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ABSTRACT : Korean ginseng (Panax ginseng C.A. Meyer) is very difficult to obtain stable production of qualified ginseng
roots because of variable stresses in soil environments. High salt concentrations in the ginseng nursery soil environment of
Korea is one of important reducing factors for the stable production of quality ginseng. These studies were accomplished to
identify the growth rate and production of ginsenoside from ginseng hairy root against NaCl. In the MS liquid culture, the
highest contents and productivity of ginsenosides were appeared at 4 week after onset of the treatment of 0.1 M NaCl. And
0.24 M NaCl was more effective on the growth of ginseng hairy root under light condition than dark condition. Plants gener-
ally produce secondary metabolites in nature as a defense mechanism against pathogenic and insect attack. In this study,
NaCll acts as a kind of stress as well as elicitor for production of ginsenosides.
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EkoAe] Aol et A7 o]Fo)x] ot (0] 5, elicitorEA Q] HEL ke ASE ALREY o T3 AFE

'Corresponding author: (Phone) +82-31-201-2688  (E-mail) dcyang@khu.ac.kr
Received October 26, 2007 / Accepted April 3, 2008

94



Clafaai2e| MAM Ginsenosides 440 OjX|[= NaCle| 4t

o}z o]FolX UA] RFTh.

wEtA, B A=, A4 ginsenosidese 2XHAHE- 24 W)
G 27 F 30 wEby Aol b HE F Ue
d], NaCl 2|7} 14 2] A3 ginsenosides 59
o3t F3E A=A E AN H.

Nz 2
1. M=
2 AYA ARESE AN BEAEE, Agrobacterium

rhizogenes A4T (Jung & Tepfer, 1987) 45 -5Hl L3t
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3l sk

ARE 3I3HES] Bl o 7 B4 AREE ginsenoside
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Table 1. The effects of NaCl concentration on the growth of ginseng hairy root and saponin production.

NaCl (M) Fresh wt. Dry wt. Total ginsenoside Panaxatriol Panaxadiol
g / flask g / flask (mg/g dry wt) (mg/g dry wt) (mg/g dry wt)

0 Dark 11.55+£0.43 0.81 10.38 6.84 3.53
Light 10.20 £0.30 0.71 11.73 6.89 4.84

0.08 Dark 10,10 £0.60 0.71 10.15 6.58 3.56
' Light 9.50 £0.15 0.67 11.27 6.49 4.77
015 Dark 8.95 +0.85 0.63 10.63 6.58 4.05
' Light 8.80 £ 0.40 0.62 12.18 6.67 5.52
0.24 Dark 8.45 + Q.55 0.59 1215 6.99 5.16
' Light 7.73 £ 033 0.54 15.05 9.34 5.71
032 Dark 7.95+0.65 0.56 10.56 5.96 4.60
| Light 6.95 +0.05 0.49 12.48 7.35 5.13

Vasil, 1981; Dicosmo & Misawa, 1985). ©| &%t elicitor=
88 itz AT 2Bl ST dHA A7)
mj 2ol Al EAEZujgolA 788 2AHARIES] ALE sl
ARE-E L T} (Sim e al., 1994). Elicitor®] Al AE7|R
B8la, A5 oA tFES] o|RAKEE Y A=
o thallA &zl vizb A7) wifol], AlE2Auiokel] oA
elicitation®] & 7= A A5 5 |13, o2 P2t ¢
& H2o] 879} (Jeong & Park, 2005). Elicitor®] &=
elicitor®] 5%, A7), Hr)7kel & H2x4e] A
@A 59 ok g}l o8 g2 4+ Uth (Bhagwath &
Hjorts, 2000). YL x A EujdolA NaClS AHzgh 3%
indole alkaloid &&Fe] 571822 (Smith er al, 1987),
Coffea arabica (Frischinecht & Baumann. 1985) ¥ Datura
innoxia (Brache & Cosson, 1986)2] NaCl =@ 3
alkaloid® s Z7MA At B2t Atk Jeongd} Park
(2006)°] W=H NaCle E§3t of# elicitor A2 &f3)] ¢l
A ALEY gkl 21tk dt}h NaCl 5% 0.3%7FA 9]
Age, Y3 ZolE Bo|X] eRT, $Ee 1R =
2 FE 024M (& 1%l Frelgh AlelE B, © ot
7} two step cultureg =U3FATE

Ay ZAZ (KGHR-8)2] NaCl *E|A] 710l wpe A7

S ZAE] Y5k, 100 e AHrEekad 40wl &f HjA]E
YWy "l & gAY AAE 2] HAEHOE 1g ¥ HF

&3 th. Elicitor® 0.1 M NaCle] H7k= 54 7H4 o2 ujkst
WA 718 HEse] F 35YU7RS o 2 BAEE uiekst
, ASRE (HE 0Y) NaCIE 718 Ag]7oilM= 2084
He A7l 7R B2 ARES BEvh BEgE AR RelA
= 259, FA]EFoll A 20 Fo) g8 & AES JER)
At} (Table 2). T3, NaCl X g|A]7]e] wE Qi BAdEe]
AYEY kS AV A, BARE HE F 25949 elicitor
AEle 2R =2 AU SRS RS2 (Table 3).
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Table 2. The effects of 0.1 M NaCl on the growth of ginseng hairy
root according to the culture period.

Treatment Fresh wt. Dry wt.
time (day) (g / flask) (g / flask)
0 Dark 2.61+0.16 (32%) 0.24
Light 2.50 +0.17 (33%) 0.23
5 Dark 2.87 £0.20 (35%) 0.26
Light 2.66 % 0.15 (35%) 0.24
0 Dark 2.98 +0.13 (36%) 0.27
Light 2.79+0.19 (37%) 0.25
20 Dark 5.18 £ 0.23 (63%) 0.47
Light 5.09 +0.17 (67%) 0.46
75 Dark 7.83 £0.55 (96%) 0.71
Light 7.16 + 0.70 (93%) 0.64
10 Dark 8.01 £0.37 (98%) 0.72
Light 7.18 £ 0.83 (94%) 0.65
Controf’ Qark 8.17 £ 0.58 (100%) 0.74
Light 7.62 £0.35 (100%) 0.69

Control was cultured without any NaCl and harvested after 35
culture days.

Re®} Rgle thz=-of Hlal| 74483 A%, 21 2] ginsenoside
9} total saponin $@&2 NaCl *2ldl| 2f3l F7lstHth. o=
4ol A total ginsenoside”t F71T8IATRE, ©] 5 (1995)9]
e AEehe AaElal & ¢ A
3. NaCl &2|of| st 2T CHEHH2t

ElicitorE A z]ste] 221 trkes tiges dod= 7
&, 2719 AT A5 Az AFE 23518 At B
27 AT} (Park er al., 2000; & 5, 2000). AgE wAZ
(KGHR-8)Z%E] ginsenosides &2 547171 H3lA two
WS ARRSIET Thibids Bekd 8ER

oxyx=

step culture
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Table 3. Effects of NaCl on ginsenoside content on hairy roots cultures of Panax ginseng C. A. Meyer. Hairy roots were cultured in
hormone-free MS medium (3% sucrose, 40 m¢/100 mf flask) for 6 weeks in dark conditions. Data shown are means + standard

errors of five replicates hairy roots lines. 3; Time after hairy roots inoculation to medium.

Treatment time Ginsenoside content (mg/g dry wi) Productivity
(day)® Rb1 Rb2 Re Rd Re Rf Rg1 Total (mg/flask)
Control Dark 1.24 0.56 0.72 2.24 2.50 0.52 1.42 9.22 6.78
Light 1.30 0.72 0.39 2.07 3.10 0.77 1.51 9.88 6.78
0 Dark 1.29 0.66 0.39 3.61 3.28 0.81 1.02 11.08 2.60
Light 1.32 0.71 0.38 4.27 3.75 0.38 0.80 11.62 2.62
5 Dark 1.34 0.62 0.39 2.80 2.89 0.78 0.89 9.72 2.51
Light 1.84 0.93 1.01 4.75 5.23 1.40 1.16 16.33 3.92
10 Dark 1.42 1.12 0.26 2.88 3.28 1.00 0.98 10.95 2.94
Light 1.90 1.42 0.13 4.19 5.46 1.48 1.07 16.67 4.19
20 Dark 1.865 0.55 1.32 3.03 1.79 1.21 0.71 10.49 4.90
Light 1.97 1.63 1.26 3.26 4.06 1.69 0.89 14.78 6.77
5 Dark 0.77 0.88 1.05 2.46 2.73 0.78 1.02 9.71 6.85
Light 1.67 1.02 1.32 411 4.06 0.93 1.65 14.78 9.52
Table 4. The effect of NaCl treatment on growth and ginsenoside 2380 ~ 18
of ginseng hairy root in 20 L bioreactor. - »
: Fresh wt. Ginsenoside Dry wt. 12
2158
Concentration g/reactor mg/g dw g/reactor B T
2608
Control OM 3,100 £ 300 9.92 161 £ 11.0 8 |
1880 b e g1 SETIOS T E
0.05M 1,200 £ 200 12.94 83 £8.5 6
NaCl 18c¢ |
0.TM 750 £+ 500 14.78 70+ 3.5 4
7o 2
1ect | ¢

- Contro .SM M rigCl
& ThEAAEl7] SISIME bioreactorS ©]-8-3 Hko] BWHH - ‘
ol=Z 20L Hjek7 oA wiokS AlA)ElgITh RARze] TSk Fig. 1. The treatment effect of NaCl on growth and ginsenosides

%S HellA] 20 L bioreactorel]l 12MS HIA] 15LE ¥
A8 3 50 g2 wleF7)ol AE3k] membrane
filterE: o83l o F7IE FUSHHA sttt 1Y
g & 0.05, 0.1 M F52] NaClE Hrlskd 2RY7F vk
& AAE Aa}, 0.05M NaCl H)A] BAR2e] AAee oF
62% Z3A3R3L, 0.1 M NaCl HZA] AL 76% ZHAd)

1.0
B2

synthesis in ginseng hairy root in 20 L bioreactor.

1992), EU}E (Asins ef al, 1993), 8 (Leon ef al, 1995)
o AEAESTEH FdFUAE AEA A gk 23t Q)
o} 22 & AR 4 FARE M e TR
-FAEES A 4= LS H%h vt o} (Yoon et dl,

o= }w‘jea—r‘ 7 =

o]
A

RHA, ginsenoside®] F 7 29%, 48% F7FeFATE  2004). 2BV 7129 SFHHE o8t A7l 48
(Table 4, Fig. 1). 7] W&ol ZIWuds B3iA SAIZE Ul ERUA Aak

Hie AEe] AT mEEHe FEIREYE Fo sl AERS AL 4 Qe Tlevlide] HaEit) 2 AER
B2 FodEs A F2ES AsAAY Boyer,  JAFEIIHO wEE @2 F-3AE0] cloningH A= GF
1982). Eo¥ol] HAHE GFE QI8 ite] Ao dasHe 3H fHAE E8-3ke] FAAZEH A7 SFUA 4
wAo gkt SN, 14t ARl thet W7t & SAT ¢ JOoEE ol #G Jjevde Fasith #
TS B3 ARWA Jake] A EaeAolrt ofn] o HAFHAZ = methicillin resistant gene (Huraki et al,

Al

YPHAFE E7 WA 32 554 B2
T = A77F s ik ©@w] (Nabors er al, 1975;
Croughan et al, 1978), ¥ (A %, 1982; Chae et al.,

O,

1988), &H3 (Rye et al, 1991), A} (Kent et dal,
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1993), dihydrolipoamide dehydrogenase (Jolly ef al., 1996),
angiotansin I-converting enzyme gene (Hiraga er al., 1996)
2] o] BHard wh itk 14kl oA RS FX
AZ17] S8l g8 5471 SALL (In & Yang, 2005),
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UHAFeERE FAAE A7l A48E 7S 4 U 4
9] FREEY L EH?SL HHe2 B2 8dESo] FEsht 9l
’“—C’J BT 717 of2] BiEA] A ko, Qlhke] Y

d FE54S A AR 3R E -r] ATt A2k

Eé?é%i?%‘%ﬂu o) AR 2 o)) AuAEe] ok A
AE7t a7HolAr. Be 4f Warige] AsdgAr 5
of g A7t AlEH g Faxojor & Aoju}.
C’ﬂ%“’ﬂ/ﬂ” el A5 Aol SFEH EAleh Aol
FE Shoke FHoIA NaClo] SlxTlAMIEe] YAt
07}"] 71 elicitor2 A-83H2 & 4 URATE Q4ke] EX
2 ZFAAS] Y3 elicitord] BAS x5 X9t
- A 08 AT SBL 49 ke 4

ez} ZidiE).

O
A0

A2k A BFY HEL $F Uik At B2
Aol g ]lo] EF ot & dAFoMes oA BelE o4kl $-
T AFSZ2REH NaCl Aol W& AAe FAMeF ginseno-
side®] At WA L FASIGTE AdE 2
(KGHR-8)2 2 E] ginsenosides®] &&Foll m|x]+= NaCl®]
A FEE AR f1ste] 30¢7F widst A3 NaCle] &=
7V F7 e wet 242 A A HAR, total
ginsenosides®] &2 0.24 M NaCl XME|7olA && FI7HE
7HAske 53] FE AR wikst A9 =4 AEEU
T} 024 M NaCl =2 FAJe)sto)|l A vieEA] panaxatriol®]
e E2FH} 36.5%, panaxadiol®] TS 61.7% F7}
she e YERNRITE (Table 1). B3 2A49] S 3
A R AAG3s7] 93l two step culture WS AN A
3}, 0.05M, 0.1 M NaCl A 229 Aaee 2z of
62%, 76% 7¥4a~3t ¥HH | ginsenoside?] $HEFS- 29%, 48% Zt
7} SPSEITE B Wol7]3ke] Ao & NaClg: elicitor
2 AAFIL 2APARER] AlEd ) Aol FRES mIAE
Ao Z FERIFHAUL,

A} Al

B AZE 75 A E0)| &7/ IAd D (code

PF06222-00)2+ 73] A3 BK2IAKES] ez
P AFARZ A4 APl ZAR=HY
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