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ABSTRACT L-Ascorbic acid (vitamin C) in vegetables is an essential component of human nutrition. The

objective is to transform lettuce (Lactuca sativa L.) with GalUR gene that is involved in the vitamin C
biosynthesis. The cotyledons of Hwoahong (Nongwoo Bio Co.) were used to induce the callus and shoot
under the selection media with MS + 30 g/L. Sucrose + 0.5 mg/L BAP + 0.1 mg/L NAA + 100 mg/L kanamycin
+ 200 mg/L. lilacillin, pH 5.2. The shoot was developed from the cut side of the explants after 3 weeks on
the selection media. We successfully transformed the lettuce with Ga/l/R gene and analyzed the levels of

vitamin C. We found that some of the lettuce transgenic lines contained higher levels of vitamin C compared
with the normal one (non-transformed). Especially, some of T; lettuces inserted by GalUR showed about 3~4

times higher content of vitamin C compared to the non-transformed lettuce. This data support the previously

work performed with GLOase transgenic T lettuces from which several times higher content of vitamin C
were identified. The T» lettuces with high content of vitamin C have been selected for further analysis.

Mo E

L-Ascorbic acid (B]EMY] C)y= v]jgo g AAule] &4
AHE A B 2RSS she 94 F%L F9 o
o). g5 FE2 AWelA sletnl C7F A HATL

-2 Aol AT A=27E §7 dhzol vle C7F A
2] oeth webA HA AZAHE FAs] st
SAES B34 E HHE okt §th (Moser and Hornig

*Corresponding author Tel 031-883-7055 Fax 031-884-7065
E-mail: chharn@nongwoobio.cokr

1982, A} sl o] AT et C
A B4} 71 e B A9 BRATE o $2 v 9
L Botoju} ujeba 51} AE oA L-Ascorbic acid (H]EF]
C)9] B3 A2 2 Lot AElof i (Isherwood
and Mapson 1962; Ostergaad et al. 1977; Smimoff 1996; Conkin
et al. 1997, Wheeler et al, 1998).

GalUR
encoding M= S AR EA] D-galacturonic acidE L-galactonic
acid2 v A HEtT] Cof HA|%
£ AATHA Bi) (Agius et al. 2003; Valpuesta and Botella
2004) (Fig. 1, A=}l oI5t A74). Agius F (2003)2 E7]

Hﬂ 18
i
olx
)

S-AR= galacturonic acid reductasegh= EAE

L-galactono-1, 4-lactone



116 - Journal of Plant Biotechnology

WAA GalURE 3l HIEFT C &40l Yojuh, GalUR
over-expressiondt off 71&t] Wo A wlElR C Feko] 2~3u)
sorgtta Hughet gt FEoA FEE GLOase 77
AE ol-gg FAXG AFo] theFdtA A = Ao (Jain
and Nessler 2000; Kim et al. 2004), GalUR §-7212] AH$ 4]
oA FeE FAAE A8 FAH o] &3k A
0| °]‘3}

7P 7]4%‘3}-

47 AES] 192 e fE 324 ¥ 4
o171 Bel w2t
b 209 QR 2 45 FLAH|
2hEEH, A duE Yr2 slo] Agrobacteriumite] - v
oz vjelql E g4 5-4R101 yetocapherol methyltransferase
(Kim et al. 2000; Cho et al. 2005), & AAFh 2 B ferritin
2AZ (Kim et al. 2001), WHT AYALS 25K AGM-CSF
SAAL (Kim et al. 2003)9] £ & 1714 A2 At o

77} ofw] B3 et Qlut.
mebA] 2 AEE v YA wwA b C
ol W& AFeol vlek C AR F34] GalUR 317

C Y
2 =Slofol vkl C $Po| £ 455 HahA A
ik

>

&

e

a2

Al&
=

oo

ME

@5eriole AR5 SHEAZY 4% FAS 0%
BIOHO] 13, 25% 2o 15870 AAskel B9 ALgohs]
t}. 43 Yo 2 $AI3E ok 12MS viA] (Murashige and
Skoog 1962) ©f sucrose 1%7F 71 LA v o T2 T
H27 (25:1°C, 16h day/8h dark)o] A Hropx| ZTh. who}p &

dAE A AY AEA (FHE A7t 2 E Kim} Kwon
(1999)0] A Agste] aatAolztn B gt HA e ujz]
(MS, sucrose 3%, 0.5 mg/L BAP, 0.1 mg/L NAA, agar 0.8%,
pH 5.7)0ll A 297+ A wjoket £, Agrobacterium}e] 35 Hh
ol stk

YEnes 35

B2 AS o AMSE i Y| 3 5743 D-galacturinic
acid reductase (GalUR)} ARk Q1 npt [l GHAZF A=

D-glucose-1-F — UDP-D-glucose — UDP-D-glucuronic acid — D-glucuronic acid-1-P — L-gulonic acid

D-glucose-6-P —* D_fructose-6-P— D-mannose-6-P — D-mannose-1-P —+ GDP-D-mannose

\
AY
\

.
D-glucuronic acid

\

Me-D-galacturonate — D-galacturonic acid

L-gulose
L-gulose-1-P W
/'
GDP-L-gulose L-gulono-14-lactone

t

GDP-L-galactose I

L-galactose-1-P L-galactone-1,4-lactone

Dhdtactase T

# L-galactonic acid

Figure 1. Proposed biosynthetic pathways of L-Ascorbic acid in animals and plants.
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Figure 2. A diagram of the insertion region in pGALUR2300
vector
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Figure 3. Developmental stages of transformed Gal/UR-Lettuce.
A: Callus and shoot induction from cotyledon explants on
selection medium; B: Elongation of shoot on MS medium with
Kanamycin 100 mg/L and Lilacillin 200 mg/L; C: Acclimation,
D: Flowering of transgenic lettuce (Ty).
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Figure 4. PCR analysis. M: Marker; P: Positive control; N
Non-transformed plant as a negative control; 1~9: Transgenic
lettuces (To).
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Figure 5. Southern blot analysis. Total genomic DNA was
digested with Hindl. The genomic DNA was hybridized with
GalUR probe labeled with P, N: non-transformed lettuce; 1-8:
Transformed lettuces.
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Figure 6. Comparison of control and T lettuces.
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Figure 7. L-Ascorbic Acid (Vitamin C) content in leaves of GalUR
transformed lettuces and non-transformed lettuces (Hwoahong).
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