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Protective effects of a transgenic carrot vaccine on piglet diarrhea
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Abstract : The study evaluated whether a transgenic carrot vaccine could induce a K88-specific immune
response in sows and whether the resultant maternal antibody could protect piglets against enterotoxigenic
Escherichia coli (ETEC) K88ac infection. Sows (n=15) selected randomly from a farm in Korea were
assigned to three groups (n=35 per group: control [untreated]), group A (orally inoculated with a non-
transgenic and transgenic carrot vaccines at 2 and 4 weeks ante partum, respectively), and group B
(conventionally vaccinated according to the manufacturer’s instructions). After 7 days of lactation, 5 piglets
selected randomly from each group were challenged with 1 x 10" colony forming units/ml. ETEC K88ac.
Group C had the lowest mean fecal consistency score on post-challenge days 1 and 7. Histiologically, On
post-challenge day 7, group C showed an increased duodenum and ileum villus:crypt ratio, compared to
group A in the duodenum, with group B displaying the highest ratio. Groups B and C had more increased
villus width than group A in the jejunum. Group C displayed the greatest increase in villus width in the
ileum. The colostrums and serum from groups B and C displayed higher concentrations of IgA and IgG
against ETEC K88, compared to group A. Based on the results, it was concluded that the transgenic carrot
vaccine in sow per oral may have an effect on preventing piglet diarrhea as good as commercial recombinant
vaccine.
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Escherichia (E.) coli= ©]57] A=A AAE do
7 7PE F8.3F 4102 o] {f-F th+FF(postweaning
enteric colibacilosis)©] 71 3HH M AH o2 LAYl
HAE, o) AFE Ase}t =2 A5 HEOZ AHA
A 248 doqit [7]. @3l wlE} somatic antigen
(lipopolysaccharide: 0)171% ©]/, flagellar antigen(H) 56
% o]}, capsular antigen(polysaccharide : K) 80 ©]4}
O F 9,0009F o)de] dHA S, HABH T HA}
£ Y907 E colic 0:H XS EWE /1A &
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=24 E. coli(enterotoxigenic E. coli, ETEC), 344
E. coli(enteroinvasive E. coli, EIEC), AW Y94 E. coli
(enteropathogenic E. coli, EPEC), Z&384 E coli
(enterohemorrhagic E. coli, EHEC)Z ®F ¥t} [9, 14].
ETEC2 =39 (fimbriae or pilus)Z} U] 524~ (entero-
toxin)l ©]EA 4 (heatlabile toxin, LT)2F HEA =
Z(heat-stable toxin, ST)E 4] §tct. EHECH 5ol gt
EPEC2 LT®} STE #¥] t)4l Shiga-like toxing &H]
Tt [4].
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AL gpolu, AR EoJ7F ETEC] FAl ol F-2
3l Ul 54 (endotoxins AU E Eu|sle] WA st
HFZol 2Jst Aot} 8] YH o] We&FE ATt
AAFol ol FE&A7 B7] Wl 53] od A=
4] ETECe] A7} =& Zlolt} [3, 24]. ETEC7} A
2o 28 £ gle A2 Ii(rod)d e HEEY
9] fimbriae B pilusgt dFe Y WEOE A E
o= fimbriac®t 43 F U= @5stE 837 A
o] Ajtate] ETECS Hehs st gt [14]. AA
5 dodle U5adde LT9 ST7F JEH LT A
subunitz} B subunit®- 2 FAI= o] Ut} B subunite]
M AZ2] £ A (brush border)oll F-231] A subunite] Al
AR B0z & A dte] AlFEW cyclic adenosin 5'-
monophosphate(cAMP)E S 7FA1 713 4HFSte] ®WistE
doA F8A HAs dodAl Pt [15]. =3 ST=
STa®} STb7} U=t STa= AFE} =i X]ol|A], SThi= =
A5k Q&S wZIt). STae LT B subunite} vF7}
A& A 2e] Fo] thild 2gAol Afsl=d STas
MU cyclic guanosine 5'-monophosphate(cGMP)E 35
TIAA A E FHE AT BHE ST
[18].
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FQom, olul Mycobacterium tuberculosis MPT64,
glutamic acid decarboxylase, measles hemagglutinin-f-5=A|
9} 742 whilE So] HHH AT [27].
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Fig. 1. Western analysis showing the antigens expressed in the transgenic carrot callus. FW: Approximately 2.5 pg of fresh
weight of transgenic carrot vaccine, DW1: Approximately 0.25 pug of dry weight of transgenic carrot vaccine after 1 month
culture, DW?2: after 38 days culture, DW3: after 45 days culture, C: non-transgenic carrot vaccine, P: Purified pili protein.
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S E colil X @A ‘:;O]iﬂ'%% 10 pg/
mLo] = XE coating buffer(KPL, USA)°l| 3|43}
Corning 96 well EIA/RIA plate (CLS3590; Corning, USA)
o 100 pg¥ ol 4°CellA 16417t ¢4 coating 3HAT).

Coating¥l plate= PBST(0.15M PBS, 0.05% Tween 20)
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Fig. 2. Fecal consistency score of piglets fed diet with the transgenic carrot as time passed after challenge with
enterotoxigenic Escherichia (E.) coli K88ac.
Control: administrated with nontransgenic carrot and challenged with E. coli.
Group A: injected with commercial vaccine and challenged with E. coli.
Group B: administrated with transgenic carrot and challenged with E. coli.

Feces=0: normal, 1: mild diarrhea, 2: moderate diarrhea, 3: severe diarrhea.
a bSignificant difference between the groups at p <0.05.

Table 1. Intestinal morphology in experimental groups after challenge with enterotoxigenic Escherichia (E.) coli K88ac

Item Crroup* SEM
Control A B

Duodenum

Villi height (um) 383.1° 411.7° 431.0° 6.73
Crypt depth (um) 219.5° 154.6° 169.9° 3.27
Villi width (um) 91.0° 84.3 92.9* 5.45
V: C ratio® 1.7¢ 2.6° 2.5% 0.02
Jejunum

Villi height (um) 187.3 191.4° 253.1° 3.40
Crypt depth (um) 133.3 116.8° 142.4 1.62
Villi width (um) 84.0 92.2° 96.4 2.71
V: C ratio 1.4 1.6 1.8 0.01
Ileum

Villi height (um) 248.0° 305.4° 302.5° 1.72
Crypt depth (um) 157.4° 134.9° 147.1% 1.24
Villi width (um) 104.1° 98.5° 115.0° 1.77
V: C ratio 1.9° 2.3 2.0 0.01

*Control: administrated with nontransgenic carrot and challenge with E. coli.
Group A: injected with commercial vaccine and challenge with E. coli.
Group B: administrated with transgenic carrot and challenge with E. coli.
Villus height to crypt depth ratio.

ab eSjonificant difference between the groups at p < 0.05.
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crypt ratio, VIC ratioy= AMAIZ] /g e HlES o 2she] Zol FMAlzel oMo T
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Fig. 3. Optimal density value of IgA (A) and IgG (B) in serum and IgA (C) and IgG (D) in colostrum.
Control: administrated with nontransgenic carrot and challenged with E. coli.

Group B: injected with commercial vaccine and challenged with E. coli.

Group C: administrated with transgenic carrot and challenged with E. coli.

& bSignificant difference between the groups at p < 0.05.
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ETEC K88ac®| 9= g
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© aRAEoIt} [17]. B
o] A= Aol
= 2] SHHUL AN
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29178, Zehtelg 2 HAL A ES 5ol FE
At s AYAE HAALS, 3578 AAS, ©f
¥ Ao R ERF6HH 53] olfF AAS ol
2E# 20} Abg A o] 874wstel ETECS] #4 el
olsf A7t @A gt} [7]. ETEC K88acke Z+7zt LT9h
STE &H|ste] ETEC7t ZPLH s FAska el A

FozvE Asds) sie] Ul AFsiel MALE
Qo) 2 ol ke ETECO 213 36 Q4%
ol BIEC] =18 44 ETEC) 55 oma} %
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