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ABSTRACT

Cultures of hairy root induced from ginseng (Panax ginseng C.A. Meyer) transformed with Agro-
bacterium rhizogenes (strain A,, ATCC 15834) were established and morphologically two different
hairy root strains (HB1, HB2) were obtained. To determine the optimum growth rate, the hairy
root (HB2) was cultured in various liquid medium supplemented with or without plant growth
hormone. The growth rate of hairy root cultured on MS medium was 1.3-3.1 times higher than
those cultured on other media, and the optimum sucrose concentration and pH were 3-6%, 5.5-
6.5, respectively. Also, the growth rate of hairy root was increased when 0.02 M ammonium nitrate,
1.2 mM potassium phosphate (monobasic) and 0.5 mg/l IBA were supplied to liquid medium, The
saponin patterns and contents of hairy root (HB2) were determined by TLC and HPLC. The
crude saponin contents were 4.67% and the total saponin contents were 1.0%, on dry weight
basis.
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T lem Q44 zAo] Arar] wle| fﬂ_%z}— 2 (Ri)-plasmidE 71"z )2 (Loopstra ef al., 1990), °]
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#8a glrk =g TDNA Aol rol A-De} 2e) o
4788] 7|5#AA7F £4812 9led, rol B, C, D $34k
& o= shivl BE4E He mgde] FAHA 4k
7oz BaEe 9 i Maarten ef al., 1985; Rech ef al,
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1988; Hwang et al, 1939; Schmulling ef 2/, 1989; Kim
et al, 1990: Ko et al., 1990).
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Egt A 27 shel b ez} 7heste] A el
o2]4-2 otz vk (Lee ef al., 1988). & alake vl
A, Qe A, TdE, THel wet Zzhe) AR

T Akl

= Ape]7} glen], o] ol 4% FAEal saponind- <
A gl vlsted AASHA Fie] J)EE AASH TR
o4 B4 Aie geks F214]7]7] 519 chA A A7rh
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AlEME o AERF. AL FA(5II)E 70%
(v/v) ethanol® 10&, 7%(v/v) NaOCl &°= 1887
Ew ety FF52 3% A2 3 & potato extract @ A
#l Aol 4] 2-39 wfeFgk F(strain A, ATCC 15834)& =
tlwlol| A&s}ed hormone free MS 3H3 1] %) (Vancomycin
100-300 mg/) = %71 wioFslddch

BAZ9| ulek 28] vlek = A 2 BASS
A eted AT FrlE A e T A E A
30-6047F wiokst ¥, Aol gyl mARL-Z AEshed
FUS A A2 &A 53 A=) (50 rpm) ol A & ek
(260)shsdv}. ob® AR H=&F N el Aol
o) 4¥= strain(HB1, HB22} 932 Z+zk 2047
104 #tAcz 2L w2 #Hr}sted steristops(porous
cellulose stoppers)Z Ab&%k 250m/ AtzhEelsTelA
H] «Fslod et

x| BATe ME Fob =] ik =3
£ 98 74A wiRle) &3E oolnr] 98] HBle v
o Az &7} wE EARZ(HB2)S 3%9) sucrose(pH
5.8)7} #7}5 hormone free MS(Murashige and Skoog,
1962), RCM(White and Nester, 1980), N6(Chu et al.,
1976), GM(Li and Murai, 1986) ®i=|(z+zh& MSO,
RCMO, N60O, GMOZ EAlstgd2)d HEF £ 109 3
Aoy wAEe] AAEE SAsch

DATo| ME mE uixY EE A EEH OB
A9 A W2E 4T 4bhaks zalEle] dLzq]
A2FFe] aAds 715E] 93] Oxygen meter(YSI

Vol. 34, No. 4

Model 51B, Yellow Springs Instrument Co., USA)Z A}
5t AZL vz Frh F 1Y FE2=E 109 5§39
WAE 4E AeEkE SAEedch

DAZe|l ME| O|x|= sucrosel} pH2| gt MS
718 WA TS HEY F sucrose ¥ EF 2-8%, pH
2-871A) HEAA 35 Fobe] AE HIE SAshedch

Nitrogen} phosphorus Z=Eloj| 2]8t DAe| M § T},
MS 712 wiA2] A 4ge g4 NHNO,, 214+l e 24 KH,
PO v]&S ok} o] Zaksle] 10 ZHdo= 43
& HAslych

a. NH,NO, (0.02 M), KH,PO, (1.2 mM)

b. NHNO; (0.01 M), KH:PO, (2.4 mM)

c. NH.NO; (0.04 M), KH:PO, (0.6 mM)

TBA Holo|| 2lst mAZe| ME Fuf MS w2 o]
IBA =2 Ztz} 05-20mg/! Ha)gte] 109 7+Ho=
ATEL 2.

Crude saponing| F&, Crude saponing %3} n-
butanol Z=&ul (Ko ef al., 1989) 2 28 3= Za]slgch
Az ERAE 3gAe HAsted 70-75C FEEe|A 80%
methanol 50 m/2 53] F&3le] o7, ¥% F 50m/$
ZR42 28 AHslz ethyl ethers 7}sle] A2 28
AAG e, 24 +23 nbutanol® 43 2Zale] n-
butanol &g =5 §sled o] n-butanol £ chA] =
52 2F AAg 3 5325 v8)i, n-butanol £HRE
et 54 FE o2 crude saponin RS- &)}
Ak

TLC M.  $Z& nbutanol & who = 23
crude saponin- silica gel plate(Art. 5554, Merck Co.,) ¢l
5u HAsted CHCl: MeOH : H,0(65:35:10) .2 A7
AlZ] #& 30%-sulfulic acid(v/v)& EFsle] 105Ce] A=
7ol A w8 A

HPLC 24, Crude saponing ¢} 5%{w/v)E L%
HPLC4 methanole] 3o 0.45um millipore filterZ o
gk F 20 pl& HPLCZ](Waters Associates Model 244) ¢l]
F4l8}o] saponin & F-4]5tgich o] W Al-4-3t aceto-
nitrile¥} n-butanol-2 E. Merck % 4}2] HPLC & &) 75,
ginsenoside TFHF2 T ddzdTiedd LT £
5L Agslden Edz7e ogsl 2ok [Lichro-
sorb-NH; column(Merck, 5 um, 25X 0.46 cm 1D.), RI-401
(differential refractometer) detector, Acetonitrile/H.O/n-
Butanol(80 : 20 : 15) solvent, 1.0 m//min. flow rate, Atte-
nuator 8x, Data module, 1.0 cm/min, chart speed] =3
chromatogram®] 7t peak+ ¥ # saponin®| chromatog-
raphye] 9sle] %As2 zt ginsenoside® k& peak
height= A Ak3}ed ok
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Fig. 1. Morphological differences of hairy root cultured
on hormone free MS liquid medium. HB1: thick, slowly
branching hairy root; HB2: thin, vigorously branching
hairy root.

Fig. 2. Hairy root grown in hormone free MS liquid me-
dium.
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B4 strain2| M. F AF E 12571 Axsled
FHE B2 fus 222 MS e A woksly
= o, 2% Hja B gsA TEEE F 714 strain(HBI,
HB2E =9 E €& 4 Usd=H(Figs. 1 and 2). HB1-&
AF7H] Bag o] HEFoRRE fry madals
HEA e AN BE $97 HFYAa(=7, 34
mm) branch #Ad&e] #$ wieksiglon, HB2:= A3
o 2o A% %A vehfo] ¥ branchs ¥
Adste] Eks] AaEql 2k ALe ol rsle) uE
A=(2)7%, 1-25 mm)7} HB1e|| ¥|ate] Hjmejzic), Fig 3
2 F 714 straing MSO = (sucrose 3%, pH 5.8he]
HlFated A12be] Aol MpE A4-EL EA¢ Ao, HB
1ol wlsted HB27} 3.7u)8) g Z712 Hor)

vy @ AMZo| ME & o} #]R]ol] w}2 2 AZ(HB
2)8] A& 2AFS7) $iske] 40 Fab zhzhe] vl 2] of A
vl A, 2T g4ge] MSO>N60>RCMO>
GMO wjx] 8] A2 vtebgond, MSO wix]el 4 Aaale
T2 7 $-ol& N6O<| wu]s 1.3u, RCMO< #]#, 1.8
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Fig. 3. Growth rate of two different hairy root strains
in hormone free MS liquid medium at 250 m/ flask. Initial
fresh weight of hairy root for each passage was 4.4 gX3.
Data for each culture time indicated is an average fresh
weight of hairy root.
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Fig. 4. Effect of various media on growth of hairy root
in hormone free liquid culture at 250 m! flask. Initial
fresh weight of hairy root for each passage was 1.5gX3.
Data for each culture time indicated is an average fresh
weight of hairy root.

o, GMOe] w]3) 31809 A4&< 2o MSO WA7} =
A A g HgFgE o ook (Fig ). =%
A iAol A FREFQ) mAZY 7hajAE Ee 2 MSOst
N60 siz)oll = mAlee) Agadal BAL Holu}, GMO
wz)e] AL ek BFo] FAYAD o] YT,
RCMO f=]e] #A5 HAZHez W$ 7leA B43tack
Hiroshi 5(1990)-& Lobelia inflata L.2) RARZS u]eka]
A Z7e] Ags e FAgo g GFE Fo] MS,
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Fig. b. Concentration of dissolved oxygen on hairy root
growing in 50 m/ various media at 250 m/ flask. The stop-
per was steristops (porous cellulose stoppers).
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Fig. 6. Effect of sucrose conceniration on growth of
hairy root cultured on hormone free MS liquid medium
in 100 m/ flask for 35 days. Initial fresh weight of hairy
root for each passage was 500 mgX 3. Data for each suc-
rose concentration indicated is an average fresh weight
of hairy root.

1/2 MS, B5 a2 ol 4] e ofst mabze] A% %2 branchE
FAsted GAgo] FL W] NN wiz]oA] wjeksd =
Ao AL branch 3AJe] wleksted AAkge] 1/3 A=
Hdoizltlz 3h9 o, Hwang S-(1989) 7} Kim £-(1990)
o carrot®} ballon flowere] 753 AA2} MS ujx|o4] =
bzl Aggo] 7g okssivin stged, E A¥ES
o} wl¢ Jxse AEgE Jehidrh
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Fig. 7. Effect of pH on growth of hairy root cultured
on hormone free M$ liquid medium in 100 m/ flask for
35 days. Initial fresh weight of hairy root for each pas-
sage was 500 mgX3. Data for each pH indicated is an
average fresh weight of hairy root.

gle] Aabel] 9lo) Akke] FTFL FFHoR FEa7) o
ol wjoF 478 EXe W% FAFE ¢E Herh
Fig. 5 vzl mAZo) AR b2 45 dass 5
A3k Hlow, waEe] A#e] 71wk 44 s MSOst N6O
afAle] AL wfek 39A WS £ Abdake] Al
W)E 1.5-1.8ppm HE Asigch =g wjek 479 et
A=A steristops’} ol aluminum foils AMg-3t4& 7
2 w2y &= daeko] ALl ¥]d 25ppm o4
Zaslgen 44 2w dolge(Aa wAA). Park
=(1990) 2 AE ulh-2-7] 2 o] 83k mAFZ2] wioke] gle]A]
abe-rf e & Ak 27) 50.8%¢ 4 16 wieFA) 275
%7hA WA A& abh Fge] FAAS HAEM
=d), & A9AF o9} 7L 4% A4 hiw A
zo| Ao wEl Aok 2712 BgrEd, 27
Akaake] w)E) 1.5-1.8 ppm AE 9] Zhay mAFZE] PAko
dag A BgE GGk §h4, 39 ol 47
2715 4F sk B 5 3 8sk= ok 2719 =hA
g Eo 2 AlgEgch

BAFTO] ME| 0|+ sucrose2} pHS| HE Figs.
67 7& BATE A v|He sucrose T pH =
e Ak 7ol MS 71 EWA] Y] 3%4} v]2ehslg ),
4-6%% vIsT AFEE el A, 53 o] HedAs
sucrose FE7t 71l wat AAAHoZ v EHe AF
o2 Aapalgiewd 256 ojdhel 7% |48 FmelAE
AAr-ge] 7hislodck. =¥ pHe| wstel g 24
Q42 pH 2-8717)2) B9 FoiA pH 55-659014 &l
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Fig. 8. Effect of nitrogen and phosphorus combination
on growth of hairy root in hormone free MS liquid me-
dium at 250 m/ flask. Initial fresh weight of hairy root
for each passage was 1 gXx3. Dala for each culture time
indicated is an average fresh weight of hairy root.
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Fig. 9. Effect of IBA on growth of hairy root in MS li-
quid medjum at 250 m/ flask. Initial fresh weight of hairy
root for each passage was 500 mgXx3. Data for each cul-
ture time indicated is an average fresh weight of hairy
roof.

-5 eblvl Hwang 5(1989) 7 Kim 5(1990) )
—‘4 st carrot BAMZS) A $-oll = sucrose 5%, pH 4-8, bal-
lon flower2] Z-¢ sucrose 6%, pH 5-6oll A mAr-29] A
A2& Bodow], Mano S(1986)& Scopolia japonica
R ARZ v oFA] pH 7o 4] 22 A& Jeldoha shed=d),
2 AgAT AT wek HA sucrosed] Fx=9) pH7}
AR o Ee o o slddch
Tglof o)E Bakze

Nitrogen2} phosphorus ME Foh
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Fig, 10. Thm layer chromatograrm for SApOnIn compo-
nents of callus, hairy root and ginseng native root. Lane
5t, standard saponin; Lane H, hairy root (HB2); Lane C,
ginseng callus; Lane N, native root.

Fig. 82 =AFZ2 4R v X nitrogen¥ phosphorus
2] AA5 zAEl7] fste] MS 712 w8 NHNO<t
KHPO,8) 555 Z3slel 4AES »lnd 7. MS
714 w2 e Fxd A (a), NLNO 525 28E &
7427152 KHePO,2 358 1722 b7 Age) (C),
NHNOs2] =2 1/22 744713 KHPOS 555 2
M2 Frix7]l A (b BT MS 7&d=|9] 3= z
gte]] mjsle] A 2b-go] WAk Salisburys} Ross(1978) o
olslel 2ale] AAbe] 9leiA nitrogen¥} phosphorusis
ME AR og zhEsled No| syl Hele "3*401
AA=e, P7L okt #ele] AA ;
=d, 2 Q¥ 25 Peh Noj 42838 55 23] BAZ
Az &7114 ‘%E]-LH%: 743-
Flg,. 9= =
Akzo] A7k U]il% IBA—r] % "}ﬁ‘ 4s2 Zles [BA
77} W= o)) v13led IBA 0.5 mg/l &7} s =l A] Axe]
T—Jr » ZFEql e IBA 1mg/l o]4d] FEdde Z¢
glel 8 wekel Er7 dAdEn FAle] EEEE HES
L}E}LH or}. Hwang 5-(1989)2- carrot BAMZS] 7% 24-
D 107 mg/lol A AT Ape] Awds] F71e Xy
#led oo, Yoshikawa$} Furuya(1987)% Q14b zhF Aol 4]
Sz mazel Ag IBA 2mg/l, Kinetin 0.1 mg/l=ll 4
71 = ARes i‘%ltjr_k soded, & 43 A
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Fig. 11. HPLC chromatograms for ginsenosides in gin-
seng hairy root (HB2) cultured for 6 months. Peaks, 1-
Rg2; 2-Rgl; 3-Rf; 4-Re; 5-Rd; 6-Rc; 7-RbZ; 8-Rbl.
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AE AEEe [BA #744] A7) vhd FAlEgor, A4
2apel 2] ARAER FA= AsEe IBAZE &7
se Ao AuFgch =3 44 £2F AgHoz
Z74A1717) Sl ok 71703} IBAS) $EE oS Al
Falo] 7|7kl A ZAbsiel & ool dohx Bw

Hrk

TLC 24.  Fig 102 67197 wiokd 2ot 27
2, 282 AAE FAGED L ARE 7 crude sapo-
ning &==3}ed TLC platesll A A7RF Zlelet. CHCL:
MeOH : HQ0(65 : 35: 10) & A&l = Apg3te] Fedd
wl, 5z S4kst §4 HEly walFel e standard 2}
22 ginsenoside patternss Eo|x 9o}, FFlelAe
2}o]3) ekaks vehylc) Yoshikawas} Furuya(1987)+
#]A APz LA AAEA R £33t ginsenoside
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Fig. 12. HPLC chromatograms for ginsenosides in gin-
seng callus cultured for 6 months. Peaks, 1-Rg2; 2-Rgl;
3-Rf; 4-Re; 5-Rd; 6-Rc; 7-Rb2; 8-Rbl.

patternsS R elvkw stglid, & Ag AFAE ol 4A
g5 o 7 sk

HPLCo| 2{&t saponin &
saponin ] E-(ginsenoside-Ro, Ra,, Ra;, Ras Rf, Rh;, Rh;
2)E ARE HETart FEEe] Wil & 2259
saponin A& R uFHcHKo et al, 1989). Figs. 113}
12+= 67097t wiokel BabZs) Z522] 7iE ginsenoside
patterns-2 ®]wale] B 7o 2, #4) patternse] thi A
o]& v}EldL & 5 glsdeh FE3FF crude saponin FEkel]
ol e T o] AT 472%, TFL0 AL 3.06%=E
Alergt zpo]E el ™, total saponin Frekel XM xE AT
(1.0%)¢] ZF2(0.73%) < vIste] EA viehgrh(Table
D). =g TLC) sixe FabA viehia @ud =
=29 ginsenoside patternse] HPLC 2423} PT A <&

o] AL
RN, =

saponin— ©|&

[=]
=
Al

=R

Table 1. Crude saponin and ginsenoside content of callus and hairy root cultured for 6 months in Panar gin-

seng
. Contents of ginsenosides (%) per 3g Dry wt.
Tissue PD/PT? Crud i
Issue o1 Rb2  Rc R4 Re  Rf  Rgl Rg2 TGV / rude saponin
HR? 0.16 0.08 0.08 0.09 0.22 0.14 0.11 0.12 1.00 0.70 4.72
Callus® - — 0.04 0.06 0.26 0.17 0.13 0.07 0.73 0.16 3.06

DTotal ginsenosides quantified with HPLC. ?PD (panaxadiol ginsenosides), Rb1+Rb2+Re+Rd; PT (panaxatriol ginse-
nosides), Re+Rf-+Rgl+Rg2. ¥Hairy root cultured on hormone free MS liquid medium (sucrose 3%). “Ginseng callus

cultured on MS agar medium (2,4-D 3 mg/l, sucrose 3%).
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FAog ZHAEEden, o4 228 F AEal ginseno- Reports 9: 307-310.
side-Rer} mab2s} R ol A8 o 2 gelxlnh Hwang, B., J.C. An and J.H. Lee. 1989. Physiological studies

Ko 5(1990) =} Yoshikawa2} Furuya(1987) <) 2]slw a1+t
TR vlokell 2%k saponin A4k vl R] =7 e} straine]
upel 0.35-1.18%2] #Ek xolE uehdigled], 2 oo
Aze HB2E 67147 MSO wiAlel wfefFsiod 1.0%2
]

Heps welorn], Ha) HSslsl gl HB2E ghta
Aze) )2 Aoy ofE e 297 H) 25mm
77, HB1E 3-4mm7t7] wlEslzz x&dq) oA
s w8 _L"—”f4 saponin & F7HAE ¢ gl =
A5g 2R H e 40e AE & o 4
wHv, ojeat e AY Fol glch

¥ e

AAE 45328 HH) Agrobacterium vhizoge-
nesE FFehe] EATE HrEIHUL ¥ Lo
wWjebZ 7 3 saponin §3kL Falbsledch fEEl 2AE
hormone free MS s =|ol dfiokated g o, 25 el
=535l FEEE T 714 strain(HB1, HB2)-& <1<
g en, =A4T(HB2)2] wizd Aag2 obE Ao
Hl&le] MS wiz|ell4 1.3-3.1w) =gkz, A sucrose F
=9} pHiz 22} 3-6%, 55655 ehdeh =3 A9
Aatgle] Zatel o7F 24T 4EL 0.02M NHNO,
2} 1.2 mM KH,PO,o 4 713 E9kerd, MS A sf =]
IBA 05 mg/ls #715198 o Aage] ot Frhsted.
TLC 74 Az mAMZe] ginsenoside parterns <l4b
s Zosly o, AR Ash 2AZ(HB2) o 49
crude saponin %2 4.67%, total saponin T3 L0%E
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