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ABSTRACT : To study the role of mutant precore region in expression and secretion of hapatitis B viral
core antigen, we have cloned core antigen gene(HBc) with or without precore region in heterologous
expression vectors containing SV40 promoter, yeast promoter, and lambda P, promoter. In COS cells
transfected with plasmid containing C-—gene with precore region, antigens were detected in both cell
extract and cultured medium. However, in the cells transfected with plasmids containing C —gene without
precore or with mutated precore region by one nucleotide (T) addition at the nucleotide 1,821, HBcAg
was detected only in cell extracts. These results support that the mutation by one nucleotide addition
shifted the initiation codon of precore region to 53 nucleotides upward and the elongated precore region
also played a major role in the secretion of HBcAg in mammalian cells. In the case of yeast and E. coli,
HBcAg was detected only in cell extracts in spite of the presence of precore region, which suggest that
precore region could not affect HBcAg secretion in these system.
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Hepatitis B virus is a small human DNA virus
which causes polymorphic liver diseases in human
beings(Ganem and Varmus, 1987). Because hepatitis
B virus was a major public health problem, many
studies of HBV were concentrated on the produc-
tion of hepatitis B vaccine using genetic engineering
technique(Burrel er al., 1981 ; Valenzuela et al., 1
982 ; McAleer et al., 1984). But the biological studies
of HBV life cycle and regulation of gene expression
were hampered by the inability of virus propagation
in virto. Nevertheless, cloning of HBV genome on
E. coli has allowed the purification of genetically
homogeneous HBV DNA and thus could make
nucleotide sequence to be determined(Galibert er
al., 1979 ; Pasek er al. 1979 ; Valenzuela et al., 19
80 ; Fujiyama et al., 1983 ; Ono ez al., 1983). Among
the four open reading frames of the HBV(—) tran-
script, the C—gene encodes the core protein in E.
coli(Pasek et al., 1979 ; Edman er al., 1981), in yeast
(Kniskern er al., 1986 ; Miyanohara et al., 1986).
Several studies in rodent cells transformed with
HBV DNA(Gough and Murray, 1982 ; Gough, 1
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983 ; Manuel and Hirschman, 1984)and cloned core
antigen gene(Ou et al., 1986 ; McLachlan et al., 19
87 ; Roossinck and Siddiqui, 1987) were presented,
but the mechanisms of core antigen gene expression
and regulation were not clearly understood(Ganem
and Varmus, 1987).

We have cloned HBV genome from a Korean
patient previously(Choi et al., 1984)and have det-
ermined the whole nucleotide suquence(Kim ef al.,
1985 ; Rho er «l., 1989). The nucleotide suquence
data revealed two in—phase initiation codon, but
the initiation codon of precore region was found
at upstream region of original initiation codon(l,
758 position). Therefore, it was necessary to eluc-
idate the effect of this elongated precore region on
the expresion of core antigen by dissecting these
three initiation codon respectively. For this purpose,
we constructed several deletion mutants of core
antigen gene with or without precore region by
using Bal31 nuclease. We also studied the expression
and secretion of core antigen in heterologous host
systems.
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MATERIALS AND METHODS

Chemicals

(@—32p)dATP(3.000 Ci/mmol) and(y —32p) ATP
(2,900 Ci/mmol) were purchased from New England
Nuclear(NEN). Sequencing reagents including
dideoxynucleotide were obtained from New England
Biolabs(NEB). Nitrocellulose filter(BA —85) was
purchased from Schleicher and Schull(S & S). All
other chmicals used were reagent grade.
Bacterial Strains

E. coli HBI01 (F~, r~, m . recAB) was used
for the isolation of plasmid and used as recipient
of transformation. The host for transfection with
MI3 phage and isolation of phage DNA was E.
coli IMI07(A Lacpro, F'traD36, lacl® Z AMI1S,
endA, hsdR4). Cells were grown at 37°C in LB or
YT medium(Sg of yeast extract, 8¢ of bactotryptone
and 5g of NaCl per liter).
DNAs and Enzymes

All plasmid DNAs were isolated by the proced-
ures of Birnboim and Doly(1979) and further
purified by EtBr—CsCl density gradient ultracen-
trifugation for the transfection experiment(Maniatis
et al., 1982). BamHI linker(NEB 1017) was purc-
hased from NEB. Restriction endonucleases were
purchased from NEB or KOSCO. Other enzymes
including T4 polynucleotidyl kinase, T4 DNA ligase
Klenow fragment of E. coli DNA polymerase |
and Bal31 nuclease were obtained from NEB. AMV
reverse transcriptase was purchased from Life
Science.
Enzyme reactions and DNA manipulation Techniques

Ligations were carred out according to published
methods(Maniatis es af., 1982 ; Song et al., 1985).
And for the end ~labelling of oligonucleotide using
(¥ —=32p)ATP, the reactions were heated at 90°C
for 2 min and unreacted ATP and inorganic pho-
sphate were seperated from the labelled primer by
Sephadex G — 50(superfine) column(glass — bored
10ml pyrex pipette) pre-equiliberated with the buffer
containing 50 mM triethyl ammonium bicarbonate
(pH 7.8). All other reactions and transformation
procedures were performed according to Maniatis
et al., (1982)
Determination of nucleotide sequence

The dideoxy sequencing reactions(Sanger ef al.,
1977) using M13 phage template were carried out
as described previosly(Kim er al., 1985)
Expression of core antigen in mammalian cells

Transient expression of exogencous DNA in
mammalian cells was performed using calcium
phosphate techinnques (Spandidos and Wilkie, 19
84 : Wigler es al., 1979). Cells were grown in
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DMEM containing 10% fetal calf serum. In general,
adherent cells were seeded into 25 em? culture
vessels 24 h prior to transfection at a density of
5X10° cells per plate. Ten microgram of plasmid
DNA was mixed with sonicated calf thymus DNA
to 20xg for each transfection. After 72 h. cells and
cultured media were collected seperately.
Expression of core antigen in yeast and E. coli

Yeast strain SHY4(a, ura3 —52, trpl —289, leu?
—3, leu2—112, his3—1) was used as host for yeast
transformation and the expression of core antigen.
Yeast transformation was performed as described
previously(Ito e/ al., 1983). For the expression of
core antigen in SHY4 strain harboring plasmid,
the cells were cultured at 30°C, and harvested when
the cell density reached to 1.1 at A™. In the case
of E. coli, temperature induction of core antigen
was carried out by the procedures of Mott ef al.
(1985)
Radioimunoassay

The Abbott—HBe kit(Abbott Laboratories) was
used for measuring HBcAg and HBeAg. And assays
were carride out by manufacturer’s guideline.
Detection of antigens by slot —blot immunobinding
assay with S & S minifold [[ (Schleicher and Schull)
was performed by standard procedures as described
previously(Jahn et al., 1984).
Mapping of DNA end deleted with Bal31 nuclease

Plasmids were codigested with BamH | and Bgl
II, phenol/chloroform treated. precipitated with
ethanol and resuspended in gap filling buffer.
Polymerization reactions were performed using(a —
32p) dATP (52Ci) and Klenow fragment of E. coli
DNA polymerase | at 30°C for 15 min, chased with
ImM(final) of ANTP for another 15 min reaction,
stopped with sample buffer and analysed with
denaturing sequencing gel. Sizes were determined
after autoradiography comparing with size marker
(M13mp9 sequencing ladder).

RESULTS

Constrution of recombinant plasmids

For the expression of core antigen containing
precore region, pSVHBcP plasmid was constructed
(Fig. 1). The core antigen gene was obtained from
the Hinc]l digestion of pHBVDI107(Kim er al., 1
985), which contained head to tail dimer form of
HBV DNA. After cloning of Hinc]| fragment(0.
9kb) into the multiple cloning site of pBLU vector
(Bluescribe vector of Vector Cloning Systems), the
recombinant plasmid pHBcR was selected by the
restriction endonuclease digstion. For the expression
of core antigen gene in mammalian cells, eukaryotic
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Fig. 1. Construction Strategy of Recombinant Plasmids.
Abbreviations : HBc and C, core antigen gene;Ap”,
ampicillin resistence ; s, surface antigen gene ; TK,
thymidine kinase gene of HSV ;ori, origin of
replication ; SV40, SV40 replicon and promoter
region ; M 13, M13 phage replicon ; MCS, multiple
cloning sites ; poly A, poly(A) addition signal
sequence ; Hc or Hcll, Hincll ;b or Bm, BamH]I
:Sp, Sphl: Bg, Bglll ; RI, EcoRl; Sm, Smal ; kb,
kilo base ; pBLU, Bluescribe vector (obtained from
Vector Cloning Systems).

expression vector pSVTK3R was constructed. This
vector contained the SV40 promoter, replicon, and
the structural gene of herpes virus thymidine kinase
containing poly(A) addition signal. Therefore such
vector is able to replicate multiple rounds in COS
cells which produce SV40 large T antigen(Gluzman,
1981). By the insertion of BamH I —Sph I DNA
fragment(0.9 kb DNA fragment generated by the
digestion of pHBcR) into the pSVTK3R vector,
the pSVHBCP recombinant plasmid was constructed.

For the expression of core antigen in yeast, the
vector pBY7 was used which contained the prom-
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oter region and poly(A) addition signal of phosp-
hoglycerate kinase gene. pGKHBcP was constructed
by the insertion of EcoR T fragment(0.9 kb) of
pHBcR2, which was derived from pHBcR by
EcoR | linker insertion in the HindIl site of
pHBcR, into the corresponding site of pBY7. E.
coli vector pPLHBcP was constructed by the ins-
ertion of EcoR | fragment of pHBcR2 into the
EcoR T site of pPL13 which contained P, promoter
of lambda phage and ribosome binding site.
pGKHBc and pPLHBc which contained core
antigen gene without precore region was constructed
by the insertion of EcoR T fragment of pSVHBcR,
a derivative of pSVHBc, made by EcoR ] linker
insertion in the BamH 1 site of pSVHBc.

50 100 200

Fig. 2. Identification of HBcAg and HBeAg by Immuno-
binding assay.
Samples from the cells transfected with pSVHBcP
(as indicated in the top of Figure) were slot blotted
onto the nitrocellulose filter, and incubated with
blocking solution containing 50 mM Tri-HCI, pH
7.4, 0.2 M NaCl(TN buffer and 5% (w/v) bovine
serum albumin at 25¢C for 1 h. The paper was
then incubated with ®[-labelled antibody 2x1
0° cpm/ml) in TN buffer containing 0.1%(v/v}
Triton X-100 at 25°C for Sh, followed by washing
and autoradiography. Lane a, mock infected COS
cell extrac: : Lane b and c represent COS cell
extracts after 48h and 72h transfection, respectively
- Lane d and e represent culture medium after 4
8h and 72h transfection. respectively ; Lane f and
g show the culture medium from HEPA-1 cells
after 48h and 72h transfection, respectively.
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Transient expression of core antigens in COS cells

In order to investigate the expression of core
antigen, samples were assayed with Abbott ~ HBe
kit which could detect both HBeAg and HBcAg
(Petit and Pillot, 1985). Fig. 2 shows the identific-
ation of expressed antigens by direct immunobin-
ding assay. COS cells transfected with pSVHBcP
plasmid containing core antigen gene with elongated
precore region expressed HBcAg and HBeAg(Fig.
2 lane b— e). Antigens were detected in both cell
extracts and cultured medium(Fig. 2 lane d and
e). These data demonstrated that the expressed
antigens were secreted into the culture medium.
The COS cells transfected with pSVHBCP plasmid
expressed antigens continuously through 10 days,
showed a maximum secretion ratio between second
and third day(data not shown). In Hepa—1 cells
(mouse hepatoma cell line), antigens were not
detected by direct immunobinding assay(Fig. 2 lane
f and g)

Influence of elongated precore region on the secretion
of core antigen

To elucidate the role of elongated precore region
in secretion of HBeAg in COS cells, we constructed
various mutant plasmids including pSVHBcP4 and
pSVHBc plasmid which contained core gene with
frameshifted precore and without precore, respec-
tively. For the construction of deleted recombinant
plasmid, pSVHBcP was digested with BamH T
followed by serial deletion with Bal31 nuclease.
After gap—filling with Klenow fragmet, BamH [
linker was added to determine the location of
deleted 5 DNA end later. To recover the promoter
region of SV40 which was deleted by the Bal3l
digestion, SV40 promoter region of pSVTK3R(0.
4 kb Hindll —-BamH I DNA fragment) was ins-
erted in the corresponding sites of selected plasmids.
The 5" ends of deletion mutants were determined
as described in Materials and Methods(Fig. 3 and
Fig. 4). Mutant plasmids were transfected into COS
cells and expressed antigens were measured 3 days
posttransfection. As shown in Fig. 4, the highest
amount was detected in COS cells transfeted with
pPSVHBCcP1 plasmid, whose 5° end was 180 bp apart
from the initiation site of core antigen.

To study the role of precore region in the secr-
etion of HBeAg, recombinant plasmid pSVHBc
containing only core antigen was selected. In the
case of pSVHBCcP, antigens were deteced both cell
extracts and cultured medium(Fig. 2 and Fig. 4).
In the samples of COS cell transfected with pSV-
HBc, however, antigens were detected in cell extracts
but not in the medium(Fig. 4). These results sug-
gested that the precore region might play a critical
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Fig. 3. Mapping of the DNA End Deleted with Bal 31
Nuclease.
Mapping of the DNA end deleted with Bal3l
nuclease. End-labelling and sequencing reactions
were carried out as described in Materials and
Methods. Arrows (s1-s5) are end-labelled DNA
bands originated from digestion with BamHI and
Bglll. Sequencing ladder were made by sequencing
of M13mp9. Numbers are size of DNA marker
generated by end-labelled pBR322 digested with
Sau3A.

role in the secretion of HBeAg. This result was also
confirmed by the facts that in COS cells transfected
with pSVHBcP4, which contained core antigen gene
with frameshifted precore by one nucleotide(T)
addition, antigens also expressed, but the antigens
were detected only in cell extracts(Fig. ).
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Table 1. Expression of HBcAg and HBeAg in Yeast and E. coli

cpm*
fraction Yeast(SHY4) E. coliiM5248)
mock pGKHBcP pGKHBc mock pPLHBcP pPLHBc
Cell extract 252 1,225 21.945 463 129,300 178,9935
Cultured medium 292 SIS 468 420 421 405

* ¢cpm of HBcAg and HBeAg 1 X 10° cells

e taas fare at
Site  (~140) (=881 (e1) Citn
[ v -
Bararr T} T Cell . Cu)}(ured
:T—addlllul\ extract medium
.
e [ — e PIECUTE oy COLE - )
T ter ' . : ConTHot L2 s4z
. '
. L : puvHBCP 11,809 239,312
-1 :
- " pSYHBCPL 223,021 159,210
“180! . ¢
. .
- — s U pSVUBCPI 95,710 140,229
165 '
N
--- - - pSVHBCI3 34,042 123,509
-144 ! ‘
) '
------ PSVHBCP4 114,94 912
-102 ?
----------- U puVIHEC 13,612 820

Fig. 4. Schematic Diagram of 5'Deletion Mutants and
Relative Value Represented as cpm of Core
Antigen Expressed in COS cells.

Three ATG codons are designated as number:
1. ATG codon for elongated precore:2, ATG
codon for mutated precore by one nucleotide(T)
addition : 3, ATG codon for core antigen. Every
end points of 5°deletion mutants and names of
recombinant plasmids are shown in the middle
region. Dotted lines indicated the region deleted
with Bal3l nuclease. COS cells were transfected
with each plasmid and produced antigens were
assayed as described in Materials and Methods.

* cpm of HBcAg per 5X10° cells.

Expression of core antigen in heterologous host
system To investigate the expression of core
antigen and the role of elongatcd precore region
in secretion of HBeAg other than mammalian
system, we cloned the core antigen gene in yeast
and E. coli expression vector(data not shown) and
measured the production of antigens. In the case
of yeast and E. cofi(Table 1) antigens were not
detected in culture medium in spite of the presence
of precore region.

DISCUSSION

To study the expression of core antigen in COS
cells and the role of precore region in the secretion
of HBeAg, we subcloned core antigen gene with
or without precore region into the mammalian
expression vector pSVTK3R. COS cells transfected
with one of the resultant recombinant plasmid

pSVHBCcP, which contained core antigen gene with
elongated precore region expressed HBcAg and
HBeAg efficiently. The antigen was also detected
in the medium(Fig. 3). These secreted antigens
seemed to be HBeAg alone(Ou et al., 1986 ; McL-
achlan er al, 1987). Because antigens secreted in
the medium were detected continually during 10
days posttransfection(data not shown), it seemed
that HBeAg might be a stable protein. The highest
amounts of antigens were detected in the case of
a deletion mutant that the 5" end was 180 bp apart
from the intiation site of core antigen(pSVHBcP
1).

In the case of elongated precore region, the
problem of ribosome binding site was emerged. Ko-
zak(1986) proposed that the optimal context for
initiation 18 CCPuCCAUGG(Pu ; purine). But if
the sequence around the first AUG triplet is sub-
optimal, some 40S subunits bypass that site and
intiate translation in farther downstream. In con-
sideration of that theory the optimal context could
be occurred in the ATG codon of number 2(Fig.
4). The ATG codon of number 1 and number 3,
however, could be also served as optimal context
of initiation for the expression of core antigen since
COS cells transfected with plasmids constructed
in this study expressed antigen efficiently (Fig. 4).
And it suggested that antigens detected from cyt-
oplasm of COS cells transfected with pSVHBc and
pSVHBcP4 plasmids should be originated from
ATG number 3 in Fig. 4. Therefore, antigens could
not be secreted into the medium in the absence of
precore region (Fig. 4).

Because our nucleotide sequence data of core
antigen coding region (Kim er al., 1985 ; Rho et
al., 1989) showed one nucleotide(T) addition at
nucleotide 1,821. the elongated precore region raised
the problem whether precore region could have any
role in HBV life cycle. We have compared the mode
of expression in COS cells transfected with plasmids
containing core antigen gene with or without elo-
ngated precore region. These results showed that
the elongated precore region could facilitate the
secretion of HBeAg into the medium in COS cells
(Fig. 2 and Fig. 4), which coincided with the reports
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of previous studies (Qu et a/., 1986 : Roossinck et
al., 1986). This result was also confirmed from the
COS cells transfected with pSYHBcP4 plasmid
containing core gene with mutated precore region
(Fig. 4). These results support that the mutation
by one nucleotide (T) addition shifted the initiation
codon of precore region to 53 nucleotides upward
and the elongated precore region also played a
critical role in the secretion of HBcAg in mamm-
alian cells. Our results would be the first case using
the mutated precore for elucidating the role of
precore region.

It was suggested that the biogenesis of HBeAg
could be resulted from proteolytic cleavage of core
antigen (Takahashi er al., 1983), and only HBeAg
could be secreted in mammalian cells (Ou et al,
1986 ; McLachlan er al., 1987). Thus the cleavage
of core antigen in carboxy terminus for HBeAg

51
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synthesis might also play a role in the secretion
besides the cleavage in precore region by assumptive
signal peptidase. Miller (1987) proposed that the
proteolytic self-cleavage of HBV core antigen may
generate serum HBeAg by showing the homology
between the protease like sequence of hepadnavi-
ruses and the protease sequence of retroviruses.
The role of HBeAg in HBV life cycle was not
concluded yet (Tiollais es «/.. 1985 ; Ganem and
Varmus, 1987). Whatever the role of HBeAg in
HBV life cycle may be, it will be worth trying to
elucidate the mechanism of cleavage reaction of
core antigen.

In the case of yeast and E. coli, antigens were
not detected in culture medium in spite of precore
region (Table 1). These results indicated that elo-
ngated precore region could not affect the secreti-
on of core antigen in these systems.

2

5E A ERel A 2h upola) Ae) W she) o) W} A < (precore) ¥92) dg e T8zl 91s}e
ALEEEAL UE L Aelo] Wy Hos HAG i 2ha) s g faas =24 3ted COS 4=
tHoll Aol S 2ataledo)l Ao ve YA g FHAE e Zepoav)e g A A7l COoS 4| =

©

1 x

gzl ALFSES Wl d Au ek Pl G 2hGe BT 2905t 39 Aolot by F9taL,
PEANN ARG e nnle g Y G RS) ATG codonsl 4 180 bp Wi o) 44 wae] b oot 91
2 2 @AY S 9o Bobee) Wy Ashimae e s
==
EN

Fehinlee) 39 aeFo] 4%

Taweln AE Addeh ol @ AL WoIAURY Foloh HBe 419 Lrlo] o] et Al oulgiy.
ael HRdeld BB Ao ASn ARG TA9 yR] D A EAEE el EAgEe oz
#OhelE AXe A felal AN 97} HBe G212) o] G858 2 > 560 oju]ghc},

REFERENCES

- Birnboim, H. C., and J. Doly, 1979. A Rapid alkaline
extraction procedure for screening recombinant pla-
smid DNA. Nucleic Acids Res. 7, 1513-1523.

2. Burrel, C. J., P. Mackay, P. J. Greenway, P. H.
Hofschneider, and K. Murray, 1979, Expression in
Escherichiu coli of hepatitis B virus DNA sequences
cloned in plasmid pBR 322, Nature 279, 43-47.

. Choi, M. Y., Y. S. Kim, and H. M. Rho, 1984, Cloning
and Genetic Mapping of the Hepatitis B Viral Gen-
ome. J. Kor. Sci. Virol. 14, 49-55.

4. Edman, J. C., R. A. Hallewell, P. Valenzuela, H. M.

Coodman, and W. J. Rutter, 1981 Synthesis of hepatitis
B surface and core antigen in £. coli. Nature 291, 5
03-506.

5. Enders, G. H., D. Ganem, and H. Varmus, 1985,
Mapping the major transcripts of ground squirrel
hepatitis virus : the presumptive template for reverse
transcriptase in terminally redundant. Cell 42, 297-
308.

6. Fujiyama A., A. Miyanohara, C. Nozaki, T. Yoneyama,

8}

N. Ohtomo, and K. Matsubara, 1983. Cloning and
structural analysis of hepatitis B virus DNAs, subtype
adr. Nucleic Acids Res. 11, 4601-4619.

7. Galibert, F., E. Mandart, F. Fitoussi, P. Tiollais, and
P. Charney, 1979. Nucleotide sequence of the hepatitis
B virus genome (subtype aiw) cloned in E. coli. Nature
281, 644-650.

8. Ganem, D., and H. E. Varmus, 1987. The molecular
biology of the hepatitis B virus. Ann. Rev. Biochem.
56, 651-693.

9. Gluzman, Y., 1981. Cell 23, 175.

10.Gough, N. M. 1983. Core and e antigen synthesis in
rodent cells transformed with hepatitis B virus DNA
is associated with greater than genome length viral
mRNAs. J. Mol. Biol. 165, 683-699.

IT. Gough, N. M., and K. Murray, 1982. Expression of
the hepatitis B virus surface, core and e antigen by
stable rat and mouse cell lines. J. Mol. Biol. 162, 43
-67.

12. Ito, H., Y. Fukuda, K. Murata, and A. Kimura, 1978
. Transformation of intact yeast cells treated with
alkali cations. J. Bacteriol. 53, 163-168.



Vol. 27. 1989

13.

24.

Jahn, R., W. Schicbler, and P. Greengard, 1984, A
guantification dot-immunobinding assay for protein
using nitroceliulose membrane filters. Proc. Narl. Acad.
Sci. US4 81, 1684-1687.

. Kim. S. H., Y. S. Kim, M. Y. Choi, and H. M. Rho,

1985. Cloning of the hepatitis B antigen containing
pre-s region and poly(A) addition signal. Kor. J. Zool.
28, 166-178.

_ Kim, Y. S.. S. W. Hyun, and H. M. Rho, 1985,

Nucleotide sequence of the core antigen-coding region
hepatitis B virus (subtype adr-k). Kor. Biochent. J.
18, 304-312.

. Knistern, P. J.. A. Hagopian, D. L. Montgomery, P.

Burke N. R. Dum, K. J. Hofman, W. J. Miller, and
R. W. Ellis, 1986. Unusually high level expression of
a loreign gene (hepatitis B virus core antigen) in
Saccharomyces cerevisiae. Gene 46, 135-141.

. Kozak, M., 1986. Point mutations definc a scquence

flanking the AUG initiator codon that modulates
translation by eukaryotic ribosomes. Cell 44, 283-29
7

. Landick, R., 1982, Strategy for cloning using Bal-31

nuclease. Focus 4, 1-5.

. Mackay, P. M. Pasck, M. Magazin, R. T. Kovacic,

B. Allet, S. Stahl, W. Gilbert, H. Schaller, S. A. Bruce,
and K. Murray, 1981. Production of immunologically
active surface antigens of hepatitis Bvirus by E. coli.
Proc. Nail. Acad. Sci. USA 78, 4510-4514.

. Maniatis, T., E. F. Fritsch, and J. Sambrook, 1982,

Molecular Cloning : a laboratory manual. Cold Spring
Harbor. Laboratory. New York.

_Manual, A. S., and S. Z. Hirschman, 1984. Propertics

of Hepatitis B ¢ antigen synthesized by rat cells tra-
nsfected with circular viral DNA. J. Gen. Virol. 65,
1373-1383.

. McAleer, W. J., E. B. Buynak., R. Z. Maigetter, D.

E. Wampler, W. J. Miller, M. R. Hilleman, 1984.
Human hepatitis B vaccine from recombinant yeast.
Nature 307, 178-180.

. McLachlan, A., D. R. Milich, A. K. Raney, M. G.

Riggo. J. L. Hughes, Q. Sorgen, and F. V. Chisari,
1987. The concensus sequence YGTGTTYY located
downstream from the AATAAA signal is required
for efficient formation of mRNA 3’ fermini. J. Virol.
61, 683-692.

Miyanohara, A., T. Imamura, M. Araki, K. Sugawara,
N. Ohtomo, and K. Matsubara, 1987. Expression of
Repatitis B virus core antigen gene in saccharomyces
cerevisiae : synthesis of two polypeptides translated
from different initiation codons. J. Virel. 59, 176-18
0.

. Miller, R. H., 1987, Proteolytic self-cleavage ol hep-

atitis virus core protcin may generate serum e antigen.
Science 236, 722-725.

26. Mott, J. E., R. A. Grant, Y. H. Ho, and T. Platt, |

985. Maximizing ol genc expression from plasmid
vectors containing the lambda Py Promoter : strategy

28

29.

30.

3

33

34.

36.

37.

38.

40.

Mutant HBc Ag expression and secretion 175

for overproducing transcription termination factor
tho. Proc. Nati. Acud. Sci. USA 82, 88-92.

7 Ono, Y., H. Orida, R. Sasada, K. Igarashi, Y. Sugino,

and K. Nishioka, 1983, The complete nucleotide seq-
uences of the cloned hepatitis B virus DNA : subtype
adr and achv. Nucteic Acids Rex. 11, 1747-1757.

8. Ou, J. H.. O. Laub, and W. J. Rytter, 1986. Hepatitis

B virus gene function : the precore region targets the
core antigen to cellular membranes and causes the
secretion of the e antigen. Proc. Nail. Acad. Sci. USA
83, 1578-1582.

Pasek. M., T. Goto, W. Gilbert. B. Zink, H. Schaller,
P. Mackay, G. Leadbetter, and K. Murray, 1979.

Hepatitis B virus genes and their expression in E. coli.
Nature 282, 575-579.

Petit, M. A. and J. Pillot, 1985. HB¢ and HBe ant-
geneneeity and DNA binding activity of major core
protein P22 in HBV core particles isolated from the
cytoplasm of human liver cells. J. Virol. 53, 543-55
1

. Rho, H. M. K. T. Kim, S. W. Hyun, and Y. S. Kim,

1989. The Nucleotide Sequence and Reading Frames
of a Mutant Hepatitis B Virus Subtype adr. Nucleic
Acids Res. 17, 2124,

. Roossinck, M. J., and A. Siddiqui, 1987. Expression

of hepatitis B core region in mammalian cells. J. Virol.
61, 955-961.

Sanger, K., S. Nicklen, and A. R. Coulson, 1977. DNA
sequencing with chain-terminating inhibitors. Proc.
Natl. Acad. Sci. USA 74, 5463-5467.

Song, O. K., Y. S. Kim, and H. M. Rhe, 1985. Studies
on the optimal condition for ligation of blunt ended
DNA fragments. Kor. Biochem. J. 18, 297-303.

. Spandidos, D. A., and N. M. Wilkie, 1984. Expression

of exogenous DNA in mammalian cells. In transcri-
ption and translation : a practical approach (Hames,
B. D.. and S. J. Higgins eds) IRL press. Washington
D. C. pp. 1-4&.

Takahashi, K., A, Machida, J. Funatsu, M. Nomura,
S. Usuda, S. Aogami, K. Tachibana, H. Miyamoto,
M. Imai, T. Nakamura, Y. Miyakawa, and M. May-
umi, 1983. Immuno chemical structure of hepatitis
¢ antigen in the serum. J. fmmunol. 130, 2903-2907.
Tiollais, P., C. Pourcell, and A. Dejean, 1985. The
Hepatitis B Virus. Narure 317, 489-495.

Valenzuela, P., A. Medina, and W. S. Rutter, 1982.
Synthesis and assembly of hepatitis B virus surface
antigen particles in veast. Nature 298, 347-350.

39. Valenzuela, P.. M. Quiroga, J. Zaldivar, P. Gray, and

W. J. Putter, 1980. in Aniumal virus genetics (Fields.
B. N.. R. Jaenisch, and L. Fox eds). Academic Press,
New York, pp. 57-70.

Wigler, H., R. Sweet, G. K. Sim, B. Wold, A. Pellicer,
and R. Axel, 1979. Transformation of mammalian
cells with genes from procaryotes and eukaryotes. Cell
16, 777-785.

(Received Aug. 21, 1989)



