goodman, 1989). Thus, in order to investigate
whether the suggested amino acid sequence alone is
sufficient in representing the antigenicity to the mAb
HS8, we fused the amino acid sequence from residue
13C to 143 of the preS2 region to the 5 end of B-
galactosidase (Fig. 1) and tested the antigenecity of the
tagged protein. As a positive control, the lysate of cells
harboring the plasmid pTSZ, which expresses the (3-ga-
lactosidase hybrid protein fused with the whole preS2
sequence (Fig. 1A), was included in the analysis. The
cell lysate containing the mutant preS2(F141T)-lacZ fu-
sion protein, expressed from the plasmid pTSZ-F141T
(Fig. 1A) was used as a negative control. The pTSZ-
F141T plasmid has an amino acid substitution (Phel41
—Thr} in the preS2 sequence which causes the loss
of antigenicity of the sequence to the mAb H8 (Moon
et al, 1994).

Cell extract was prepared from the E. coli strain har-
boring the plasmid pETSZ that expresses the preS2
epitope-tagged B-galactosidase and analyzed by West-
ern blot with the mAb HS8. Fig. 2B shows that the
epitope-tagged B-galactosidase having the expected
molecular weight was detected with the preSZ specific
mAb H8 (lane 2), demonstrating that the 14 amino
acid residues derived from the preS2 region were suffi-
cient to confer on the tagged protein the antigenicity
recognized by the mAb H8. Fig. 2B also shows that
the mAb H8 recognized specifically the hybrid lacZ
protein fused with the wild type preS2 sequence (lane
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1), but not the protein fused with the mutant preS2
sequence (lane 3). Both of the preS2 and preS2(F141T)-
B-galactosidase fusion proteins seemed to be expressed
at the same level since both of the cell lysates showed
similar levels of activity in the assay of B-galactosidase.
The protein level of epitope-tagged-B-galactosidase ex-
pressed from pETSZ appeared to be twice as high as
those of the fusion proteins in that the cell lysate har-
boring pETSZ showed a two-fold higher activity of B-
galactosidase (data not shown) and stronger intensity
of signal in Western btlot analysis (Fig. 2B). This could
be due to either increased mRNA stability or decreased
protease-attack of the epitope-tagged B-galactosidase.
The major advantages of using monoclonal antibody
over polyclonal antibody in immunochemical assays are
its unique specificity of binding and its homogeniety,
thus reducing nonspecific background. However, a prob-
lem encountered when using monoclonal antibodies
is their affinity. For example, monoclonal antibodies
with affinities lower than about 107 M™! are difficult
to use in immunoprecipitation (Harlow and Lane, 19
88). The affinity of monoclonal antibody H8 for the
synthetic peptide containing amino acid residues from
120 to 145 was reported as approximately 2.5X108
M™! (Jin et al, 1993), which is high enough to form
a stable antibody-antigen complex detectable in various
immunochemical techniques. To further evaluate the
utility of the preS2 epitope and mAb H8 as immunolog-
ical tools, we tested the capability of the antibody H8
to immunoprecipitate the preS2-B-galactosidase fusion
proteins. Cell lysates containing equivalent amounts of
the B-galactosidase were immunoprecipitated with the
antibody H8 and the B-galactosidase activity in immune
complexes were measured. The activities in the precipi-
tates (Fig. 2C) showed that the B-galactosidase fused
with the wild type preS2 sequence was efficiently im-
munoprecipitated. Analysis of the [-galactosidase activi-
ties remaining in the supernatant after immunoprecipi-
tation indicated that more than 90% of the preS2-8-
galactosidase was precipitated as immunocomplex. The
epitope-tagged B-galactosidase was also immunoprecip-
itated at about 70% of the efficiency of the B-galacto-
sidase fused with the wild type whole preS2 sequence,
while the B-galactosidase fused with the mutant preS2
(F141T) sequence was not immunoprecipitated. The
results demonstrate that the epitope-tagged protein can
be efficiently immunoprecipitated using the mAb HS,
which is highly specific to the tagged sequence.

PreS2 epitope-tagging of p56'*

The above results showed that the peptide derived
from the preS2 region of HBV can be used as a port-
able epitope to tag proteins with an immunological mark-
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Fig. 4. Immunoprecipitation of the preS2-tagged p56* fragment
with the mAb H8. A. In vitro synthesized mRNAs coding for
the Ick(N) fragment or for the Ick(N)-preS2 fragment were gen-
erated by T7 polymerase. One pg of each mRNA was translated
in the translation reaction mixture (final volume of 25 ul) contain-
ing 175 ul rabbit reticulocyte lysates and 20 uCi [*S] methio-
nine. An aliquot (1 W) of each in vitro translation reaction mixture
was analyzed in 15% SDS/PAGE. Lane 1:in vitro translation
without any added mRNA; Lane 2:in vitro synthesized Ick(N)
fragment; lane 3:in vitro synthesized Ick(N)-preS2. Molecular
weight markers are indicated in kilodaltons on the left. B. 7 ul
(lane 1 and 3) or 14 i (lane 2 and 4) of in vitro translation
reaction mixture was immunoprecipitated with 2 yg mAb H8 as
described in Materials and Methods. Immunoprecipitates were
heated at 95°C for 5 min in SDS sample buffer and analyzed
by 15% SDS/PAGE. Lane 1 and 2:the Ick(N) fragment; Lane
3 and 4 : the Ick(N)-preS2, the Ick fragment tagged with the preS2
epitope. Gels were fixed, amplified, and fluorographed with EN?
HANCE (Dupont, MA, USA).

er that is recognized by a monoclonal antibody. The
epitope tagging approach using a well-characterized
monoclonal antibody is particularly useful in the study
of protein-protein interaction; proteins that associate
with a tagged protein can be easily identified by co-
immunoprecipitation and such associated proteins will
be absent in immunoprecipitates from the lysates con-
taining the untagged protein. Therefore, we applied the
preS2 epitope tagging approach in setting up an in
vitro system to study p56 % a T-cell specific protein
tyrosine kinase. p56* is a member of the srci family
of non-receptor protein tyrosin kinases and displays st-
ructural features which are common to all Src-like ki-
nases, such as SH2, SH3, and kinase domains (Turner
et al, 1990, Fig 3A, top). The important role(s) of
p56 in T-cell signaling has been demonstrated in re-
cent studies that show the interaction of p56* with
CD4 and CD8 (Tumer et al, 1990), and 4-1BB, a
novel inducible T-cell antigen (Kim et al, 1993). The
association was shown to involve the unique N-terminal
region of p56 As an initial step to establish an in
vitro system employed to define the role of the N-ter-
minal region of p56 in protein-protein interaction, we
expressed in vitro the N-terminal truncated fragment

of p56*k Ick(N), which contains amino acid residues
1~150 (Fig. 3A, middle). To provide the Ick(N) frag-
ment with an immunological marker that can be moni-
tored by a monoclonal antibody, the amino acid sequence
derived from the preS2 region in HBV was tagged at
ged at the C-terminus of the Ick(N) fragment (Fig. 3A, bot-
tom). Since residue 143 in the preS2 region was sug-
gested to be supplementary for the antigenicity to the
mAb H8 (Kwon et al, 1990), the sequence from resi-
due 130 to 142 of preS2 was fused with the Ick(N)
fragment (Fig. 3B). The epitope-tagged fragment, Ick(N)-
preS2, exhibited slightly lower mobility on 15% SDS
/polyacrylamide gels than its untagged counterpart of
ca. 17 kDa (Fig. 4A). Immunoprecipitation assay of the
in vitro translation products with the antibody H8 showed
that the epitope-tagged Ick(N) fragment was precip-
itated as immunocomplex with the antibody, whereas
no precipitation of the untagged Ick fragment was ob-
served (Fig. 4B). The result demonstrates that the se-
quence within amino acid residues 130~-142 of preS2
region in HBV contains an antigenic determinant that
is sufficient to form a stable complex with the mAb
H8.

The precipitation efficiency of the preS2 epitope-tag-
ged Ick(N) fragment with the mAb H8 was about 5%,
which is about 10-fold lower than the value obtained
from the immunoprecipitation of preS2 epitope-tagged
B-galactosidase. It was reported that differences in the
extent of immunoprecipitation could be due to several
factors, such as the intrinsic affinity of the antibody
for the epitope, the valency of the antibody and anti-
gen, and the geometric arrangement of the interacting
components that govern the overall strength of an anti-
body and antigen, the avidity (Harlow and Lane, 1988).
The high efficiency of precipitation in the case of the
tagged B-galactosidase could be explained primarily by
the fact that B-galactosidase is a homeotetramer. Four
copies of the preS2 sequence in the tagged protein
present identical, repeating epitopes that encourage bi-
valent binding of antibody, which eventually increases
the overall stability of the complex between the anti-
body and the tagged protein. In addition, the residue
143 in the preS2 sequence used for tagging B-galacto-
sidase might contribute to the stabilization of the inter-
action between the tagged protein and the antibody
as implicated in the previous deletion analyses (Kwon
et al, 1990).

The present study showed that the amino acid se-
quence of residues 130~142 derived from the adri
subtype preS2 region of HBV can confer the antigen-
icity recognized by the mAb HE& on proteins tagged
with the peptide. The mAb H8 showed avidity high
enough for immunoprecipitation of the preS2 epitope-
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tagged proteins and showed little cross reactivity with
the untagged proteins. Thus, the preS2-epitope and
monoclonal antibody H8 can be a useful tool for the
epifope tagging approach. The approach has been
widely applied to monitor the cellular location and post-
translational modification of the tagged protein, and to
purify the protein in the absence of a functional assay.
Especially, it has been a popular approach for studying
protein-protein interaction since co-immunoprecipitation
is one of the easiest methods for identifying potential
interactions between the antigen and other proteins.
The in vitro system established in the present study
for the preS2-epitope tagged Ick(N) fragment can be
explored as a means of characterizing the interaction
between p56" and other proteins involved in T-cell
transduction, via co-immunoprecipitation assay using

the mAb HS8.
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