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ABSTRACT

Induction and culture of hairy roots by Agrobacterium rhizoenes A, were carried out in
Platveodon grandiflorum DC. After 2-4 weeks ol inoculation with Agrobacteriim rhizogenes
hairy roots were formed at root segments in the balloon flower. Optimized growth of hairy
roots was obtained in hormone-free M$ medium, 6% sucrose and pH 5.8. The pattern ol
ginsenoside in the transformed roots was not different with that in the ordinary roots.

M2

EoF u|l 52l Agrobacterium rhizogenes + chromo-
somal DNA #Jell Ri-plasmid & 7F#z 9= (Mocre ez
al., 1979) o4& mEAEe] AR L] iz s 4
EAZ2 nuclear genome 2= Ri-plasmid & 4<)
T-DNA 7} #+]=]e] (Chilton et @l., 1981 ; Zambryski et
al., 1989) Al2Aze H4E AZAA hairy root T EA4
6¥D} (Teper, 1984 . Maarten e al., 1985), ©)9F o) 3§
AH hairy root = T-DNA Aol A8 A& "”/‘LLF
Faol Holdle T4 A Ydoz R 52 F F
Fglelx whE A& #@oln (Yoshikawa and Furuya,
1987 ; Knopp et al., 1988 ; Van de Geign et al., 1988)
FAHe 2 A gle] AT wiokelx WelZ Mo
# $E Aoz izl 9loh(Aird ef al., 1988). ""L?} 4
Absls BAE RAEA S Feiek AL S et
2 (Yoshikawa and Furuya, 1987) e]#} 2 hairy root
2 o]&s)e] AMiore Bk kAR, A4, wleR &
3 =3 e 23 u}]}\]x]u?ua 3_—5—74 2 0—1_,_2]- = A]
=7} @) o|Fjz et (Hamill ef al., 1986 ; Kamada
et al., 1986 ; Mano ef /., 1986, Yoshikawa and Furuya,
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1987 ; Parr ef al., 1988 ; Hwang ef ol., 1989),
seAE 23EFA Sote whdd STREA
ponin, platycodin, inulin, phytosterin, platycodinin, %
Z, ol 5] o] °‘°ﬂ °L%Jr g FoR o] fEu
alch, xekxle] = ohg HE3]] saponin & 7REE]7} of
o AEAe dZzAe] £E50] gler], &= saponin
ke 0.7-1.3% Hxolvt AujzAd, A9H 54 e
el e} Fejalehy =6 o] Ay Aol
2 o)A B (Do et al., 1986 ; Shin and Kirm, 1987).
2 Od“T— 4= Agrobacterium rhizogenes 5 o°l4,
2z 25E hairy root & FEshm W vieke] A
£ Fozd Aeldoz £83 2A AMES
o7 HE 7|2 AEE Y5 A=ade. ¥
AkA] e fRlol A Agrobacterium rhizogenes 5 ©]23t
hairy root = o wioke] 43 Az ¥oH vl glol,
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Fig. 1. a. Hairy roots induccd from balloon flower after infection of Agrobacteriim rhizogenes. b, Hairy roots cultured on
MS medium supplemented with hormones. b-1,2, 1.0 mg// kinetin + 2.0 mg// NAA; b-3, 1.0 mg/ kinetin + 1.0 mg/l NAA;
b-4.5, 2.5 mg/l kinetin. ¢. Hairy roots cultured on M% medium without hormones. d. hairy roots cultured in liquid
medium without hormones. d-1,3, hairy roots; d-2, ordinary roots.

FEfe] B2 338 A& sled Aldatgel oj9le 100m! AZEeazo] (02g(fresh weight)d
AGTEE Agrobacterium  vhizogemes strain A, hairy root & &5k 45zF @19k (26+17C, 100rpm)Et
(agropine-type) &4 ©]F potato extract medium (2% Z fresh weight & &4 519},

sucrose, 1.56% agar)oll 48 A[ZF Abad wieF(25+1C)% ¥ Opine ©4. +E=H hairyrootd] FHEHAG o2&
B Lo FAsled ARt 23] H3ted Petit 5 (1986) 2] whd-g ol-&atadd}, 1g

Hairy root 2] BE % ek, ¥ A7 el My (fresh weight} 9] hairy root & 1% (v/v) HCl1mi5 &
£ 12cm FA=2 "=, 7|¥de] 108-10° bacteria/ml < 7hsled wlAlgl 3 30 ¥7) Fekele) QARG F A5
Fe AE5] petr dish (15X 2.5¢cm)ell ol ki (25+ % 0ul AEE %A% F bu/ 5 Whattman 3mm
1C)el A hairy root & -S-=3tsicl, papero] & # 3l L horizontal electrophoresis system

ma) Aue] g2 %Lﬂ_gﬂ #=3 hairy root & A (LKB Co. Model 2217)2 AH8-5te] 1000V & <F 5027k
Zc,b‘ﬂ FHEEE 10mm Zelz HHIe] AE TEEo) AAstget, 2292 formic acid | acetic acid * water

A7e] =] e MS(400mg/ ! carbenicillin, 100 mg/7 van- £ 30:60:90(v/v/v)Y ®IEE FAGR A =
comycin, 39% sucrose, pH5.8) ZA|uiA|el|lA] wlcksled T paper & ZARA1A Gl A(lg AgNOE £8ke] 84
+ AAT F, Yol L ke JHsld A E | =<l & 200mi 8l acetone & 7HEh)oll ARz & o
o]QlA] e i wiRjsl4] 23 zlAoe R 60Y oAk A Al B(309% methonal o) 2% NaQH & #}&1)of|4] whala]

9,

ojul] okshoi . 7] & NH,OHZ oJE2] AgNOE #oife] 5% Na,S,
WAzde] WE ARE wlaE MS(Murashigeand O S°Rel 2As)e] 147k o] Y T2+ 2 Ay},
Skoog, 1962)2F White (White, 1954) ¥=]5 o] &3gle Ginsenoside pattern H|x. Hairy root &} =AlE
o, wjx]e] pHE 2&{],&-] 874A), sucrose ¥l EEE 29 A $2)8] ginsenoside pattern ®]FE Shibata (1966) ¢
oll4l 10% 744, 2Bl kinetin % NAA &7l & = Yoshikawa ¢+ Furuya (1987)] #h-& = #3led ALE-5l4

I ZASIAE, AAE £4L 20mi g AAAA £ =}, Harry root 10g (fresh weight)Z 809% (v/v) meth-
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Fig. 2. Fresh weight of transformed hairy roots dncl ordinary
roots grown on different media. About 0.2g (F.W.) ol roots

was mnoculated into and cultured on media for 4 woeeks in
darkness.
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Fig. 3. Effect of sucrosc on the growth of transformed hairy
roots and ordinary roots. Cultured on MS medium (pll 5.8)
without hormones.

anololl 24 Azt Walsle] folg 2287 80% methanol
off 3217} 7HHo 2 33 ZH—Zr‘-%‘G éo‘]ﬁ‘_ A -2 zhak
58] FRTE 71SIL ehiyl ether & AHEso] =44
AL AAGEE, of7]e] —riﬁﬂ n-butanol & 7}5lz
2R4E 233 AT & s

o

£3led curde saponin
< od9it}, Crude saponin & ]3-9]' A TLC plate
(Merck silica gel 60 Fygq)oll 243‘4"}04 “Z 5 p-hutanol
2 CHCL : MeOH : H,0=65:35: 10(v/v/v)& &z}
of ZAAAZ] T AzAH 109% (v/v) 34t methanol -§-8
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Fig. 4. Effect of pH on the growth of transformed hairy roots

and ordinary roots. Cultured on MS medium (6% sucrose)
without hormones.

£ EFshed 1004 1 0%k 519
o}, EF:AEE dEqJAddRdTLENY AR £F

saponin-& ~H&-s}giet,
Zn o n#

Hairy root2] = % H{, Sebx] Feld=o
Agrobacterium rhizogenes & FET & 243 Jof 4
Z HolZ 2403 hairy root 7F FEEHY 2 (Fig. 1a),
G55 hairy root 2 7] ohE 24 w=ollA HAu) ok
FEe w ZTEEO] HrlsElx ¢k MS ufA]el4 White
vizlEt 52 ARES LJrEHH: ’ﬁ\% Helstait (Fig.
2). Fig. 3 & gt44e 24 sucrose $=7} hairy root 4
Aol ol e B Aom 6% wEolA HH RS
2gel, Fig.4+ WAY pHel| o2 hairy root s 43
AsE 23 Aoz pH56 AtelollA 2= A& 5y
21}, Hwang 5 (1989)2 %22 hairy root ¥Wjok4] pH
4-8 AtolellA, Mano 5 (1986)% Scopolia japonica &
hairy root ¥{ka] pH7ol4] = Az-g Jeldcka 349
=

Fig.5& Hairy root A7l glej4] 2% LE-PF] 43k
S ol AL Z Kinetin ¥ NAA F 715192 wlof] v
gtod 9|8 F=Eo] AlAH ZAolM FA e “:‘E—ﬂ] vielitet
(Fig.1b,c). °]¥ Hwang 5(1989)% =8 %2}
Yoshikawa ¢} Furuya(1987)¢] «14k¢] hairy root B kel
A oE 52E HrpA Y] S Husk ohE A
solvl oAbk o 2 Agrobacierium rhizogenes 9 T-DNA
of ola] FHAAzE =22 T-DNA A auxin % cyto
kinin &H4gel]l Fodele G4 Fape] WHoZ wilel o
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Fig. 5. Effect of hormones on the growth of translormed
hairy roots and ordinary roots. Cultured on M& medium (6%
sucrose. pH 5.8) without hormones.- @-, 2.5 m//l Kinctin:-O-.
1.0 mil kinetin + 2.0 mU/I NAA; -®, 1.0 ml/{ kinetin + 1.0 m/]
NAA; -O-, hormone [ree.
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Fig. 6. Paper electrophorctic analysis of extracts Irom hairy
roots ol Plutveodon grondiflormn DC. Lane S:standard man-
nopine (M. mannopine: A. agropine), Lane H: hairy roots.
Lane Q¢ ordinary roots.

B 3eRo FFYels AL ALY + e A
(Knopp et al., 1988 ; Parr ef al., 1988) 3 Az H = Aol
o},

228 hairy root £ TEEo] A=A % MS x|
(6% sucrose, pH5.8)ell4 &= Az Jelfe], A&
0.2g (fresh weight) & AFste] 457k FAflujek & 2F 10
W Axe] A4 AxE 2gvh(Fig. 1d), ol#ldt Aae ol
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Fig. 7. Thin layer chromatogram for ginscnoside pattern of
translormed hairy roots and ordinary roots. Lane S: standard
saponine (Ginseng), Lane 1 hairy roots. Lane O: ordinary
roots.

Aol A 34l (Yoshikawa and Furuya, 1987), ==<l4 10
w (Hwang ef al., 1989), 7813 Beta vulgaris 14 20
¥ 2l Nicotiana rustice 214 30 ¥ (Hamill ef al., 1986)
¥ vlag w felgakat 44 AR HAgoEH
hairy root ¥iokel] gleld 2= =7 (A 4E, IFH o
9l %) &=le] hairy root & dlz 34 ol §-8-3 2AE
otAd o2 odid Haslele} g,

Opine =41, Agrobacterium vhizogenes @) Ri-plas-
mid ¢ T-DNA ol opine ¢l2he A4 F4=A ¢
Aoz dejal Boli IS P TAAE LT
3 glo=g Ao AHH hairy root = T-DNA 2 %
doll olale] opinee] FAFchn LA o} (Petit ef
al., 1986). walA =EkxoA F=% hairy root & ©A
A J2F #1% 23 agropine ¥ manopine ¢ A&
o] Fdo] ]l #UE + slslet (Fig. 6).

Ginsenoside pattern BIE,  Fig.72 ¥3AAAH ha
iryroot & A EH Hafe %59 saponin
ginenoside pattern-g ®|33}7] 8 %3} n-butanol &
ALz TLCE A8 222 hairy root 2 A4
®g)o] Re, groups F492 ¥ ginsenoside pattern
= 2 Hsp) gigeh. o9k & ZHale Yoshikawa o
Furuya(1987)9] Q4o 2 e {E3 hairy root ¥kl
A 3o ginsenoside pattemn ol 2lol4l #elzl G
o] AWzt ALHrie Huel Auld o2 Agrobacterium
rhizogenes o 98] FAAZH =L el EHe 3l
ol mAlEalel el Ao FUdche A (Aird et
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al., 1988) et LA A,
H o2

% 2} A ( Platycodon grandiflorum DC.) 2] A # o
Agrobacterium vhizogenes strain A4S HEde] Pt
HH 245 Fol e AT ¥HE FALE hary
root 7F -F==9ie}k, F52= hairy root & opine 42 &
8] agropine # manngpine o] A& =] &#lol Aglslgl
S5 #elslgen], ¥z, sucrose ¥%, pH, 4F &L=

52| wjekzAS wuldle] hairy root 8 AAES =4
g A3 T2Pe] Hrlwa] ¥ MS ¥i=] (6% sucrose,
pHE) oA &= Axg we 109 A= AAFIME 23
o}, =% F2AH YR hairy root ¢ ZAEA Fale] AL
A2}zl AR S8 TLCH) )8l saponin &
ginsenoside pattern-2 w] @32 Azt Z 2]z} glaich

it
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