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Transgenic Lettuce Seedlings Carrying Hepatitis B Virus Antigen HBsAg
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The obtainment of transgenic edible plants carrying recombinant antigensis a desired issuein search for economic
alternatives viewing vaccine production. Here we report a strategy for genetic transformation of lettuce plants
(Lactuca sativa L.) using the surface antigen HBsAg of hepatitis B virus. Transgenic lettuce seedlings wer e obtained
through the application of a regulated balance of plant growth regulators. Genetic transformation process was
acquired by cocultivation of cotyledonswith Agrobacterium tumefaciens harboring therecombinant plasmid. It isthe
first description of a lettuce Brazilian variety “Vitéria de Ver&do” genetically modified.
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Brazilian National |mmunization Program presentsagood
schedule viewing hepatitis B immunization for infants,
adolescents, and adults. However, in 2006 were confirmed 14,761
casesof hepatitis B in the country. There are about 350 million
hepatitisB virus (HBV) carriersin worldwideand these chronic
carriers are responsible for one to five percent of infection
spreading [1]. These datarelatethe need of amplified programs
of immunization and the devel opment of new vaccines.

Together with medical, epidemiologicd, ethical, and practical
considerations, economic considerations are also taken into
account in the allocation process of health care resources. In
addition, the advent of cheaper HBV vaccineshasfortified the
argument for universal HB vaccination strategies. Vaccines
with higher immunogenicity and that are easier to deliver are
desirable and this issue is leading several interesting
approaches to develop potential vaccines. Since 1987 two
recombinant vaccines produced into Saccharomicescerevisiae
cellsby Sharp & Dhomeand Smith Kline Beechmam havebeen
utilized for HBV immunization. However, one of thefactorsthat
makeit difficult and raisethepriceof productionin every system
consistsin the purification process of the recombinant antigen.

HBsAg was the first viral antigen chosen to be
produced in transgenic plants, firstly in tobacco [3] and
subsequently in lupin callus and lettuce adapted to colder
climates[4]. HBsAgisthe abundantly expressed envelope
protein as adimmer of two identical polypeptides encoded
by the same gene. Usually one of the polypeptides is
glycosylated and the formation of the dimmer is essential
for antigenecity and immunogenecity [5]. Thus, striking
improvements in recombinant antigen were achieved by
alternative polyadenylation signals and fusion proteins
containing targeting signals designed to enhance
integration or retention of HBsAg in the endoplasmic
reticulum (ER) of plant cells[6].
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This led us to construct recombinant DNA plasmids
containing the encoding sequence of HBsAg and the same
construction fused with the SEQDEL sequenceresponsiblefor
ER sorting. After, we attempt to obtain transgenic | ettuce plants
adapted totropical climate using variety “Vitoriade Verdo”.

Obtainment of Transgenic Plants

HBsA(g coding region with an introduced BamHI sitewas
created by Kawashima et a. [7] applying PCR with the “S’
fragment of HBV astemplate. Recombinant HBsAgwascloned
into plasmid pRT<C/Not/Asc and the recombinant gene was
subsequently introduced into the binary vector pGPTV/KAN/
Asc [8] generating the plasmid pG35SHBSsAg (Figure 1). The
same process was performed in order to acquire the plasmid
pG35SHBSAQ[ER], while in this case the antisense primer
account with the SEK DEL extension based on the nucl ectides
<TAGCTCATCTTTCTCAGA> (Figure 1). Recombinant
constructs were analyzed by DNA sequencing and showed
the correspondent identity to the cloned fragment from “S’
DNA sequencefrom HBV genome.

After seven days of germination, roots, hypocotyls, and
cotyledons of lettuce (Lactuca sativa L.) variety “Vitdria de
Verdo” were cut and cocultivated with recombinant
Agrobacterium tumefaciens C58C1RifR containing
pG35SHBSsAQ or pG35SHBSAQ[ER]. The cocultivation was
carried outin 20 mL of liquid M S (M urashige-Skoog medium)
and 400 pL of a 48 hour liquid culture of A. tumefaciens.
Subsequently, the lettuce tissue was transferred to Petri dishes
containing solid M S supplemented by growth regul atorsIndole-
3-aceticAcid IAA—-3mg/L) and Kinetin (0.02 mg/L) for calus
induction, the antibiotic kanamycin (100 mg/L ) for selection of
transformed tissue, and the antibiotic cefotaxin (250 mg/L) to
eliminatethe bacteria. Plantswereregenerated on MSusing 0.2
mg/L of IAA and 0.2 mg/L of kinetin. The plant tissuewaskept
at 22°C-26°C under a 16 hours light/8 hours dark cycle.
Transgenes were analyzed by PCR amplification of the
introduced HBsAQ or nptll coding sequences and agarose gel
electrophoresis.

Discussion
Ora immunization based on transgenic edible plants as
dietary vaccines, i.e. the use of transgenic plants as a new



470 Transgenic Lettuce and Hepatitis B BJID 2008; 12 (December)

Figure 1. Plasmid constructs pG35SHBsAg and pG35SHBSAQ[ER]. HBsAg/HBSAQER: coding sequence of HBsSAg antigen
and fusion with endoplasmati ¢ reticulum sorting sequence <SEQDEL >; R/L: right and left borders of T-DNA necessary for DNA
transference by A. tumefaciens; uidA: bacterial 3-glucuronidase coding sequence; P35S: promoter 35S from cauliflower mosaic
virus; Q: leader sequence from tobacco mosaic virus; Pnos. promoter from A. tumefaci ens nopaline synthase gene; nptl1: coding
sequence of neomycin phosphotransferase that confers resistance to the antibiotic kanamycin; T: transcription termination
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Figure2. Transgenic lettuce callus and regenerated seedlings. A) Callusformation on the edge of cotyledonswith 30 days after
inoculationwith A. tumefaci ens harboring the recombinant plasmid pG35SHBsAg; B) Brown calusinAA (3 mg/L) and Kinetin
(0.02 mg/L) supplemented culture medium with 45 days; C) Green callusand shoot formationin IAA (0.2 mg/L) and kinetin (0.2
mg/L) supplemented culture medium with 45 days, D) SeedlinginIAA (0.2 mg/L) and kinetin (0.2 mg/L) supplemented medium
with 60 days. Bar: 0,5cm (A) and 1,0cm (B, C, and D).
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Figure 3. PCR amplification of the transgenes in transgenic callus and regenerated seedlings tissues. A) HBsAg coding
sequenceresulting in a681 bp fragment; B) nptll coding sequenceresultingin a477 bp fragment. M: Molecular weight marker
250 bp DNA ladder PROMEGA (2 ng); C-: negative control; C+: positive control.
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vaccine source for a new vaccination strategy, will focus on
the unique properties of the mucosal immune systems. It can
successfully induce the antigen-specific slgA-mediated |ocal
immune response as well systemic immunity. Further, oral
routes of vaccination are feasible and acceptable.

Genetic transformation of plantsisthe most recent approach
that has been applied in order to produce biopharmaceuticals
and immunoprophylactis in transgenic plants [9]. Edible plant
vaccines are still more attractive for scientific and commercial
purposes[2]. The costs of production and distribution could be
severely reduced spreading thiskind of vaccineto poor countries.
Antigensstored in plant cellswould be stableagainst temperature
changes, making it possibleto overcomethe need for cold storage.
Further, the administration of the edible plant vaccine could be
more easily acquired once it would not require the use of
disposable needles or other speciaized equipment and staff.

Among three different explants, roots, hypocotyls and
cotyledons, thelater wasthelessrecalcitrant to A. tumefaciens
infection and to genetic plant transformation and regeneration.
IAA is the primary auxin in plants and its exogenous
combination with kinetin isresponsible by induction of other
endogenous growth regulators, as ethylene, and several
synergistic effects, beside their morphological roles. Beyond
thestimulatory effect on cell division, the mixture of auxinand
kinetininducesthe beginning of cell differentiation [10].

When cotyledons cocultivated with A. tumefaciens
harboring recombinant plasmid were placed directly in the
equal combination of growth regulatorsthe regeneration effect
was superior. The combination of 0.2 mg/L of IAA and 0.2 mg/
L of kinetin was much more efficient in the seedlings
regeneration presenting awell developed aerial part (Figure
2). In the first 15 days in culture tissue, a mass of calus
surrounding the growing seedling was observed. The callus
already presented a greenery aspect. This mass excess was
cut away from seedlingsto facilitate the regeneration process
that completed after 21 daysin culturetissue. More than one
regenerated shoot was observed by explants (Figure 2).

500 bp

M C

c+1 2 3 4 5 6 7 8

At the moment, only the construct in recombinant plasmid
pG35SHBsAg was subjected to transformation and
regeneration. Regenerated shoots were analyzed for the
presence of the transgenic neomycin phosphotransferase
(nptll) and HBsAg by PCR amplification. The presence of the
transgenes was confirmed in regenerated shoots (Figure 3).
Validation of transgenic plants in genetic transformation
experiments was effected through the amplification of a681
bp HBsAg and a477 bp nptll fragments.

Our results had shown the success obtaining of
recombinant HBSAg gene in transgenic tissue of lettuce
variety “Vitoria de Verao”, a variety adapted to high
temperaturesin tropical regions. Regeneration of transgenic
fertile plants and expression in leaf tissue may lead to
production of acheaper vaccinelocally whereit is needed.
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