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Abstract : The growth of hairy roots were increased 69% by 0.1 mM DCPIP under light conditions. In these
conditions, the contents of seven ginsenosides were none significant variation. The influence of electron inhib-
itors on growth and ginsenoside contents in ginseng hairy roots was tested. The growth was inhibited 71% and
22% respectively by CCCP and methylamine. The ginsenoside contents were as decreased above 45% in all
treatment tested except triazine treatment. In antioxidants treatment, the growth of hairy roots was increased
about 68% by propylgallic acid, about 23~25% by ascorbic acid or 2,5-dimethylfuran, while the contents of
seven ginsenosides were none significant variation. The ginsenoside productivity was high when hairy roots
were cultured in ®MS medium for 4 weeks and then transferred to 1/2MS medium with ascorbic acid or 2,5-
dimethylfuran for 1 weeks in light conditions. It is suggested that ginsenoside productivity could be accelerated

by some antioxidants in hairy root cultures of ginseng.

Key words : Electron acceptor, electron transport inhibitor, antioxidants, ginsenoside.

M 2

HI Aol diEZel A=A EFY ginsenoside
o] efelEFol B3] mWet? ginsenoside® 71Ul
A g e AlErt [A8sT ok o ke
2 HEIEE FH7M uANME S48 BFo] 7VF
o AARAGTE UiFEld 54 ginsenosided] A
2He A= 3leH, ginsenoside®] AAMA L 9

'R R B B o] AAIAR
(343} 0431-261-2293; (®2~) 0431-261-2293
(E-mail) dcyang@pct.chungbuk.ac.kr

205

e A7t AYF] AL vangFe YR
F2o) A3 ginsenoside 43439 TlX|e Fe] E3jo|
UutHo g Py} FIIERE BAYIZY AL 7
sh= Wi B4 3Rl SollA ginsenoside 83

e

o

B X

o] F7RIT ST g FAdEIsel uigE Ay
B2 2ANRXAMe Eatiol = (thylakoid mem-

branee] stack® HeEle) LHT PEA7} UL ¥
QR BRI QI Aol P2}
£ Re AYT BARY AR BIRE B T3kl
Hsh PRI BBt A4E we AsAEl
WARUSA 2 PuskEsel B4 AN Rol

o
W&



206 a8 - Ann - =R - fEY - Y8R

23 ST olEld AFE YangS ') g4 @
AT QAR 7Bl U4 thylakoid mem-
braneg] HAPAEA7} T35 thFe] singlet oxygen
o] AB4tslo] lipid peroxidation 2 AFA] ZiEa}e] A
o] JA5]7] wFoje}a ATt 22X FEA} L8
H RN Yehke & ginsenoside &2
BEA A L PGA(phosphoglyceric acid)e] A3}
Ee Bl wE stressAEoletn Q) dei 2
A BN Jardae] 4% 9 ginsenoside
o} AAE IR FEA G WAREE 23
4 SIE electron acceptor ¥ electron transport in-
hibitor 2812 FEA AN ARG X2 AYEHE
HAAAE AAL 5 A= A gHE AL
.

e

Nz o Uy

1. 48Xz

B Ao A" NEAEE Agrobacterium rhizo-
genes A4 TFE 1 (Panax ginseng C.A. Meyer)
el dho] sl 718 QRS (Ghradye A
£3l9hY d¥o) AHEE BASL 4MS AR
At & 357} Fateted M2 48 22
MARAE 1.5 cm2 Y3 AYsle ARt

2. Dal2o| MEED Fx2|=H

2zl ARe YUMS AAEIx] somLE T
100 mL flaskol 2AH29] root tip(1.5cm) 10738-&
AZsle 23°CHM 4~557F B F110 pm)e F,
2% ANA AzFFoR E4AT. A A
£¥ Fde #dF5, #7252 JYEFTE 238

3,500 luxZ ZAslct.

3. Ginsenosides &2} &4
Ginsenosides®] T Yangs Ve whia FYs1A
E33HE.

4. Electron acceptor % electron transport inhibi-
tor X2|

Electron acceptory=  2,6-dichlorophenclindophenol
(DCPIP, 0.1 mM)©] 9, electron transport inhibitors
dichloropheny! dimethyl urea(DCMU, 50 uM), potas-

ZRAEEA

sium cyanide(KCN, 50puM), dibromomethyl isopro-
pylbenzoquinone(DBMIB, 10 uM), triazine(0.5 mM),
methylamine(50 uM), carbonyl cyanide chlorophenyl-
hydrazone(CCCP, 0.1 puM)EA] ¥lYZ7|1%E 4MS7]
2ez)d] Heiz GFE R Bl 457 u)

Fauch.

5. gUsi X2

Ascorbic acid(5 uM), sodium pyrosulfate(0.05 mM),
propylgallic acid(5 uM), 2,5-dimethylfuran(DMF, 0.5
mM), glutathion(GSH, 0.01 mMY5-& 4MS7] &4
A2 e R BIESIM 457 vl Fatsch
TEZF ascorbic acid(S uM) B DMFe] XejA|7]d] ot&
EE RARIER A2 FF F 17 THe= Mg
spe} 55724 vt

D 9 pE

i akae]l A nlA& electron acceptor =
electron transport inhibitor®] AIE ZA1EH A7 elec-
tron acceptor HZTE FAAHANN TR BASZ
o] AAo] Z71E|Q9 ™ electron transport inhibitors

250} M Dark
[ Light

200

150

100

Growth (mg dry wt / flask)

50

[
Control  DCPIP DCMU CcCccP
Treatments

Triazine

DBMIB Methylamine

Fig. 1. Effect of electron acceptor and electron transport
inhibitors on growth in hairy root cultures of P.
ginseng C.A. Meyer. Hairy roots were cultured in
hormone-free 4 MS liquid medium (3% sucrose, 40
m/ medium/100 m/ flask) at 23°C. The data represent
the means 1 SE of triplicates messured after 4 weeks
of culture. The initial inoculum was ten hairy root
tips (1.5cm) per treatment. DCPIP; 2,6-dichio-
rophenolindolphenol, DCMU; dichlorophenyl dimethyl
urea, CCCP; carbonyl cyanide chlorophenylhydra-
zone, TRI; traizine, DBMIB; dibromomethyl isopro-
pyibenzowguinone.
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Table 1. Effect of electron acceptor and electron transport inhibitors on ginsenosides production in hairy root cultures of P,

ginseng C.A. Meyer

Content of ginsenosides (mg/g dry wt.)

Treatments Total Panaxatriol ginsenosides Panaxadiol ginsenosides
o Rg; Rf Re Rd Re Rb, Rb,
Control D 848 124%0.02* 0254001 1.76£0.03 131+0.05 0.55+0.08 1.3310.04 2.04£0.16
L 937 109£016 026+002 269+£025 1341£003 046+0.04 0.89%£0.05 2.64%0.53
DCPIP(0.1 mM) D 767 0661013 0244001 2.84+027 1291003 0.26+0.01 098%0.39 1.40%0.07
L 940 082%013 0261001 320£009 145+0.06 0.50+0.13 1.17£0.12 2.00+0.27
DCMU(S M) D 405 1.03%£012 0.17£0.01 0.14%001 0981001 0.34%0.07 0.50£0.00 0.62+0.04
L 509 166070 016001 016003 087+£003 062%0.12 0991047 0.63+0.16
CCCP(0.1 uM) D 434 128%£046 0211001 0.18%002 0.99+0.04 041%£0.10 0.57£0.05 0.70% 0.08
L 436 027£030 018001 0532003 092+£003 0.83+£0.18 0.75£0.2]1 0.88%0.16
TRI(O.5 mM) D 733 0621004 0121001 1.56+013 121001 0.65+0.05 1.17+0.12 2.00%£0.27
L 910 087012 015001 1.73£003 084%£0.02 0.55%010 2.73£0.01 2.23£0.16
DBMIB(1 M) D 418 128+£025 021£0.02 040£001 0.69£0.05 0.50%0.03 0.50+0.01 0.60% 0.00
L 412 084£022 0.16£001 0432006 082+0.03 0.55+0.02 0.66+0.03 0.66% 0.03
Methylamine D 448 1353004 0142001 0761007 0.56£0.03 0.66+0.06 0.47+0.01 0.54+0.07
(50 uM) L 494 124%£020 0.13%0.01 1.09£003 049+£0.06 0.70%0.08 0.58+0.04 0.71%0.16

Culture conditions of hairy roots were same as Fig. 1. D; dark, L; Light, DCPIP; 2,6-dichlorophenolindolphenol, DCMU; dichlo-
rophenyl dimethyl urea, CCCP; carbonyl cyanide chlorophenylhydrazone, TRI; traizine, DBMIB; dibromomethyl isopropy-
Ibenzowquinone. *: The data represent the meanst SE of triplicates measured after 4 weeks of culture.
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Fig. 2. Effect of antioxidants on growth in hairy root cultures

of P. ginseng C.A. Meyer. Culture conditions of hairy
roots were same as Fig. 1. Asc; ascorbic acid, SPS;
sodium pyrosulfate, PGA; propylgallic acid, GSH;
glutathion, DMF; 2,5-dimethylfuran. The data repre-
sent the means * SE of triplicates messured after 4
weeks of culture.
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Table 2. Effect of antioxidants on ginsenosides production in hairy root cultures of P ginseng C.A. Meyer

Content of ginsenosides (mg/g dry wt.)

Treatments Total Panaxatriol ginsenosides Panaxadiol ginsenosides
o Rg, Rf Re Rd Re Rb, Rb,
Control D 848  1.2440.02* 0.25£0.03 1.76£0.03 131042 055+0.08 1.33+£0.04 2.04%0.16
L 9.37 109016 0.26+0.02 2691025 1.34+021 0461004 0.89+005 2.64+0.53
Asc(5 uM) D 6.66 086%0.18 027+£001 181%041 098+t043 040009 0.77£023 1571041
L 1027 083%0.10 032£0.01 2.82%040 1.54£041 041%0.07 088*0.27 3471120
SPS(0.05 mM) D 9.66 1.49£0.07 022+003 251%0.18 1.22+£0.31 059+0.02 191049 1.72+0.06
L 1008 1.13£0.14 0252001 353+004 125044 031£0.01 1162031 245%0.02
PGA(S uM) D 6.57 090%£0.09 0.1910.03 1.44%0.10 099041 046+0.01 115028 144+0.12
L 850 0.89%£0.10 0.21£0.02 3.02£0.03 1152025 044001 090+005 1.89%0.0!
GSH(0.01 mMy) D 7.88  1.05£0.10 0.23+0.03 1.58£023 1.32£041 05234002 157068 1.61£0.06
L 9.38  1.00£0.03 0.25%+0.02 357007 1.39%£016 036%0.03 1.04£006 222+0.14
DMEF(0.3 mM) D 790 1271022 028%0.01 1.20%£0.09 1.56£047 036+0.04 1.18+£0.05 2.05%0.11
L 889 1.35%0.06 031+002 1.58£0.52 1.68+022 0.60%£0.14 093017 2.54+0.38

Culture conditions of hairy roots were same as Fig. 1. D; dark, L; Light, Asc; ascorbic acid, SPS; sodium pyrosulfate, PGA;
propylgallic acid, GSH; glutathion, DMF; 2, 5-dimethylfuran. *: The data represent the means= SE of triplicates measured after

4 weeks of culture.
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Fig. 3. Effect of ascorbic acid and 2,5-dimethylfuran on growth in hairy root cultures of P. ginseng C.A. Meyer. Culture
conditions of hairy roots were same as Fig. 1. L; light, A; ascorbic acid, F; 2,5-dimethylfuran. The data represent the
means = SE of triplicates messured afier 5 weeks of culture.

Table 3. Effect of ascorbic acid (5 pM) and 2, 5-dimethylfuran (3 mM) on growth and ginsenosides production in hairy root

cultures of P ginseng C.A. Meyer

Content of ginsenosides (mg/g dry wt.)

Treat- Ginsenoside ~ Growth — . . ‘
ments productivity  (mg dry Total Panaxatriol ginsenosides Panaxadiol ginsenosides
(me/flask)  wi/flask) Rg, Rf Re Rd Rc Rb, Rb,

L1A4 1.19 17231 8.1*% 6.93 1.71£0.200.25%+0.03 0.541 0.05 1.55%0.32 1.47£ 0.06 0.56% 0.01 0.85+ 0.03
L2A3 1.48 2035+ 102 727 1.75£0.010.21£0.020.67%0.02 1.75%0.06 1.49% 0.07 0.58% 0.01 0.82%+ 0.02
L3A2 1.34 2185+ 94 611 1.37£0.01023%£0.030.37£0.02 1.56%0.21 1.36% 0.10 0.59% 0.22 0.63% 0.01
L4Al 1.94 253.8+12.1 749 1.40%0.03024%0.01 0424 0.02 1763 0.17 2.39+ 0.28 0.58%+0.05 0.70+0.07
L1F4 1.12 186.6+9.3  6.02 1.45+£0.050.25+0.020.27+0.10 1.65%£0.05 1.26% 0.18 0.55%+0.07 0.59%+ 0.15
L2F3 1.37 23821 11.2 5.74 1.361£0.020.2410.030.47£0.05 1.49%0.04 1.03£0.19 0.51%+0.08 0.64: 0.11
L3F2 1.68 2416+ 85 697 1.39%0.030.19+0.020.57£0.08 1.64+0.04 1.83:+0.04 0.62+0.03 0.73£0.11
L4F1 1.69 2433+£102 696 1.361+0.010.24+0.020.4920.04 1.71+0.03 1.87%+0.13 0.57% 0.01 0.72+ 0.04
L5 1.33 171.4+78  7.77 2.02+0.020.23£0.01 0.73£ 0.05 1.65+0.07 1.594 0.04 0.6+ 10.0] 0.94% 0.05

Culture conditions of hairy roots were same as Fig. 1. L; light, A; ascorbic acid, F; 2, 5-dimethylfuran. *: The data represent
the meanst SE of triplicates measured after 5 weeks of culture.
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