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t}. wheb] scale-upolle Al41gt AlEe] &ydvia &
%= 9lcH(Taya er al., 1992; Asaka et al, 1994; Jay et
al., 1994).

AEUHET)E B3 aAle) diEkuloRe HoHA] A
] mATE o]43le] qher] Helo) Sk 2 He
o] wE mAFZe] XNAEA FAMKondo et al,
1989), X 2| (Lithospermum erythrorhizon) 2AF-2] air-
lift3 reactor kg E31 2209 Fek] =|<&=ql shi-
konin A4H(Shimomura et al, 1991), 28|37 ddZ
(Catharanthus roseus) 2AFF-2] bubble column reac-
tor ¥le}S- 53} catharanthine 44 Z=7}(Liv et al,
1995) 5 th2tA el 771 #3= 2 ol

=35t ¢14H(Panax ginseng)?] 74-%-5 7B~ HE]
o2 T A2FF AEd 5 2208 ANt
71l wiekate] =8 =A, vl }8 o= AEH
XA @egla g9l o (Furuya and Ushiyama, 1994),
ole]q AT-8 7|t E RANTS AEWREY] wks
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5% saponin AJ4F 7 ohz}  (RS)-2-phenyl-
propionic acid(PPA)E F&] A&EHOZE glycosidesE
FAAA EA = BHE e 71E e =
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Fig. 1. Ginseng hairy root clones cultured on MS agar
medium for 45 days. The first inoculum size was a ca. 1
c¢m from root tip. Armow indicates the hairy root clone of
HRB-15.
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Fig. 2. Hairy roots cultured in bioreactor with air bubbles
in the dark conditions for 30 days. Approximately 1.35 g
(dry wt) of hairy roots were inoculated into the liquid
medium.

Fig. 3. Hairy roots cultured in bioreactor with air bubbles
in the light conditions (1,000 lux, 16/8 photoperiod) for 30
days. Approximately 1.35 g (dry wt) of hairy roots were
inoculated into the liquid medium.

Table 1, The growth and ginsenoside content of ginseng
hairy roots cultured in different illumination time using a 3
L bioreactor with air bubbles

Growth
Clone (g)
dry wt Rb, Rb, Rc Rd Re Rg TG

Content of ginsenosides (%)

HRBD* 937 0.14 0.03 0.04 0.04 0.18 0.08 0.51
HRBIOL® 838 0.14 0.05 0.09 0.05 032 0.11 0.76
HRB20L" 7.84 0.15 0.09 0.10 0.04 0.35 0.10 0.83
HRB30L" 6.52 0.11 0.09 0.11 0.09 0.58 0.12 1.10

*Hairy roots cultured in the dark conditions for 30 days;
*Hairy roots cultured in the light conditions (1,000 lux, 16/
8 photoperiod) for 10, 20, 30 days, respectively; Ap-
proximately 1.35 g (dry wt) of hairy roots were inoculated
into the liquid medium.
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3097re) Bz A= h2712) 0.51%¢) B4 29fe]
A F7H 110%9] e vehller, 53] gin-
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429 AR A Aabgae] fAE zeste] By,
B A7l A sEA=] 717 27 ale] =
28] Aol 16% ZrA=h ginsenoside I
Lol Z7}=le] 0.83%=2 viebd 2020] 713 A isict
a1 sggch

OIAN 5= Bi3], sodium acetate X{2] &1}

1A FERErL 2ATe] A7) ginsenoside A
Abel] w2 deke- ZAM A3}, MS 7] 8428 2l
WHEQ 13 mM Aol waTel At B3
Aibge] 7V ko, TR £, A Afole
BARe] A Bt o]z} ginsenoside FHEET ZHamA]
ZArh(Table 2). duba] 0.2 mARE wljokg £ 44
Abs- Z7HA 7 E w o 2 jlake A=lslA] et
A4t FEEF A A wjeksl= 790 229 ol
£ AT AAbe] FEEE A niddh a=hv
betanin} catharanthine X4kel| glojx]E= wAFZE] Al
A FRAAE 255 A 5 ldi(Jung er
al., 1994; Taya et al., 1994). wha}A] B ool 4] o]
Aol Hotate] At TS 2 ot BT
AR FAAARS 257} A8 oal=E AE )
elJjgich. =31 sodium acetateZ -5 F - ul oFul] 2]
of A7M71 A}, 20 mM A7} w2 e} v)s
gl ginsenoside §%-& viell|g] o), AkE o g m A}
29) AT BAAARFE JA)=I9lth(Table 3). Sa-
ponin®] AEA  IAL acetate—mevalonate—
squalene—sapogenin—saponin 74 27} EAldle] TE
Al A2 sterol A AAA AR AL B GEEE
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Table 2. The effect of potassium dihydrogenphosphate on
the growth and ginsenosides content of ginseng hairy
roots cultures using a 3 L bioreactor with air bubbles

Growth Content of ginsenosides (%)
Clone (2
dry wt Rb, Rb, Re Rd Re Rg TG
PL-0° 489 0.13 0.04 0.04 0.04 027 0.09 0.61
PL-1° 6.82 (.14 0.03 0.06 0.05 0.30 0.11 0.69
PL-Z° 7.84 015 0.09 0.10 0.04 0.35 0.10 0.83
PL-3" 737 013 0.05 0.04 0.05 033 0.08 0.68

The hairy roots were cultured in the light conditions for 20
days after 10 days dark cultures with different con-
centration of potassium dihydrogenphosphate(KH,PO,); **
“‘indicated that the hairy roots cultured with 0, 0.63, 1.25
and 2.50 mM KH,PO, in MS liquid medium, respectively;
Approximately 1.35 g (dry wt) of hairy roots were ino-
culated into the liquid mediam.

Table 3. The effects of sodium acetatc on the growth and
ginsenoside content of ginseng hairy roots cultured in the
light conditions using a 3 L bioreactor with air bubbles

Growth
Clone (=
dry wt Rb; Rb, Rc Rd Re Rg, TG

Content of ginsenosides (%)

HRBI® 784 0.15 0.09 0.10 0.04 035 0.10 0.83
SAL10° 7.82 0.11 0.04 0.09 0.04 0.35 0.06 0.69
SAL20° 716 0.14 0.04 0.11 0.06 0.38 0.06 0.79
SALAD 623  0.12 0.04 0.09 0.05 0.34 0.07 0.71

*Hairy roots cultured in the light conditions for 20 days
after 10 days dark coltures; "Hairy roots cultures treated
with 10, 20 and 40 mM sodium acetate, respectively; Ap-
proximately 1.35 g (dry wt) of hairy roots were inoculated
into the liquid medium.

H|(Joo et al., 1983; Hong et al., 1987), acetate7} 24}o}
At oA TheFal A1) ghAdo| Fe] s = E (Payne
et al., 1992) ¢l9)x o 2 % acetate’]} ginsenoside
A AR o]8Hr] Rl &A4EE oE B2l
P AEe o] HEHAUES AR FAHT $ 9lv). we}
A ek 7ke- g Ele] QAR okg F71A)7) AL
& dol= EAss 23 AlAbe 2% ATEAS
ARg-sl= vl o] elgale]al ALg s}

2CHA| HY ke (Two-step culture process)2| §1}

dE7 L2 109, FE7 07 2047} vjokehs by
-5 1A = AAska, vjof 21U Aol yeast extract el-
icitorg F-EH 2 M7 A 294 wjoks a8 Ay,
elicitor®] F%7} Z713 o wle} ginsenoside ks =
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Table 4. The effects of yeast elicitation on the growth and
ginsenosides content of ginseng hairy roots cultures by
two-step process using a 3 L bioreactor with air bubbles

Growth
Clone ()
dry wt Rb, Rb, Re Rd Re Rg TG

Content of ginsenosides (%)

YE-0°* 784 0.15 0.09 0.10 0.04 035 0.10 0.83
YE-1 7.68 0.17 013 0.12 0.04 046 0.11 1.03
YE2* 755 0.18 0.12 009 0.04 0.50 0.10 1.03
YE3* 743 026 0.11 0.12 0.03 055 0.08 1.15
YE-4° 735 0.3 0.09 0.09 0.03 044 0.08 086

The hairy roots were cultured in the light conditions for 20
days after 10 days dark cultures; The elicitor was added
on 20 days from initial cultures as two-step process;
bedindicated that the hairy roots cultured with 0, 12.5, 25,
50 and 75 ug of yeast elicitor per g of hairy root fresh
weight in MS liquid medium, respectively; Approximately
1.35 g (dry wt) of hairy roots were inoculated into the li-
quid medium.

7hsled 50 g/g (fr wi) A TlA] 1.15%2] s
eyl on 1 o)Akl FxE AEalg-Lule gin-
senoside ¥r=Fo] v}A] zha-dgr). o) A8l ol
icitore] F=7} Folel me} mAZe) A A
Hgow 50 gig (fr wi) A2) 78] AS$% ghafokel] B
& 21% Ax A=K (Table 4). BAFT wl|oFA] 23}
thALAHE-2] Aabed-g 2 A)7)E eicitore]) gt <
= Hyoscyamus muticus #okoll 213}k tropane al-
kaloids, Bidens sulphureus teFel] 213} polyacetylenes,
Tagetes patula Bl¢Fol| 2|3} thiophene 59 AAteF S
715 E<~¢)c}H(Flores and Medina-Bolivar, 1995). 53]
Hyoscyamus muticus®of Aol elicitors *=|gF F
24-48417F ¢l solaveiivone®t lubimine] =% %1t
w3l Catharanthus roseus B4R vloFAl o= fungal
elicitor (10 mg/[}2] 25+ w2} indole alkaloids] A
Abgo] ok A viehx]nt dubA e g mako] At
5} alkaloid PAFS 271 A A (Sim ef al., 1994), B
o | E AR 59 elicitor A2]3= ginsenoside A§
Abakg 27447 = gl she] 2 uhHYdS 4 &
slgich. gh W7 wiekuliA|e] HEF FHAL 5
=9} A4N9) £7E Aok 2145 #stAA 254
wloke £87) 25, 244 =7} 188 mM=EHA A
Ao odnujoelst glo] nitrate ©F T FAA)A
& 75 ginsenoside SF&Fe] 1.26%=% =LA S71H %
o, mAkTe) Aake qhuljekel] wls) ok 10% A =xt
ZHaslgiTH(Table 5). o121&r E3e R (Lithospermum
erythrorhizon)2] ®ARZ wWjokA] =2 w59 N &=
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Table 5. The effects of nitrogen (NH,", NO;7) con-
centration on the growth and ginsenosides content of gin-
seng hairy roots cultures by two-step process using a 3 L
bioreactor with air bubbles

Growth
Clone (®
dry wt Rb, Rb, Rc

Content of ginsenosides (%)

Rd Re Rg TG

NS-0°* 847 0.16 0.11 021 027 041 0.10 1.26
NS-1/2° 784 015 0.06 0.09 0.14 045 012 1.03
NS-1° 7.84 0.5 0.09 0.10 0.04 035 0.10 0.83
Ns-2° 727 0.27 0.08 0.06 0.03 031 0.11 0.86

The hairy roots were cultured in the light conditions for 20
days after 10 days dark cultures; In the first the am-
monium ; nitrate ratio (20.6:39.4) was maintained as in
the MS basal medium for 20 days. In a second series the
NH," and NO, ratio was changed to “0+18.8, "10.3+
29.1, °20.6+-39.4 and ‘41.2+60.0 mM for 10 days; Ap-
proximately 1.35 g (dry wt) of hairy roots were inoculated
into the liquid medium.

shikonin A4+-& HAste griielrt iz WA ¢l
A 2apEe) 2] SE T shikonin 4ol 2A 5
7}E) = 73-$-(Shimomura et al, 1991)2} Hyoscyamus
muticus ZAFE wokA] NH, 9] v]-go] &5 =4}
29 AR hyoscyamine AAle] AAHE A$
(Sevon et al., 1992; Oksman-Caldentey et al., 1994) 5
3t vl$- dxstz givh whakd QA mAkTe] o=
oF uhi-L B 48] Aalwl AAA s Aarde
2 Evolst shie] WAl s} S5 o8 A9
o]-23 & @7} 9l

Ab A

B o 7= gl=w)etbAwhe] 19953 & S Post Doc. &
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ABSTRACT

A hairy root clone of Panax ginseng C.A. Meyer, HRB-15 was cultured in various con-
ditions with 3 L bubble type bioreactor to enhance both growth and ginsenoside production.
The hairy roots were more rapidly grown under the dark condition than under the light con-
dition. However, total amount of ginsenoside of hairy roots cuoltured under the light for 30
days increased 2 folds as compared with the dark condition and was 1.10% based on 6 gin-
senosides. Especially, ginsenoside-Re was significantly increased and some ginsenosides except
for ginsenoside-Re was slightly reduced. Also, the growth of hairy roots decreased about 30%
as compared with the dark condition. In contrast, addition of sodium acetate led to decreased
production of ginsenoside and growth of hairy roots under light condition. The influence of
potassium dihydrogenphosphate concentration was examined in MS medium and a 1.25 mM
concentration was found to be the most appropriate for growth and ginsenoside production
under light condition. Two-step process of hairy roots culture with yeast elicitation or without
ammonja in culture medium was developed to enhance growth and ginsenoside synthesis. 50
pg of yeast elicitor per g of fresh weight showed a synergistic effect on the ginsenoside syn-
thesis of hairy roots on 20 days after culture. At that time, the content of total ginsenoside
was 1,15%, while the growth of hairy roots decreased 21% as compared with the dark con-
dition. In addition, when elimination of ammonia on 20 days after culture, the content of total
ginsenoside was 1.26% with significant increment of ginsenoside-Rd (0.27%) in addition to
ginsenoside-Re and the growth of hairy roots decreased 10% as compared with the dark con-
dition, In this system, we have demonstrated a unique two-step process of hairy root cultures
to maximize biomass and secondary metabolites. It has found possibility to enhance gin-
senosides production by growing hairy roots in this method.

Keywords: hairy root, two-step culture process, ginsenoside, yeast extract elicitor
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