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ABSTRACT Porcine epidemic diarrhea virus (PEDV) is an infectious and highly contagious virus of swine. In
order to develop the transgenic tobacco culture cells producing PEDV antigen protein, four vectors expressing
PEDV spike protein (SP) gene under the control of a CaMV 35S promoter were constructed. Four fragments
of the SP region of PEDV, SP1 (444 bp, 1487-1930 bp), SP2 (1.7 kb, 2300-3987 bp), SP3 (1.4 kb, 1559-2950
bp), and SP4 (2.6 kb, 9-2643 bp) were amplified by PCR and then C-MYC tag was fused to the end of each
SP gene, respectively. These cassettes are inserted into the pCAMBIA2300 (named as 35S::SP1-M, 35S::SP2-M
358::SP3-M, and 35S::SP4-M, respectively). Tobacco (cv. BY-2) cultured cells were transformed by co-cultivation
with Agrobacterium tumefaciens harboring expression vector. We selected kanamycin-resistant calli and checked
for the presence of the introduced SP gene using PCR, resulting 70% of them showed the foreign gene. We
selected the lines with high-level expression of PEDV antigen protein based on dot blot analysis. Southern blot
analysis confirmed that the PEDV SP gene was integrated into the genome of the tobacco cultured cells.
Northern blot analysis showed that the introduced gene was highly expressed in transgenic cultured cells.
Transgenic tobacco cultured cells-derived antigen induced immunogenicity in mice as determined by a plaque
reduction neutralization assay. These results suggest that the vectors expressing PEDV spike protein gene in

this study will be useful for the development of transgenic plants and cultured cells producing PEDV antigene
protein.
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al. 2004). A ZH| 2 5E 5& —'V‘ A4t 9= HBV (B

g vol2 )] 9 FUHA (HBdAR)E L&A §

QA gt H‘*EIUM of ol A7 Agrsigt
(Mason et al. 1992). :L? 7l AL BHeIthul RS A B
2HEE AR AHo=  gix] A g Loz t|Aat
K88ac?) pilin dx}g Y& A)7] <t (Lee and Hwang
2002), 94 YA vlo]# A(transmissible gastroenteritis
virus, TGEV)®] Aut3 thli S dh& A7) gl (Tuboly et
al. 2000) ¥ SR 334 DAY Hlo]E 2 (porcine epidemic
diarrhea virus, PEDV)E S A[7] ghfof st Bar 9o}
(Bae et al. 2003, Kang et al. 2004; Kang et al. 2005a,b).

A2 383 A vholg)A (PEDV)+= TGEVS} v|x3t
FHoR HT FEAYC 2 A4 g F3 Un
(Pensaert and de Bouck 1978). o] Hjo|H A= Hx] A4 &
o RN S48 A A, 4az 1ES
2 olu|o] ANAENNE B4t Astol, 7
d ¥ 34 oJufjof] HAFSH} (de Bouck and Pensaert 1980).
A AMSE I e 48 ASHlo|2]AM Al (live attenuated
virus vaceine)2 5 FAE0]7) mgo| EF 1G] A&
Z = PED ool 23 Au | (mucosal immunity,
sigA)2] Aol ZE2] ot FFet AYATE U] Ha}
3 ek wEbA MEStHAIE Bt aubAQl WAle] sk
o] A3tk AlA o)

PEDVE] A ofn] thil s} Anps chli 2o o3|
A AT (Spaan et al. 1988) & 4.162 kbo] Au}3 il
A Aol A ARE (2F 500 bp, 24 kDa, SP1)E H&HA]7]
Ay EES FAAI] $18ted SP1 1A A7) G- A
2P0z At FEAER A HHAZ Bt Qo
(Bae et al. 2003, Kang et al. 2004; Kang et al. 20052, b). £3]
AYHA S G5 4 YEE E coli heat-labile enterotoxin
(LTB)E Adsto] SPlofl AA3te] Gufj4EAo) WaA]7)
7| Bkt (Kang et al. 2006). 2121} FAAZ 2840

goya 1

Table 1. Primer sequences for PEDV spike protein gene

A W3t PEDV ezl xS B3 o &
Et} (Bae et al. 2003). 1A Auta ThlE S AAE o] &3}
71} 500 bp SP1 oj2]9] thg FZolA HEE A2stel 3
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PEDV £} gl 7700 ARuaae A2 9
3ko] WA CaMV 35S T2 E 9o HindllI&} XbalS 7}
7} £-o] pCAMBIA2300 #E| Q] = A|gtas zfa]ol 4]
3t (35Sp/pCAMBIA2300). oF 4.2 kb PEDV A= thdy
A A7 Q7N SR IE 444 bp (SP1, B/ 1487RE]
1,9307FR)& #19] SP1 Zglo|HE Al23lo] PCRE $H4
313, SP1 3'0]] MYC tag 37H2 (100 bp) £t} o] FHES
EcoRVE} Sacl© =2 AYst & 35Sp/pCAMBIA2300S Smal
I} Sacle = A Aejof Agste] WEE gstsict
(35S::SP1-M). E t}Z PEDV ©Hl SP2 (1.7 kb, G714 <
2,3005-E] 3,98771A)), SP3 (1.4 kb, ¥7]A<Y 1,5595 ¢
2,9507}7]) T SP4 (2.6 kb, F7] A 9EE 26437422 o
714 Y 5ol BamHIE 0 2429) Tto|w] (Table 12
717} ARg-sko] PCRE M8 $ 358:SP1-M 2] SP1 $]A]¢]
242} AFYekch. PEDV 2 Sl @7l N9e els &
358::SP2-M, 358::SP3-M, % 35S::SP4-M 2 z}zh w3l gich
Zyzre) Wel= FAHIE 8 Agrobacterium tumefaciens

EAH1059] =8ttt

primer name Size of product (bp) Sequences (5'-3)
SP1-F 459 GGATCCATGGAACAGCCAATTTCTTTTGTT
SP1-R GGATCCAAAAGAAACGTCTGTGATACC
SP2-F 1713 GGATCCATGTCTCAGTATGGCCAAGTCA
SP2-R ’ GGATCCGTCCAAGAAACACCACTGC
SP3-F 1407 GGATCCATGGCTTTTGGTGGTCTTAGTAGT
SP3-R ’ GGATCCATTGAGTCTCGCTTGAAGAGC
SP4-F 2648 GGATCCAAATGAGGTCTTTAATTTACTTC
SP4-R ’ GGATCCGAAGCACCCAGCACATTA




A Yy A

24 AEE TR/ Agrobacteria WYY 100 uLo}
ARelF 5-78A ) uf viFAEE 10 mLo) HRey =] 7}
=01 & petridisho]l Z12F Wo & 42 5 25C, ¢z
A 29 B F5 sttt dgrobacterias A\ A7) st
o FFHUT I ZE 15 mL YA E2] S beo] $7]3
YAEE (1,000 rpm, § min, 25C)sted AFSHL A AT 5
A 2-& MSH[Z] (Murashige and Skoog 1962)0f @1 gAlE
2] (1,000 tpm, 5 min, 25°C)3te] MIUYAZS 49 A Ha}e]
o St Ad Eel I ES AguiA] (MS HjA,
KH,PO4 370 mg/L, 2,4-D 0.18 mg/L, Thiamin-HCl 1 mg/L,
kanamycin 100 mg/L, claforan 400 mg/L)o)| X}AFst 3 25°C,
FZAO 35 1402 34U o Al shsic,

TR YN 2O Mtk

Fhtotoldlo] F7bEl Aol A Bojas
302 PCRE PAAH A2 le Felsqich A
£EHE genomic DNAE $£3% ¥ PEDV Aut3 oha
$74% ol primer (Table /S o[ 8310] 94T o4 1227}
DNAE HEA|713 56-58 C ol 4] 1 E7} annealing, 72°C o]
Al 1-28 <t extension ¥H-3-2 303) WM X7 DNAS 3HA
et F 1% agarose gelo) 7] 953l FAH WEE Fels)
9tk Annealing 2= SPI, SP3, SP4¢] AL 56°Co|1,
SP2= 58 C 0]9) 0.1 extension SP19] 732 1Ho|7 1}

HZ| primer&-2 25 59t £3Egich

Southern blot & northern blot £

DNeasy Plant Maxi Kit (Qiagen, Germany)& 0|23} 7}
koAl a4 AHAZHE genomic DNAS E2]319
o} 273t DNA (30 ug)E HindlllE Atta}o] 0.8% agarose
gelo]l A7]%953t 3, Zeta Probe membrane (Bio-Rad A&)o.
2 HoJA|zirt. Probel= nptll #4212 PCRE FHAslo] o] &
31gitt (700 bp). o] DNAS 5994 [a-"P] dCTPZ labelling
A|A prehybridization-& (Zeta Probe membrane 2)of &7}
ko] 65CollA] 24A17F Bot EASAZ T wheg ulAl
membraneg A3} X-ray Eo| wEA|A WHES 2ol
stk
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=
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A L= FERAS AEF (355:SPI-MO] 3H,
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HE G serum S 56 C - S8R0 A 3087 EFsls}
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o 42 kb PEDV A5t @4 QAR RE 4579 o
& PCRZ JHAIste] HElS ASIelck SPL (044 kb,
71K 1487-1,930 bp), SP2 (1.69 kb, 2,300-3,987 bp), SP3
(1.39 kb, 1,559-2,950 bp) & SP4 (2.63 kb, 9-2,643 bp) Z+Z+S
PCRE 33t 3 2} TS H o] MYC tag 37§E £ (100
bp) AEAIY FHHEE ST & 7|4 EE s
2}7+e] FLNES CaMV 358 TRRE Y S W2 Azt
3 ERE pCAMBIAZI0 iElo] Areisle] wlelg @aje 5
358::SP1-M, 35S::SP2-M, 35S::SP3-M 9 35S:SP4-M o & 7kz}
Hg3tit (Figure 1). ZFre] WE|S Agrobacterium tumefaciens
EHA1059] =¢lste] ehull sfjofa| L 32 Aol 0] 8-3}9irt.

Agrobacterium DH7HO| QIS HEXSH 9l HYQUA|EF Mgt

OFA] A2k 355::SP1-M, 358::SP2-M, 355:SP3-M U 358:SP4AM
WEE 27 F45tn Y okrzuelolet T BY-2
A2 E Fsokste] FAAE stk Adjulg 4

 BY-2 FEfPA LS ofazueelolet 29 B4k 3F
Hoket & Aurufx|of whoket & 4 kanamycin |
clusters Adslo] Al&sto] FUujz|ol N FAAF T 4
ez ol A] 45 vl FHE cluster7} HAE 7] A2

o 33 7H4 02 M2 A2 AdEeste] 3
AxIg At (Figure 2).

Kanamycin 27} Ahefzjofj 4 2t de] g 507404 707}
A= el Ao A AR UL U] st
o] PCRE ot A AZHE genomic DNAE £7
SHIL nptll A=} Eo primer -2 PEDV WHHE Z2H9] &
o| primerE ©]-§-3t0] PCRE 3314tk (A H|AA). 21
A3t 7t ey AR A& 75%004 85%0] .21, 39
MollAl 6074 HAAS MzFE Eistglrt (Table 2).
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Figure 1. Plant transformation vectors for expression of PEDV
spike protein gene, 358::SP-M/pCAMBIA2300. 35Sp. CaMV
35S promoter; SP1-SP4, PEDV spike protein gene; MYC,
C-Myc Tag; NosT, nopaline synthase terminator; Nptll,
neomycin phosphotransferase II; LB, left border; RB, right
border.

Figure 2. Development of transgenic tobacco (cv. BY-2) callus after Agrobacterium-mediated transformation. A, Formation of
kanamycin-resistant clusters on selection medium with 100 mg/L kanamycin; B and C, Calli were developed on selection medium,

Table 2. Formation of PCR-positive tobacco callus using Agrobacterium-mediated transformation with PEDV spike protein gene

No. of kanamycin-resistant

No. of PCR-positive cluster

Vectors cluster (%)
35S:SP1-M 50 42 (84.0)
35S::8P2-M 70 60 (85.7)
35S5::5P3-M 50 39 (78.0)
358::SP4-M 60 45 (75.0)
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PCRE =47} SholE YA g wjopz
€ Y-SR PEDV Aupachild st glole Aitala
2t C-Mye ZA1E AHg-3te] dot blotE A A1&HITH (Figure 3).
1 AR AZFYE gofst 202 PEDV Anka chagg
o] HHEU LU vPAAE Tl YA LR H L oL
o spot= WAE|Z] ookl AN wjA LR EQE
H& 9o WEEE 67)2] PEDV Avkoighily A A
FE ALttt &, 358:SPI-M M| ZEF9] Ao 3 9,
4, 45 @ 469L, 358:SP2-M L2 AL 27, 57, 60, 63,
68 & 74W-&, 35S:SP3-M M EEL 36, 47, 52, 60, 61 L 62
W12, 35S:SP4-M A E320] A= 40, 46, 54, 56, 57 & 619
247k garslginy.

Dot blotO.2 PEDV AU}z thld TAJAL N EZEZ 7}
WET 2 2oy il mpill §4E FAo o)ga
o] Southern blot HA418 AlAJslgtt. 1 Aup1 -3 copy X
A FAA EYEASE BASHAT (Figure 4). 0|23t

Figure 3. Dot blot analysis of transgenic tobacco cultured cells
expressing PEDV spike protein gene. A, 35S::SP1-M; B,
358::8P2-M; C, 35S5:SP3-M; D, 35S::SP4-M. Equal amounts
(80 ug) of soluble protein were blotted onto a nitrocellulose
membrane. C-Myc and peroxidase conjugated anti-rabbit IgG
were used as a primary and secondary antibody, respectively.
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ARERE =R FHuget ARG U Yreok=
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Dot blot .02 AurEl 674%9] TAAL A %3] PEDV
AR & 2AVSE] 915t northern blot £412 A3}
ATt L A3} 358:SPI-M A|2320] -9 317} 9 2o,
358:SP2-M A|3£30] -9 573} 740, 358::SP3-M H|E
F= 52, 619, 358:SPA-M A ZRol A 5633 574 &)
dolA PEDV Ampachd {dxi7h FhstA wrdskelet
(Figure 5). @24k gl wiFA 2o A PEDV Amta i
A FARLS] A2 RNA 53 Tl 22004 A8}
LX3HA] 4tk &, PEDV 29t vhily] S8R HAE
TEAA 24EE € 5 A

YRS Ef FEMUM T HAZY TA}

FAAZAZ FAUS G L RS Felon
B =

ALB/c mouseo| ZA-tEoiste] PEDVO] gt ®
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NT 3 9 37 ™ 52
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Figure 4. Southern analysis of genomic DNA prepared from
transgenic and non-transgenic tobacco cultured cells. Equal
amounts (30 ug) of genomic DNA were digested with the
HindIIl, electrophoresed in 0.8% agarose gel, and blotted onto
a membrane. The blot was hybridized with the 700 bp fragment
of npfl gene as a probe. NT, Non-transgenic tobacco callus.
Numerals, Transgenic tobacco callus with high-expressing
PEDV spike protein. The positions of size markers are shown
on the left.
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358::SF1-M
NT 2 3

358::5P2-M

9 44 45 46 NT 27 57 60 63 68 74

PEDWV-SP1

tRNA

358::8P3-M
NT 36 47 52 &0

358::SP4-M

a1 62 NT 40 46 &4 56 57 61

PEDV-SP3

Figure 5. Northern blot analysis of transgenic tobacco callus
expressing PEDV spike protein gene. Total RNA was extracted
from transgenic and non-transgenic tobacco callus. Equal
amounts (15 ug) of RNA were electrophoresed in 1% agarose
gel, and blotted onto a membrane. The blot was hybridized with
the SP fragment (SP1, SP2, SP3, and SP4, respectively) as a
probe. NT, Non-transgenic tobacco callus. Numerals, Transgenic
tobacco callus. TRNA was used to control for equal loading.

e A% 23 7713 BALB/c mouse®] E%S serum
neutralization (SN) test & plaque reduction neutralization test=
PEDVO| tf3t WAL E43 27} FAAS duf vk
Ao} izel mgAst il dAE detlg £
ol gt B¢ oF7he] WU Apo|E UERU Ut (Table 3).
358::SP1-M3} 35S:SP2-ME Fojdt oA 33AEH 6
22714 1:109] MG wlolg)a 24 oA &7}
TAE| o, 358:8P4-M= Fof 55:310] 1:10 5] AHl<po
A dtolgia FA] oA Aol WA 2L 120,
1:40, 1:80 % 1:160 3j4ufoll X = AlFZH tizatolA
A4 2ol & LAY 5= YIGIL 358:SP3-M S 74 1:10
o] B|AujsolA HlolEl 24 SARTE LrepyA
&gtk who] 2o EH oAM= 159 SAujolA

Table 3. Serum neutralization titers and plague reduction neutralization assay using mouse sera collected from mice administered with

suspension cultured cells of transgenic tobacco for 3 weeks

SN titers No. of Plague
Cell lines 15 1:10 1:20 1:40 1.5 1: 10 1. 20 1:40
NT + - - - 10 25 36 45
35S8::SP1-M + + - - 4 7 30 43
3 weeks 35S::5P2-M + + - - 6 8 34 40
358::SP3-M + - - - 3 19 3 38
35S::SP4-M + - - - 5 17 33 42
NT + - - - 15 23 30 43
35S8::SP1-M + + - - 3 4 20 38
4 weeks 35S::SP2-M + + - - 2 5 23 41
358::SP3-M + - - - 2 17 27 39
358:8P4-M + - - - 3 17 25 43
NT + - - - 11 27 40 48
35S::8P1-M + + - - 5 6 38 42
5 weeks 358::5P2-M + + - - 7 35 47
358::SP3-M + - - - 4 16 39 41
358::SP4-M + + - - 6 33 40
NT + - - - 10 24 34 45
358::SP1-M + + - - 7 9 30 40
6 weeks 35S::8P2-M + + - - 7 6 28 44
35S::SP3-M + - - - 6 18 35 39
358::SP4-M + - - - 8 20 27 43
NT + - - - 17 28 38 47
358::SP1-M + - - - 10 23 36 40
7 weeks 358::SP2-M + - - - 7 20 32 39
358::SP3-M + - - - 8 24 40 44
35S::SP4-M + - - - 9 22 33 41

-: CPE observation, indicating no existence of antibody.
+: No CPE observation, indicating existence of antibody.
NT: non-transgenic tobacco suspension cultured cells.

358::8P1-M, 35S::5P2-M, 35S::SP3-M, 35S::SP4-M: transgenic tobacco suspension cultured cells.
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