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Quantitative Analysis of Transient Expression in Tah Tasai Chinese
Cabbage (Brassica campestris var. narinosa) Seedlings Following
Agrobacterium-Mediated Transformation
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ABSTRACT Tah tasai chinese cabbage (Brassica campestris var. narinosa), a vegetable plant popularly con-
sumed as several-days-old seédlings in oriental countries, can be easily cultivated using a simple appliance. We
demonstrated that Agrobacterium;mediated transformation via vacuum infiltration (agroinfiltration) resulted in a
successful transient GUS gene .'I:expression in tah tasai chinese cabbage seedlings. Pre-germinated seeds were
found to be more susceptible to Agrobacterium infection than one-day-old or two-days-old seedlings. We also
demonstrated that hydrogen p_éroxide (HPO) treatment increased GUS expression especially for two-days-old
seedlings. In ELISA using seedlings transformed with hepatitis B surface anﬁgen (HBsAg) DNA by agroinfiltration,
HBsAg protein synthesis increased more than two folds by HPO treatment to two-days-old seedlings in
comparison to the mock-treated pre-germinated seeds.
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B APl A= agro-infiltration 0. 2% ¥ 7| %= Agrobac-
terium-mediated vacuum infiltration (Bechtold et al. 1993)
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Figure 1. HBsAg expression vector construct.

0.7 kb DNA ©3-& pBI121AGUS®] cloning3dte] pBIHBsAg
2 AzxstAct (Figure 1). pBI121 T pBIHBsAgE AU
= Agrobacterium tumefaciens LBA4404+= 28°C, 220 rpm
of Z7l0l4 wiekalel 2 wledel 100 Wl (ODae1 )% £7)
E A4S o] 3220 mLe) B FR40] Felsis
o] o] A aspi'rat(‘):r'" A=) (Iwaki, AP-13)E ©]$-3} vacuum-
infiltration (10 min)S A3+ 3= paper towelS o] &3}
8715 7PEA AAstaL 95383

Histochemistry

AEA 8+E 0.2% sodium hypochlorite-8-4ol 4 1 min 3]
2] & 0.2% Tween-200] T3y Hia2 33] 423t d
T2 5 Aﬂfﬁ,é}ﬁ . 0]o]4] 50 mM NaPO, pH 7.0 &
ool 10 min A7) HEARE paper towelz 2715
7FE A AlAE § GUS histochemistryol] ©]-§-3}3{ch X-GleA
(5 mg/100 ul dimethylformamide)-2- 10 ml2] sodium phos-
phate%‘?ﬂ,_ (100 mM, pH 7.0)°ll H7}s}iL potassium ferri-
cyanide £} potassiﬁm ferrocyanide Z+Z} &% 0.5 mMo] &
©2 Wrbalelth ZH@ GUS substrate elo] AHF 2
& 9ol 37ColA wEEAIZT (Jefferson 1987).

HBsAg M2

AEARE AADLE o] &sto] A Zo} o] & extrac-
tion buffer [20 mM sodium phosphate, pH 7.0, 0.15 M
NaCl, 20 mM sodium ascorbate, 0.1% Triton X-100, 1
mM  phenylmethylsulfonyl fluoride, 1x protein inhibitor
(Roche)]oll 442 F ¢AlE2] (12,000 x g 15 min, 4C)&
23] AN st G g gAs 3|4-g & Abbott IMx system
£ ©]§3 HBsAg ELISA° ©]g3}3ith.
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Transient expression systemS 420 2 obye A
g AEA 9] Az va] =dFHA EENE] e
54 2 oS w2 £44 G213 dvke A
=4 Z#olE molecular farming?] 2402 1% 7]
a3t (Fisher et al. 1999). t}y} particle gunoji} agroin-
filtration -8 ©]-&3}= 49 DNA =UH-$v} Agrobac-

terium®| 7+Q F-flollA el AgA L@ gto] o idEt g
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H, viral vectorZ o]&-3= 7-$- viral progeny2] systemic
infectiono] oj’dslo] LI} ZdE = vk FH o
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agroinfiltrationg $33}91S- 4 -oll= 0ds (Figure 2-A,
X-0)oll A uto] GUSHHao] F2 tpehubar glom] ldst} 2ds
o] JAAGl A= BHo] Ao AFEA] ekt (A2 X-1,
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= 4 minAzsln BAUEL ANAAE W A
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Figure 2. Histochemical GUS expression analysis of B. cam-
pestris var. narinosa. Con; non-transformed seedlings. A;
Agroinfiltration for GUS gene transformation was performed
for pre-germinated seeds (X-0), one-day old seedlings (X-1)
and two-days old seedlings (X-2). B; Hydrogen peroxide
(10%, 4 min) was treated prior to agroinfiltration for pre-
germinated seeds (T-0), one-day old seedlings (T-1) and two-
days old seedlings (T-2). All seedlings shown here were
cultivated for 6 days.
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Akzl zhz). ey B Rejdaie GUSEE spoto] 7
5 A&z g3 9tk o]#g AR hydrogen peroxide
E A Aol m vz 2 BEE AT o] g A
£ B. campestris var. narinosa FAASA AZS EXR
g 79 hydrogen peroxide §-x]2] 0dst} ] 2dsof| sk
agroinfiltrationg 53] & o] 25-E]2] s}4j= & junction
H2l9] explants A 2 AE3le] ARZE o] &= A
ZE NE7F 2 Acz welth

ELISAZ o] &8 9243 ®e] Saxpna 248 59
gto] Ao S FHAHE &5 °

Qe vastel o
transient expression system®] 7S 93k 7Hto E o]&

ek AlEZ Ao A9 histochemistryoi} )%+ GUS reporter
SAAAL o7 74A) o] 5 ekl W false positiveE
T false negative® HHHE 4 Qlr} (Vitha et al., 1995).
WEkA in vitro9} in situ®] AZE Bk Ao vpEA g
d in viroolA 9] 4-methyllumbelliferyl B-D glucronide &
o]-&3t fluorometric assay”} “Z7o|t} (Jefferson et al.,
1987). 1} B Aol A= #A71A] hepatitis B virus
surface antigen (HBsAg) 2 g4 &4 o] &ol 3t ATE
9)&te] HBsAg Walvector (pBIHBsAg)9] A% 2 =1 W3]
BEe SR AHEA (F3 VR olF PAATTE
o] A&k vlud o|-g3}%itt. &, pBIHBsAg®} pBII21&
2zt AU A. tumefaciens LBA4404E F 249 B.
campestris var. narinosa 2 2 #ol] agroinfiltrationo]]
o] 833 1 SR} S v R A3 ch (Table 1). Bio-
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Figure 3. Magnified view of histochemical detection of GUS
expression in B. campestris var. narinosa. H, hypocotyl; HR-J,
junction area of hypocotyl and root; R, root.
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Table 1. HBsAg expression level determined by ELISA. Num-
bers attached to sprouts X (hydrogen peroxide not treated) or
HX (hydrogen peroxide treated) mean, in the order, hydrogen
peroxide concentration (0, 5 or 10%), treatment duration (0, 2
or 4 min) and age of seedling (0, 1, or 2 day). Total soluble
protein (TSP) prepared from 0.5 -1.0 g of seedlings was
determined using Bio-Rad protein assay. From this, HBsAg
‘protein was quantitated using Abbott IMx ELISA system

Seedlings TSP (ug/mL) ggﬁi
no HX-treated CON 300.0 14.57
(Day 0) X-0-0-0 222.5 19.32
HX5-2-0 194.5 11.13
HX-treated HX-5-4-0 2735 19.56
(Day 0) HX10-2-0 124.0 - 7.91
HX10-4-0 2735 13.22
HX5-2-1 309.5 26.67
HX-treated HX-5-4-1 238.0 24.27
(Day 1) HX10-2-1 194.5 28.51
' HX10-4-1 2225 11.77
HX5-2-2 297.7 27.87
HX-treated HX-5-4-2 341.0 31.64
(Day 2) HX10-2-2 204.5 40.45
HX10-4-2 2385 13.13
o] 4%} ELISAd 93] =23 HBsAg Art&s Ko
F1 9lom olst A= HBsAg/TSP] percent FFo.& A
kA1 AT} (Figure 4). Figure 201 XGUS positive® 2k v}l
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HBsAg7H 27512100 2ds 79 (HX102-2) 0.02%%5 B
a1 ek 0.02%9] 2E ke AabAd o 2= X0-0-09] 0.009%
o] Hlafl 2w ojaFele] whef wlE AN FA 2] 0.005%F 7t
Fohd 3u) o= yldist 5 Q)

£ Aol M= dalof) o5k /g
o oJ%k HBsAg] A %4 L@ E4g vlus)
N EE&AQ oA HAAE

23 9} ZUAZ 4 Ago2H AR
ARAAA MRS A e

&
=
b=

S U P

Percent (HBsAg/TSP)
°
>
b

0.009 0.009

°
o =
coN[TI=
2
-
X000 [ g
S
©
208
S
>
xse0 [T §
S
=
HX1020 {1 8
2
o
2
2
2
°
Hxs2 [T g
2
=
S [T ]2
3
X102 [T ) e
=
o
HX104-t "} g
2
Hxs-22 [T
uxs42
HX1022 [T
=
Hxi42 T 2
K

i
fod
ks
Treatment (%-m-d)

Figure 4. Percent value of HBsAg protein contained in total
soluble protein.
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