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Abstract The 5'-nontranslated leader(omega sequence) of Tobacco mosaic virus(TMV) was used as a translational
enhancer sequence in the expression of the hepatitis B surface antigen(HBsAg) gene in transgenic ginseng callus cultures.
The adr subtype HBsAg gene was placed under the contro! of the Cauliflower mosaic virus(CaMV) 35S promoter
linking to the TMV leader sequence. The antisense omega sequence was used in a control construct. The resulting
constructs cloned in the binary vector pBI121 were used to transform the ginseng callus tissue via the
Agrobacterium-mediated procedure. The integration and expression of the HBsAg gene were evaluated by PCR and
western blot, respectively. Enzyme-linked immunoassays(ELISA) using a monoclonal antibody directed against human
serum-derived HBsAg revealed a three to four-fold enhanced expression of HBsAg in ginseng cells conferred by the

TMV omega element.
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1 Introduction

Hepatitis B virus infection is one of the most
common viral infections affecting humans, and is par-
ticularly widespread in China''l. The intramuscular
injection of CHO-derived HBsAg or yeast-derived
HBsAg into healthy individuals generates effective
immunization and protection trom viral infection;
however, there is still an urgent need for a more af-
fordable and reliable vaccine!”. Over the past decade,
the expression of subunit vaccine antigens in plants
has emerged as a convenient, safe, and potentially
economical platform technology, with the potential to
provide a novel biotechnological solution to vaccine
production and delivery®?. As an alternative to the ad-
ministration of vaccines by needle and syringe, oral
vaccines offer significant advantages: including sim-
plicity of use, increase in compliance, enhanced im-
mune responses at mucosal sites, and stimulation of
humoral immunity!*.. Hepatitis B surface antigen has
been successfully expressed in plants”™ and delivered
orally in both animal'® and human!”.

However, one of the major limitations of the ex-
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pression of recombinant antigens in transgenic plants
remains the achievement of antigen-yields high
enough to confer total protection in humans. This has
led us to develop a system for the high-level produc-
tion of rHBsAg in ginseng cell cultures, which is vital
for their use as potential vaccines.

Panax ginseng C. A. Meyer, a perennial herb,
commonly known as “ginseng” has been widely used
as a tonic and herbal medicine particularly in Korea
and China since ancient times. It also contains various
saponins and sapogenins'®. 1t is effective against ga-
stroenteric disorders, diabetes, and weak circulation. It
has been used as an adjuvant to prevent various forms
of hepatitis'”. Owing to the relatively long growing
cycle of ginseng, four to seven years in the ficld, we
have produced ginseng cells through plant tissue cell
cultures.

The 5'-nontranslated leader of TMV RNA con-
tains a highly organized 68-base region, which has
been shown to act as an enhancer of both eukaryotic

(10} frn

and prokaryotic translation in vivo' ™ and in vitro

This element, known as the omega leader, is thought
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to influence the effectiveness with which bound 40S
ribosomal subunits migrate and recognize the transla-
tional start site. Moreover, the degree to which the
omega leader enhances translation is highly spe-
cies-dependent. The enhancement is higher in dicoty-
ledonous plant cells than in monotyledonous cells!".

Herein is a transgenic system based on the effi-
cient omega leader element for the high-level produc-
tion of HBsAg in ginseng callus(dicots). This
represents an important technological development for
the subsequent use of ginseng in vaccine delivery.

2 Material and Methods
2.1 Establishment of Ginseng Cell Cultures

Ginseng cell line was obtained from Institute of
Plant Physiology & Ecology, Shanghai, China. The
callus was maintained on 67-V semi-solid medium
composed of MS salt!l, 87.7 mmol/L sucrose, 1.0 g/L
lactalbumin hydrolysate, without plant growth regula-
tor. The pH of the medium was adjusted to 5.8, and the
7—10 days post-subculture cells on semi-solid me-
dium were used for transformation.

2.2 Synthesis of 5'-Nontranslated Leader

The omega(68 bp) leader from the Ul strain of
TMYV was synthesized by Sangon, China. We changed
CAU in nature nucleotides[Fig.1(A)] to CAA[Fig.1(B)]
lest the open reading frame should exist in reverse
nucleotide sequencefFig. 1(C).

(A) 5"-UAUUUUUACA ACAAUUAC CAACAACCAACAACAAA
CAACAAACAA UCAAUUACUAUUUACAAUUACA-3'

(B) 5'-G(BamHI/Bgill fusion)GATCTTATTTTTACA ACAAT
TACCAACAACAACAAACAACAAACAACANTACAATTACTATTTACAAT
TACAGGATCC(BamHI)-3'

(C) 5'-GGATCC(BamH1) TGTAATTGTAAATAGTAATTGTA
TTGTTGTTTGTTGTTTGTTGTTGTTGGTAATTGTTGTAAAAATA
(BamH1/BgllI fusion)GATCC-3’

Fig.1 Nature(A), forward(B) and reverse(C) omega nuc-

leotide sequence of 5'-nontranslated leader
Eight-base direct repeats are underlined, and (CAA), regions are shown in

italics. Changed bases are indicated with a box.

2.3 Construction of Plasmid for Plant Transfor-
mation

The HBsAg fragment from the CHO cell line that
produced rHBsAg(adr subtype) for use in vaccines
was subcloned into pBluescript SK+(Psl/Sacl). Thus,
the HBsAg “s” gene was released by digestion with
EcoRV/Sstl. pBI121(obtained from Clontech) was
digested with Smal/Sst], and then the vector was iso-
lated to yield GUS-less pBI121. The HBsAg gene was
ligated into the vector to form pBI(Fig.2).

The CaMV 35S promoter linked to the forward
and the reverse omega leader, respectively, which
acted as a translation enhancer''”, was constructed as
shown in Fig.2. The plasmids contained the left and
right border regions, which denoted the limits of the
DNA via Agrobacterium tumefaciens-mediated trans-
formant, as well as the neomycin phosphotransferase
gene, which allowed selection with kanamycin.

—[Nosp || NeT U | [~NosT | CaMV 35S Promoter HBsAg NOST |«
RB LB
— | S5l
Hind 111 BamHI (Sma 1/EcoRV fusion) pBI
CaMV 35 S Promoter ‘_ F omega pBlo
Hind 11 (BamH1/Bgl1l fusion) BamHl
CaMV 358 Promoter;): R omega pBlro
BamHI1

Hind 1M1

(BamH1/Bgl11 fusion)

Fig.2 Structure of plasmids pBI, pBlo, and pBlro
Constructs carry the left and right borders(LB, RB) of the transferred DNA, which demarcates the fragments that are incorporated into

the plant genomic DNA via Agrobacterium-mediated transformation. 5'-Nontranslated leaders lic downstream of the CaMV 358 pro-

moter and are followed by the HBsAg coding region. In pBlo, the 35S promoter is linked to the TMV omega 5'-nontranslated leader.

In pBlro, the 35S promoter is linked to the reverse omega. Abbreviations: F: forward; R: reverse. NOS P: nopaline synthase promoter,

NPTII, neomycin phosphotransferase 1I; NOS T: nopaline synthase terminator; LB: left border; RB: right border; HBsAg: hepatitis B

surface antigen.
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