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ABSTRACT : To investigate effects on the growth and ginsenosides accumulation in ginseng hairy root, potassium phos-
phate was supplemented with 1.25, 2.5, and 5.0 mM concentration in 1/2 MS medium, respectively. Potassium phosphate
supplement was increased the biomass and ginsenosides accumulation when it was dose at the concentration of 1.25 mM.
And the growth rate of hairy root in the light condition was higher than in dark condition. The highest contents and produc-
tivity of ginsenosides were observed at the supplement of 1.25 mM potassium phosphate at the 7th day after the culture
onset, Ginseng hairy root cultured in 20 L bioreactor supplemented with 1.25 mM KH,PO, was increased the growth with
1,609 g (F - W) and ginsenosides content with 11.09 mg than those in control.
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of|E%S AR AF ol HA}
qo= 97t SUteta ek ke BEFE L B
2349 goko 2 shloA g ofg=o] kon, Gt
gake] A3 R, 7V)5 38, ot 2 ksl 53 5ol
g3k oz WAL o, AlEdS HRS B 7] &
A AP A dEiMe AWM ZErHE B
B ATt (Aoki et al, 1992; Choi et al, 1982; , 1996).
E3] 3odte] AFEURE genin HE¢! dammarane#] 2]
protopanaxadiol (PPD)3} protopanaxtriol (PPT)°] &3} A%
st JE MBFAZA ginsenosidesty. E21¢H, AT =
& acetateS AFAZ3= sterol] AFAE FHFH FAHE A
o2 o257y g} FZdde o] 24k ginsenosides]
oFg]z}g-0] ¥SIX|HA] ginsenosides®] TIEF AJito] Q75
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AAolt} (Arya et al., 1991).

Ao WReAA A ER2A Aujrizie] AL sirtgelEle
E58 zAs0M Aujsiol ke iAol HobA oA
FE Ad EPAHEL ez sl B ool 3l
T} (Butenko et al., 1968; Hamn et al, 1983; Lee e al,
2006). ol&ig EAAE A sl EFRBEY Agro-
bacterium rhizogenes FFE o83l BAETE FEdld &
% ginsenosidesE WHFOE 7[uFS B3] A8k A+
7} N=¥"H}F It} (Yang et al, 1998; Yoshikawa & Furuya,
1987).

RS o4t mAEXNYE AENRSVIE ol 8dt i
vjFsEA 24 dAlEA AN AdEE FEEEE EeR
Akt 4= Qe o] Ut} (Chang et al, 1978). HEgH A
o] AR wEn] Axe s 4A4 & IS ¥ o

2 e

g} $EART o T3k oA B YBEHAES o

ZFo g AEl=Y EFHoltt (Park er al., 2000). 71WuRF
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% AE AET 54 elicitorg A3l -8E2S UF

|
AJ2ke 4 9t} (Kuribayashi et al, 1971; Jung et al.,
2003). Elicitors ARtz UV, & 52 HAAER elicitore}

BN fEE AEF elicitor2 72 e, A=
A elicitors 2 Fdol] we} 21A83A elicitore} WA elicitor

2 7R & Aot (Vasil et al, 1981). A7kR] A+=
elicitor] = P-blucan, glycoprotein, chitin, chitosan, jasmonic

=
=

acid, methyl-jasmonate 5°] .o, 0|5 AHg|sl] 2athA}
Ao AE AFHeE FIIAHAT (Mizukami et al,
1993; Park et al, 2000; Staswick, 1992; Yoo et al., 2001;
< X, 2000b).

2 dFelA
= WSS TS A EDY] gEFNE BHo= v
£l Q1ak (KH,PO,)2l F713€]7) ginsenosides®] 3
X =R & ZAEIS .
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ol A. rhizogenesiFgell 25t} frEH

al

J1 dpH
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ME v

Olet @420 RE U Ul

o4t B21EHI Agrobacterium rhizogenes AT (Jung &
Tepfer, 1987)2 FTEH|Y3l] A= BAHZS A8t &
Aae Age Aoz AgEH ITeERE 2-3cm HolR
Zhepdlo] A 2 32E F3H7E 12 MS (Murashige &
Skoog, 1962) HIXZ &7 AFuI%7] (100 rpm, 237C)lA]
shekslsit. MS WlA] (Duchefa, Netherlands) & 53 3F9]
125 3718 & 3% sucroseE o] £33t & 3o 05N
NaOH&1-& AH8-31e] pH 5.82 ZESH5L 100 me AzhEeks
2o 4ome ¥ BFaldod, 121TeA 2087 ZdEH 3
Aok BAEE 45 H0 2 N2 wiR|o HEs] GAd
Al wjeFslAl AEAERE ARSI

1.

2. KH,PO2l 2l

1At mAFZe] A AFEY AT 2 ALY 2A9) n)
K& KH,PO,S 98-S RAWEAL, 12 MS HIAS tiaT2
33 KH,POLE 1.25, 2.50. 5.00 mME J718k] wjdaii s,
T3 29 M-S 98] 1.25mM KH.POE A 3 Ag)A
71| me} Ariste] ujekst & mANES] A%
sides $HS Z3 3

ul

4 ginseno-

3. 2412 HiAo] Zxje] U MEE 24
o S 1em J&= AWsta 1/2 MS 40m o} £ Sl

100 me AFztEelagel 1 g HES A 1Y 16417F
oF wial g}z (20W Fl, 3.5 WmZsec!, Korea)> 2
2] sheh ABMEE (100 rpm)SE 3047 wikstds A
Q

% RAS sl BAES FRAE 13 AR o4
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wole - ZEo} - NS - 2RE
2 FES AAS T SYsl9en, AZFHE 80T Az
ol 12217 A2 F FAE FHsAT
4. Ginsenosides gr2to| =3

Ginsenosides & #F2 +=¥3 [- 322 3599 Ando
(1971) =9 WHylol we} 53l 80C &4 =M 80%
ek 30ml 2 33] 2Esle) ARAF T Heke 2250

At 2 F AEHIZE AFESI B oS FE3} 1-
FREE 33 FElo] 1FEESTRS Bol FREE 13 A
H 3§ £ HEaL 1HEEETE ZAREHEA w5
T}, HPLCE "W&E 50048 FFHES 59 F 045
millipore syringe filter2 <3}3} 10 L& HPLC (Waters)
o] FU8le] ginsenosides TS =G AREd SgHE
o] 2l 2 A7 Ao AME-H ginsenosides ¥FES- KT&G
oA B AL ARSI A4t B39 ginsenosides
H&2 Refractive index (RI, Waters R401) AE71E A3}
%2, Lichrosorb-NH, column®l] acetonitrile/H,O/n-butanol
(80:20:10) buffer?} flow rate= 0.5 m/minZ. 3} EA35}
At Chromatogram®] Z} peake AFEY HFE3} retention
timeS Y| wsl] FASIIL, ZF ginsenosides TS FFEF}
H| &} peak height® AAHEITH

al

U pFE

23

1. KH,PO,2| %0 W=
g ZT

A B Aol vy wEa, AEAGREAY] At
fho] Afo] Az Aeiof vlsle] o]X[AMHER] ginseno-
sides®] AAkAo] =T} <l4F 3WZ By ARHo| A rhizo-
genes AT 75 F&Wdste EAZE FE8IL (Yang
et al, 1998), F=% TAZY 2T vids: of83l e
MEFZ ABsisich Qat A2 RN §AA) 2t
Az ARJAERA7] W] =08 R o AYE SRl
e} AR Bl ek B AlESF] mEA] WA
o]7} uj-¢ A3}tk (Chilton er al., 1978). WA 53 Al
FE Adsia ol aAsAE Ao] wig- Fadh £ A
TFollMz AFo] thE AEFd Hlg] F 1.5 o]} =&
KGHR-8. line& AF-3}4] ginsenosidese] A4Hd 5318 Hg
Ao o] 23Tt
iR AT AT} ginsenosides®] §Hl| UlR]= KH,PO,
Foks ZARIEZA 12 MS 7]241A] (0.625 mM KH,PO,)
TR S, o7l 125, 2.5, 5.0mMe KH.POZ
24zt Fov2 AH7Fste] 3087F 100 rpm ABujgr|olA vk
st Agw AlEd TS A 2 A BAEY
AL 25mM KH.POE F712 AHA7IEE AT+ & 3.125

229 ME ginsenoside Y

M o
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Fig. 1. The effect of KH,PO, supplement on the growth (A), syn-
thesis of ginsenosides (B) and productivity (C) in ginseng
hairy root. Ginseng hairy roots was cultured during 30
days in the 100 m flask.

control

mM KH,POolA] 12.16 g2 2 7P¢ B AAH Z712 2

Atk (Fig. 1A). Zze] A2 2SS 73k Az

T AFEFES Bl Alxd E4S AN A3, 1.25mM
KH,PO,Z 713t AalFo)A 1273 mge 2 2.5mM Hz7+¢)
11.97mg 3} SmM9] 11.94mg Ko} =3t} (Fig 1B). & Al
¥4 (total ginsenosidesys 71 E A2HJ (productivity)S
1.25mM & 1.875mM KH,PO,) X2]FrellA] thE Aa]Fo
H)sle] 6-10% ©) 2 WSS 2} (Fig 10).

2 EAE g A E 5 ZEeled Axue ¥3Ed
729 FAY pH, AESE 2 Tl Bshy, Qo] A¢
DNAZHY, olu®] Al F7H), Ras, X2 F goFst gt
of #REL J=w AEZANYE wiAM= KH,PO, 2
Hol g F+FE . WRX] AR Z phosphate?] 5Eo
m} 2 E9] A7gst o3} AR A vAe dgke
Zhzh oA Jehdtsl 31999 (Choi ef al., 1990), &)
T M AT BT wYoAE KHPO, X 2s

ginsenosides 25440l Z718 B3I} AT} (In et al, 2004).

39l

ASHEA

Ouc‘!

2. BTAL X2} oiad
o] OlXl= &9
914} makze)] Aibgo] M 9423 1.25mM KH,PO,2)

24K29] AL ginsenoside
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Table 1. The effect of light irradiation on the growth of ginseng
hairy root in 1/2 MS medium supplemented with 1.25

mM KH2P04
Culture Fresh wt. Dry wt.
condition g/ flask g/ flask
Dark 6.960 + 0.361° 0.414 = 0.039
Light 7.720 = 0.577 0.475 = 0.036
Control? 6.920 * 0.367 0.388 = 0.031

2: Each values represneted mean = SE.
b. No added 1.25 mM KH,PO, and cultured in dark.

Z71x8) (& 1.875mM KH,PO»)S} Haysle] ujokr] F2A)
Ao <3t WElE zARP] Y8iM B 1g8 12 MS
40me BR| A HEB)T P FRAF AETE UFo] 30
A7 vkt 2 A oA wigst AglTe 125
mM KH,PO,& A7lskal &2 diz7et AA] SlojMe
2 AelE HolA] o), ARFTHE 2T HZste
phosphate H7FlA 6% ©1d #A el B2 M2+
Nz 77228 DA uiedeh Aol viste oF 10%
o} L AL BAT (Table 1) ‘

3. IR & KH,POLl EODI0 WE &0}

A EA| S B3 24 dAREES giAARS 27 seed
HGaA Y AADAR v 4 AT RARIES] AR
& ZAATNE elicitor & 7)o Ag - AxE] A%
& AAlsks 7] Advhe Zlo| HaEn} Ut} (Park et al,
2000; 2 &, 20002, 2000b). W& Z71 viSFEAE A}
AFEANA elicitor 2 FEEES ke Ao a4
d Uk B AFdAz Adgel Ea¥ 1.25mM
KH,PO, F71e] & AMAH-& Zopiaz) vigA)7E=z &
glete] 71 T 2] AT ginsenosides?] S
AR 2 A3 2] A FEH Al 125
mM KH,POZ 3715 A2 FolMe Age] tzzol vls)
REHE 8%, AFEFL 26% 47 F7hstdeh ey
ginsenosides %2 T/ HE: F 7ol ATsE 7ol o
z vlste] 17% o E=A AEHATE Soldt He
ginsenosides 3~ panaxatriol Al9-& 17% 713t ¥HH, pana-
xadiok® 3% ©ol4} ZHASIFTH (Table 2). ©JE3 A=z &
u] 204 Bk uidoll A ginsenosides A4S 3RAI717)
M e o= A= AFE ARl F KHPO, 2B E B8 2
A BiFC R ginsenosides WS FIAIE = AT A
59, 3% phosphate?] oJ® 7}zl &5l panaxatriol)
AtEde] Aol ZREE A gt A7t agEic)

2]EZlM phosphatet= TS thAjel] Bodsla et A2
ZA M viA A= KHPO, 72 9] Fez 33t
o} EA 2] i wjdelA phosphate FE7F S71EG=E
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Table 2. Supplement effect of KH,PO, on growth and saponin production in ginseng hairy root.

KH,PO, Crowth Ginsenoside content (mg/g - DW)
S(JF‘)Zp?emgl:?t Frge/?ll; s\?:t Z/rt?llavs\lff Total ginsenosides Panaxatriol Panaxadiol
Control 9.92 + 0.79° 0.74 £ 0.05 11.48 = 0.80 545 +0.32 6.03 = 0.48
0 day 12.78 = 1.08 0.94 £ 0.07 11.54 = 0.57 5.52 £0.26 6.02 = 0.31
7th day 11.15 = 0.89 0.83 £ 0.08 1227 = 1.10 6.41 £ 0.61 5.86 = 0.49
14th day 10.09 = 0.70 0.75 = 0.06 10.94 = 0.76 5.00 £ 0.31 5.93 £ 045
21th day 9.98 = 0.85 0.74 £ 0.06 10.97 = 1.07 5.21 £ 0.55 5.75 = 0.52

1 1.25 mM KH,PO, supplemented at each treatment timing,
b. Each values represneted mean =+ SE.

A& Z7ksh anthocyanin A3HdS 7HAdcky stk
(Yamakawa et al, 1983). 2 A4 mAZo A
phosphateE H71& 749 A% ginsenoside PSS BF
AT AAE YU o|gd A¥e anthocyanind}
ginsenoside®] A 71Zfo] th27] dlE] Aoz AlEdd.
Zx G ES - anthocyanin®] FH-& tl5E2]7]
E AR BA7) Eo7HEA B dxe] £3Fo] Het
s} (3 5, 1994), phosphateS H7FsPa o] $A A
YoJuprHA] o] JPARRES] anthocyanin®] &3 o] XF¥t,
ey QM BT 739 AlEdo] Bale] e HXgo
2 o] SUIsIAA AR AT FAl SU1E 7t
40l 2 Ao2 A€

3. 20 L bioreactor= O[Zst 2le} 2A20] vt
AEANEFE B3 FEEEES dFANs] Asie
bioreactorZ ©]-8-gF BlgHe] Fjjo] BpFolt). B2 o
ks Y3iA 20 L bioreactor®] 1.25 mM¢ KH,PO S 3
7F & 1.875mM)E 1/2 MS ¥ix] 15LE ¥ EaA s
T 50g9] seed BAEE HES & membrane fliters ©]&
sl o 3715 FYsHAA 557 wige AAlsiTE 2 4
¥} phosphate A2]T7F BFH 1,609 g0 & Tl H]3|
6% °1Y B2 AFTHY F7HE eI eH, Alxd dEe
11.09 mg 2.2 izl HIEA 11% ©]4 =34t} (Table 3).
2 dTMe i 2] AlEujgs FEt -8 oAk
ARRERD AR A F3E FHoE wiXE F
phosphate 3-F-9%1 KH,PO,E F7}2 Friste] BARZS] A}
A AREd B mA= 29E 2ARNKY. 2 A3
phosphateE- 712 H7}ste] widS s A Bk 4
A M= EE ginsenosides?] AIAE Ve A3
LA A& elicitorS 231 OJXIHAMIES] Ao
F7hkeH], 14 B2 vl E KHLPOE F7H5 7t
slo] wdFEE 7p-oll o)xfthAL ARERI QA AR S
S77IE FEQAEA AL S ¥ F UL o

Table 3. The treatment effect of KH,PO, supplement on growth
and saponin production of ginseng hairy root in 20 L

bioreactor.

Cc(;?CKe|_r|1tgiotlon Fresh wt. Drywt.  Total ginsenosides
(mfiA) *  (gbioreactor) (ghioreactor)  (mg/gDW)
Control 1,517 £ 125 126 * 6.30 9.94 + 0.91
1.25 1,609 =136 151 £9.06 11.05 = 0.73

2: Each values represneted mean = SE.

He A7ATE A BAEE ol8dld B4 -8 g
A AR dEYLES A3 71xAFEE2A] F-8T Ao A}
29}

5 o

A 2429 A ginsenosides?] AEA ] mlA&=
KH,PO,8] F&& ZARIZA 12 MS 7|2uiA & txT2
Sl 125, 2.5, 5.0mMe KH,POE Astgdch = Ax}
AL 125mMe] KHPOE A7k AMzl7olx 7H =
k. BRAF EHE ZAN] 8] S FRA AETFR
o] 30U7F BlFs A FRAL AEle 1.72g0 8 YT
Q1 lF Aol vtk 10% old & A Bk
KH,PO,8] 3 AHz] AR Fohjaat A7RES gelsd
olat 22e] A} ginsenosides ke FAKIATH 2 4
I 2] A BT JE A X2 FelA A
o] izl Bla) BAFFE 28%, AFTFS 26% Tt
At} 28y ginsenoside TS B HE £ 74 #E)
gk oAl ginsenoside®] o] thzol vlsted 17% ©1%
=74 HAZEHAUE 20 L bioreactors: o]&3le] QA BAZS
ujeFel A3} 1.25 mMe] KH,POZ 3718+ phosphate 221+
7t AFEL 1,609 g0 tFETo HIs)] 6% o] Bol AR
31901, ginsenoside FHE 11.09mg &2 thzT7ol] H]s)A]
11% °)3 =AUt
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