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Growth and Ginsenosides Production of Hairy Root
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Abstract : The effects of light on the growth and ginsenosides production were examined in the
hairy roots of Panax ginseng C.A. Meyer induced by Agrobacterium rhizogenes Ad. The growth of
ginsneg hairy roots in 1/2MS liquid medium was significantly decreased with an increment of light in-
tensity (1,000~7,000 lux). The growth of hairy roots under 7,000 lux condition was decreased at 17%
compared to the dark condition. The production of 7 ginsenosides in hairy root was very high in 3,500
lux condition. The production of ginsenoside-Rg, and Rf increased 3.3 and, 2.4 times respectively as
compared to dark condition. The growth of hairy roots was inhibited by blue hght, while gin-
senosides production was increased. The sucrose demands of hairy roots was examined in light con-
dition(3.500 lux). The growth of hairy roots in 1/2MS liquid medium with various sucrose con-
centrations(1~4%) was high in 1% sucrose, while ginsenosides production was high in 3% sucrose
condition. The growth and ginsenosides production were high when hairy roots were cultured in
dark condition for 1 week and then transferred to light condition(3,500 lux) for 4 weeks. It is sug-
gested that ginsenosides production could be accelerated by light intensity of specific wavelength in
cultures of ginseng hairy roots.

Key words : Ginsenosides, hairy root, blue light, light period.
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Zsaponinell & &% oAl I =l ot 3
o= FAF WAl 7 $241) ginsenosidesel] tHaF
7} #abs] laElel 1 F5Eo] MatE L glek”
qlxte]  saponin®  FAl  panaxadiol(PD)Al gin-
senoside-Ra, Rb, Re, Rd¥} panaxtriol(PT)A gin-
senoside-Re, Rf, Rg, Rh& F+¥|+=H], PDA= %
2A17 A A7} )7, PTARE Z 2 &2 &%
& A7) &3t olem, W ReS B 2 &3}
2 ehfe] Rel ~EH 2ol 93 Tol~eEe] &
27t 2 oA oAl Alsle], fraluksel 23k W
o] W B FIr} QlEE ek el Rfe 4F
Akl B3 8HAe] ol Ao wE| Ak olF
z+7be] ginsenosidesell W& E5o] 5ol dA® ct

| wjol] B3 ginsenosides?] tHEFARE $1gk
712 AF7F A aE L ok webd BT

o Qlab makE wieks Esle] 5A gin-
senosides®] WA 918k vl e 7] 2
24 FOpel 93 itz A% % ogin-

senosides®] AWAIFAS 2Abel Al slsdch

N

!

1. INT 77

334 AAH Panax ginseng C.A Meyer)T-& 70%
EtOHZ 1087 H=1& F 7% NaOClellA] 2087k
2Esgdoh A5E Qdake W42 33] AlH 3k

A7) %, 2FE disc® 5mm FAZ Ausled],
=]

o] A&t HE 108 F BaE AR Az
1715 1,000 ppm  carbenicilline] 7ML 1/2MS
(Murashige and Skoog)* #iA]ell %] Adsted mARSS
H718kedvt. 715 BARES 500 ppm carbenicillin
o] A ksl 1/2MS si=|ellA wiokF, B duhE
1.5cm A% Z7| 2 AAste] g4 d F2Ee] ¢
= 1/2MS wjA el o] -3k HIEF(GhrA4)
E Aubsle] B Aglof] AMg-aieict

2. HETEHA el

Qlab mabto 2 RE Aldgta ARl A rhizo-
genes A42] T-DNAAYel Q)= rol C f-d4ke] &z
22 3tolslr] ¢4 PCR(Biometra TI 1, Ger-

many)< F8l3keich PCRS 913 DNA 552 Ed-
wards 52] whilel| Fsle] fefaialon], PCR £
AL 96°CollA] 2%-7F pre-denaturationgt ¥, 94°Cell
A 30%, 60°CollA 30%, 72:CellA 2802 3o 36
cycled whE-A1 70w, o]l 72:CellA] 2383F post-
extensionA Zch. rol C A2 AHA(500bp)& &
Ql3}7] 213 primere () Bl S]ole] w5 b
o} A3}l om, uh-S-ol-& PreMix™(vfe] 2u]ob)el]
50 ng®] MAFRARE DNAS}F 20 pM2| primerE 37}
sty F 20 W AHE-3Isich Primere] 971492
Zrzb 22 mer®  5-ATG-GCT-GAA-GAC-GAC-
CTG-TGT-T-3%} 5-TTA-GCC-GAT-TGC-AAA-
CTT-GCA-C-3& ~H&-313i et

3. Ao MEH 9 ginsenosides & &

mApe] AL 1/2MS Al 50 mL& &
&+ 100 mL flaskell 2422 root tip(1.5cm) 107}
W9 AF3le] 23°CellA] 557F AEhalleH (110 rpm)
3 & WeAxAA AFees FAIA. Gin-
senosides kS £33+ n-BuOH F=24 el ofsl
Zaldl, WEAZRAZ BEAR 30mgs 8k
60°C F&3ell4 80% MeOH 500 uL=E 33] F33}
o] AxAZF, FF4E S3lAA ethyl ether,
chloroform& 7Feled A&, Az F-& AAsdch
429 n-BuOH= 33 #£33% 752 38 AH
gk 5 butanolES AxAA HPLCE #43ksich
Pumpt PharmaciaAFe] LKB HPLC PUMP 2248
A28}l 37, columne Lichrosorb-NH, column(5
um, Merk), detector== KNAUER differential re-
fractomemters, solvent acetonitrile:H.O:n-
BuOH(80:20:10, v/v/v)& AH&-3kd e, flow rate
= 1.0 mL/min, attenuator 1X2} F73}llA chro-
matogram® 7t peak® EFEF vlusle] gin-
senosides®] &S peak height2 #AlAFsleict.

4. x| =A

wAspo] g9l 35, 725 2 VER

o =z
2 -

gated 1,000, 1,700, 3,500 H 7,000 lux2 =43}k
o}, FupgE zelel AR-F filter= blue(400~500
nm, XGB-400T fliter; Griffin Co., England-+blue
cellophane), green(500~550 nm, R,SR-60 filter;
Kenko, Co. Japan), yellow(550~600 nm, yellow
cellophane), 28 red(600~700 nm, IF 550 filt-
er; Olympus, Co. Japan)o|™, filters F33 3%

ofrt
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ZAslgdc) 25k viokol] ALg-3lk
WA 3 500 luxS AREs)e] o).

gk qlab makZEel AAkul ginsenosides?)

MA] ofALS fﬁ/\}z‘;}j_;q, bt ]H HHo]:E alAk @
b H(1,000, 1,700, 3,500, 7,000 lux) & )
2] stof 537F wlofst Az}, A& Fro) FhEt
F5 H2 ashe A Vet Table 1).
Aefoll ] mAREe] ARARE 0.248 g 5 weeks ‘¢l HE
o, 3,500 lux® 2] ol 4+ 0.147 g - 5 weeks "2 o+
Arefell wlske] 1,78, 7,000 lux 2] 7oA = 0.088
g - 5 weeks "2 2.8v) 7FAsledvk(Table 1), z2v}
Qlake] dlE Al 75572 ginsenosides e oA
e mo} gafefella] F7hato] 3,500 lux Al tell A
A2 grake] =9tow, 7,000 lux Azl FrollA] i
Zrasle S Jehdi(Table 1) shabelollA]
PTA ginsenosidesd! Rg, Rf2] hekd 24zt 0221
2 0177 mg - g - dw 'l ¥FE, 3,500 lux e} ell 4
E RgZ 0741mg-g - dw ‘2 shArelol] s}l
330, Rf= 0437 mg - g - dw '2 2.4u] %8
et 9l oz, Rets 1,000 lux A 2]-7olla] take] wck
1.9 =& g2kS Jehligdeh PDA| ginsenosides?!

Rd, Rec, Rb,, Rb®] &=k & 4] 3,500 luxlA] 71A &=
gk Lehylo). o]gl zte] Qlab marZe] A

i}a\:—O—

[e]
o] Frrt 7 P‘%#% AHadhe 712 Yang ¢
Ahel g wAFZe] AJabel| mlx]= o] Fpelsje} ut
7R 2 Adgatel Al AR AbsHA Sl WA ket
Al 2 ket T 848 A A Aol ZhaE

= 7o =E xtgE) Yang 52 a4k 4 oA
A} o4 k-2 20,000 lux ©)4+e] 7}ga}el| 4]
214t thylakoid membrane®] Az} A2A|7} x5}z
W singlet oxygene| tiEFAARE]el lipid perox-
idation & A 1E-2}2] A% A Atk B
T B, Badefstellr] mAFZe] Ado] oA
12 Abshal| o] ciekaatel] o]t Aoz Algd
o} sabestell A 22 diAR R 9] AlgAdof Fr)glc}
= Bl glow, 53] 214t ginsenosides®] A
A AZE B Acetyl-CoA”} ginsenosides®] #
FEAE o] 857 glr). o] Acetyl-CoAx | ¥A9]
glycolysis?A oi4] A== PGA-PEP-pyruvates
73 AR BATE el wlotEtel S
o] AR5 F3ted AMAE Acetyl-CoAZAE] gin-
senosides®. §Hd o] A|2bELE siate] ol M= o 549
Calvin cyclem}dol| 4] A== PGAZYE] Acetyl-
CoA7} A== A=27t 3718 22 ginsenosides?!
o] F7tEl= Ao AZk=c) wat vl 7}
b‘l—/‘i U/J—:L/] /Hxlo] _/,\_5—]._‘5_ 7)—\]% B u:H’ 17'(]- EH
Atk Ql ko] F3lE B R Qlaled & 7)o 2
gh stress*H8-2.2 23} A4 Al ginsenosides®] A
Aol 2 == Zlog AlgEcl ol ofs] AT
o] Aake] A= 1 ginsenosides?] o] FAl=)=
Hifol 52 shatel] gt |akelrE Eqlalr] $)st
o, FalabE 2 wARTe] AF 2 ginsenosides?] Al
A& ZARI T BARES] A2 Ae|g wE ahA
of| 4] FAtel W} 743 17, ginsenosides?] A&
A3 Aol A & kRS et (Table 2). 1
2t sl A7 0.166g -5
weeks '2 SFAFENS] 0.249 g - 5 weeks ol ®]3}o]

rulo

[e]
wAbe

Table 1. Effects of light intensity on the ginsenosides production and growth from ginseng hairy roots cultured

in 1/2MS liquid medium for 5 weeks at 23°C

Content of ginsenosides (mg - g - dw ")

Light Growth

intensity g5 Panaxatriol ginsenosides Panaxadiol ginsenosides
. 1
(L) weeks ) Re, Ri Re Rd Re Rb, Rb,
Dark  0.248£0.004% 0.221+0.071 0.177+0.003 0.887+0.081 - - 0.096+0.006 0.276+0.023
1000 0.173x0.003  0.369+0.042 0.190£0.022 2.103£0.021  0.131+0.013  0.276£0.033  0.067+£0.003  (.489£0.012
1700 0.161£0.012 0.320+0.024 0.231+£0.021 1.760+0.044  0.160£0.022 0.275£0.005 0.103+0.001 0.569+0.071
3500 0.147+£0.005  0.741£0.067 0.43710.091 1.729+0.159  0.105=0.101 1.074£0.002 0.152+0.032 0.811+0.074
7000 0.088£0.007 0.333+0.021 0.203+0.012 1.65930.091 - - 0.10220.007  0.53620.066

The initial inoculum per treatment was 10 hairy root tips (size : 1.5 cm).

*Standard errors, — : Not detected.
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Table 2. The ginsenoside production and growth of ginseng hairy roots cultured in 1/2MS liquid medium under
various light qualities for 5 weeks at 23°C

N 1 3, N . . T 1
Kind Growth Content of ginsenosides (mg - g~ dw )

of g5 1 Panaxatriol ginsenosides Panaxadiol ginsenosides
Light  weeks ) Re, Ri Re Rd Re Rb, Rb,
Dark 0.249%0.005* 0.536+0.011 - 0.885£0.043  0.11410.049  0.508=0.051 0.047+0.076  0.277£0.031

y
Red 0.216+0.023  0.585F0.024 0.134+0.047 1.102+£0.294  0.11420.043 1.026=0.632 0.102+0.055 0.381£0.013
Yellow  (.183+0.003 0.479+0.192 0.292+0.013 1.137£0.262  0.073+0.028 1.189+0.723 0.05610.044 0.346%0.152
Green  0.179+0.019 0.606+0.275 0.223+0.252 1.235£0.185  0.196+0.172 1.382£0507 0.16510.122 0.363+1.733
Brue  0.166+10.017 0.831+0.021 051310.043 1.188=0.052  0.220£0.191 1.260£1.132 0.15610.061 0.742£0.042

White 015040006 0.681=0.261 0.424+0.051 1.662+0.117  0.360£0.043 15610063 0.115=-0.114 0.497+0.224

The initial inoculum was 10 hairy root tips (size : 1.5 cm).

*Standard errors, ~ : Not detected.
50% # = ek A Malzbell 4] PTA ginsenosides P ) ‘v 3 .4‘?
v  § & g
Q) Ry, REZF 714 o] A =)gi=l], Rg,2) A9 o &~ S g8 3 &
: N = 0000 S

Aele] 0536 mg - g - dw ol Bl3te] 0.881mg g
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A}Lo] A o o] A . . . . .
15 goRe ! L'] jzoLo A %] AL ginsenosides®] A4 Fig. 1. Polymerase chain reaction analysis of ginseng
A g]= 718 Aol =& oluir]ol 2]k A} hairy root clones transformed with A. #hizo-
| A

apo] ol zjo} o3 2 4] ut genes A4. NT, normal root.

cho]l Wb ginsenosides®] A AFEZ S Ace-
tyl-CoA8] 83 ZFo 93 7les Abgxlch 2 sucrose A2l FARES] AR 0242g-5
Ab BARZS ofl o3l HAMRQl B A7) e weeks 'R FAYENS] 3% sucrose AT 0.248¢ - 5
o, oolejgh &AL AH e R FaAE gopd weeks '3 2 AtolE vrehlA] odok o], Aatbel 3%
i xlol M7} 2 ghaslal sucrose?] 87501 @eb sucrosed 2ol A mAkRe] AdAbE obAfelol|A] A
A 7o g Azt uebs] BAarelsl) A sucroses  th 38% oA} ik 1% sucrose M 2]l A 44
ool w Ql4k mAabEe] Adab ginsenosidese] 3 F4 §HAdo] FAlES Falstdetl, ol Wl A
gl sl2 zalslglct, shabelol A oAk mARE v 2 wiekA] sucrose®] FEE 19% UHE S 53
oS 98k 7]® wix]al 3% sucrose’t b 1/ 7} FAScke BE ‘*2’?; 34 £ o, Q4
2MS wiAl el 4] 7H 2 S b oh(Fig. 1. 98AlE A
Wi Aol A= 1% sucrose Aol 71 & AlSel B Q3 whadE S =3
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4 A 23 4% sucrose AT HAZ S FF sucrosest FFAS] BPHOZ AHE wae
S el on, Rge 1% sucrose AeTolA 7h Labejatel gmsle] 23} thabrt o4 o AbR
A e WS ehieln, Feh SRR e w10 Hel et ki el o4 3% AT

she S et Table 3). Ginsenosides® o| 4= ginsenosides®] AgAde] E215 Ao Alg
o

A2 ARl 39 sucrose A E] el =8 FHErs =}, olabe] Aztg v)lZo] o olAlwAlTol|A]
el i”% Rf, Re, Rd& 4% sucrose =] 2]--oll 4 ginsenosides®] AJA12 wAFER] AAFw) o A ek
= gukg veliigith o9} o] dabelellA] Q18 o] wif- WAR AL sle AR AtgE], A
429 @“é HowAte] Aae]l Eodlm Bstar o AARE skl 2 iAol F R 5577wl

ginsenosides®] Aol & olf= A3k

026} e T
—@— Dark Ea -
‘Tw 024 + —O— Light % I T —
= Q0
8 0.22 b 2 02 H .
; w0
0 =}
2 020}
£ £
'§ 0.18 g o'n
3 o
O o6} i
014 F . . o TV oa2 2 Dils DoLS
1 2 3 4
2 Stage Culture
Sucrose(%) Fig. 3. Effects of 2 stage culture on the growth of
Fig. 2. Effects of sucrose concentration on the ginseng hairy roots cultured in 1/2MS liquid
growth of ginseng hairv roots cultured in 1/ medium. The data indicate mean=SE of tri-
2MS liquid medium. The data indicate the plicates measured after 5 weeks of culture
meantSE  of triplicates mecasured after 5 and initial inoculum per treatment was 10
weeks of culture and itial moculum  per hairy root tips (tip size; 1.5cm), D:Dark
treatment was 10 hairy root tips (tip sizes 1.5 condition, L :3.500lux condition. 0~5: cul-
cm), Light condition; 3500 lux. ture periods (weeks).

Table 3. The ginsenosides production of ginseng hairy roots cultured in 1/2MS liquid medium with various
sucrose concentration for 5 weeks at 23°C

Content of ginsenosides (mg - g - dw ")

Sucrose cone. (%) Panaxatriol ginsenosides Panaxadiol ginsenosides
Rg, Rf Re Rd Re Rb, Rb,

1 dark 0.191+0.081% 0.62510.074 0.848+0.018 ()U9()+( N1 049510011 0.047=0.093  0.136£0.081

light 0.62840.022  1.66310.001 1.403+0.061  0.107+0.152 2.714+0.061 0.020x0.012 0.355%£0.051
) dark 0.126=0.056  0.413+0.022 0.69910.022  0.070£0.015 0470=0.032 0.075£0.021  0.239+0.064
- light (0.616£0.037 0.161+0.011 1.255+0.044  0.220+0.077 141020034 007550042  0.56110.066
3 dark 004320052 0.792—0.036 0.552+0.056  0.220+0.029 2.011=0.037 0.04710.033 0.148+0.027
) light 0.758 20,032 2.009—0.017 1.62510.047  0.262£0.023 1.73620.072  0.075+0.005 0.439%+0.082
s dark 0.080=0.111 1.496+0.032 0.811+0.152  0.311+0.032 2.614+0.031 0.047+0.131 0.148+0.071

light 0.499+0.112  0.776+0.091 1.690£0.181  0.330£0.101 1.260£0.031 0.04720.023  0.290+0.033

The initial inoculum was 10 hairy root tips (size : 1.5 cm). *Standard erros.
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Table 4. The ginsenosides production of ginseng hairy roots cultured in 1/2MS liquid medium at various light

periods for 5 weeks at 23°C

Content of ginsenosides (mg-g - dw )

Light

periods Panaxatriol ginsenosides Panaxadiol ginsenosides

(weeks) Re, R Re Rd Re Rb, Rb,
D5L0O 0.363+0.047%  0.290+0.823  1.322+0.164 0.070+0.031  1.248=0.411  0.075£0.111  0.5104+0.134
D4L1 0.618+0.036 0.55810.252  1.247£0.153 0.186+0.256  1.561+0.204  0.183+0.314  0.61310.182
D3L2 0.531+0.032 02350102 1.270£0.092 0.134£0517 141940633  0.110£0.063  0.725+0.411
D2L3 0.69910.012 0.290+£0.251  1.763+0.061 0.116+0.124  1.736+0.292  0.332+0.192  0.467+0.143
D1L4 0.55040.022 1.328+0.08  1.270+0.411 0.145+0.042  2.188+0.081  0.156+0.071  0.74910.395
DOL5 0.462+0.015 0513+£0.137  1.388+0.044 0.94510.083  1.059+0.052  0.032x0.012  0.433£0.052

The initial inoculum was 10 hairy root tips (size : 1.5 cm), *Standard errors, D : dark, L : light.

eol] A 1~257F ﬁH° 5&—‘?— AFefoll A 3~45-7F wijo)
gk A2]7DIL4, D2L3] oA 7P & 2AFEe] 4
A& etk (Fig. 3). sFatelollA] 1578 wiokE,
477F safef el A wlioket A2l F{D1L4]2)
A2 0.283g - 5 weeks ‘2.2 oFAFElY] 0.221g -
weeks ' Bl 1.299) gkvh 2ubA] wlokel] wpE
ginsenosides®] 3HaF oA D1L4, D2L3 A7l A
7R = 3tek-o- viel gl 77, Rf= orF7 vt A
717} &7k A= DOLS]eIAM 52 ghake ey
ArH(Table 4). 3k D1L4, D2L3 H2]Foll4] 13
20 e 7P Eokedl " oleigt AE Fite)
uff Q1w ARZ A ginsenosides®] AL mAME
Akl GE A 0] et el - WAHZR WA} Q)
= Zlow Algsio ¢ge g Qb mART ufjels

¢ ginsenosides tHEFAAHE 93/ E g Pz
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