J Plant Biotechnol (2010) 37:313-318
DOI:10.5010/JPB.2010.37.3.313

Research Article

OIdzHHIcIEE 018

QEX WY 844 WM N

ZIEIAM . FTM

21
[= R | =21

7 Al .3

B )

g

Of - Fehet - &

Mo
1=
£

Bt Actinobacillus pleuropneumoniae ApxIIA (ApxII toxin)

The development of transgenic maize expressing Actinobacillus
pleuropneumoniae ApxIIA gene using Agrobacterium
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Abstract To develop edible vaccines for swine, the
embryogenic calli (type II) derived from Hill genotype were
inoculated with 4. tumefaciens strain C58C1 containing the
binary vector pMY V611, 613, 616, and V621, 622 and 623
respectively. Six of those vectors carry npt/l gene which
confers resistance to paromomycin and apx/I4 gene
producing ApxII toxin which is generated in various serum
types of A. pleuropneumoniae as a target gene. The 4,120
callus clones for pMYV611, 5,959 callus clones for
pMYV613, 7,581 callus clones for pMY V616, 52,329 callus
clones for V621, 48,948 callus clones for V622, and 56,188
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callus clones for V623 were inoculated. The frequency of
positive response clone was confirmed into range of 2.3%
—4.4% for each vectors by NPTII ELISA kit assay, and the
selected callus clones of them were finally 3 callus clones
from pMY V611 (0.07%), 4 callus clones from pMY V613
(0.07%), 2 callus clones from pMY V616 (0.03%), 51 callus
clones from V621 (0.1%), 72 callus clones from V622 (0.15
%), and 102 callus clones from V623 (0.18%) respectively.
From the selected callus clones of each binary vector, the
integration of the apxIIA gene into maize genome was
detected from 2 plants of pMYV613 and 2 plants of V623
by Southern blot analysis.

Keywords A. pleuropneumoniae, apxIIA gene, edible
vaccine, paromomycin, type Il embryogenic callus, transgenic
maize
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A o]2 (Curtiss and Cardineau 1990),
bl vholels EWEhAS WHel o
Mason et al. 1992), Norwalk virus capsid T4l
e} ZF2} (Mason et al. 1996) W $HA L
W3 5l= ZFAF (Mason et al. 1998) 5 A&
o] 712A47F 3 Hol $irt
Aol = FEFAAY Gt
o] 1 FUA U2 WAL FEA 9 A
A AL 4 9t} Mason 5 (1998)& Al LT-B &4
T AR A o)A ubE Eol f-2f LT-B RS
U3 ARG LT-B §Fo] Eoxl& A4 24345 2%l
], Al 5-G2) enterotoxigenic Escherichia coli 2] labile toxin
B subunit (LT-B)2} Norwalk virus®] capsid @2 S &
o AFRe] W ) Vg S Ao 4 U8
ol 3} Tk (Haq et al. 1995; Mason et al. 1996, 1998). 1
| = A= HBsAg (Hepatitis B surface antigen):= mice
o] F7rH o] gk HRkg S0 Sofol qlof &
Hae iAo A SdghS ko 2 4] (Kong
et al. 2001; Richter et al. 2000) =AM S E35F A &5
FUFN | o] & THeAE S ThsA sHich

=< o83 AR AT AL 75 seed storage
proteino] FAFO] H3zof] AAE o] QlaL, A% A FA
o A oAl 24 ¢f g Ade 2E7] wfZof (Chikwamba
et al. 2002) =8 AFRAERE o|§ = SppofA] =AY
Transmissible gastroenteritis coronavirus (TGEV) & chul A
< WAA7]7] SIg At7F R E o] ot £33 LT-B
AR} e 24 SR ASA| O A Escherichia coliheat labile
enterotoxin®} cholera toxino]| T3t JYAL T EAYP L &
3 29lat7| = &tk (Chikwamba et al. 2002).
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HIl A% S5442 42588 44 F 10~397]

1520 mm 27]9] vl g Al vl4ug FRHow

-d

2a)sle] AHA S R] (CIM: MS salts, Eriksson’s vitamins,
0.5 mg/L Thiamine-HCI, 1 mg/L 2,4-D, 3 mM MES, 25 mM
L-proline, 2% sucrose, 100mg/L myo-inositol, 100 mg/L
casamino acid vitamin assay, 0.7% BBL agar, and 1.7 mg/L
AgNO3; pH 5.8, Murashige and Skoog 1962)¢f x]A}st 3 24C
oA 65 ol ¢F wiF sHHA Type Il HiYAY A 25
TSk =Rt Type I M A LS 45 7HA L
2 A s FetHA FEoHA FAIRE & Agrobacterium-g
o] &3 FAALE WiFARR o] &3tA

QR WasE]

ApxlIAS AR} 2 Wl E] 2 pMYV6L1, pMYV613, pMYV
616, V621, V6229 V623 Apgstgon, 7+ wgL
Agrobacterium tumefaciens strain C58C19J| Z+Z; freeze-thaw
o s gAHgsto] o2 ARSI 2t WE o] T-DNA
ofl+= 27119 cassettes7} A Stc} (Fig. 1). A. pleuropneumoniae
apxlld A= ApxIl toxing FASH=1] o] Has
pleuropneumoniae @} t}oFet AP o A RS o] A 2} |
= o E 3719 apxlid 5737 fragmentE ¥HetT) &
PMYV611TF V621 COl-apx5-2 (0.75 kb)Z, pMYV6I13,
V6229F V623-& CTB5-2 (0.93 kb)E, pMYV6162 full-
length @] apxITA A} (1.7 kb)E 22} H8IEE A=
stolo] =5 pMYV6119] 78 3o ER retension
signal@} 5] Col (M cell binding ligand) sequenceS A =3+
slo] L=3F Hhi, V6212 37 ER retention signalth Al 4] &
S-2)| BIP signal sequence® =3}t 123 pMYV613
2 pMYV6119)| 4 ColthAl CTB Tl 2l o] fusion® Z o],
V622 V6210 A ColthAl CTB T2l o] fusion® Z o]
o} V6232 V6220] A plant -2 BIP signal sequencet] Al
Cab signal sequences A =3slo] 2z} L3t

A. tumefaciens culture ZFH]
FAASH Zzre] E2YE 50 mg/L rifampicin, 50
mg/L gentamicin?} 50 mg/L kanamycin®| #7}% YEPH| X

Xbal EcoRI
| RB Mampﬂ Xt {T-nos)—{ assep - neTHI Hmva'ur>h LB |
/

/ \
/ \
/ \
Fig. 1 T-DNA region of the binary vector pMYV611, 613, 616
and V621, 622 and 623; 0.75kb size of Col-apx5-2 fragment for
pMYV611 and V621, 0.93kb size of CTBS-2 fragment for
pPMYV613, V622 and 623, 1.7kb size of the full-length apxiIA
gene for pMYV616
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o] HZE35}lo] 28 Coll A 24 7F w3} ATt Agrobacterium
kol 3000pmel A 1057 A F Hre o}
pellet2 3-EH[joFol (CCM: 1/2 MS salts, MS vitamins, 20
mM MES, 0.115 g/L L-proline, 2% sucrose, 1% glucose, 200
uM acetosyringone, 100 mg/L L-cysteine, pH 5.4) 0.2 THA|
3| A3}e] (ODgso 0.6-0.9) N o7 AL-23}4 T

Type Il RS A FEHG 2 A%

A Aok pe I AL AH 2 (Fig 208 Tt
el HEe) el §717 spauk Aels FolelS
Al o7 & FH|3E Agrobacterium FEFN S @i 30E
Aot olazere| e g §918 Mo A A
Tt filter paperE 23 E2 1A FEH]A] (CCM: 1/2
MS salts, MS vitamins, 0.5 mg/L thiamine-HCI, 1 mg/L 2,4-D,
20 mM MES, 0.115 v g/L L-proline, 2% sucrose, 1% glucose,
200 uM acetosyringone, 5.5 g/L agarose, 20 uM AgNO3, pH
54 WA E A 4ste] WTH 292 35 HFshe
o} (Fig. 20). 484170 591 TEUHSF F Z2te] A2 2
25 E73}9] delay medium (MS salts, Eriksson’s vitamins,
0.5 mg/L Thiamine-HCIl, 1 mg/L 2,4-D, 3 mM MES, 25 mM
L-proline, 2% sucrose, 100 mg/L myo-inositol, 100 mg/L

o L om o

casamino acid vitamin assay, 0.7% BBL agar, 1.7 mg/L
AgNO3, 300 mg/L cefotaxim sodium, pH 5.8)0] X|A+5}o]
57917 25C ol A o vjo} Bkt (Fig. 2¢). ¥lo} & 7tz
o] AYA ZF2E 100 mg/L paromomycin®| ETHE AHk
A2 FA o 2H0AM 2537 14 o= Adjulef st
A A Aehe A AE ARSI (Fig. 2d).

FAAEE AH22HE HEA =9 &3

85 o] At stHA A AYAE 12 A&
3} " x] (MS salts, MS vitamins, 0.1 mg/L 2,4-D, 3 mM
MES, 2% sucrose, 100 mg/L myo-inositol, 0.1 mg/L ABA,
150 mg/L asparagine, 0.8% BBL agar, 100 mg/L cefotaxim
sodium, 50 mg/L paromomycin, pH 5.8)°] %74 25C, 164]
b BT 2004 237 kst A AL Wi E =
SFT (Fig. 2e). =% AAIEZ vl S thA] 22} A3} Hj
Z] (N6 salts, Eriksson’s vitamins, 0.5 mg/L thiamine-HCI, 6%
sucrose, 0.625 g/L malonic acid, 100 mg/L casamino acid
vitamin assay, 0.35% phyta gel, 100 mg/L cefotaxim sodium,
50 mg/L paromomycin, pH 5.8)2 4 o &2 ¥y &
2He SARAS Ao (Fig 2g), o|F Lolux| (MS
salts, MS vitamins, 3mM MES, 2% maltose, 100 mg/L
myo-inositol, 1% glucose, 150 mg/L asparagine, 0.5% agarose,
50 mg/L cefotaxim sodium, pH 5.8)0]| A 4t A EAZ A
RAATE (Fig. 2h). 15209 § S 2SS Bofo] &
o} g & 2AA BSA7IHA TIEAE Tkt
(Fig. 2i,,k).

NPTII ELISA Kit assay

7+ wrgelE (pMYV611, pMYV6I3, pMYV616, V621,
V622 9 V623)2 A A E Agrobacterium} E% vl oF
gF & Auj Ao A Ad5HA Abets Al dREE A
dF5}o] NPTII ELISA kit assay (Agdia, catalog #PSP73000) %
nptll A e RS EASHI. s SE20=R

g kito]| A A3t buffers o] &sto] Tl A E &3 &
antibody7} Z & % 96-well plateof] 22} B33 3 Agdiat)

gl whe 245 ge

Southern-blot analysis

NPTII ELISA kit assay (Agdia, catalog #PSP73000) 4] of
SJsl PG hehdl YAAS B4 HE fEd
HERANA TEAE S350 F oA A4 WolalA
A=A S Southernit A S $I7F Am= ARSI &
Hol 4 A% Aok ofel 9 A o 2 g2 Akl
genomic DNAE %319 S (Dellaporta et al. 1983), 2F

Fig. 2 Selection of paromomycin-resistance calli and plant
regeneration from the selected callus clones after Agrobacterium
strain (C58C1) carrying pMYV vectors cocultivated. a: Embryogenic
calli of Hi II genotype, bar = 1 cm. b: Embryogenic calli infected
with A.tumefaciens strain C58Cl carrying one of six cloning
vectors, respectively. bar = 1 cm. c: Callus clones divided from
co-cultivated embryogenic calli on delay medium, bar = 1 cm.
d: Outgrowth of putatively transformed callus clone on selection
medium containing 100mg/L paromomycin, bar = 1 cm. e:
Somatic embryos induced from selected callus clones, bar = 3
mm. f (bar = 3 mm), g (bar = 1 cm): Shoot and root formation
of somatic embryo from selected callus clones on 1st regeneration
medium. h: Regenerated plantlets from somatic embryos on
germination medium, bar = 3.5 cm. i: Transgenic plantlet in
small pots, bar = lem. j: Transgenic plants in greenhouse. k:
Pollinated transgenic plants, bar = 15 cm
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10 #g2] DNAE EcoRl AstaE A wH-Solof 37 C o] A 164
b F3F B Al A el 3 0.8% agarose Ao M7 9%
a}9itt. Agarose Z14Fe] DNA WHEZ Zeta“-Probe nylon
membrane (Bio-Rad, catalog #162-0196)°] %A p_dCTP
(Stratagene, catalog #300385)2 HEXA|E ©F 0.55 kb apxlid
probeE ©]-835}o] Southern EA3}Th (Southern 1975).
Probe= forward primer 5-GATAATGTATTTGTTGGG-3’2}
reward primer 5‘-“TGTAATAGAATCATTTCC-3’ & ©]-&3} 9
550 bp =7] 2] PCR product apxli4 & A& gel elutiond}

of g3t

o] FeF % il
4] %Yr“#ﬁﬂ Ae o 4= gls ooyt A =AY
of QlolM &= 7}A] Ql= dol=t & 4= Slth. Agrobacterium
W F-FHi ek o Hill genotype?| type 11 S Ay A
A= (Fig. la) delayd 1S 7 A 1 mg/L 2,4-D€} 100 mg/L
paromomycin@ A A 7} A 7L AR oA 23 7HA o
2 o 2ol A A ek st A Adgh A} ofF 6~85
TRY Ao RE vud W AFEETF wE Ay
7F A E e, o33t A AE putative transgenic 7 &
A8 AAsto] 3ol SESH 5 4’\1733} (Fig. 2d).
Z A1 putative transgenic 2 A 0] YR E X} £S5} uf
Aol A 1642 FF7] 2SR ZTJ v st A
S v e A ol A A O] ehkgt A Al S uj
7F 5= Ae W S (Fig. 2e), o] # 7k A4 Zuf
£ 25t 22 &3} w2 & ol ] o xpA o2
v st Al AR fAEA R E3AH T (Fig. 2f, g, h).
O

FABAE Bopol $7 5-6U7 WU F 3
AN F LAR $74 B3 £IAAT (Fig. 20), o F
HEAL 2NN BLAIEA FHEL (T) 4
A9t (Fig 2, k).

(Kim et al. 2009). E?} neomycin phosphotransferase a4
+ A ] %7}—‘“‘4 paromomycin YA 9] 2h-g-2 HEAI S}
Aoz A JAATNEZE 2T = YA 3toh (Roa-
Rodriguez and Nottenburg 1999). £ 73] WX}H&%?_I 2
o] A9 e Ao wa) ue mTAQl Al
72 olu] 3ol H ot (Cho et al. 2005). 2 ALoA =
vleo] Aemrt ype IHLAAH A0 A% 4] U
$A7 e Hejsiglon, Sa AdH 2
2 ARk WA oFa A&A S 3
2k ofy e} Al = A paromomycino] 7l HlA]
o| A Agrobacterium™} F-Zu k= type 1I sty AH A
SE2 Y] FEASA Ze} FAAS A2 T FSEHA
TFEEgen, 53 g 7heAde] e 2
o e ME 4EES vel FozA 7| uy
Avtol AxFo] AR OoR PAAR ABH S
Qe a1zl HHog AR EH T

7} WE] Z pMYV611, pMYV613, pMYV616, V621, V622
1v6239] AL 27y 412070, 595970, 7,58171, 52,3297},
48,9487 9 56,1887112] A A SE-S AgrobacteriumY} 2%
Hjokol & 45 & M x|of A AlbSt putative transgenic
Ae A% AIHAD, o F FAA A¥E AYAE
t)AF o 2 NPTII ELISA kit assayE 4343t 23} A=
o P MY Nk BEE de 222 pMYVelIHH
9] A2 3.0%, pMYV613-2 4.4%, pMYV616-2 2.3%, V621
2 2.4%, V622-& 23% WV623+= 2.5% o2 HEo
whabA 2 zpo|7b glo] A AT kAUl S Hol 29
O (Table 1), ¥HH v F A A3} Lo AL SAUFS O
2 YerT (Fig. 3). E3F NPTII ELISA kit assay‘?j o 2
of 12 S Fof ¥ FAAS AL S 225 85 0

Table 1 Production of paromomycin-resistance calli and transgenic maize from the cultures of type II embryogenic callion selection
medium amended with 100 mg/L paromomycin after Agrobacterium strain (C58C1) carrying pMYV vectors cocultivated

No. of nptll-assay

No. of selected No. of transgenic maize

E)il; rciisrison N:'(;sz icrif;i;[:d positive clones / calli (%) on No. opflgsﬁzlserated plants confirmed by

tested clones (%) selection medium Southern blot analysis
pMY V611 4,120 19/620 (3.0) 3 (0.07) 27 -
pMYV613 5,959 19/430 (4.4) 4 (0.07) 168 2
pMYV616 7,581 5/210 (2.3) 2 (0.03) 158 -
V621 52,329 18/750 (2.4) 51 (0.1) 181 -
V622 48,948 14/590 (2.3) 72 (0.15) 187 -
V623 56,188 17/670 (2.5) 102 (0.18) 131 2
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Transgenic callus clones

WePEEEEswees
e e e e e - e
(o e ) e e e

@V@:&::ﬁ:’?‘:ﬁ@"q@@i 8« Negative control
mg @@ E@mm* Positive control
D IOICICIC

OO HONCHCHIOICHOIC)
Fig. 3 Screening for the positive response (yellow color) of
callus clones grown on selection medium supplemented with
100 mg/L paromomycin by NPTII assay kit

Transgenic callus clones

&2 AR Aol st A AR o)A st
A HeE Ana 22 oA Ausn. AEdow
pPMYV6ITHIE o A 37 e A 22 (0.07%), pMYV6IH]
ol A 47 (0.07%), pMYV6166] A1 27H (0.03%), V6210l A
5171 (0.1%), V6220l A 7278 (0.15%) L V6230f 4 10274
0.18%)F 77 o] AUTHo A W 40] 2o &
gl Ao= Tk o 4 93k (Table 1), Et 7} g
HE AdE Adys F2025YH U2 A48 42
= 9lglen, o] & oF 25/A 9] FAMTA Y JorF
E] genomic DNAE £ 2|3} Southern blotS 4343t A1},
pMVY613 g 7} == 270419 V6230 =UFH 2714
NA apxllA+AA ] =Y oFgt WEFH = AT &
Q1 t} (Table 1, Fig. 4).

7w o] At SRR mplg AN A%
A2} genomic DNAO| FA#A o= wolwfo] Wayg 7 ¢
neomycin phosphotransferase [1& 45 AJAFE 4= Qi) o] g
g 549 HdHARE Felsty] fa i NPTI
ELISA kit assay= wj-9- Hejstm, e A4 &+
Az A' 913 AdE 33 FJAHASAE A
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Fig. 4 Southern blot analysis of 12 T, progeny of transgenic
maize carrying apxIIA gene. Total genomic DNA was digested
with EcoRI The 0.5 kb apxIIA probe labeled with **P-dCTP
was hybridized with genomic DNA of T, progeny. Positive :
V623, Negative : Wild type, 1: 613-1, 2: 613-2, 3: 616-1, 4:
616-2, 5: 616-3, 6: 623-1, 7: 623-2, 8: 623-3, 9: 621-1, 10:
621-2, 11: 622-1, 12: 622-2

A9l Aoz Tt
o] X|4Hql B4
A 57 gt
A= Fe} 57

)

4] Gl AL A 98] S Hil genotype
ozRE GEt ype 2] vty A A B0t
E pMYVé6l1l, pMYV613, pMYV616, V621, V622 W V623
2 Y AAZA 7] Agrobacterium (C58C1)2} 35 vl oF 313
th o5 AEWHE N paromomycin A AT 3
Aol NPT At el 54 §AA2A ool
oz 71 BRE AMELE gl AR Az
FZslgiT) AR WEpMY V611, pMYV613, pMY V616,
V621, V622 26239 7 Z+ZF 412071, 5,9597K, 7,5817M,
52,3297, 48,9487l W 56,1887 2] A A S2-8 Agrobacterium
I F&7 $ NPTIL assay kitol] |3 npll-7d 2] &
=5 AR A3 4 WEE R 23-44%9] AL ZE9

A FANAT FAPSS B, o] E F HAFHOR A
e FAAG AYs S22 pMYV6IIA 37 (0.07%),

PMYV6I36] 4 470 (0.07%), pMYV6160]A] 270 (0.02%),
V6210 A 5170 (0.1%), V622014 727 (0.15%) 2 V6239
A 10270 (0.18%) 5 Z+2F Aich FAAgE AYA F
2ozHE AEIH AEA A AR ZdoRE
Southern £4] 0.2 F3l &1t A} pMYV6I30A] 270 4]
B4 2 V6230 A d2 27 A ZA| A 4z ElE it

AL At

®ATE $EATH ol L TMINATY S 5

pu
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