KOREAN JOURNAL OF ZOOLOGY
Vol. 28, No. 3, 166-178 (1985)

Cloning of the Hepatitis B Surface Antigen Containing Pre-surface
Antigen Region and Poly(A) Addition Site

Sang Hae Kim, Yong Sok Kim, Mee Young Choi, and Hyune Mo Rho
(Department of Zoology, College of Natural Science, Seoul National University)

Pre-surface antigen 2] ¥ 3} poly(A) addition site’} X %35 B3
Ztd 293%49 FAAY A=

EA R L I - B T T
(A& g Qa3 3 F &)
(Received May 15, 1985)

| 2

#33 By 7dvlo]2j=(HBV) DNAS #=ldgd f3AEF Z/HFE AX
A4 BANA FL A2} FAAY FAFARAL AFE 5] 8ol
pre-surface antigen X9z F1g4g $AA ez poly(A) addition sites}
235 DNA Zz}& simian virus 40(SV 40)¢] DNA Ex| ¢ A3} promoters}
E3d A el Az Az $4, HBVE X DNAS Eojgle
pHBV 107¢ Bam Hlo 2 BB AG§% self-ligationA] s 5 HBV DNAs 7
< B¢z Fo/7t pHBVD 107¢ =tEdvh o) plasmidg Bgl Iz A3}
A& pre-surface A Q= ¥y FA A =28z poly(A) addition sites} &
A 3= 2.7 kbe] insert DNA z7}g gt

FAA FHAZE ZRHFEAZAAN EAE F UEF 37 Pt SV40
o] DNA £ 14399 72 bp repeats(enhancer) 7} ® ¥ pSVOEE mlE
t}-& o} vector®] Pvu II A}atale] Bam HI linker& 2o insert DNA}
vectore] SV40 late promoterx] 9 s}r7lolo] Soj7t 4 Q52 W3 A7 pSVOB
€ whEgleh ol 43} o] ghEol A pre-surface | 9 -F 89§ -poly(A) -
addition sites} 2 3=xl 2.7 kb DNA A& pSVOB promoter =| ¢ Bam HI
siteo] Atq)ste A2 Y% plasmid pSVBSE Agirh. onAy oz pSVBSE
T-antigeno} &) 4+5] = COS cello] o] FA 7 v{] HBsAgrl W& & Bokeh,

INTRODUCTION

Hepatitis B virus (HBV) causes serious human liver disease including hepatoma (Robin-
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son, 1977; Szmuness, 1975; Vyas et al., 1974). Although intensive efforts have been made
to understand the structure and behavioral characteristics of this virus, the biological
study of the HBV has been hampered by the inability to propagate in any tissue culture
system and its narrow host range (Tiollais et al., 1981). Nevertheless, considerable recent
progress has been made in elucidating the structure of the HBV virion and its genome
(Galibert et al., 1979; Pasek et al., 1979; Valenzuela et al., 1979). The HBV virion(the
Dane particle) is a 42-nm sphere with an outer envelope being the hepatitis B surface
antigen (HBsAg) and an inner nucleocapsid being a second antigen, the hepatitis B virus
core antigen (HBcAg) (Blumberg et al., 1975; Dane et al., 1970). HBsAg represents both
the major envelope protein and the neutralizing antigen of the infectious virion and as
such has proven effective as a vaccine against the disease (Purcell and Gerin, 1975;
Szmuness et al., 1980). Surface antigen (HBsAg) is composed of several antigenic deter-
minants; the “a” determinant which is group-specific and two pairs of mutually exclusive
determinants, d/y and w/r (Dreesman et al., 1972). The electrophoretic analysis of the
envelope proteins shows the presence of two to seven polypeptides (Patrick et al., 1979).
The two major ones are called; P24 and its glycosylated form, GP27. HBsAg 20-nm par-
ticles from viremic donors (Stibbe and Gerlick, 1982) also contain two minor glycoproteins,
GP33 and GP36(Sanchez et al., 1981; Skelly et al., 1978), which have not yet been well
characterized. It was necessary to know if these proteins were coded by the viral or the
cellular genome. Recently, the cloning and expression of HBsAg in E. coli(Burrell et al.,
1979; Charnay et al., 1979; Edman et al., 1981; Eujisawa et al., 1983: Mackay e al.,
1981) and in yeast (Valenzuela et al., 1982; Miyanohara et al., 1983; Hitzeman et al.,
1983; McAleer et al., 1984) and the introduction and expression of cloned HBV DNA in
mammalian cells by using simian virus 40(SV40) based recombinant plasmid have been
reported (Moriarty et al., 1981; Crowley et al., 1983; Siddiqui, 1983; Simonsen and
Levinson, 1983; Will ¢t al., 1984). Also this chimeric vector, which is nonlytic and thus
not constrained by packaging considerations (Mulligan et al., 1979; Gething and Sambrook.
1981), replicate to approximately 10° copies per cell and produce HBsAg particles similar
to those found in the serum of infected patients (Liu et al., 1982; Crowley et al., 1983).
But little is known about the subtype adr HBV which is spread mainly in Far East Asia
including Korea (Ono et al., 1983). For this reason we constructed the recombinant plasmid
pSVBS, SV40/HBV chimeric plasmid, to characterize HBV in mammalian cells. To facili-
tate expression of HBsAg in mammalian cells, we constructed the vector pSVOB containing
SV40 sequences with the origin of DNA replication and 72bp repeats (enhancer). Such
vector is capable of replicating in monkey cells provided large T antigen is present to
initiate succesive rounds of DNA synthesis. Expression of the heterologous genes in COS
cell was preliminarily observed when they were inserted behind 72 bp repeats of SV40 of
the pSVOB.
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MATERIALS AND METHODS

Bacterial strain: E. coli strain HB101(F~, r~, m~, recA13) was used as host cell for
transformation with plasmid DNA and for purification of plasmids. Cells were grown at
37°C in LB medium (10 g of Bacto trypton, 5 g of Yeast extract and 10 g of NaCl per
liter)

DNAs and Enzymes: Plasmid DNAs were extracted by the procedure of Birnboim and
Doly (1979) and further purified by CsCl density gradient ultracentrifugation (Clewell and
Hellinski, 1969). All restriction endonucleases including T4 DNA ligase were purchased
from Bethesda Research Laboratories (BRL) and New England Biolabs. Bam HI linkers
were purchased from New England Biolabs.

Enzymatic Reactions: All reactions of restriction enzymes were performed at 37°C in
common digestion buffer (33mM Tris-HCl, pH 7.0, 66 mM KAc, 10 mM MgAc, 0.5 mM
DTT) for 1 hour. After reaction, samples were incubated at 65°C for 10 minutes to
inactivate restriction enzyme activity. The fragments with blunt ends generated by Pvu
IT digestion and Bam HI linker were ligated at 22°C for 18 hours (Rah! et al., 1976;
Scheller et al., 1977). The ligation of DNA fragments with cohesive ends were performed
as described by Kahn et al. (1983).

Transformation: Procedure was based on the method by Kushner (1978). Grown cells
(5 x 107 cells/ml, ODgoy=0.6) were harvested and resuspended in 10 mM MOPS
(morpholinopropane sulfonic acid), pH 7.0, 10 mM RbCL. Cells were recovered by cen-
trifugation and resuspended in 0.1 M MOPS, pH 6.5, 50 mM CaCl, and 10 mM RbCl.
After incubation for 15 minutes, cells were recovered and resuspended in one fifth volume
of above solution. DNA and DMSO were added and incubated on ice for 30 minutes. The
competent cell mixture was mixed with LB media and plated on LB agar plate containing
appropriate antibiotics.

Plasmid Screening: To screen the proper plasmid from transformed colonies, 1 ml cul-
tured cells were resuspended in 0.05 M Tris-HCI, pH 6.8, 1% SDS, 2 mM EDTA, 0.4
M sucrose, 0.01% bromopheno!l blue, and incubated at room temperature for 30 minutes.
Gel electrophoresis of DNA was performed on 0.8~0.19% horizontal agarose gel as des-
cribed by Sharp et al.(1973).

RESULTS

Construction of the plasmid pHBVD 107: The schematic diagram of constructing pHBVD
107 containing tandem copies of the HBV genome in a head-to-tail arrangement was shown
in Fig. 1. A recombinant plasmid, pHBV 107, was constructed by inserting Bam HI-cleaved
DNA from Dane particles into Bam HI site of plasmid pBR 322(Choi et al., 1984). But
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Fig. 1. The strategy for the construction of pHBVD 107. pHBVD 107 was constructed by partial
digestion and self-ligation of the pHBV 107 as described previously. The direction of transcription
is shown by arrows. The thick line represents the region of HBV DNA and the thin line represents
the pBR 322 DNA. Ap: ampicillin, OR: the pER 322 replication origin, C: core antigen gene of
HBV, S: surface antigen gene of HBV, pre-S: pre-surface region of HBY,
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Fig. 2. Screening and restriction endonuclease analysis of the pHBVD 1u/.

(A) Cracking pattern as a primary screening for pHBVD 107. An arrow indicates the colonies
containing larger plasmids than pHBV 107. m; indicates plasmid pHBV 107 and m, is pBR
322.

(B) Restriction endonuclease analysis of pHBVD 107. The recombinant plasmid was digested with
several restriction endonucleases and analyzed on 0.8% agrose gel. Lane S;, pHBV 107: S,,
PHBVD 107: a, pHBV 107+Bam HI: b, pHBVD 107+Bam HI: ¢, pHBV 107+Eco RI: d,
PHBYD 107+Eco RI; e, pHBVD 107+Bgl II: m, 2 DNA+Hind II marker,
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it was necessary to construct the plasmid containing head-to-tail dimers of HBV DNA
because monomeric genome interruped at the unique Bam HI site between surface antigen
gene and poly (A) addition site did not direct HBsAg biosynthesis in mammalian cells.
Therefore, pHBVD 107 containing tandem copies of the HBV genome in a head-to-tail
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Fig. 3. The strategy for the construction of the vector pSVOE and pSVOB.
The solid box in pSVOE represents 1,118 Hind III fragment of SV 40 and the open box in pSVOB
represents 72bp repeats of SV 40. Bam HI linker was phosphoryrated by T4 DNA kinase before

it was joind to pSVOE,
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arrangement was constructed. pHBV 107 was partially digested with Bam HI, self-ligated,
and transformed in E. coli HB 101 as described in MATERIALS AND METHODS. Resis-
tant colonies to ampicillin (80 pg/ml), over 500 colonies, were collected. Through the
cracking procedure and restriction enzyme analysis, 10.7 kb plasmid which contain tandem
copies of the HBV genome in a head-to-tail arrangement was found (Fig. 2). pHBVD
107 cleaved by Eco RI (Fig. 2B, lane d) shows linear form. When pHBVD 107 was
digested with Bam HI (lane b), two bands of 4.3 kb and 3.2 kb fragment were detected.
It indicates that two 3.2 kb HBV DNA fragment were overlaped. For the determination
of the polarity of two HBV genomes, pHBVD 107 was digested with Bgl II (lane e),
producing 7.3 kb, 2.7 kb and 0.45 kb DNA bands. Therefore, it strongly suggested that
pHBVD 107 should have tandem copies of the HBV genome in a head-to-tail arrangement.

Construction of plasmids pSVOE and pSVOB: We constructed chimeric vectors, pSVOE
and pSVOB to express the HB,Ag in mammalian cells. The 1,118 bp Hind III fragment
of SV40 contains sequences capable of promoting the synthesis of mRNA in both the early
and late directions (Crowley et al., 1983; Moriarty et al., 1981; Tegtmeyer, 1972) and
serves as an origin of replication of the plasmid when introduced into mammalian cells
expressing SV40 large T antigen (Gluzman, 1981; Mellon et al., 1981). The general
approach for the construction of vectors involved the incorporation of SV40 sequences
spanning the viral origin of replication into plasmid pBR 322-1, that is a pBR 322 deri-
vative lacking sequences which inhibit replication in monkey cells (Lusky et al., 1981).
pBR 322-1 was constructed by Ava I and Acc I codigestion of pBR 322. DNA fragment
(3,536 bp) produced by Ava I and Acc I digestion was treated with S1 nuclease to
produce blunt ends and ligated. To prepare the vector pSVOE, pBR 322-1 was opened
with Hind III and inserted 1,118 bp Hind III fragment of SV40 (Fig. 3). To insert Bgl
II-cleaved fragment into the region behind the late promoter of SV40, Bam HI linker
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Fig. 4. Restriction endonuclease analysis of
pSVOB. pSVOB was digested with several
restriction endonuclease and analyzed on
0.8% agarose gel. Lane S;, pSVOE: S,,
pSVOB: a, pSVOE+Bam HI: b, pSVOB+
Pvu II: ¢, pSVOB+Eco RI: d, pSVOB+
Bam HI: m, 21 DNA+Hind III marker.
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having the same restriction site as Bgl II site was inserted into Pvu II site of pSVOE.
pSVOE was digested with Pvu II and ligated with Bam HI linker. pSVOB with an addi-
tional Bam HI site was identified by restriction endonuclease analysis (Fig. 4). Lane b
and d in Fig 4 showed that Bam HI linker was inserted into Pvu II site of pSVOE.
Construction of the recombinant plasmid pSVBS: Figure 5 outlined the general strategy
for the construction of the recombinant plasmid pSVBS. 2.7 kb DNA fragment (Fig. 2B,
lane e) containing the setiuenées for pre-surface region-HB,Ag gene poly(A) addition site
derived from the digestion of pHBVD 107 with Bgl II, inserted into the Bam HI site of
pSVOB by ligation. Recombinant plasmids were selected by the criteria of the generation
of 3.5 kb and 2.7 kb DNA fragments from plasmids by the Bam HI and Eco RI (Fig.
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Fig. 5. The strategy for the construction of the recombinant plasmid pSVBS. The surface antigen
and the core antigen genes are shown as solid toxes, the pre-s region as hatched box, and the 72
bp repeats of SV 40 as open box,
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Fig. 6. Restriction endonuclease analysis of pSVBS.

(A) The electrophoresis pattern by Bam HI and Eco RI digestion as a screening of pSVBS. The
first lane of each sample (a-f) shows the plasmid of uncut-supercoil form. The middle lane
shows the plasmid digested with Bam HI and the right lane shows the plasmid digested with
Eco RI. Lane m; is pBR 322 and m; is ADNA+Hind IIl marker.

(B) The restriction endonuclease analysis of pSVBS. The recombinant plasmid was digested with
selected restriction endonucleases and analyzed on 0.8% agarose gel. Lane S;, pSVOB: S,
pSVBS: a, pSVBS+Bam HI: b, pSVBS+Bam HI+Eco RI: c. pSVBS+ Eco RI: m, ADNA+
Hind III marker. Arrows indicate the DNA bands of pSVBS (3.5kb and 2.7kb) generated
by co-digestion with Bam HI and Eco RI

6B, lane b). Insert DNA fragment and late promoter sequences of SV40 had the same

transcriptional polarity in this plasmid and named as pSVBS. COS cell producing T

antigen was transfected with pSVBS. Preliminary assay showed that the transformed cell

produced HB,Ag, which will be published elsewhere.
DISCUSSION

The HB,Ag of HBV gene products has been used as a marker for the HBV infection
and demonstrated its structure and function by numerous studies. The HB,Ag contains a
group specific determinant (a) and type specific determinant (d/y and w/r). Thus four
major subtypes of HB,Ag (adw, ayw, adr, and ayr) denote the phenotypes of the virion
(Dreesman et al., 1972). The adr HBV was mainly found in the Southeast Asia and
Korea (Yamashita et al., 1975; J.Y. Kim, Personal Commum.) and the study for this
subtype was limited. Previously, in our laboratory, the adr HBV genome extracted from
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the serum of the infected Korean was cloned in E. coli to construct restriction map and
for the expression of its HB,Ag gene (Choi et al., 1984). Although many laboratories
have also cloned and studied HB,Ag gene in bacteria, they have not answered clearly the
questions related to the HB.Ag synthesis and crystalization. For these reasons, it was
necessary to clone HB,Ag gene in mammalian cells. Recently, several groups have reported
the introduction and expression in mammalian cells of the gene encoding HB,Ag. These
efforts have utilized either dorminant selectable markers (Christman et al., 1982; Dubois
et al., 1980) or lytic vector based on SV40 (Liu et al., 1980; Moriarty et al., 1981).
Advantages of virus-based vectors such as SV40 are that a high vector copy number is
assured and a high level of heterologous gene expression can be observed. However, there
are several drawbacks, strict packaging constraints and lytic infection. In this study, we
constructed the recombinant plasmid pSVBS to express the HB,Ag containing pre-surface
region and poly(A) addition site in mammalian cells. pSVEBS comprise SV40/pBR 322
chimeric vector pSVOB containing the origin of viral replication, both the early and late
promoters, and 72 pb repeats (enhancer). This vector is nonlytic and capable of replicate
to 10° copies per cell (Crowley et al., 1983; Liu et al., 1982). The recombinant plasmid
PSVBS can replicate and express the FIB;Ag in mammalian cells constitutively producing
T antigen to support the replication of SV40. We used COS cell as a host cell of pSVBS
introduction in the preliminary study. COS cell is monkey kidney cell transformed with
defective SV40 and thus synthesize T antigen in sufficient quantities. Preliminary assay
with AUSRIA II showed that the transformed cells with pSVBS produced HB.Ag, which
will be published elsewhere.

We will extensively characterize the HB,Ag produced in this expression system and this
sytem should afford the opportunity to study not only factors controlling the expression
of a foreign gene in mammalian cells, but also provide a convenient experimental system
permitting the study of the process involved in the posttranslational modification, assembly
and secretion of complex macromolecular aggregates in such cells. HBAg produced in COS
cell in the further preliminary study will be subject to characterization about the structure
and function of it by the various assay including radicimmunoassay, immunofluorescence,

sucrose density gradient centrifugation, and electron-microscoge.

SUMMARY

In order to express hepatitis B surface antigen (FB,Ag) containing pre-surface antigen
region in mammalian calls, 2.7 kb DNA {ragment containing pre-surface region-HB,Ag
gene poly(A) addition site of HBV genome was cloned into simian virus 40(SV40) based
chimeric vector pSVOB. 2.7kb DNA fragment was derived from pHBVD 107 containing
tandem copies of the HBV genome in a head-to-tail arrangement by Bgl II digestion.
Construction of the vector pSVOE involved the incorporation of SV40 sequences spanning



176 Korean J. Zool. Vol. 28, No. 3

the viral origin of replication and 72 bp repeats (enhancer) into a pBR 322 derivative
lacking sequences which inhibit replication in mammalian cells. Bam HI linker was inserted
at the Pvu II site in the proximity of SV40 late promoter of pSVOE and named as
pSVOB. To construct the recombinant plasmid pSVBS, pHBVD 107 was digested with Bgl
1I to isolate 2. 7kb DNA fragment and the fragment was ligated into the Bam HI site of
pSVOB by ligation. Preliminary result showed that the recombinant plasmid pSVBS pro-
duced HB,Ag in the monkey cell producing large T antigen (COS cell).
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