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Development of Transgenic Carrot Oral Vaccine to Protect
against Diarrhea of Piglets

LEE, Young-Sun - HWANG, Cheol-Ho"

School of Bioresource Sciences, Dankook University, Chonan 330-714, Korea

ABSTRACT We are trying to develop a transgenic carrot with aims of production and delivery of oral vaccine
against microbial enteropathogen using a K88ac pilin gene. A K88ac antigen (pilin) gene was isolated by PCR from
the K88ac genomic DNA. The pilin gene was constructed in pGA748 and introduced via Agrobacterium
tumefaciens to the explants of carrot hypocotyl and then 494 transgenic lines were established. The amounts of the
K88ac antigen produced in each of the cell lines were determined by western and two elite cell lines (M1-17, Y14-1)
were selected based on higher levels of expression of the antigens as well as rate of cell growth and efficiency of
embryogenesis. [n order to test an immunization induced by oral administration of the transgenic carrot, serum of
the mice fed with the carrot vaccine were tested in ELISA. It tumed out that the mice fed with 3 g of transgenic
carrot showed a similar level of antibody compared to those applied with 10 ug of the purified recombinant pilin
protein. Besides, various clinical responses were measured after challenging with ETEC K88ac strain to the piglets
experiencing an oral immunization with the transgenic carrot. The piglets fed with carrot vaccine showed a lower
level of diarrhea in fecal score compared to those fed with non-transgenic carrot. A higher level of increase in weight
of the piglets fed with the transgenic carrot vaccine was observed comparing to those fed with non-transgenic carrot

as control.
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rotoxigenic Escherichia coli (ETEC)ZA] pilino|gls EW 3l
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K88ac pilin gene (adhesion gene, ghjM25302)2] @7 1vjEg<S
vlELO 2 primer (51 GTGGATATCAAGGGGTTTA, 3"
CATGCTAGGTTCAGCGGAGC)ZS A &3 3 genomic
DNA PCR [template 1 ng, 1x reaction buffer, 0.2 mM dNTP,
100 pmol 5” primer, 100 pmol 3" primer, Taq polymerase 10 u
(Bionix); 94°C 7%, 94C 18, 57C 18,72C 18, 72C 5%,
30 cycles] & F3)3ted 870 bpe] G HAAE EEsigrh
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Enzyme-linked immunosorbent assay (ELISA)

Coligan T (1992)9] Indirected ELISA H'Hol F3jo] E4
st ¢ pilin @ E S 10 pg/mL7t HEE
carbonate-bicarbonate buffer (pH 9.6)9] 2]418}e] microplate
(Costar® 3590 96 well assay plate)ol] 100 ug¥ o] 4°CollA
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Figure 1. Schematic diagram showing the schedule of clinical test
of piglet,

(ADG): {((NEFEL AT - AWML AFYAE712H w

K88ac pilin gene2| £2|2} AlZSIZIXB! vector 1=

E. coli K88acZH#E PCRE £3] 870 bp9] K88ac pilin
genc BelSATH (23 SlAA). 2ol $AAE sequenc-
ing-& E3ted DNA 520l A K88ac pilin gene (adhesion gene)
# 100%2] homologyE #3tgdth =3k K88 tjE
serotype¢] K88ab, K88ad pilin gene=} opu]: At w|E 59
A 95% o]’e} FEAdE FAFLEH K88ac pilin gene O E
HE fad A7 Ao] K88ab 2 K88ad A tghale
2} o)fo] 15T Aoz FAuyUrk £ K88ac pilin
gene?) codon usageE #Q1d A FToAM L WIEE AR
HolA= codonC 2 FAH o] glo} K88ac pilin geneo] T+
WA £ 502 2388 5 e A2 AR

el AR CaMV 35S promoterol] 93l &4 2
o] 7Fs% pGA7480] AR Y3} binary vector system<
231 o, olE Agrobacterium tumefaciens LBA44040] &
AXM BN AT} (Figure 2).

Agrobacterium tumefaciensE 0|28t &2 3alXe U ZE=
H NS g8 BN

pGApiliE XE3}sl= Agrobacterium tumefaciens LBA4404
£ 5FE 929 WiE U FeuiY & AR ERY
494709 FAASE Al NEFE AU £ HFAA AL
£ g2 F3 102 FAAHEL 2E5E A985E, o
B5E UIF5E, I8 WsEY] £ Eon 1497
Adiuide S ATl Haks 3 A Az 24
S VI 9 AF5FE 2F5E UF5E WBSE 182

g E5&9 £o2 ¢4kt (Table 1).
AjZ=5t pilin CHEE A S polyclonal ALt

Pilin 9 2-& pET32 E. coli expression system-= ©]-£-5}o

PCR product
(pilin gene)

Xhol Baiil
Bacterial
chromosome

A. tumefaciens LBA4404

Figure 2. Schematic diagram showing the construction of pGApili
from a ligation of a Xhol and BglII fragment of pilin into pGA748
and pGApili transformed in the Agrobacterium tumefaciens
LBA4404. B; BamHI, C; Clal, D; Scal, G; Bglll, H; HindIll, K;
Kpnl, L; Sall, M; Smal, P; Pstl, Q; Stul, R; EcoRI, S; Sacl, T; Ssil,
U; Mlul, X; Xhol

W A7l A3 [PTGAE] 1A]7F & thioredoxin (17.38 kDa)4}
A3t 46.03 kDa2] K88ac pilin ¥ &o] AA ey A o] 30%
2 ARSI BEAY PUDE gel eludondt F £719| 7
3lol] FAlBle antiserume A &Gk AZF pilin WALE
e A7) $15te] insoluble protein FEHHES AREEHY]
K88ac pilin T o] 70% o’fe] HE% FE3L thF ¥
A7l A2 PBSo| =<1 F BCAWHOR ©ld k& &
st 77 FAAZ T

A APAE Bl ALE AEF T AME oy o
Adl UE 54AFS LR & PCRE B3l ZAL Al 259
97%N A pilin §-A2} =YL FelstHct (Figure 3). F-& A}
o] gRlE F FAEA 9 pilin ¢ E THE 215}
A3t h2T FAASA Y A dRE S F2F £ A
2 pilin polyclonal antibodyZ ©]-83te] westerns A13f 3}

Table 1. Efficiencies in transformation and maintenance of cell line
among different cultivars of carrot.

Percentage of resistant

Number of cell lines
callus appeared per

Cultivars of carrot

tissue transformed mainiained
DaepungSchon 13.0 120
HanyeoreumSchon 14.0 17
JochunSchon 21.5 142
MansanSchon 6.4 39
YeoreumSchon 19.4 176
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Figure 3. Confirmation of the pilin gene introduced in transgenic
carrot cells by PCR. The transgenic carrot cells show an expected
band of 870 bp. M; Hindlll marker, Po; pilin gene of K88ac cloned
in T-vector as a positive control, C; nontransgenic carrot, 1; J1-15,
2;MI1-17,3;Y7-1,4; Y14-1,5; Y19-22

Po C 1 2 3 4 5

“ L. s i «— 28.9 kDa

Figure 4. Western analysis of the pilin proteins from transgenic carrot
with pilin antiserum. Po; recombinant pilin antigen. C; nontransgenic
carrot, 1;J1-15,2; M1-17,3; Y7-1,4; Y14-1,5; Y19-22
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9] band& #0188 4 . 2™ Melanielll programS- £-3F &
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Figure 5. Results from ELISA measuring the amounts of pilin
antibody in mice serum at 28 days after feeding with the transgenic
oral vaccine carrots. C; nontransgenic carrot, Po; recombinant pilin
antigen (E. coli), Y1; Y19-22, 1 g, Y3; Y19-22,3 g, Y5, Y19-22, 5
g, M1; MI-17,1 ¢, M3; M1-17,3 g, M5; M1-17,5 g.
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K88ac (5x10° cfu/mL) 2 8A|ZF 7o R AXLR F

A AZ% T 293 490 Sherman (1983)<] ¥hdel] o]t
&) fecal score (AAFAQ B 0, AW : 1, &2 HAF: 2, 4%

MA} 3B 2A5YT (Table 3). 2338 A3 B AAS &

Table 2. Effects of recombinant carrots on average daily gain
(ADG) in piglets'.

Nontransgenic Transgenic E. coli SE’
carrot carrot recombinant
ADG (g) 250" 326' 261" 28

' Fifteen pigs with an average initial body weight of 4.97+0.19 kg
(SD).

* Pooled standard error.

“ Means in the same row with different superscripts differ (P { 0.10).

Table 3. Clinical response of 36 days old pigs after challenge with
ETEC K88 strains.

No. of No. of pigs with diarrhea occurring

pigs 2 days 4 days

Nontransgenic carrot 5 1 (3): 1(3)
Transgenic carrot 5 0() 0 (0)
E. coli recombinant 5 00 0(0)

" At day 15 after the onset of the experiment, all pigs were chal-
lenged orally with ETEC K88 at a dose of 5 X 10°cfu/mL..

? Fecal score is the mean fecal consistency score: 0, nomal; 1, soft
feces; 2, mild diarrhea; 3, severe diarrhea. Values in brackets
represent mean fecal score.
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