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Abstract : Transgenic plants have been tested as an alternative host for the production and delivery of experimental
oral vaccines. Here, we developed transgenic potatoes that express the major antigenic sites A and D of the glycoprotein
S from transmissible gastroenteritis coronavirus (TGEV-S0.7) under three expression vector systems. The DNA
integration and mRNA expression level of the TGEV-S0.7 gene were confirmed in transgenic plants by PCR and northern
blot analysis. Antigen protein expression in transgenic potato was determined by western blot analysis. Enzyme-linked
immunosorbent assay results revealed that based on a dilution series of Escherichia coli-derived antigen, the transgenic
line P-2 had TGEV-S0.7 protein at levels that were 0.015% of total soluble proteins. We then examined the
immunogenicity of potato-derived TGEV-S0.7 antigen in mice. Compared with the wild-type potato treated group and
synthetic antigen treated group, mice treated with the potato-derived antigen showed significantly higher levels of
immunoglobulin (Ig) G and IgA responses.
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Introduction

Transmissible gastroenteritis (TGE) is a highly contagious

disease in pigs that is caused by the TGE virus (TEGV). This

coronavirus infection is characterized by an acute watery

diarrhea, dehydration, vomiting, and high mortality in seronega-

tive suckling piglets [1, 10, 11]. TGEV contains three struc-

tural proteins designated as integral membrane protein (M),

nucleocapsid (N), and spike (S) [17]. Among the proteins,

neutralizing antibodies against the virus are induced mainly

to glycoprotein S, which plays an important role in viral

attachment with specific host cell receptors with subsequent

penetration into the cells by membrane fusion [9, 25]. Four

major antigenic sites (A, B, C, and D) are known on the

amino-terminal domain of the S protein [3]. Of these well-

characterized epitopes, A and to a lesser extent D are essen-

tial factors for inducing neutralization. 

With the development of molecular biology tools, genetic

engineering of vaccines has shown advantages. Available

systems for traditional and commercial vaccines include bac-

terial, yeast, insect, and mammalian cell cultures. Although

these systems are highly efficient and have specific benefits,

new alternative systems that take into account cost-effective-

ness and greater safety are required for the next generation of

vaccines. Recently, plants have been viewed as an attractive

production host for heterologous protein production, as for

vaccines. The advantages of plant-based vaccines include

high scalability, a low cost that allows for local production

and minimal plant material processing, lack of human or ani-

mal pathogens, and ability to produce target proteins with

desired biological functions [27]. Also, transgenic plants offer

a suitable protein production option for oral subunit vaccines

because the rigid wall of the plant cells delays digestion of

antigenic proteins and enables the intact antigens to reach the

gut-associated lymphoid tissue [2, 15]. Many research groups

have demonstrated the production of functional antigens in

plants that are then capable of eliciting specific immune

responses in the gastrointestinal tract [18], and a number of

formulations are being assessed in clinical trials, as recently

reviewed by Yusibov et al. [28]. 

The glycoprotein S of TGEV (TGEV-S) is a valid target

for developing oral plant-derived vaccines against TGE because
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of its immunogenicity and resistance to degradation in the

gut [7]. In the present article, we used the potato plant as a

host to express the glycoprotein S containing only antigenic

sites A and D and to act as an antigenic carrier in oral vacci-

nation of mice.

Materials and Methods

Vector construction

A 702 bp DNA fragment containing the A and D anti-

genic sites of the TGEV-S protein (TGEV-S0.7) was ampli-

fied with KpnI/NcoI-linked sense primer (ggtacc ccatgg atg

aaa aaa cta ttt gtg gtt ttg) and SacI-linked antisense primer

(gagctc tta tat aac agc tgt ggc atc taa) pairs using cDNA of

TGEV-S (kindly provided by Professor Chul-Joong Kim at

Chungnam National University) as the template. The PCR

product was cloned into the TOPO TA cloning vector (Invit-

rogen, USA), yielding TA-TGEV-S0.7 and verified by DNA

sequencing (Genotech, Korea). The KpnI-SacI fragment from

TA-TGEV-S0.7 was ligated into a pMBP1 [20] or pPAT [26]

expression vector to make pM-TGEV-S0.7 or pP-TGEV-S0.7

(Fig. 1A). The NcoI-SacI fragment was ligated into the

pD35S [8] expression vector to make pD-TGEV-S0.7 (Fig.

1A). These transformation vectors were introduced into A.

tumefaciens strain LBA4404. 

Potato transformation

Agrobacterium was cultured in YEP (10 g/L Bacto pep-

tone, 10 g/L yeast extract, 5 g/L NaCl) medium supple-

mented with antibiotics. In vitro-grown leaves were immersed in

the suspension of Agrobacterium for 15 min, blotted on filter

paper, and cultured on co-cultivation medium (MS salts with

vitamins, 2 mg/L 2, 4-dichlorophenoxyacetic acid, pH 5.8)

for 2 days at 22~25oC in the dark. The leaves were then

transferred onto regeneration medium (MS salts with vita-

mins, 2 mg/L zeatin, 0.01 mg/L a-naphthaleneacetic acid, 0.1

mg/L gibberellic acid, 100 mg/L kanamycin, 500 mg/L car-

benicillin). All plant hormones and antibiotics were filter-

sterilized and added to the autoclaved medium. Leaves were

transferred to fresh medium every 2 weeks and incubated at

22~5oC under a 16/8-h (light/dark) photoperiod. Regener-

ated shoots were transferred onto MS medium supplemented

with 100 mg/L kanamycin and 500 mg/L carbenicillin. The

transformants were transferred to a greenhouse, in which

they were allowed to grow naturally, and were used in fur-

ther analyses (Fig. 1B).

Molecular characterization of transgenic plants

DNA analysis: Genomic DNA was isolated from potato

leaves using a cetyltrimethylammonium bromide-based method

[4]. PCR was performed using genomic DNA (100 ng) of

each plant as a template for NPTII and TGEV-S0.7 genes. The

Fig. 1. (A) Structure of vector constructs pM-TGEV-S0.7, pD-TGEV- S0.7, and pP-TGEV- S0.7. NPTII, neomycin phosphotransferase

II; Nos-T, nopaline synthase terminator. (B) Transformation and production of transgenic plants using leaf segments as starting mate-

rials. (a) Regeneration of shoots from callus cultured on the selection medium containing 50 mg/L kanamycin. (b) Well-rooted trans-

genic plantlets on the MS basal medium. Plantlets in the plastic pots (c) for acclimation or in the soil pot (d). (C) PCR detection of

TGEV- S0.7 gene in transgenic potato lines. The fragment (700 bp) of the TGEV-S0.7 gene was amplified as shown by an arrow. Lane

M is a 1-kb ladder. WT; genomic DNA of non-transgenic potato as a negative control.
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primers for NPTII gene amplification were F (5’-atg att gaa

caa gat gga ttg cac-3’) and R (5’-tca gaa gaa ctc gtc aag aag

gcg-3’), and the primer pair for the TGEV-S0.7 gene was F

(5’-atg aaa aaa cta ttt gtg gtt ttg -3’) and R (5’-tta tat aac agc

tgt ggc atc taa-3’). About 30 µg of total genomic DNA was

digested with SacI to confirm the copy number of the inserted

T-DNA for each vector-derived transformant. The digested

DNA was hybridized with digoxigenin (DIG)-labeled TGEV-

S0.7 probe, which was generated with the PCR DIG Labeling

Mix (Roche Diagnostics, Germany) using the specific primer

set for the TGEV-S0.7 gene. After hybridization overnight,

membrane hybridization was detected using the DIG Detec-

tion Kit following the manufacturer’s instructions (Roche

Diagnostics).

Northern blotting: RNA for northern blotting was extracted

using the RNAgents Total RNA isolation system (Promega,

USA). Thirty micrograms of total RNA was separated by

electrophoresis on a 1% formaldehyde-agarose gel in 1 ×

MOPS buffer and then blotted to a nylon membrane. The

membranes were hybridized with a DIG-labeled probe at

50oC overnight and detected using the Dig Detection kit.

Northern hybridization was carried out following the same

procedure as described for Southern blot analysis, with some

modification where necessary. 

Western blotting: Transgenic potato plants were analyzed

to detect the TGEV-S recombinant protein using an immuno-

blot detection method with rabbit polyclonal anti-TGEV sera

(supplied by Youngin Frontier, Korea). Tubers were ground

in liquid nitrogen and homogenized with extraction buffer

(phosphate buffered saline [PBS], pH 7.4, 1 mM EDTA,

pH8.0, 0.2% β-mercaptoethanol) and 1 × protease inhibitor

(Roche), followed by centrifugation twice at 12,000 × g for

15 min at 4oC to remove insoluble cell debris. The total sol-

uble protein (TSP) was fractionated on a 12% SDS-PAGE

gel and transferred to a polyvinylidene fluoride (PVDF)

membrane (Millipore, USA). Detection was performed with

the NBT/BCIP stock solution (Sigma-Aldrich, USA) accord-

ing to the manufacturer’s protocol.

Enzyme-linked immunosorbent assay (ELISA) for quanti-

fication: The expression levels of potato-expressed TGEV-

S0.7 protein were determined by ELISA. Briefly, microtiter

plates were coated with centrifuged transgenic plant extracts

(50 µg of TSP) and Escherichia (E.) coli-derived recombi-

nant TGEV-S0.7 with a serial dilution as a standard curve,

incubated overnight at 4oC. The plates were washed three

times with PBST buffer (1 × PBS with 0.05% Tween-20).

Consecutively, 200 µL/well of 5% skim milk in PBST was

added for blocking, loaded with 100 µL per well of 1 : 1000

diluted rabbit polyclonal anti-TGEV sera, and incubated for 2

h at 37oC, followed by washing the wells three times with

PBST buffer. The plate was then incubated with 100 µL per

well of secondary antibody, a 1 : 5,000 dilution of horserad-

ish peroxidase (HRP)-conjugated anti-rabbit IgG (Sigma) for

2 h at 37oC. The plate was finally incubated with 100 µL per

well of 3,3’,5,5’-tetramethylbenzidine (TMB) substrates (Pierce,

USA) for 10 min at room temperature. Absorbance at OD450nm

was measured in a microplate reader (Model 680; Bio-Rad

Laboratories, USA). 

Mouse immunization and antibody detection

Immunization of mice: Immunogenicity of potato-derived

TGEV-S0.7 protein was evaluated using 5-week-old Balb/c

mice. Animal study protocol was approved by the Institutional

Animal Care and Use Committee of the KRIBB (approval

number: KRIBB-AEC-11089), and all experiments were

conducted in accordance with the Guide for the Care and Use

of Laboratory Animals. The mice were divided into three

groups, with five individuals in each group. One group of

mice (called group TG) was immunized with 0.5 mL of the

transgenic potato tuber extract containing 25 µg TGEV-S0.7

antigen in PBS buffer. The negative control (designated

group NC) mice received wild-type (WT) potato extract, and

the other group of mice, group PC, was immunized with

25 µg synthetic TGEV-S0.7 antigen by oral administration.

Immunization was performed using a 1 mL syringe fitted

with a gavage needle. All of the immunized mice were also

dosed with 10 µg of cholera toxin (CT, Sigma-Aldrich) per

mouse per gavage as adjuvant. Before administration of the

potato extracts to the mice, the animals were subjected to the

intragastronic administration of 0.2 mL of an isotonic bicar-

bonate solution (80% Hanks’ balanced salt solution and 20%

of 7.5% sodium bicarbonate; Gibco BRL, USA), to neutral-

ize stomach acidity. Immunizations in mice were performed

at weekly intervals for a total period of 3 weeks (on weeks 1,

2, and 3). All of the groups received intraperitoneal (i.p.)

boosters at week 6 with a 5 µg E. coli-derived TGEV-S0.7 antigen.

IgG serum detection: Before the initial immunization

with the transgenic potato extract and after the final immuni-

zation, blood was drawn from the orbital plexus of each

mouse to obtain antiserum samples. The TGEV-specific

serum IgG response was measured by endpoint titer ELISA.

Briefly, the 96-well microtiter plates (Nunc-Immuno Max-

isorp, Denmark) were coated with TGEV-S0.7 antigen (200

ng/well of 0.05 M carbonate/bicarbonate buffer, pH 9.6), and

then incubated overnight at 4oC. The plates were then

blocked with 5% skim milk in PBST for 1 h at 37oC. Subse-

quently, the plates were incubated with serum samples

diluted to 1 : 100 with 1% skim milk in PBST buffer for 2 h

at 37oC. The secondary antibody, HRP-conjugated goat anti-

rabbit IgG (Sigma-Aldrich), was diluted to 100 µL per well

in appropriate concentrations (1 : 5,000) of PBST. The plates

were finally incubated with chemiluminescent substrate,

TMB peroxidase substrate solution (Pierce), for 30 min at

37oC. After the confirmation of sufficient color develop-

ment, we added stopping solution to the samples. The plates

were then assessed for absorbance at 450 nm.

Fecal IgA: Feces samples were collected every week after

the mice had ingested the potato extracts and suspended at a

concentration of 1 : 10 (w/v) in PBS containing 0.1% Tween

20 and 0.1 ng/µL leupeptin (Sigma-Aldrich). After 30 min of
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vigorous mixing at 4oC using a vortex mixer, these fecal sus-

pensions were centrifuged for 10 min at 12,000 × g at 4oC.

The supernatants were used for IgA analysis. The 96-well

microtiter plates were then coated with anti-mouse IgA (1

µg/mL, Capture Antibodies; R&D Abs, USA) in PBS (100

µL per well) and incubated overnight at 4oC. The plates were

blocked with 5% skim milk in PBST for 2 h at room temper-

ature and washed three times in PBST. The extracted feces

were diluted to 100 µL per well in appropriate concentra-

tions (1 : 100) of PBS. The plates were incubated for 2 h and

washed three times in PBST. The secondary antibody, HRP-

conjugated goat anti-rabbit IgA (α-chain specific; R&D Abs)

was diluted to 100 µL per well in appropriate concentrations

(1 : 5,000) of PBST. The plates were then assessed for absor-

bance at 450 nm.

All analyses for statistically significant differences were

performed with the Kruskal-Wallis test, with p values of <

0.05 considered significant.

Phenotype and tuber composition analysis

Rooted plants about 5 cm in height were removed from the

medium, and their roots were cleaned of agar residues. They

were then transferred to plastic pots (15 cm in diameter), 5

plants from each line were grown in a greenhouse main-

tained at 25oC under natural daylight. Twelve weeks after

completion of growth, plant height, the number of tubers, and

tuber weight were recorded. For compositional analysis of P-

2 line and WT control potato tubers, whole tuber samples

were freeze-dried in liquid nitrogen and stored at −80oC

before analysis. Analysis of phenolic, flavonoids, and

carotenoids contents were carried out as described method in

Payyavula et al. [14]. Starch content in potato tubers was

measured using a Megazyme Total Starch Assay kit

(Biovision, USA) and supplied manufacture’s protocols. 

The differences between the NC and treatment samples

were analyzed using the pair-wise t test installed in the

Microsoft Office Excel program. Statistical significance was

assumed when p < 0.05. 

Results

Generation of transgenic plants and analysis of antigen

expression

Over 50 independent in vitro shoots were obtained per

each binary construct of pM-TGEV-S0.7, pD-TGEV-S0.7, and

pP-TGEV-S0.7 following Agrobacterium-mediated transfor-

mation on selection medium containing kanamycin. PCR

analysis was performed to confirm the presence of the TGEV

gene in the genomic DNA of those regenerated shoots for

initial screening. PCR analysis of the TGEV gene identified

the expected 700 bp product in five pM-TGEV-S0.7, six pP-

TGEV-S0.7, and six pD-TGEV-S0.7 independent lines, respec-

tively, whereas no products were detected from WT control

plants (Fig. 1C). Only one transgenic potato per construct

was confirmed as having one T-DNA insertion copy by

Fig. 2. (A) Northern blot analysis of transgenic potato plants,

M (pM-TGEV-S0.7)-5, D (pD-TGEV-S0.7)-4, and P (pP-TGEV-

S0.7)-2, selected by PCR analysis with a DIG-labeled TGEV-

S0.7 probe. Total RNA loaded on the gel was confirmed by gel

staining of rRNA (lower panel). (B) Immunoblot detection of

TGEV- S0.7 protein in transgenic potato plants, M-5, D-4, and

P-2. Total soluble protein (TSP, 50 µg) extracted from trans-

genic plants was transferred to a PVDF membrane and

detected with TGEV-specific anti-rabbit polyclonal antiserum.

(C) Determination of TGEV- S0.7 protein expression levels in

transgenic potato tuber using ELISA analysis. Known amounts

of purified TGEV-S0.7 protein derived from E. coli were used

to generate a standard control. Extracts from a non-transformed

plant were used as negative control. Absorbance was measured

at 405 nm, and expression amounts were calculated from the

TSP used in three replicates of the assay. Values are the mean

± SD of three plants per group. B; only buffer control, M;

molecular weight marker, WT; extracts from a non-transgenic

control plant.
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Southern blot analysis (data not included): pM-TGEV-S0.7-5,

pD-TGEV-S0.7-4, and pP-TGEV-S0.7-2, designated as M-5, D-

4, and P-2, respectively. These representative transformed

potatoes were transferred to greenhouse conditions for phe-

notype analysis and detailed molecular characterization. 

To determine TGEV transcript levels, total RNA from WT

and transgenic potato tubers was assayed by northern blot-

ting. Three of the transgenic lines, M-5, D-4, and P-2, which

were selected based on the results of Southern blot analysis,

expressed the TGEV transcript stably and at similar levels

(Fig. 2A). 

Immunoblot analysis was performed to detect the expres-

sion of TGEV-S0.7 protein in the transgenic plant lines M-5,

P-2, and D-4. Signal in P-2 and D-4 was stronger than in M-

4, suggesting that TGEV S0.7 protein was capable of expres-

sion in transgenic potato plants (Fig. 2B). Expression level

varied depending on the insertional effect or translational

processing. No TGEV-S0.7 protein was detected from WT

control plants. 

An ELISA assay was performed to obtain quantitative esti-

mates of TGEV-S0.7 protein levels in the potato plants of the

three independent lines. The amounts were quantified by

comparison with known amounts of purified TGEV antigen

from E. coli. Based on the results of the ELISA, potato tuber

tissue contained 55 ng, 123 ng, and 163 ng of TGEV-S0.7 pro-

tein per gram of fresh weight of M-5, D-4, and P-2, respec-

tively (Fig. 2C).

Investigation of the agronomic traits of transgenic lines

was conducted in the greenhouse. Plant height, number of

tubers per plant, and mean weight per tuber were measured.

Plant height (p > 0.05), tubers (p > 0.05), and tuber weight

(p > 0.05) of the transgenic lines were similar to those of the

WT control under normal conditions (Fig. 3). Also, there

were no phenotypic abnormalities in either type of potato

(data not shown). Moreover, we carried out metabolic evalu-

ation of the P-2 potato and WT control potato by composi-

tion analysis, such as secondary metabolite or starch. Based

on the analysis, the metabolite profiles between P-2 and con-

trol potatoes did not differ significantly (Table 1). These

results indicate that overexpression of TGEV-S0.7 have no

adverse effect on potato growth and development, and affects

neither the quantity nor the quality of metabolites (p > 0.05)

relative to WT potatoes. Only carotenoid contents in the P-2

transgenic line were a little higher than in the WT control

plant (p < 0.05). 

Antibody response of mice to the transgenic potatoes

To assess the immunogenicity of the potato-derived

TGEV-S0.7 antigen protein, Balb/c mice were immunized

orally with soluble protein extracted from freeze-dried potato

tubers of transgenic P-2 or WT plants. Significant responses

against TGEV were detected in serum from mice fed with

potato-derived TGEV-S0.7 antigen (Fig. 4A). The response

was clearly increased at 7 weeks after i.p. booster with 5 µg

E. coli-derived TGEV-S0.7. Doses of 25 µg of TGEV-S0.7 anti-

gen expressed in potato tubers were sufficient to elicit a

Fig. 3. Comparison analysis of plant height (A, p value = 0.78), tuber number (B, p value = 0.18), and tuber weight (C, p value = 0.25)

between non-transgenic potato (WT) contol and transgenic pP-TGEV-S0.7-2(P-2) lines under normal growth conditions. Values were

measured after harvesting. Data are given as mean ± SD from five plants per group. Pair-wise t test was used to compare different

groups of data (p < 0.05).

Table 1. Comarison of tuber components between wild-type control and TGEV-expressing transgenic potato plant, P-2

P-2 transgenic line WT control potato p value

Carotenoids (mg/g dw) 90.157 ± 0.002* 90.098 ± 0.005* 0.0008

Flavonoids (µg catechin equivalent/100 mg dw) 596.99 ± 0.15 963.44 ± 0.06 0.174

Phenolics (µg cloroginic acid equivalent/100 mg dw 807.79 ± 10.3 761.34 ± 4.47 0.650

Starch (% w/w dw) 9952.6 ± 2.1 9958.4 ± 3.2 0.186

Each value represents mean ± SD from five plants per group. *Means within a row with no common superscripts differ significantly (p <
0.05). WT: wild-type, non-transgenic potato as a negative control, dw: dry weight.
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strong Ig response in serum, identifying this system as an

effective oral delivery vehicle for TGEV antigen. Of inter-

est, mice fed with transgenic potato expressing TGEV (the

TG group) showed stronger immunogenic responses than

mice administered the synthetic TGEV antigen (PC group).

No immune responses were detected in mice immunized

with WT control potato tubers (NC group), even after

repeated or booster inoculations.

As a guide to mucosal immunogenicity, anti-TGEV-spe-

cific IgA levels were determined in fecal material from three

groups of mice. As shown in Fig. 4B, small but significant

production of fecal IgA was detected only in mice fed with

25 µg of potato-derived TGEV-S0.7 antigen protein after i.p.

booster immunization (p < 0.01). This result suggests that

mucosal antibody responses were induced by the potato-

derived TGEV-S0.7 antigen protein. As expected, no antigen-

specific antibodies were detected in mice immunized with

potato-derived proteins from WT control potato tubers. Of

interest, there was no IgA antibody detection in mice fed

synthetic TGEV antigen as positive control. These findings

demonstrated that TGEV antigen derived from the potato

plant induces a much greater anti–TGEV-specific mucosal

IgA response than pure TGEV antigen. 

During immunization with potato-derived TGEV antigen,

none of the mice died, and weight gain was the same as those

inoculated with WT control potato extracts. 

Discussion

Stably integrated nuclear transgenes in potato typically

yield relatively low concentrations of the recombinant pro-

tein with reported expression levels, for example, of approx-

imately 0.01% TSP [27]. Therefore, increasing the expression

level of the target protein in the plant cell is considered

urgent and necessary. Generally, several factors which include

transcription, translation, post-translational modification or

storage of recombinant protein in the cell are involved in

increasing expression level of transgene [16]. In this work,

we produced TGEV-S0.7 protein at a level of 0.015% TSP in

transgenic potato tuber plants. The use of different promot-

ers - single 35S, double 35S, and patatin promoters - was

expected to improve expression levels of TGEV-S0.7 in these

plants. Although genomic PCR analysis showed bands for

TGEV genes in all of the transgenic plants, three representa-

tive transgenic plants (M-5, D-4, and P-2 lines) showed high-

quantity mRNA bands of TGEV whereas the rest showed

low expression in northern blot analysis. Because of the dif-

ferent and random incorporation sites of insertion of the

transferred DNA into the nuclear DNA, different levels of

foreign gene expression in individual transformants are

expected [6]. The transgenic potato line P-2, driven by the

patatin promoter, showed a similar transcript level to the oth-

ers but had the highest protein expression level (163 ng/g

FW) as compared to transgenic lines containing either the

single 35S (M-5, 55.3 ng/g FW) or double 35S promoter (D-

4, 123 ng/g FW). Patatins are considered to be a major stor-

age protein in potato tubers, and this protein might be mani-

festing the enhanced translation efficiency of the TGEV gene

in the potato tuber, in agreement with a study conducted by

Joung et al. [8]. 

Plants have emerged as attractive expression systems for

the production of a broad range of heterologous molecules,

such as pharmaceuticals, because they produce antigens

without the danger of contamination by animal pathogens [7,

13]. Furthermore, plant-based oral vaccines offer the pros-

pect of triggering the mucosal immune response for the pre-

vention of infections and enable the intact antigens to reach

the intestinal tissues [24]. In the late 1990s, a few efforts

were made to introduce glycoprotein S of TGEV into Arabi-

dopsis [6], potato [7], tobacco [24], and maize [19]. Gómez

et al. [7] demonstrated that glycoprotein S of TGEV is a

valid target for developing oral plant-derived vaccines against

TGE because of its immunogenicity and resistance to degra-

dation in the gut. They introduced full-length 4344 bp or N-

Fig. 4. Serum IgG anti-TGEV antibodies (A) and fecal IgA

anti-TGEV antibodies (B) detected in mice. Mice were orally

administered potato-derived TGEV-S0.7 antigen, wild-type con-

trol potato, or synthetic TGEV antigen. All of the immunized

mice were dosed with 10 µg of cholera toxin as adjuvant. The

antigens were administered three times, at weeks 1, 2, and 3 (↑ ).

The black, bold arrowhead marks the boost time at week 6 with

a 5 µg Escherichia coli-derived TGEV-S0.7 antigen (▲). Each

bar represents an average of five samples ± SD. Statistically

significant differences (p < 0.01) in antibody responses between

groups are indicated as follows: asterisks compared with wild-

type control potato and synthetic TGEV antigen. NC; wild-type

control potato, PC; synthetic TGEV antigen, TG; potato-derived

TGEV-S0.7 antigen.
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terminus 2250 bp of TGEV glycoprotein S into potato,

resulting in 0.02 µg of purified TGEV per 30~60 µg soluble

protein of leaf sample. Four major antigenic sites have been

described in glycoprotein S, among which site A is immun-

odominant. Recombinant protein lacking the A antigenic site,

or with a deletion including the putative receptor-binding sites

and the D antigenic site, cannot induce levels of neutralizing

antibodies similar to what the whole S protein induces [23].

In this study, we sought to develop the transgenic potato

expressing 700 bp containing only epitope A plus the D anti-

genic sites. The potato-derived recombinant TGEV-S0.7 pro-

tein was tested for its immunogenicity in mice. Specific IgG

antibodies were detected in the sera of orally immunized

mice, and IgA antibodies were detected in the fecal samples

of these animals, indicating that the plant-derived TGEV-S0.7

protein could induce both systemic and mucosal immunity.

Mucosal IgA plays a critical role in the early stages of host

defense against many invading pathogens [5]. Therefore,

designing vaccines that can generate secretory IgA antibod-

ies is important. Similar results have been reported of a high

level of anti-TGEV-SN IgA observed in intestinal lavages of

mice immunized with LNZ9000-rTGEV-SN [21]. Previous find-

ings [12, 22] also suggest that animals would benefit from

vaccines provoking immune responses in intestinal mucosa. 

Although mice fed with the potato-derived TGEV-S0.7

showed lower than expected amounts of induced antibodies,

a detectable TGEV-specific IgG or IgA response was suffi-

ciently elicited from the immune system in this murine

model. Based on these experiments, we are in the process of

confirming the immune protection of the potato expressing

TGEV-S0.7 antigen protein in pigs. The harmless nature of the

potato tuber would make it an ideal candidate for delivering

heterologous antigens in an oral vaccine.

Identity between the transformed potato plant and WT con-

trol plants is considered important for developing a commer-

cial product. Here we evaluated phenotypic characteristics,

agronomic performance, and compositional analysis of the P-

2 transgenic line and the WT control potato. Overall, the dif-

ferences in evaluation value are within the error range. We

conclude that transgenic potato expressing the TGEV anti-

gen could be viable for use in developing oral vaccines. 
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