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ABSTRACT Lactoferrin is an iron-binding glycoprotein with many biological roles, including the protection
against microbial and virus infection, stimulation of the immune system. We developed the transgenic Siberian
ginseng (Acanthopanax senticosus) cell cultures producing the human lactoferrin (hLf) protein following Agrobacterium
tumefaciens-mediated transformation. A construct containing a targeting signal peptide from tobacco endoplasmic
reticulum fused to hLf cDNA under the control of an oxidative stress-inducible SWPAZ promoter was engineered.
Transgenic Siberian ginseng cultured cells to produce a recombinant hLf protein were successfully generated
and confirmed by PCR and Southern blot analysis. ELISA and western blot analysis showed that full length-hLf
protein was synthesized in the transgenic cells. The production of hLf increased proportionally to cell growth and
reached a maximal (up to 3% of total soluble proteins) at the stationary phase. These results suggest that the
transgenic Siberian ginseng cultured cells in this study will be biotechnologically useful for the commercial
production of medicinal plant cell cultures to produce hLf protein.

Key words: Acanthopanax senticosus, high expression promoter, human lactoferrin, recombinant protein,
transgenic cell cultures
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£ H|23% IH5E (Legrand et al. 1995) Fo|A] Aty
18, &= "i7he] virus, PIAE, prion

FAE A3 Aashe]A] Zebdrh (Arakawa et
al. 1999). whelol] 412 4] 2 ABWPAEE S2HeY B
) 2LRA AT 5 AR 20604 A7be) v e
2 gl Jbselths 3ol ok 2o A4
© A EuFA LA hLfS} e HEhidg
LHA7)7] YA 22E T2 FE o]go] T3 A d
Sojo} @tk CaMV 358 TRHEIS o] 43 Puje] A%
0.3%0°l] 4] 1.8%<] hLfo] AALE|%} 0 (Mitra and Zhang
1994; Salmon et al. 1998), 79} sikA T A= 0.1%
alakol hLfo] A2k (Min et al. 2005), mas P2 T2 2 EHE
o]-&% 7+at oA 0.1% AAF (Chong et al. 2000), ¥
glutelin Z2REHE 0|83} 0.5%-4.3%9 hLfE AJrtst
= FAAE 87 /RE A} (Anzai et al. 2000; Nandi et
al. 2002; Suzuki et al. 2003). 121} AE8]FA| T oA 1
Ty ZTRREE o] &stol 54 g7l AASEAY
= AL AR A EF o] @e BRue of4
7+ glch

AFEe ayul ujGERZEE A Iujd o)A 7
A AT Wk opgt ARSI E Y| 2o 93] Wi o] s}
A FE=FH= SWPA2 promoters #2385t} (Kim et al.
2003). w2l o] SWPA2 promoter7t oku]ghAl il o

TE&E22 Aeke AYE AEAEZFTY E
2 7 s For JdEl o HAE FEXS D)
FAE9} QlaF Al Ao hLFE HEAZ 1 A7 3%
oA 4%¢2] hLf g o] Brbes 15t th (Choi et al.
2003; Kwon et al. 2003).

7}x1 2.7+ (Siberian ginseng, Acanthopanax senticosus T
+ Elieutherococcus senticosus)= TS50l &3 t}
W4 BEoz guke Aol F% 5o HuT Ao
ot FEshz F&AEolth (Lee 1979). 7HN 2= ¢
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hLf F427F AZuel A 3" 4= Qe Thujo] AX
A (endoplasmic reticulum, ER) T2 = <) calreticulin
2] signal peptideE codingdl= 97]A ¥ PCR Wilo=g
1

o primerd]] = Neol 2 Sall AFrEs A7} £t
Atk hLf @ e N-deto] ERjsh= 2ralsg A A
a Qlof| 4] A3k calreticulin®] signal peptide sequence}
AA8tATh ©]2 93] hLf cDNA (U07643)2] 1499 7]
ol 4] A]ZFsl= primer (5"-GTC GAC GGC CGT AGG AGA
AGG AG-3’, 5'-GGC CAT CTA GAT CGG TIT TAC
TTC CTG A-3")E Alg38kd PCRES 331, 224
ok 2.1 kb HH-S pRTL2 #E|] clonings}sitt. d714
g A9 ol#) hLf F227F AstA FF9 215 &2

3, primer AYF-HE ©]-&5te] Sall F Xbal 0.2 Hhs}
. o]73t AHE 2 vjkAE e SWPA2 promoterE
o]-g3to] hLfS AT + AU=F et ol FA AZ= #
Az}t FHEZ pCAMBIA23000] AFqlsto] A &9t wE S
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SWPA2pro::ER-hL/pCAMBIA 5/ & $H1-3F Agrobacteria
vjekel 100 PLe} Altjaiek 5-7d7e] 7A ez wekAE
2 10 mLo} WA ul=|7} Ho] QU Petridishell 22} wof
WA 25, kel 29 B T gk sith Agrob-
acteriaZ AA5}7] Yot r=u]ekst M EE 15 mL
A4 224 tubeoll 7)1 YAEE (1,000 rpm, 5 min, 25
T3t A59S AAS &, A =2o] MSHiR]] w11 4]
-2 (1,000 rpm, 5 min, 25C)3}o} A|ZE 4H A Hstgch
TENFAGE 7 289 WEALE 24-D 1 mgll, cla-



foran 300 mg/L, kanamycin 100 mg/L-& 531 MSH]Z
(MSIDCK Ayl 248k & 25T, =AM 33
Ao 2 370 ol Adiuler k5l

ogt

ZTE vl kM| Mt

Kanamycin A4 74X @25 v A LS A23lr) 98}
of MebjAfel 35 PR 02 3714 o4t Awslgich Kana-
mycino] H7pe AAguflolA Mdule AHAE doz
PCR=E HdAdsd Ao~ s gelstqitt. PCR 23]
& 95l Hel2~2 B E] genomic DNAE %% % hLf
Eo] primer (5'-CGG GGC TGG AGA CGT GGC TTT
AT-3’, 5-ACG GCG GTG TGG CAG GAC TTC T-3")
S o) 8-3le] 94T 187 DNAS WA 73 62°Col) A
| £7) annealing, 72°Coll A 18 E2t extension #3-2 30
3] wkEA17A DNAE 33 3 1% agarose geloll A7]9%
slo] hLf =S golslgit

Southern blot &4

ELISA #4122 hLf ghaFo] luA =9k 671 MXF (5,
6, 23, 25, 27, 28)Z thAFO. & Southern 2418 A A3HY T
Genomic DNA<= DNeasy Plant Maxi Kit (QIAGEN)E o]
g3to] Lelatden ol& ATE A EcoRISE X g3}
0.8% agarose gelo)]l 7] %3)}31 20X SSC buffer® o) &
&g Zeta-Probe GT membrane {Bio-Rad)o. 2 Ho]3}dth
1 kbe] hLf cDNAE probe® &} oW, rediprime I kit
(Amersham Pharmacia Biotech UK Ltd.)& A}&3}¢] probe
2 [a-"P]dCTP labellinga}T}. HybridizationS 7% (v/v)
SDS7} o 3+ 0.25 M sodium phosphate buffer (pH 7.2)
& AHE3E] 60°Coll A 3sloith Hybridization® 1% SDS
7} 0] 1= 20 mM sodium phosphate buffer (pH 7.2)&
ARE-Ete] Aol 10827} washingdl & 7+ bufferE A&
sto] A2 23] WHESH § Xeray ol k&sto] WEE

glsksict
ELISA (Enzyme-linked immunosorbent assay)

PCR #4122 hLf 42 =9)¢] gld AZTFE it
© & hLf 48 OxiReasearchA}2] BioxyTech Lactof-EIA
Kitg Ab&ate] zASGTE Aliald 479 v xE 7z}
line©. 2 H-E] 50 mM potassium phosphate buffer (pH 7.0)
& Abgete] vilAds 22519k hifa whgals A=
ujg] coatinge] o] 9l 96 well plateo] hLf standard
solutiona} 8] ¥ sample solutionS Y1 13}, 23 A S
2 & ol 37Colx] 2bzt A7) BEg-A171 % 450 nm
AN F3=2 F4sAck '

Ol SHEHZ Yo HEME 22T HIME - 211

7H2Z20] HiM O] SiEMYe

FAAE 7t e HFA LT T hLf FFo] 71 =
£ 239 AEFe} v A AET) Fegg 93]
A2 AT 03 g& 24-D 1 mg/lLs i3 MSujA|
(MS1D 4 A|#]) 20 mLo] E0]3)% 100 mL Erlenmeyer
A EetaAe)] BEste] 25T, SHFE e A8 %] (100
rpm)ell A} wiasAvk Wik 3 THA 0% 20U AAA] widA
EE AT v Ateisste) AT S48, WY
ol mp2 Alaze] hLf & ELISA o2 £33ttt

SDS-PAGE % western blot 24

ZHE AdEs hLfe] 84 €42 93] SDS-PAGE %
western 418 AAIEHTh A THA| 4T widA
Z2FE 50 mM potassium phosphate buffer (pH 7.0)Z
AHg3te] HA £84 DAL 22T 50 pg BAE
10% acrylamide gelol| 4] #17]9 %538} Coomassie brilliant
R2500] SOl AN QA F, Wk} 2atol
S0l dAgalof o ehalatgirt. wat 7k2 sample
& ARE-3le] SDS-PAGEE AIA3F & gel- nitrocellulose
membrane<]] 10]3}4TE Membrane-S 5% skim milk 2 4T
of|A] overnight %12]3}] blockingA]z1 ¥ TBST (Tris-Buffe-
red Saline Tween, 10 mM Tris/HCI, pH 7.4, 150 mM NaCl,
0.1% Tween 20)% 33) A)Z 3}tk Primary antibodyZ
10,0009} 3]43 TBSTo)} membrane g 2o} 14)7F ot b
SA1Z] & TBSTZ A2 3tsich TBSTA| 16,0008)] 344
secondary antibody (peroxidase conjugated anti-rabbit IgG)
2 membranes 147+ F<t ¥HE-A1Z1 3 TBSTR A3 519 ch
Western blotting2] detection-2 ECL kit (Amersham pharmacia
biotechAh & A&3199th

hLf S ks A3 74 .49 wi A XSS
W] A HHE A S AN 2EY 5
AEE hLfe] N-Zehol] 1= #4) peptideE A|AF thalo)
= Al

SWPA2 promoter®] Z4-8 v 2 25199 t) o] A& kana-
mycin AEEAE I35 9l pCAMBIA23004] %4138}
o} SWPA2pro::ER-hLf/pCAMBIAZ M= sgith (Figure 1).
o] =gt W= Agrobacterium tumefaciens EHA1059]
SN F shA o] HiGAE Ao o] &etgth
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Figure 1. Structure of the plant expression vector, SWPA2-
pro::ER-hL{f/pCAMBIA for the Siberian ginseng transformation.
SWPA2p: sweetpotato peroxidase promoter; TEV: tobacco
etch virus leader sequence; ER: signal peptide of calreticulin;
358 3’: CaMV 35S transcription terminator; 35S p: CaMV 35S
promoter; nptll: neomycin phosphotransferase gene; 3’ tml: tml
terminator. LB and RB: T-DNA left and right border sequences,
respectively. Bar represents the probe form the 1.0 kb fragment
of hLf ¢DNA for the Southern blot analysis.

Agrobactrium SH7Holl 2|8t #AME 3 BeMZ ST ME

SWPA2pro::ER-hL{/pCAMBIA HEE 3H3l Agrobac-
terium} 29 EoF FEu|ok & iAo ] H|GAEE 100
mg/L kanamycin®} 300 mg/L. claforano] 37}# MSIDCK
Mt z| o A 35 7+ 02 3759 o)A Al ekaba A
2Hakgi o). AR ol A 8 F 4558 kanamycin A 34
AZI7L Y7 Adsort e AEEE 34
3R] ekoktt (Figure 2A). 7ol 2 mm o]l Aj¥Ex9]
HAW T = Petei dishd 571 v|gko 2 8%ofl A 20% AL
o] H=E YAt (A3 HAA)).

Kanamycin 7} 2wzl A B8 el hLf
A =g Fsb) skl PCRS S B~
2HE] genomic DNAE 82|86} ALf A x} Eo| primer
£ Algto] PCREAIS A% A% kanamyein A4S
Ad Aol Al 0.78 kbo] ALf F7AMe] W=7t BEE ]
ouw 1 FEE °F 75%0°]%lt} (Figure 2B).

ol 34

PCR BA o= hLf AA Eo] &g 117)] 7t ed

- 1l
ﬁ% HiFA LS oz Aol 21950 ELISA%H
& &3 hLf A =g SAet9 k. 2 27 59 AlX

=
T7} 140 ng/g fr wiZ 7P %8 el hife Aaslal,
23 AEZFE 120 ug/g fr wtS, 691 A EF= 110 pe/g fr
wt 4 hLfg AAFe}sATh (Figure 3). ojw AJAts}= hLf &
& A £84 gl oF 2.5-3%0 sgEct Tt A

FEe AR £84 VWA 1% o 4g hLrg Adst
Ao dehich o138 $AE AHE Ag3lel 93

il BY-2 22 QA s FAH ZFo| A 9} vl=gt 5
= At} (Choi et al. 2003; Kwon et al. 2003).
ELISAZ hLf ghafo] =9k 67) HEF (5, 6, 23, 25,

27, 288 OB hLf A B9 o5
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Figure 2. Kanamycin-resistant calli development of Siberian
ginseng following Agrobacterium-mediated transformation. A:
Proliferated calli lines on selection medium with 100 mg/L
kanamycin, 8 weeks after culturing. Picture on the right is
higher magnification of A. B: PCR analysis of kanamycin-
resistant Siberian ginseng cell lines expressing hLf (4 0.8 kb).
M, size marker; Lane 1-14, kanamycin-resistant cell lines; N,
non-transformed callus; P, plasmid DNA as a positive control.

hLfcontents (0g/g fr wt)
o8 58388853

)
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Figure 3. The human lactoferrin content in transformed Siberian
ginseng calli. Eleven PCR positive Siberian ginseng calli were
selected, and proteins were extracted. CON represents non-
transgenic callus. The expression levels of human lactoferrin
were estimated by ELISA. Data were obtained from means of
3 independent replicates.

3 con

blot 402 Zolslsr). wjdMEZZRE F53 zbzte
genomic DNAE EcoRIC 2 A #5191 2™ hybridization<
hLf 47(}.4 ok 1 kbH-ES probeE slo] s}t 1

A3 ARG 4225 WPAETFAN EUN AL
WXVVP 1708 W= EXfstom o] 24 AL A7}
ez AnUR HEHeR EYHEL X 4 U
t} (Figure 4). 22{1} EcoRI Aeto]| oJair= =E 54
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Figure 4. Southern blot analysis of transgenic Siberian gin-
seng calli. Genomic DNA (30 pg) prepared of transgenic and
non-transgenic calli was digested with EcoRl, electrophoresed
in 0.8% agarose gel, and blotted onto a membrane. The blot
was hybridized with the 1.0 kb fragment of hLf as a probe.
C, non-transgenic callus. 5-28, transgenic cell lines. The po-
sitions of molecular weight markers are shown on the left.

Zhe] gawto] 91A|57] Yio T} 259 AFEAE o
Sateioptt A copy 78 & vk AT =9
AR G7I Gl B AL siter} YolA HEls} 4
£ 7l DNAS 29d & gl A28 AL sier} 9l
oM =E hLf F7L] copysE ERIE 4 QIgiTh
hLf 544 Al EFE Adg 6718 gates Al 2 o
WA e 2AG A7) 238 MEFA 7HE 2o B4
2 5 AT (23 TAND. @ebA hLf FFo] =gw
AT (239)9] & TS FANEY] Y5t 3
23 AF 20 A 2E et 1 A g
Pozs] wjekalEe] A ShERe 172 ppmo] 3L
238 M EFE 417 ppm oz oF 2u)] =& H S
et (23} vlAA). oleler Ak hLfe] 270¢] 2
(Fe™)yo] 2%g vl do)r| wjoju] hLiZ} =€ 24
g BolM9 Ruel A Aoz gmel HE Ha
AgA L 20 olade] A e UehiSict (Anzai et al.
2000; Nandi et al. 2002). .
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SN ZS| MM 3 hif &3

hLf Ak AFEFQ 233 AR 3 P28 7
w3 ufj kAl 22 *ﬂi@ Fo- sigmoid A 02 u|4=%t
Helg vhEpl oy FH G A ATl vgAAd

AEFReh A ettt (Figure 5A). FEA8 Al2Fs
i 39 o] Foll FAS] F7Val7] ARl 18U Al FHof
Aol olzxi ot BlF ARG METE S AEHEE
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Figure 5. Changes in cell growth (A), content of human lacto-
ferrin (B) in suspension cultures of transgenic Siberian ginseng
cell line (T23). Cells were grown in the 100 mL Erlenmeyer
flask. CON and T23 represent non-transgenic control cells and
transformed cell line, respectively.

AiAte] F7kste] 15LAfl A 7]e] ol2xlon 18d o]F
Zaakgieh. FEI B9k hLf gk A EA ol vl &5t
F7tske AEer Wi 997tAE LA 4 Hort of
Fol) F7¥et7) AlAatel Aol il Wi 18Ul
Y2 eI olg) hLf gake A 444wz
o} 3% A5ttt (Figure SB). 182A] Aol A
AR LTS BAL W7ol v Ak 239 F7k
o o|yst WAL FAA o] &F AEYA FEA
SWPA2 2R E 9] 5/0& 7 wkdg} Afo|Th. SWPA2 L
2REE WFAEA AH)7) B olFel e BAL &
Eake 53o] glo] B2A% il WAENA GUS o)
]2 A1 628 AIZI Bart itk (Kim et al. 2003).
15t 7hA) o2 vl S (23 MEF)] d
} 39 gHAos SF ujekAEe] hLf Buze)
western blot 2 FZA}sleth (Figure 6). HA| &
2 %29 F WAAA SDS-PAGER 273 of
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Figure 6. SDS-PAGE (A) and western blot analysis of human
lactoferrin (B) in transgenic Siberian ginseng cell line (T23).
Total soluble proteins were extracted suspension cultured cells
after subculture. Lane M, marker. Lanes 0-21, days after subcul-
ture. P, commercially available lactoferrin (1 pg). Arrows indicate
hLf protein (80 kDa).
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