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ABSTRACT

Hairy root clones of Panax ginseng were established by selection of some hairy roots formed on the
leaf, stem and root segments transformed with Agrobacterium rhizogenes strain A,. The transformed
roots grew well in MS medium under the dark condition. To confirm the transformation with Ri-T-
DNA, dot blot hybridization and opine analysis were performed. Among four hairy roots induced from
different part of ginseng, the HB3 hairy roots were examined for selection of high-saponin-producing
clones. Four clones isolated from HB3 hairy root cultures displayed various phenotypes characterized
by growth and total saponin content. Maximum growth was obtained for cultures of HB3-10 clone and
the content of total saponin was 0.55 wt% . However, higher amount of total saponin was obtained with
HB3-2 clone cultures(0.74 wt% ) in spite of lower growth. Dot blot hybridization confirmed the intro-
duction of Ri-T-DNA in the plant genome. In the opine test, agropine and mannopine were detected

from all hairy root clones.
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2 7HA] FA™Ee] dew(3-5), 53] 4 dit
A9 YA shootet Hel(root)Zde AL w:
AlE 713 Bgel odte] Heo 9]ei(6-7) 7]l
Eolzlol A9 HAS M 7)Fhulcke] e
Ao] g 7=t} wheba] 1980d] FuktE Ri-plas
mid7} WA= Agrobacterium rhizogenesel= EoF
e elo} S FA-sls AE Ao 7FdAlA Ao
e 228 f5, wjoksle] 54 #A A&A 1
Fo 23 7| FE cloned] WA, AE &F, 23}
AR kA 35 Tl o83k i)

Agrobacterium rhizogenes7} 7}d%l A& &3
AlE-29) genome|2 Ri-pasmid®] T-DNA7Z} %24
wo] 7+ F-ool A FAo] MH Fe)(RAT)E
whEo] YA =ch(8). o]eidt AL oA A
E3 20 FFo| glolx isiAl AAEy, o
AEZL e HAY B3} ApHe R mE
A A 3289 Ayl osf dofudti(9). =

BATE ZAA WS BolA] ¢rom, {AE
o2 vf$ <tAst1(10-11), opine( mannopine,
agropine 5 )olgbe 5ol ojvlxAl fEAE §4
ste] o]2gt Ao osf A FAAH 475 F
& 4 Qlti(12).

T F4ARE 9] QA Akl slelM A1
2 wsledol & FAl= AARIIY A=), o
7ol 2HS] RE0] ofFf FIprpArt o <
gladrt de] 4A s ALY Age] T4 7
Ao} Z7pEAe 7]jojxrt Ay o 2%
Algo g 74548 W gl ik v|AAAQl A4
Vs AYIAA F= 234, FLEH, P
3, 283t Agad, FrEdA L F9zaH F
o] &8z alrh(13-14). o9} Z& 24-g Jelle
olAb AE-o&= glycoside, #|MHAY, peptide, steroid,
polyethylene#] 33HE 5 ojg 71x BAE<] ¢
A glon AAAl] F23F 7159+ saponine]
Srastcly QdAE T ¢rh(15-16). 223 saponin
e Folle TE 2 dA 9 dutsle 285 7
Aol FEFL A F3AEAY A4 =4
sto] gl 2 e} ARFo] AUF FFS v
o3 3rh(17-18). wehA oj2idt EAES A4
e s Adde Y Aujrlse E31A] ¥
I 7ol ok g53teEe A vl Rt
FFajof & FsAl} 3}Alct.

B QFxE dAAS Ao 2l U3l= 24
HAREES o F5317] % why e dgte
2, A} Panax ginseng C.A. Meyer)& AMa2 3}
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AENE Y ABEF

NEZ ARE3E QA Panax ginseng C.A. Meyer)
< FA AR A e 5 AR (HRE
&) TAF 7|l M AejagRe HEAZ] {4
EAE AREd. AMSdFE= Agrobacterium
rhizogenes A, straine]d, Z}A}5=2u]#]( potato ex-
tract medium)ol4 2~3% huik(27°C )3k F
52 oF 10® bacteria/mlE 3Alabod ARg-a}odc).

HH( fE) di ol oISt A EH X235}

ez RE AL AEAE A7) 3t Lee
5(19)9] v A3t & NzE 21 &
9E AAsl 7%(v/v) NaOCl §de 7 1587}
IRAFs T FEeE 23 AAY F FFHeR
wi (embryo) S AF3to] wi w2 (1mg/ £ 9
2,4-D¢} 0.01mg/ ¢ 9] kinetin® Zg3F MSHiA])
B $A A BYAE frst, olF AEst
WA (1mg/ £ ¢ BASH 1mg/ ¢ & GAZ 37}
1/2 MSHiA] )2 &7 1500lux?) cool-white fluo-
rescent lamps ZAFlHA 16/8 #57] 271(16
AlZke) F271, 84174 bZ 71 )oll A wieFale] A
3} AEAE FE3

M2 R

e o, 7], RelERH BALE FEd]
Azt oo 22 e AHEkgc 1) AEs
AEA Y 7] B9 direct infection Yo & I
(A. rhizogenes)& AHEdte] BALE F53l3loH
w3 E719 9 1~15 cme) 72 e F &
etalls 297}k co-culturedt oh-& zZ+ AL FFF
2 33 AFsty 97d o3A(Whatman filter
paper, No 2)2 of£9] E7]E z)Asle] A
(300mg/ ¢ cefotaxime)7} A7}gl MS(20) &)
Aol 2AFsFe] §Fa(27°C )NA BARTE 39
th 2) A AMuiAGoA AAF FAHEAE)S
T3k 70%(v/v) o2 108, 7%(v/v)
NaOCl 4o s 1887 ZgA#slE Fd442 3
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3t AAHE ¥ 1~2em FAZ A2t 714H $ol #
Hetals HEA)A 3AAA(300mg/ ¢ cefotaxime)
7b A7b MS ¥l | AAksted gk (27°C )
A BATE frEdksddth

ZAZe

He 27eA =g A7e] BALE TR0 R
HE] HF3}o] carbenicillin, vancomycin 54 34
A7E £ e TEE FH7 MS wiA=E $A4
& AAR ok, AT o AdA % U 2
Huj A2 £A 1~27047 wheksledct. o} ol&
BT o 2RE AFe] 3 AAHD e AR
ws Awslel RAEY) i ¥4l we} clones$
AAstgom, AAE clones® thA] FUgH AAul
A7} -9 250mle] E2}AaE $A 3AA z"
7] (50rpm)ef| A AjchufeFste] mARTS] AAba}
% saponin &S ARSIl

Saponin 1A= Clone2] Mt

Fr= Hool| me} AR 47k ®AT clones
stk o5 At F saponin kel HAE
Azt o]F F s} cloned Adsigen, A
A% cloneo 258 2% cloned 222 Aldsly]
th. & AAFQ ZAEE THeERE 2emd =
712 A=A sl Fetazd] b HEE F
A%, AASE, oF-Hefol 27 10709 clones
Asiglon, ol ztzhe mART <F 0.56g( A%
%)% air-in, out ¥} 5o Sl 500mle E=}
2= (vj )2 300ml, pH 5.8, sucrose 3% )= Ao|gk
F H2RH g3y FIFHESE 0254/
min)E FF32 $E7d4 30d b wikste
B2 AR} 3 saponin & ZARICH B
Ao AL Ao EZ A wiekl 7o RANE
g 353l FHRTE 33 AHT g oA
(Whatman filter paper, NoZ E7|& A A5 o]
g 53] utEslo] 79 E7|E AAR o}E 727
(60C)E AEE AXAF ¥ 5%z 54 314
o5, saponins?| &l ¥ AL TLC i+
HPLCl &J3} ¥y $ A}8-319de}.

Crude saponing] =%

Crude saponin® %3} n-butanol FZH+
(21)22 3%, Eesidch. A=2(60C) v &8
5gd & Hsto] 70~75C F&xN4 80% metha-
nol 50mlE 53] $&3t 43}, 5% F 50mle] 5
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ST 23 st ethyl etherE 7}3te] A& &
& AAT the, $2& $¥3 n-butanol® 43] &
#3le] n-butanol®$ 25 514 o] n-butanol4
HE A FHTE 23] AAHG F 5 wely,
n-butanol§-Avts g} EAAH  FeEHeR
crude saponin§ekg &A 8t}

Saponin 4&2| 2}l

X3 n-butanol FF HWHe® % Feld
crude saponing- silica gel plate( Art. 5554, Merck
Co.)oll bué A CHCl: MeOH: H(X65:
35:10, lower phase)e.2 A7/A|Zl % 30%-sul-
furic acid(v/v)E EF3ed 105C2 AZx7|dl4]
wbAA]A  ginsenoside-Rbl, Rb2, Rc, Rd, Re ¥
Rgl & #als}sir}.

HPLCol| of5t X2t

Crude saponing ¢F 5%{w/v)7} 5§52 HPLC
4 methanoldll =< 0.454m millipore filter® oz}
g F 15~20p¢ 5 HPLC 7|(analytical HPLC/
ALC 244)9) F4J8lo saponing ¥2], Akslsd
t}. o]ul A3 acetonitrile?} n-butanol® E.
Merck #+te)] HPLCH £v)&-2-, ginsenoside ¥
FEL g ditdz AT Lol A FEld BE2ES A}
4 dtgen, columned Lichrosorb-NH,y( Merck, 5
mm, 25x0.46cm 1D.)& 77| differential re-
fractometer RI 401$- AH-3}912, mobile phase:
acetonitrile/H:O/n-butanol(80: 20: 15 )& &=
8lo] 1.0 ml/min flow rate, Attenuator 8x, Data
module, 1.0 cm/min chart speed® #Ashgic}. =
g chromatogram®] 7+ peak+ #53} saponin|
chromatographye| ¢l&te] FAs 1 2 ginseno-
side9] e peak heightZ #A4bslic.

DNA 22|

TAAZI|R X8 AFAZ F Park 5(22)
of whel| wel 0.2g9 AEE whAdled 6mlY
DNA £££9(100mM Tris HC|, 50 mM EDTA,
500mM NaCl, pH 80)3% 5u#¢2 Amercap
toethanolg We] DNAE £%4|7] v} 657Cell4]
10827k ¥x) A7) 5ml2] 5M potassium acetateZ
A7ksted 0°CollA 2082 WAg F 10,000rpme
2 2087 iAlE-elste] AA5AE %o} isopropanol
& Hrtsted —2ColA 3087 EolE ok /4]
10,000rpmefl A 2027 141E-2)3te] DNAS A



160

55 wol Axstgdct. Az ¥ DNAE FHTE =
01] 100% ethanoll 7}t —20°Col 3087k o}

S 1087 fAlEeste] AAES 2001 £ 2
Trls EDTA 3g-olo)) £3)4)7| phenol 53}
ethanol® ARl HFARoZ 20p 49 Tris-
EDTA t3&-olo 48] 7c}.

Dot Blot Hybridization
22)x]7] DNA 100ng® Nytran membraneel
A5 £ (0.25 M HCl £9¢ o]£3}e] depurinate
A7) % denature A7) £3A]# Nytran mem-
branes] DNAE Ao)A|7l the 80°C Y AE o Eo
*1 2217} &<t baking#tsitt. DNA7F Zghs|o) 3l
= Nytran membrane$ 23to] 7}s3&F B]d bagell
Wo % prehybridization & Arjste] 427
%ol prehybridizationd A)%th. ®£3+ probes Ri-
T.-DNA9] rol A, B, C 327t &9 9+ < S5kb
°] DNA A3$ random priming HHE& AH4-8}e]
2p2 labelA]# k.  Prehybridizatione] <8%
membrane®] 500,000cpm/ml prehybridization so-
lution®] 5% probeE #H7}gto] 68°C oA 184]
7+ %9t hybridization A% ©hg 3xSSCet 0.1%
SDS"J—_' o] o]zl washing solutionel 33] A3k
Azsle] —80TCNA X-ray filmel =5AA
radlography‘d}‘}il‘/}.

Opine2 2ol

Mannopine®} agropines} 2ol Petit &
o] S sty ARgstodth. § FAAE AR
03g(AE3)S tmlY dete2 FA3E o5
15,000 x goll 4} 1087 JAE-2]sle] Abgeiuks 7+
ohxmt A7l F 20u0 o FRTE ALNAA S5~
104 S Whatman 3MM paperel]l A=&3 hori-
zontal electrophoresis system( LKB Co.Model
2217)% AH3le 1500 V2 4587 A7jd%styd
t}. o] 9+38-Me formic acid: acetic acid: dis-
tilled waterZ 30: 60: 9102 v&= xAsHL
A714%o] B¢ F paper®: ZE, 944 A(lg
AgNOE 4ske) 2779 Fa F 200mlY ace
toneS 7Ftt} ol 29 0¥ AHE G4 ok
thx] Az, 949 B(2% NaOH in MeOH)ell ©H
kA A z8le] NHOHE of#-2] AgNO,E 3 5%
Na,5,0, -§-°“°“ -7245"01 1"]7P °]}‘]' 2= BR
A Hstedct. =3k ¥ mannopined Sigma AE$
Folste] AM2-8t9]3 agropined mannopined
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22 Fstel Abgshairk(24),
A 9 1%

H(BE) Biol ot wAlEA AE2

Qlabe] A5k WS wl ufoku Aol 4] wheFd As)
3~5% F4E Aejart YAEGeH oF 1/2
MS+BA 1mg/1+GA; 1mg/ £ 9 WiAZ &7 F
A& W 45 FHE FAEA7E EEekdck(Fig
1). °*‘%xﬂ°l el Aeae] SR A
glolon] - 27 olide] E717h st Lee
5(19)2 Aol Fodspaict. 22l F vl
670 old vkt le o fAEA H o] whe
Al Zhashe] Heje] HAdo] vkt £A& vl

Fig 1. Plant regeneration from ginseng callus cul-
tures.

DAz Clone2| MH 3 Saponin &2f
Qe 9, 27128 wAZY frE AEEE
2704 °MH FAEAE, ¥R 2ATY
T e Abs *Pﬁ?f}ml & AEshde o 4
I E7|2HEHE T~8F, Hejddo2ye 125
7} Zzpste] BAe] fRESek(Fig. 2). o=#
E%E clone® AL FE3-$o wet A

w2 E8 2AEE o e} AR
&xo] ojs) HBI( A7 3~4mm, 433 A%
+)3 HB2(A7 1~25mm, AR EA50] ¥
VB 83, £7)124E 2% 2SS HBS,
oo BRE] S ¥ wAZe HES clonee & A
§ Ztz+e] cloneell gk 4A#} ginseno-sides ¥
& A5tk 2 AR AEe] ATl @2 2
A7 HB37} 713 ot HBL o u|3te] 2.74,

2 dlo % b

o

o
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Fig 2. Hairy roots induced from root segment(A), stem(B), stem segment(C) and leaf discs(D) of ginseng
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Fig 3. Growth of ginseng hairy root cultures of
four different clones.

HB2¢) w|ate] 1.54), HB59) wlated 1.7w] Z7}3}
Aok Fig. 3). =& ZtzHe] crude saponin% Fz3
o] TLC plated| A ¥28)§+ vH(Fig. 4), 242 2%
7} %93t ginsenosides A& HejFglow,
ginsenoside-Rbl, Rb2, Rc, Rd, Re, Rgl & 71F 2
2% % saponin %2 HBI1 0.48%, HB2 0.74%,
HB3 0.55%, HB5 0.53% 24 HB2 clone?] §eko)
71 #=tH Table 1).

Saponin TAAHs Clone2] At

AT A oJJr % saponin §3e] {AE A
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Fig 4. Thin layer chromatograms of saponin
components in ginseng hairy roots of four
different clones. Lane St, standard saponin;
Lane 1, hairy root clone of HBI1; Lane 2,
hairy root clone of HB2; Lane 3, hairy root
clone of HB3; Lane 4, hairy root clone of
HBS.

Table 1. Crude saponin and ginsenoside contents
in ginseng hairy roots of four different
clones.

Crude Content of ginsenosides(wt%)

Clones saponin
(w%) RbL Rb2 Rc R4 Re Rgl TG
HB1 378 015 004 004 003 019 003 048
HB2 472 016 008 008 009 022 011 074
HB3 460 015 004 005 003 021 007 055
HBS 431 015 003 005 003 020 007 053
* Tortal ginsenosides quantified by HPLC

E3le] AJAbAMo] $43F dte] clonec® HB3
clone& A9s}gict. ofge o5 BATE Zuto
2RH 2cm9 27|12 FelA shie] Selazel) &)
v AEE F EAT, AREE, Rl o)
10709] cloned A#ated clones ¥333 oS 2
N4zt 3144 Aok 31oS w(Fig 5), 70%7}
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Fig 5. Hairy root clone cultures in MS liquid
medium.
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Fig 6. Growth of ginseng hairy root cultures se-
lected from HB3 clone.

Table 2. Crude saponin and ginsenoside contents
in ginseng hairy roots selected from HB3
clone.

Crude Content of ginsenosides(wt%)
Clones saponin

(w%) RbI Rb2 Rc R4 Re Rg1 TG
HB3-1 405 013 004 004 004 020 005 050
HB3-2 462 017 009 006 009 023 010 074
HB3-6 454 016 005 005 007 020 009 062
HB3-10 433 015 005 005 003 020 007 055

? Total ginsenosides quantified by HPLC

HB3-109 28¥ & 2oFAom vriz 3709
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Fig 7. Dot blot hybridization of DNA from na-
tive ginseng tissue{lane A), hairy root
clones of HB3-10(lane B) and HB3-6(lane
C). Denatured DNA was dot-blotted on
Nytran membrane and then hybridized
with *P labeled Ri-T.-DNA probe.

Fig 8. Paper electrophoretic analysis of extracts
from ginseng hairy roots. Lane S, standard
mannopine(M) and agropine(A);, Lane 1,
hairy root clone of HB3-1; Lane 2, hairy
root clone of HB3-2; Lane 3, hairy root
clone of HB3-6; Lane 4, hairy root clone of
HB3-10.

clone? t}4 o2 el s el o). webs HB3
clone?] BAFE 0 22E 4709 cloned A¥3}e] A
7ke) Aol wE wAREe RS AR AR
(Fig. 6), HB3-10 clonee] 7}4 w2 A4S Hof
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HB3-19) ®]a}e] 3.1uf, HB3-26 wuls}e] 2.2uf,
HB3-60] wiste] 1.28) Z7}ebede}. 2ot % sap
onin g2 HB3-1 0.50%, HB3-2 0.74%, HB3—
6 0.62%, HB3-10 0.55% 24 HB3-2 cloned] &gk
o] 7} &4 vielutcH(Table 2). o|&|dt A 2
AH ufokel glofa] Al clonezbe] A7} 10w
9] zfo|g Holm w3k 23} thARAHE 9] o] 7|
9] clonevtel w9 c}2A ehdrlE Mano F
(25)9] AZe} FAlshl o, BAT W Aafo]
22 N AAHE o] AL} wlE|Ebz] k88 15 slgr).

Dot Blot Hybridization

A. rhizogenes?] 7}l 2)sle} f-xxl HAFLo]
Ri-plasmid®] T-DNA <d<o] =glxle] #Ae] A
el A ZzolA fAstd=AE #Ashe el st
Uz Ri-T,-DNAS rol A, B, C #3A5 probe®
3le] dot blot hybridization® 433 23} (Fig. 7),
HAdgho] gof 9lA] 22 <Atel4 #2538 DNA
= signald viERR] ¢skert, RAES DNAw
738t signald vhebdle 24 2Ae] DNACE= Ri
-plasmidel]| 4 23 DNAZ} 59 dgdony =&
£ 2AHES Ri-T-DNAC 9j3te] &2o] Mzl
98 alskarh(26).

[

N

Opine2| &fol

Agropine typegl A. rhizogenesol| 2|3te] #AA
5 242 opineolgte 5old olv|x At FEAE
B4 e 2(12), DNATENA gqld T-DNA7}
55 GAA tEo] =R qR-5 gl
A7 (Fig. 8), HB3 clonedl ] A3l 4709 clone
B571 #FA)82 A8 mannopine, agropine®}
e A4 opinee] AEE SFAE UE &=
3}¥l T-DNA o] Mz o] dAz9} A whals)
I 9ASE Falsigid

ERES

olatel o, &7, ¥elH#He Agrobacterium
rhizogenes(strain A,)& AHE3ste] o] Hsl =
AEAT)E FE, it F saponin A4S
clonesg APLEtgleny, ofg HAMZF ARE
dot blot hybridization¥} opine ¥4l 2 #Hqlaly]
o} o] Roold ¥l BATE BT 4x79
MS w3 AAsed, o]F 5 HB3
cloned ol&sle] FA3ste AT clonecE wiok
g % saponin X AAHs cloned Awhgk ¥ HB3
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-10 clonee] 2] A= ¥4 ow £ saponin §

2 0.55wt% 2 vebgth 22y & saponingtel
o] 714 =2 cloned vl AAbo] 2 HB3-2
cloneo]sl.e™ 0.74wt% 9] ke viehyiglc}. o}-&
2 dot blot hybridization A3 Ri-T-DNA7} A&
Ae] genome 2 4HsiEle] dlem, opine 2l
Az RE AT clonese ®¥E  agropined}

oL ey

mannopinec] A&
3 A

& d7E 19934 w& s dradn( A
3ol 2Jte] FaE]glom olo ZHAZFr).
%3 probeZ AH-¥ Ri-Ti-DNA9 rol A, B, C
AR AFEke] FA dAdEm gl ukahd
dlA 2& g =jvch
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