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Abstract Transgenic plants have been used as a safe and
economic expression system for the production of edible
vaccines. A synthetic cholera toxin B subunit gene (CTB)
was fused with a synthetic neutralizing epitope gene of the
porcine epidemic diarrhea virus (sCTB—sCOE), and the
sCTB-sCOE fusion gene was introduced into a plant
expression vector under the control of the ubiquitin pro-
moter. This plant expression vector was transformed into
lettuce (Lactuca sativa L.) using the Agrobacterium-med-
iated transformation method. Stable integration and tran-
scriptional expression of the sSCTB—sCOE fusion gene was
confirmed using genomic DNA PCR analysis and northern
blot analysis, respectively. The results of western blot
analysis with anti-cholera toxin and anti-COE antibody
showed the synthesis and assembly of CTB—COE fusion
protein into oligomeric structures with pentameric sizing.
The biological activity of CTB—COE fusion protein to its
receptor, Gyy-ganglioside, in transgenic plants was con-
firmed via Gy-ELISA with anti-cholera toxin and anti-
COE antibody. Based on Gy;;-ELISA, the expression level
of CTB—COE fusion proteins reached 0.0065% of the total
soluble protein in transgenic lettuce leaf tissues. Transgenic
lettuce successfully expressing CTB—COE fusion protein
will be tested to induce efficient immune responses against
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Introduction

Porcine epidemic diarrhea virus (PEDV), an etiologic agent
of diarrhea in pigs, is an enveloped and linear positive-sense
ssSRNA genome with a poly(A) tail virus. PEDV has been
classified as a member of the Coronaviridae family [1, 2].
PED was first detected in Belgium [3] and the UK [4] in
1978, and outbreaks of this disease have been reported in
many pig farming countries, leading to severe economic
losses in Canada [5], Europe [6, 7], and Asia, including
Japan [8], China [9], Korea [10], and more recently, Thai-
land [11]. The complete sequence of the entire genome of
the strain CV777 was found to be 28,033 nucleotides in
length, after excluding the poly(A) tail [12, 13]. The viral
encoded-proteins from the PEDV genome contain the spike
(S, 180-220 kDa), membrane (M, 27-32 kDa), and nucle-
ocapsid (N, 55-58 kDa) proteins [14]. An important role of
the spike protein is to enable the attachment of viral particles
to receptors on the host cells and to support the subsequent
penetration of viral particles into the cells via membrane
fusion. The S glycoprotein also stimulates the induction of
neutralizing antibodies in the host [12, 15]. Based on the
sequence information for the neutralizing epitope of the
transmissible gastroenteritis virus, the neutralizing epitope
region of PEDV (CO-26K equivalent, COE gene) was
identified within the spike protein gene [16]. The COE gene
is, therefore, considered to be an important cloning and
expression target in the development of the subunit vaccine.
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The use of transgenic plants which express antigen pro-
teins is a promising strategy because of advantages relating
to economy, scalability, safety, and the minimal risk of
contamination with potential pathogens [17-20]. Plant-
derived antigen proteins have delayed or prevented the
onset of disease in animals and have proven to be safe and
functional in human clinical trials [20]. However, it is
commonly reported that most heterologous proteins accu-
mulate in plant biomass at much lower levels than 1% of the
total soluble protein [17, 21]. To improve the immunoge-
nicity of the small amount of antigen protein expressed in
transformed plants, plant-derived vaccines require efficient
antigen delivery and adjuvant systems to present the
appropriate antigens to the mucosal immune system [22].

Cholera toxin consists of one A subunit with enzymatic
activity and five B subunits with binding activities to the
host cells [23-25]. The cholera toxin binds to a lipid raft
via Gyy1-ganglioside for the internalization and activation
of the toxin. The Gy;—cholera toxin complex in the lipid
raft transports the holotoxin (A/Bs subunits toxin) into the
ER via the Golgi [26]. Therefore, cholera toxin B subunit
(CTB) was used as a powerful mucosal adjuvant and
mucosal carrier molecule. The immunogenicities of anti-
gens can be improved when coupled to CTB as a carrier
and adjuvant due to both the increased uptake of coupled
antigen across the mucosal barrier and the more efficient
presentation of coupled antigens, not only by dendritic cells
and macrophages, but also by naive B cells [22]. Cholera
toxin B subunit (CTB), produced by Vibrio cholera and
Escherichia coli heat-labile enterotoxin (LTB), have been
widely used as a model adjuvant and carrier protein for
mucosal immunization when conjugated with the desired
antigen [27-29]. Since the CTB subunit was first chosen as
a carrier protein in 1984 [30], CTB fusion proteins with
insulin [31], insulin/GAD [32], and the full-length rotavirus
NSP4 [33] were expressed in transgenic potato plants, with
the B chain of human insulin expressed in transgenic
tobacco plants [34]. More recently, Ascaris suum As14 was
expressed in transgenic rice seeds [35] and was verified to
have the correct biological assembly. In previous studies,
the synthetic COE gene (sCOE) of PEDV, which was
synthesized based on the optimal codon usage in a plant,
was expressed in tobacco plants [36—38], and the synthetic
LTB-sCOE fusion gene was expressed in transgenic
tobacco plants [39], rice seeds [40], and lettuce plants [41].
Lettuce is a commercially important crop belonging to the
Asteraceae family. The raw leaves of this crop are con-
sumed by humans, and the time to obtain an edible product
is only weeks, compared to the months needed for crops
such as tomato or potato [42]. Therefore, the lettuce plant
may be a good choice for the expression of heterologous
protein in an edible vaccine. In this study, the synthetic
COE gene of PEDV was fused with the synthetic CTB
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gene (SCTB—sCOE), and the sCTB—sCOE fusion gene was
expressed in the lettuce plant. The successful expression of
biologically functional CTB—COE fusion protein in lettuce
plants could prove to be an alternative approach for oral
vaccines for protection against PEDV infection.

Materials and Methods
Construction of the Plant Expression Vector

The synthetic CTB (sCTB) gene was amplified from
pMYOS52 [43], which contains the synthetic CTB, using the
PCR amplification method with an sCTB gene-specific
primer set. The forward primer was 5'-GGA TCC GCC ACC
ATG GTG AAG-3’ and the reverse primer was 5'-TAC GTA
GGG CCC GGG CCC GTT AGC CAT GCT-3'. The for-
ward primer included the Kozak sequence (GCCACC) [44]
in the front of the start codon. The underlined sequences of
the reverse primer contained the flexible hinge sequence
(GPGP), which was located between the CTB and COE
peptides. Convenient BamHI restriction sites at the 5'-end
and SnaBI at the 3’-end of the sequence were included for
subsequent subcloning. The PCR amplification conditions
consisted of a genomic denaturation at 94°C for 5 min,
followed by 30 cycles at 94°C for 30 s, 55°C for 30 s, and
72°C for 30 s, and a final extension step of 72°C for 5 min.
The PCR products were cloned into the pGEM-T Easy
vector (Promega, Madison, WI). The correct sequence of
sCTB was bidirectionally confirmed using DNA sequence
analysis and the plasmid-designed pMYV510. The EcoRI-
digested fragment from pMYV510 containing the sCTB
gene was introduced into the same sites of the pCR2.1-Topo
vector (Invitrogen, Carlsbad, CA) to yield pMYV511. The
plasmid pMY V206 [37], containing the synthetic COE gene
(sCOE) with the endoplasmic reticulum retention signal
sequence (SEKDEL), was digested with SnaBI and Kpnl,
and was subcloned into the same sites of the plasmid
pMYV511, yielding pMYV512. The BamHI and Kpnl-
digested fragment of pMY V512 was inserted into the same
sites of the plant expression vector between the ubiquitin
promoter and the nopaline synthase (NOS) terminator, cre-
ating pMYV514 (Fig. 1). The plasmid pMYV514 was
transformed into the Agrobacterium tumefaciens strain
LBA4404 using the tri-parental mating method [45].

Lettuce Transformation

Lettuce seeds (Lactuca sativa L.) were rinsed in 70% eth-
anol for 1 min, washed three times with distilled water, and
then surface-sterilized in 2% sodium hypochlorite with a
few drops of Tween 20 for 10 min. Surface-sterilized seeds
were washed five times with distilled water and germinated
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Fig. 1 Schematic representation of the plant expression vector. The
expression of the synthetic CTB (sCTB) and synthetic COE (sCOE)
genes of the PEDV fusion gene (sCTB—sCOE) were driven under the
control of the ubiquitin promoter (pUbi). LB and RB are the left
border and right border of T-DNA, respectively. L is the linker
peptide (Gly-Pro-Gly-Pro) for hinge flexibility. Nos-P and Nos-T are

in Magenta GA-7 culture boxes (Sigma, St. Louis, MO)
containing MSO medium [46] with 3.0% sucrose and 0.2%
Gelrite at 25°C for 5 days. The Agrobacterium harboring
the SCTB—sCOE fusion gene was propagated in LB medium
containing 50 pg/ml kanamycin and 50 pg/ml rifampicin,
and was used to infect lettuce cotyledons via incubation for
15 min. The explants were blotted on sterile filter paper,
transferred to MS co-culture medium containing plant
growth regulators including 0.1 pg/ml 2-naphthaleneacetic
acids (NAA) and 0.5 pg/ml 6-benzyl-amino purine (BA),
and finally incubated in the dark for 5 days at 25°C. After
co-cultivation, the explants were transferred to MS selection
medium containing 100 pg/ml kanamycin and 300 pg/ml
cefotaxime for 4—6 weeks for shoot induction under 16 h of
light per day. The developed shoots were excised and
transferred into a hormone-free MS medium with antibiot-
ics to induce root formation. The plantlets were transferred
to the greenhouse for maturation.

PCR Analysis of Transgenic Lettuce Plants

Genomic DNA was isolated from wild-type and putative
transgenic lettuce leaf tissues using the DNeasy Plant Mini
Kit (Qiagen, Valencia, CA). The concentration of genomic
DNA was measured at 260 nm in a UV spectrophotometer.
PCR amplification was carried out to detect the presence of
the sCTB—sCOE fusion gene in the genomic DNA of
transgenic plants with the primer set specific for the sCTB—
SCOE fusion gene; the forward primer of CTB and the
reverse primer specific for sSCOE is 5-GGT ACC TCA
TAG CTC ATC TTT CTC AG-3'. Samples were first
heated to 94°C for 5 min, followed by 30 cycles of 94°C
for 1 min, 55°C for 30 s, and 72°C for 1 min, before a
5 min final extension at 72°C. PCR products were analyzed
using 1.0% agarose gel electrophoresis, followed by
staining in sterile distilled water containing 1 pg/L ethi-
dium bromide. In addition, transgenic lettuce genomic
DNA extracts were subjected to PCR analysis with primers
(5’-GCA TTC TGC TGG CGC TG-3' and 5'-GGA ACG
TCA GTG GAG-3') specific for the plasmid region outside
the T-DNA portion to address the possibility that PCR
products can come from the presence of contaminating
Agrobaterium plasmid DNA.

the promoter and terminator of the nopaline synthase gene from
Agrobacterium tumefaciens, respectively. Kozak is the Kozak con-
sensus sequence. SEKDEL is an ER retention signal. NPTII is the
neomycin phosphotransferase II gene for kanamycin selection of
transgenic plants

Northern Blot Analysis

Total RNA was extracted from leaf tissues of wild-type and
transgenic lettuce plants using Trizol Reagent (Invitrogen)
according to the supplier’s protocol. The RNA sam-
ples (30 ng) were separated by electrophoresis on a 1.2%
formaldehyde-containing agarose gel [47] and were capil-
lary-blotted onto a Hybond N+ membrane (Amersham
Pharmacia Biotech, Piscataway, NJ). The membrane was
hybridized with a *?P-labeled random-primed (Promega)
sCTB—sCOE probe at 65°C in buffer solution (pH 7.4, 1 mM
EDTA, 250 mM Na,HPO,4-7H,0, 1% hydrolyzed casein,
and 7% SDS) in a Hybridization Incubator (Finemould
Precision Ind. Co., Seoul, Korea). The membrane was
washed twice with 2x SSC plus 0.1% SDS and twice again
with 2x SSC plus 1% SDS for 15 min at 65°C. Hybridized
bands were detected using autoradiography with X-ray film
(Fuji Photo Film Co. HR-G30, Tokyo, Japan).

Immunoblot Detection

Total soluble protein (TSP) was extracted from leaf tissues
of wild-type and transgenic lettuce plants via grinding in
liquid nitrogen with a mortar and pestle. The homogenate
was suspended with extraction buffer [48] (1:2 w/v)
(200 mM Tris—HCI, pH 8.0, 100 mM NaCl, 400 mM
sucrose, 10 mM EDTA, 14 mM 2-mercaptoethanol, | mM
phenylmethylsulfonyl fluoride, and 0.05% Tween 20) and
centrifuged at 13,000xg for 15 min at 4°C to remove
insoluble cell debris. The protein concentration was mea-
sured using the Bradford protein assay (Bio-Rad, Hercule,
CA). An aliquot of supernatant containing 50 pug of TSP
was separated by 10% (unboiled condition) or 12% (boiled
condition) sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (Bio-Rad) at 120 V for 2-3 h
in Tris—glycine buffer (25 mM Tris—HCI, 250 mM glycine,
pH 8.3, and 0.1% SDS). The separated protein bands were
transferred onto Hybond C membranes (Amersham Phar-
macia Biotech) in transfer buffer (50 mM Tris—HCI,
40 mM glycine, and 20% methanol) using a Mini-Trans-
blot Apparatus (Bio-Rad) for 2 h at 130 mA. To prevent
non-specific antibody reactions, the membranes were
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blocked with 10% non-fat milk powder in TBST buffer
(Tris-buffered saline with 0.05% Tween 20) with gentle
agitation (20 rpm) on a rotary shaker. The membranes were
incubated with a 1:5,000 dilution of rabbit anti-cholera
toxin antibody (Sigma C-3062) or mouse anti-COE anti-
body in TBST antibody dilution buffer containing 3.0%
non-fat dry milk and were then washed three times with
TBST buffer. The membrane was incubated for 2 h with a
1:5,000 dilution of anti-rabbit IgG conjugated with alkaline
phosphatase (Promega S3731) or a 1:7,000 dilution of anti-
mouse IgG conjugated with alkaline phosphatase (Promega
S372B) in TBST buffer. The membranes were washed
twice with TBST buffer and once with TMN buffer
(100 mM Tris, pH 9.5, 5 mM MgCl,, and 100 mM NaCl).
Color was developed using BCIP/NBT (USB, Cleveland,
OH) in TMN buffer.

Gwmi-Ganglioside Binding Assay

The microtiter plates were coated with 100 pl per well of
monosialoganglioside-Gyy; (Sigma) (3.0 pg/ml) in bicar-
bonate buffer (15 mM Na,COs3, 25 mM NaHCO;, pH 9.6)
covered with plastic wrap and incubated at 4°C overnight.
The wells were washed three times with PBST buffer (PBS
plus 0.05% Tween 20), blocked by the addition of 300 pl per
well of 1% BSA in PBS buffer, and incubated at 37°C for
2 h, followed by three washes with PBST buffer. The wells
were loaded with soluble protein extracts from the leaf tis-
sues of transformed and wild-type lettuce, along with com-
mercial bacterial CTB (Sigma), for 2 h at 37°C. The plates
were washed three times with PBST buffer and then incu-
bated with 100 pl per well of a 1:5,000 dilution of rabbit
anti-cholera toxin antibody or mouse anti-COE antibody in
PBS antibody dilution buffer containing 0.1% BSA for 2 h
at 37°C. The plates were washed three times with PBST
buffer and loaded with 100 pl per well of a 1:7,000 dilution
of anti-rabbit IgG or a 1:10,000 dilution of anti-mouse IgG
conjugated with alkaline phosphatase (Promega S372B) for
2 h at 37°C and washed three times with PBST buffer. The
plates were developed with the addition of 100 pl per well of
alkaline phosphatase buffer [10% (v/v) diethanol amine,
0.1% MgCl,, 0.02% sodium azide, pH 9.8] plus one tablet of
phosphate substrate (Sigma S0942-100TAB) for 30 min at
room temperature in the dark. The plates were read at a
405 nm wavelength in an ELISA reader (Packard Instru-
ment, Meriden, CA). The amount of biologically active
CTB-COE fusion protein expressed in the leaf tissues of
transgenic lettuce plants was quantified by comparison with
known amounts of the bacterial CTB-antibody complex.
All experiments were performed in triplicate, and analysis
of variance was carried out using the statistical analysis
program Excel (Microsoft, USA).
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Results

Construction of Plant Expression Vector and Lettuce
Transformation

The sCTB gene containing the Kozak sequence [43] in
the front of the start codon was fused with the sCOE
gene containing an ER retention signal (SEKDEL) at the
C-terminus [37]. The flexible hinge sequence (Gly-Pro-
Gly-Pro) was used to incorporate a degree of flexibility
between the CTB and COE proteins. The expression of the
sCTB—sCOE fusion gene was under the control of the
ubiquitin promoter. The neomycin phosphotransferase II
(NPTII) gene provides kanamycin resistance as a selection
marker in transgenic plants. The plant expression vector,
pMY V514, which contained the sCTB—sCOE fusion gene
(Fig. 1), was transformed into lettuce using the Agrobac-
terium-mediated transformation method. Four to six weeks
after transformation, kanamycin-resistant shoots were
selected and transferred to MS basal medium containing
antibiotics but not phyto-hormones. Eleven independent
putative transgenic plants formed roots 4—-6 weeks later.

PCR Analysis of Transgenic Lettuce Plants

Genomic DNA was isolated from 11 putative selected
transgenic and wild-type lettuce plants using the DNeasy
Plant Mini Kit. PCR analysis was performed to confirm the
presence of the sSCTB—sCOE fusion gene in the genomic
DNA of transgenic lettuce plants. As expected, the PCR
product (850 bp) corresponding to the sCTB—sCOE fusion
gene was detected in the genomic DNA of all 11 transgenic
plants (Fig. 2a). No band was amplified from wild-type
plants. This PCR result showed the stable integration of the
sCTB—sCOE fusion gene into the chromosomes of trans-
genic plants using an Agrobacterium-meditated transfor-
mation method. PCR amplification with primers specific to
the plasmid region excluding T-DNA showed a 530 bp
fragment from pMYV514 but did not detect any corre-
sponding band from the genomic DNA of transformed
lettuce (Fig. 2b).

Northern Blot Analysis

Northern blot analysis was conducted with a [32P]-1abeled
sCTB-sCOE probe to measure the expression of the
sCTB—sCOE fusion gene in the transgenic lettuce plants.
Nine out of eleven transgenic lettuce plants showed a
positive signal for sSCTB—sCOE mRNA, and there were
variations in the expression levels of the sCTB-sCOE
fusion gene among the transformed plants (Fig. 3). High
levels of sSCTB—sCOE mRNA were found in transgenic
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Fig. 2 Genomic DNA PCR analysis used to detect the sCTB—sCOE
fusion gene in transgenic lettuce plants. The genomic DNA from
transgenic and wild-type plants was conducted to confirm the
integration of the SCTB—sCOE fusion gene into the chromosome of
transgenic lettuce plants (a). PCR amplification with primers specific
for the plasmid region excluding the T-DNA region (immediately
downstream of the T-DNA right border) showed no Agrobacterium

WT 1 2 3 4 5

Fig. 3 Northern blot analysis to confirm the presence of sSCTB—sCOE
transcripts in transgenic lettuce plants. The total RNA was obtained
to estimate the transcripts of the sCTB—sCOE fusion gene using the
32p_labeled sCTB—sCOE probe in transgenic lettuce plants. Lane WT

lines #1, #8, and #10, and these three transgenic lines were
selected for further analysis.

Immunoblot Detection

Based on the northern blot analysis, transgenic plant lines
#1, #8, and #10 were selected to characterize the CTB—
COE fusion protein. The CTB—COE fusion protein was
detected in both boiled and unboiled samples of the leaf
tissues of transgenic lettuce with anti-cholera toxin

6 7 8 9 10 11

6 7 8 9 10 11

«— 530 bp

contamination (b). Lane M is a 100-bp DNA ladder (ELPIS-Biotech.
Inc., Seoul, Korea). Lane PC is pMY V514 template DNA used as a
positive control for PCR. Lane WT is genomic DNA of wild-type
lettuce plants used as a negative control. Lanes I—11 are genomic
DNA extracted from transgenic lettuce plants used as a template for
PCR

rRNA

is total RNA from a wild-type lettuce plant. Lanes 1—11 are total RNA
from transgenic lettuce plants. Transgenic lettuce plants #1, #8, and
#10 showed strong positive signals

antibody and anti-COE antibody. No signal band corre-
sponding to CTB—COE fusion protein was detected in
unboiled or boiled protein extracts of wild-type lettuce. In
the unboiled condition, assembly of CTB-COE fusion
protein into oligomeric structures resembling pentamers
and with a molecular weight of around 170 kDa was
detected with both anti-cholera toxin and anti-COE anti-
body, while the bacterial CTB positive control was
observed at around 45 kDa. A 16 kDa band was observed
in the bacterial COE protein. When transgenic protein
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Fig. 4 Detection of CTB-COE A
fusion protein in leaf tissues of

M bCTB WT #I
kDa

. <«
transgenic lettuce. The total };8 b i = P

soluble protein (TSP) from leaf
tissues of transgenic lettuce
plants was obtained to detect
CTB-COE fusion protein after 56
boiling for 5 min (c, d) or

unboiled (a, b), with anti- 43
cholera toxin antibody (a, ¢) or 34
anti-COE antibody (b, d) as the

primary antibody. Lane M is a 26
prestained protein ladder

(Fermentas, Glen Burnie, MD).

Lane bCTB is commercial

bacterial CTB. Lane bCOE is C
COE protein purified in E. coli.

Lane WT is protein extract from

wild-type lettuce leaves as a

negative control. Lanes #1, #8,

and #/0 are protein extracts

from leaf tissues of transgenic 34 —
lettuce plants. P and M indicate 26

pentamer and monomer of the

CTB-COE fusion protein,

respectively

95
72

M bCTB WT #l

56
43

extracts were boiled for 5 min, the oligomeric fusion pro-
tein was dissociated into 36 kDa monomers with both anti-
cholera toxin and anti-COE antibody, and the monomer of
the CTB protein was detected around 12 kDa (Fig. 4).

Biding of CTB—COE Fusion Protein
to Gy-Ganglioside

The biological function of the CTB—COE fusion protein
produced in leaf tissues of transgenic lettuce was deter-
mined using Gy -ELISA. The Gy -ganglioside binding
capacity of CTB—COE fusion protein in the protein extracts
of transgenic leaf was detected with anti-cholera toxin
antibody and anti-COE antibody (Fig. 5a, b) as the primary
antibody. The affinity of CTB—COE fusion protein for
Gypi-ganglioside with anti-cholera toxin antibody was
stronger than that of anti-COE antibody. These results
indicated that the monomeric CTB—COE fusion proteins
were properly assembled into a biologically functional
form, and that COE protein was conserved in the fusion
structure.

Gp-ELISA was employed to evaluate the expression
levels of the assembled CTB—COE fusion protein in leaf
tissues of transgenic lettuce plants. The amount of assem-
bled CTB—COE fusion protein produced in transgenic let-
tuce leaves was calculated via comparison with a known
amount of bacterial CTB and was expressed as a percent-
age of total soluble protein (TSP) extracted from transgenic
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lettuce plants. The amount of plant-produced CTB-COE
fusion protein was found to be between 0.003 and 0.0065%
of TSP (Fig. 5c¢). The strongest expression of CTB—-COE
fusion protein was found in transgenic plant line #8,
corresponding with the results of the northern blot analysis.

Discussion

Porcine epidemic diarrhea virus causes acute enteritis in
pigs. The death rate of infected-piglets is over 95%, leading
to significant economic losses in swine husbandry [3, 37].
Hence, it is important to develop an effective vaccination
to protect against PEDV infection. The neutralizing epitope
region (COE) was identified within the spike protein that
was capable of inducing neutralizing antibodies against the
PEDV [16]. Although transgenic plants expressing small
amounts of COE antigen (8-20 pg antigen/g wet weight)
elicited an effective immune response against PEDV
infection, improvement of the antigen protein amount was
suggested to optimize the immune response [36]. In order
to achieve high expression levels of a heterologous gene in
plants, it is useful to optimize the coding sequence to
mimic that of highly expressed plant genes and to eliminate
any mRNA-destabilizing motifs. The synthetic COE gene,
which was modified based on the optimized codon usage in
plant, showed an approximately fivefold higher expression
than that of the native gene in a transgenic plant [38]. It has
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Fig. 5 Gy -ELISA of CTB-COE fusion protein produced in trans-
genic plants. The biological activity of CTB—COE fusion protein with
the intestinal membrane Gyj-ganglioside receptor was confirmed

been shown that the expression of foreign proteins has been
enhanced by the C-terminal fusion of the ER retention
signal SEKDEL, since the SEKDEL motif is expected to
sequester the protein and aid in protein assembly in the ER
[43]. Strong or tissue-specific promoters are believed to
increase the antigen expression level. The ubiquitin pro-
moter is a useful, strong, and constitutive promoter for high
gene expression in tobacco plants compared to Cauliflower
Mosaic Virus 35S and the rice actin promoter [49]. Due to
the high expression of vaccine antigen in transgenic plants,
it is important to decrease the feeding amount during
immunization because using a large amount of plant
materials due to the low expression levels in transgenic
plants often results in pain.

The use of ligands to deliver target antigens into
mucosal immune systems is an alternative to overcome the
low immune response in a plant-edible vaccine. In this
experiment, the synthetic CTB gene was used to fuse with
the synthetic COE gene, and the CTB fusion gene was
transformed into lettuce plants using a Agrobacterium-
mediated transformation method. The approximately
170 kDa pentameric CTB—COE fusion protein was con-
firmed using western blot analysis with anti-cholera toxin
and anti-COE antibody, indicating that the plant-produced

207
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- == WT
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—_ V514#8
g 04
= =>e=\/514#10
78}
?L 0.3
8 o2
0.1
0
1 2 3 4 5 6 7 8
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#8 #10

with anti-cholera toxin antibody (a) and anti-COE antibody (b). The
expression levels of CTB—COE fusion protein were estimated in leaf
tissues of transgenic lettuce plants (c)

CTB-COE fusion protein contained CTB and COE protein.
The binding activity of functional CTB—COE fusion pro-
tein for its biological receptor, Gy -ganglioside, was con-
firmed using Gy;-ELISA with anti-cholera toxin and anti-
COE antibody. Therefore, these results indicated that the
COE protein of CTB—COE fusion protein did not prevent
the formation of CTB pentamer and that both components
of the fusion protein retained antigenicity. It suggested that
the plant-produced CTB-COE fusion proteins could be
efficiently taken up into the mucosal immune system,
where they could induce a strong immune response against
PEDV infection.

The positive detectable signal for the sCTB-sCOE
fusion gene in nine transgenic lettuce plants was detected
in northern blot analysis, but no detectable signal was
found in the two transgenic lettuce plants (Fig. 3). These
different transcript levels of the sCTB—sCOE fusion gene
depended on the different incorporation sites of the target
gene in the chromosome of different plants, a phenomenon
referred to as the “position effect” [50]. Recently, it was
reported that the expression of transgenes in transgenic
plants was controlled by RNA silencing [51]. It was
observed that the CTB—COE fusion protein monomer was
detected around 36 kDa under the boiled condition. This
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molecular weight is greater than the calculated molecular
weight of the CTB-COE fusion protein (30.4 kDa), based
on amino acid sequences (Fig.4). This difference in
migration may be due to two glycosylation sites within the
CTB and two glycosylation sites within the COE.

Transgenic lettuces transformed with COE alone were
constructed in this study but its expression was not detected
via western blot analysis (data not shown). Although COE
alone was not expressed in transgenic lettuce, the COE
fused with CTB was expressed in transgenic lettuce. The
fusion with proteins which were highly expressed and
stable, has been used to improve the expression level of
protein which were hardly expressed in transgenic plants,
known as “fusion partner” [52]. The CTB has been
expressed with high level and stable in transgenic plants
[53, 54]. The expression level of CTB in transgenic lettuce
was reported high level with 0.24% of total soluble protein
compared to that of CTB—COE fusion protein (0.0065% of
TSP) [55]. The low expression level of CTB—COE fusion
protein compared to CTB alone may be due to the low
expression of COE gene. The low expression of antigen
gene in transgenic plants was problem to induce efficiently
immune responses. In previous experiment, we reported
that LTB (1.7 png; 0.12% of TSP) expressed in transgenic
rice callus elicited antigen-specific immune responses in
mouse. Based on this result, it is expected that the increase
of feeding amount and frequency of transgenic plants
expressing CTB—COE fusion protein can induce immune
responses. The stably expression of CTB-COE fusion
protein was detected in second generation.

In conclusion, transgenic lettuce plants expressing the
synthetic cholera toxin B subunit-synthetic COE of the
PEDV fusion protein were constructed to increase their
uptake into the mucosal immune system and to improve the
immune response. The successful expression of functional
CTB-COE fusion protein was confirmed using western
blot analysis and Gy -ELISA. In future experiments,
transgenic lettuce plants expressing functional CTB—-COE
fusion protein will be tested to induce an immune response
against PEDV infection by mucosal immunization.

Acknowledgments This study was supported by the Technology
Development program for Agriculture and Forestry, Ministry for
Agriculture, Forestry and Fisheries, Republic of Korea.

References

1. Cavanagh, D. (2005). Coronaviridae: A review of coronaviruses
and toroviruses (pp. 1-54). Basel: Birkhéduser Verlag.

2. Cavanagh, D., Brian, D. A., Brinton, M. A., Enjuanes, L.,
Holmes, K. V., Horzinek, M. C., et al. (1993). The Coronaviridae
now comprises two genera, coronavirus and torovirus: Report of
the Coronaviridae Study Group. Advances in Experimental
Medicine and Biology, 342, 255-257.

@ Springer

10.

11.

13.

16.

17.

18.

19.

20.

21.

22.

. Pensaert, M. B., & de Bouck, P. (1978). A new coronavirus-like

particle associated with diarrhea in swine. Archives of Virology,
58, 243-247.

. Chasey, D., & Cartwright, S. F. (1978). Virus-like particles

associated with porcine epidemic diarrhoea. Research in Veteri-
nary Science, 25, 255-256.

. Turgeon, D. C., Morin, M., Jolette, J., Higgins, R., Marsolais, G.,

& DiFranco, E. (1980). Coronavirus-like particles associated with
diarrhea in baby pigs in Quebec. Canadian Veterinary Journal,
21, 100-101.

. Horvath, I., & Mocsari, E. (1981). Ultrastructural changes in the

small intestinal epithelium of suckling pigs affected with a
transmissible gastroenteritis (TGE)-like disease. Archives of
Virology, 68, 103-113.

. Pospischil, A., Hess, R. G., & Bachmann, P. A. (1981). Light

microscopy and ultrahistology of intestinal changes in pigs
infected with epizootic diarrhoea virus (EVD): Comparison with
transmissible gastroenteritis (TGE) virus and porcine rotavirus
infections. Zentralbl Veterinarmed B, 28, 564-5717.

. Takahashi, K., Okada, K., & Ohshima, K. (1983). An outbreak of

swine diarrhea of a new-type associated with coronavirus-like
particles in Japan. Nippon Juigaku Zasshi, 45, 829-832.

. Qinghua, C. (1992). Investigation on epidemic diarrhea in pigs in

Qinghai region. Qinghai Xuma Shaoyi Zazhi, 22, 22-23.

Chae, C., Kim, O., Choi, C., Cho, W. S., Kim, J., & Tai, J. H.
(2000). Prevalence of porcine epidemic diarrhoea virus and
transmissible gastroenteritis virus infection in Korean pigs. The
Veterinary Record, 147, 606-608.

Puranaveja, S., Poolperm, P., Lertwatcharasakul, P.,
Kesdaengsakonwut, S., Boonsoongnern, A., Urairong, K., et al.
(2009). Chinese-like strain of porcine epidemic diarrhea virus,
Thailand. Emerging Infectious Diseases, 15, 1112-1115.

. Duarte, M., & Laude, H. (1994). Sequence of the spike protein of

the porcine epidemic diarrhoea virus. Journal of General Virol-
ogy, 75(Pt 5), 1195-1200.

Kocherhans, R., Bridgen, A., Ackermann, M., & Tobler, K.
(2001). Completion of the porcine epidemic diarrhoea coronavi-
rus (PEDV) genome sequence. Virus Genes, 23, 137-144.

. Egberink, H. F., Ederveen, J., Callebaut, P., & Horzinek, M. C.

(1988). Characterization of the structural proteins of porcine
epizootic diarrhea virus, strain CV777. American Journal of
Veterinary Research, 49, 1320-1324.

. Yeo, S. G., Hernandez, M., Krell, P. J., & Nagy, E. E. (2003).

Cloning and sequence analysis of the spike gene of porcine
epidemic diarrhea virus Chinju99. Virus Genes, 26, 239-246.
Chang, S. H., Bae, J. L., Kang, T. J., Kim, J., Chung, G. H., Lim,
C. W, et al. (2002). Identification of the epitope region capable
of inducing neutralizing antibodies against the porcine epidemic
diarrhea virus. Molecules and Cells, 14, 295-299.

Daniell, H., Streatfield, S. J., & Wycoff, K. (2001). Medical
molecular farming: Production of antibodies, biopharmaceuticals
and edible vaccines in plants. Trends in Plant Science, 6,
219-226.

Hellwig, S., Drossard, J., Twyman, R. M., & Fischer, R. (2004).
Plant cell cultures for the production of recombinant proteins.
Nature Biotechnology, 22, 1415-1422.

Rigano, M. M., & Walmsley, A. M. (2005). Expression systems
and developments in plant-made vaccines. Immunology and Cell
Biology, 83, 271-2717.

Walmsley, A. M., & Arntzen, C. J. (2000). Plants for delivery of
edible vaccines. Current Opinion in Biotechnology, 11, 126—129.
Doran, P. M. (2006). Foreign protein degradation and instability
in plants and plant tissue cultures. Trends in Biotechnology, 24,
426-432.

Holmgren, J., Harandi, A. M., & Czerkinsky, C. (2003). Mucosal
adjuvants and anti-infection and anti-immunopathology vaccines



Mol Biotechnol (2011) 48:201-209

209

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

based on cholera toxin, cholera toxin B subunit and CpG DNA.
Expert Review of Vaccines, 2, 205-217.

Sixma, T. K., Pronk, S. E., Kalk, K. H., Wartna, E. S., van
Zanten, B. A., Witholt, B., et al. (1991). Crystal structure of a
cholera toxin-related heat-labile enterotoxin from E. coli. Nature,
351, 371-377.

Merritt, E. A., Sarfaty, S., van den Akker, F., L’Hoir, C., Martial,
J. A., & Hol, W. G. (1994). Crystal structure of cholera toxin B-
pentamer bound to receptor GM1 pentasaccharide. Protein Sci-
ence, 3, 166-175.

Zhang, R. G., Scott, D. L., Westbrook, M. L., Nance, S., Span-
gler, B. D., Shipley, G. G., et al. (1995). The three-dimensional
crystal structure of cholera toxin. Journal of Molecular Biology,
251, 563-573.

Fujinaga, Y. (2006). Transport of bacterial toxins into target cells:
Pathways followed by cholera toxin and botulinum progenitor
toxin. Journal of Biochemistry, 140, 155-160.

Rask, C., Fredriksson, M., Lindblad, M., Czerkinsky, C., &
Holmgtren, J. (2000). Mucosal and systemic antibody responses
after peroral or intranasal immunization: Effects of conjugation to
enterotoxin B subunits and/or of co-administration with free toxin
as adjuvant. APMIS, 108, 178-186.

Sanchez, J., Johansson, S., Lowenadler, B., Svennerholm, A. M.,
& Holmgren, J. (1990). Recombinant cholera toxin B subunit and
gene fusion proteins for oral vaccination. Research in Microbi-
ology, 141, 971-979.

Yuki, Y., & Kiyono, H. (2003). New generation of mucosal
adjuvants for the induction of protective immunity. Reviews in
Medical Virology, 13, 293-310.

McKenzie, S., & Halseu, J. (1984). Cholera toxin B subunit as a
carrier protein to stimulate a mucosal immune response. Journal
of Immunology, 133, 1818-1824.

Arakawa, T., Yu, J., Chong, D. K., Hough, J., Engen, P. C.,, &
Langridge, W. H. (1998). A plant-based cholera toxin B subunit-
insulin fusion protein protects against the development of auto-
immune diabetes. Nature Biotechnology, 16, 934-938.

Befus, N., & Langridge, W. H. R. (2000). Plant-based cholera
toxin B subunit-insulin/GAD fusion proteins suppress the
development of autoimmune diabetes. Bundesgesundheitsblatt
Gesundheitsforschung Gesundheitsschutz, 43, 116-120.

Kim, T. G., & Langridge, W. H. (2003). Assembly of cholera
toxin B subunit full-length rotavirus NSP4 fusion protein oligo-
mers in transgenic potato. Plant Cell Reports, 21, 884-890.

Li, D., O’Leary, J., Huang, Y., Huner, N. P., Jevikar, A. M., &
Ma, S. (2006). Expression of cholera toxin B subunit and the B
chain of human insulin as a fusion protein in transgenic tobacco
plants. Plant Cell Reports, 25, 417-424.

Nozoye, T., Takaiwa, F., Tsuji, N., Yamakawa, T., Arakawa, T.,
Hayashi, Y., et al. (2009). Production of Ascaris suum Asl4
protein and its fusion protein with cholera toxin B subunit in rice
seeds. Journal of Veterinary Medical Science, 71, 995-1000.
Bae,J.L.,Lee,J. G.,Kang, T.J.,Jang, Y. S., & Yang, M. S. (2003).
Induction of antigen-specific systemic and mucosal immune
responses by feeding animals transgenic plants expressing the
antigen. Vaccine, 21, 4052-4058.

Kang, T. J., Kang, K. H., Kim, J. A., Kwon, T. H., Jang, Y. S., &
Yang, M. S. (2004). High-level expression of the neutralizing
epitope of porcine epidemic diarrhea virus by a tobacco mosaic
virus-based vector. Protein Expression and Purification, 38,
129-135.

Kang, T. J., Kim, Y. S, Jang, Y. S., & Yang, M. S. (2005).
Expression of the synthetic neutralizing epitope gene of porcine
epidemic diarrhea virus in tobacco plants without nicotine.
Vaccine, 23, 2294-2297.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Kang, T. J., Han, S. C, Yang, M. S., & Jang, Y. S. (2006).
Expression of synthetic neutralizing epitope of porcine epidemic
diarrhea virus fused with synthetic B subunit of Escherichia coli
heat-labile enterotoxin in tobacco plants. Protein Expression and
Purification, 46, 16-22.

Oszvald, M., Kang, T. J., Tomoskozi, S., Tamas, L., Kim, T. G.,
& Yang, M. S. (2007). Expression of a synthetic neutralizing
epitope of porcine epidemic diarrhea virus fused with synthetic B
subunit of Escherichia coli heat labile enterotoxin in rice endo-
sperm. Molecular Biotechnology, 35, 215-223.

Huy, N. X,, Kim, Y. S., Jun, S. C.,, Jin, Z., Park, S. M., Yang, M.
S., et al. (2009). Production of a heat-labile enterotoxin B sub-
unit-porcine epidemic diarrhea virus-neutralizing epitope fusion
protein in transgenic lettuce (Lactuca sativa). Biotechnology and
Bioprocess Engineering, 14, 731-737.

Lelivelt, C. L., McCabe, M. S., Newell, C. A., Desnoo, C. B., van
Dun, K. M., Birch-Machin, I., et al. (2005). Stable plastid
transformation in lettuce (Lactuca sativa L.). Plant Molecular
Biology, 58, 763-774.

Kang, T. J., Loc, N. H, Jang, M. O., & Yang, M. S. (2004).
Modification of the cholera toxin B subunit coding sequence to
enhance expression in plants. Molecular Breeding, 13, 143-153.
Kozak, M. (1989). The scanning model for translation: An
update. Journal of Cell Biology, 108, 229-241.

Van Haute, E., Joos, H., Maes, M., Warren, G., Van Montagu,
M., & Schell, J. (1983). Integeneric transfer and exchange
recombination of restriction fragments cloned in pBR322: A
novel strategy for the reversed genetics of the Ti plasmids of
Agrobacterium tumefaciens. EMBO Journal, 2, 411-417.
Murashige, T., & Skoog, F. (1962). A revised medium for rapid
growth and bio assays with tobacco tissue cultures. Physiologia
Plantarum, 15, 473-497.

Lehrach, H., Diamound, D., Wozney, J. M., & Boedtker, H.
(1977). RNA molecular weight determinations by gel electro-
phoresis under denaturing conditions, a critical reexamination.
Biochemistry, 16, 4743-4751.

Arakawa, T., Chong, D. K., Merritt, J. L., & Langridge, W. H.
(1997). Expression of cholera toxin B subunit oligomers in
transgenic potato plants. Transgenic Research, 6, 403—413.
Kang, T. J., Kwon, T. H., Kim, T. G., Loc, N. H., & Yang, M. S.
(2003). Comparing constitutive promoters using CAT activity in
transgenic tobacco plants. Molecules and Cells, 16, 117-122.
Peach, C., & Velten, J. (1991). Transgene expression variability
(position effect) of CAT and GUS reporter genes driven by linked
divergent T-DNA promoters. Plant Molecular Biology, 17,
49-60.

Baulocombe, D. (2004). RNA silencing in plants. Nature, 431,
356-363.

Hondred, D., Walker, J. M., Mathews, D. E., & Vierstra, D.
(1999). Use of ubiquitin fusions to augment protein expression in
transgenic plants. Plant Physiology, 119, 713-723.

Kang, T. J., Kim, B. G., Yang, J. Y., & Yang, M. S. (2006).
Expression of a synthetic cholera toxin B subunit in tobacco
using ubiquitin promoter and bar gene as a selectable marker.
Molecular Biotechnology, 32, 93-100.

Daniell, H., Lee, S. B., Panchal, T., & Wiebe, P. O. (2001).
Expression of the native cholera toxin B subunit gene and
assembly as functional oligomers in transgenic tobacco. Journal
of Molecular Biology, 311, 1001-1009.

Kim, Y. S, Kim, B. G,, Kim, T. G, Kang, T. J., & Yang, M. S.
(2006). Expression of a cholera toxin B subunit in transgenic
lettuce (Lactuca sativa L.) using Agrobacterium-mediated trans-
formation system. Plant Cell, Tissue and Organ Culture, 87,
203-210.

@ Springer



	Expression of a Cholera Toxin B Subunit-Neutralizing Epitope of the Porcine Epidemic Diarrhea Virus Fusion Gene in Transgenic Lettuce (Lactuca sativa L.)
	Abstract
	Introduction
	Materials and Methods
	Construction of the Plant Expression Vector
	Lettuce Transformation
	PCR Analysis of Transgenic Lettuce Plants
	Northern Blot Analysis
	Immunoblot Detection
	GM1-Ganglioside Binding Assay

	Results
	Construction of Plant Expression Vector and Lettuce Transformation
	PCR Analysis of Transgenic Lettuce Plants
	Northern Blot Analysis
	Immunoblot Detection
	Biding of CTB--COE Fusion Protein to GM1-Ganglioside

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


