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Ginsenoside Rb2 and Rc Formation and Inorganic Elements Uptake
in Ginseng Hairy Roots Cultures
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ABSTRACT For the enhancement of ginsenoside production in hairy roots cultures of Panax ginseng, the uptake

rate of inorganic elements and ginsenoside contents were investigated by different concentrations of about

phosphorus (PO4’) and nitrogen (NH4", NOs’) sources. According to increased phosphorus and nitrogen sources,

the uptake rate of Mgz+ and Fe*" in ginseng hairy roots were significantly increased. The uptake rate of Fe* in 5.15
mM NHs" was higher at 47.5% than that in 20.6 mM, whereas that of Cu® in 10.3 mM were higher at 123.1% than
that in 41.2 mM. These results indicated that phosphorus and nitrogen sources act not only elevated growth of hairy

roots but also the uptake-enhancement of the irons and other ions. The optimum concentration of phosphorus and

nitrogen sources for the contents of free sugars were different to kinds of free sugars. The optimum concentration of

phosphorus and nitrogen sources for the ginsenoside formation in ginseng hairy roots cultures were highest at the

most low concentration of all. The contents of ginsenoside-Rbz and -Rc in 0.31 mM PO4 were increased to 44.7%
and 29.9% than that in 0.62 mM PO4’, respectively. The contents of ginsenoside-Rbz and -Rc in 5.15 mM NH4" were
increased to 21.7% and 31.9% than that in 10.30 mM NHa4", respectively. The contents of ginsenoside-Rb2 and -Rc
in 4.7 mM NO3" were also increased to 17.6% and 25.5% than that in 9.4 mM NO3, respectively. These results
indicate that enhancement of the ginsenoside formation in ginseng hairy roots was feasible by new medium

modulation of concentration of phosphorus and nitrogen sources.
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b OlAHES] AJAtell #eh Aol wi-g- A G o] 1=
t} (Yang et al. 2000). 215}2] R4 82 ginsenoside= <)
2 A Eovt 3159 triterpenoid ] dammarane Z4& 7}
A wGAEN FEFoE A, T, g H H
9573 §9 &%l Jde Aex ¥#A AUk (Huo et al.
1998; Joo 1990; Yamamoto et al. 1990). 3} ginsenoside =
B z4 EAo| ule} panaxadiol (PD)A|$} panaxatriol
(PDHAR R PDAlE 3547 IZaH7t 9lem,
PTAE FE2EE9 S HaA7E 237t e AL
Z 9 A) 7 2t} (Choi 1991; Kim 1998).
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ginsenoside 2] AARE 93 A7} =L Ut (Yang et
al. 1996, 2000). =3 HIo|= &Y ginsenoside?] 54T
Hed 5 o848 FE AF 5 Ve AT A
HAalo] HAFH Y Ut} (Zhang and Li 1998; Kim et al. 1998).
53] Rbot 952 5220 ojg 2324 0 294D 4
A 2 (Choi 1991)0] ¥eiA Stk Res ) Al
_o,]f,—]. ;H/\].AL%_O_ 01_9_6]— 6‘}olx.|] 7HHL 7],_‘:_)&0] g bl
(Hideo et al. 1998). we}x] EA ginsenosided YA o]
dgmos A A8 AZe wel 44 e7HT
ek olzle ATl Ao T P ATME AYRAD ¥
doll M 54 ginsenoside®] Aihe F7HAT7ILAL A4k 2
299 % w3l nE o)2F 4 547 ginsenoside ¥
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014} (Panax ginseng C.A. Meyer) B2&]oll Agrobacterium
rhizogenes As 55 HEd fd ZAE (GhrAd)S
AML-ELE T (Yang et al. 1996). EARZ L 250 mL AH4-EZ 24
ol 100 mL<) 1/2 MS (Murashige and Skoog 1962) 2]
HjRZ Yol YAEIZ 110 rpme] g 7|oA 23CE 3F7¢
sjopatod A B2 AH-aHLTH

okt Bt 2710I12 &

QatmAdLe] B0l FFollAl Qi (PO4)S] BHE &
olg7) sl 1/2 MS A ulx1¢] phosphorus® FEE 0.31,
0.62, 1.25, 2.50, 5.00 mM&E ZHE3st] z}zt 1.5 cm Zo]9]

TATE 107 (Smg dry w2 HEste] 457 bl Fstid
o Mok BATS 478 e ANz AREL 5
A, A W 7ol ke EAAZI 27 1g§_’l
%ﬂﬂi')ﬂ/ﬂ 3133k oS HClo) 8s)A)A ICP (inductively
coupled plasma, JY38 PLUS, France)& A3t} (Yang
et al. 1997a).

NH;/NO; 2| =2 F7(0|2 &

OIMNRATY Hrlo]l& F4olA ammonium (NH4 )3
nitrate (NO3)2] G35 dolr 7] £8)] 1/2 MS Al =] &
ammonium®| =E& 5.15, 10.3, 20.6, 41.2, 824 mMZ %
A7, nitrate’= 4.7, 9.4, 18.8, 37.6, 752 mMZ 2435}
Z}z} 1.5 ecm Zol9] BAZE 107] (5mg dry w)¥ HE3}e]

4370 Qloraiddnh MkE BATS £AS T $AAZ
st} YL EAey, 24 U9 Frlol FBL 248
Ak

22|tk 9l Ginsenoside2| &2t

Azl S99 ginsenoside $HEFS X3 n-BuOH
FZRo) 9Jste] FZ3ATH (Yang et al. 1996). F4%3
Z3 50 mgS 80% (v/iv) MeOHZE F&3te] 71Zx3g o
ethyl ether$} chloroform© 2 2 2 WAE A A
5% n-BuOHE 33] &3 —ff— FEE FETY A
MY o, n-BuOHZ-& TRTE 33] A3 st ginseno-
side Ao A&ttt §2l9 3} ginsenosided] A4S
HPLC (Pharmacia, Sweden)Z o] &3}t Columng
Lichrosorbe-NH: (5 um, Merk)E& ARE-3led 2524 7] (RI
detector) & ©] &3t HEsTh FFe] Sule
trile : distilled water (85 : 16, v/v)Z, ginsenosides2] £uf+=
acetonitrile : distilled water : n-BuOH (80 : 20 : 10, v/v/v)E&
ARgslg ) 24zke] A ZS chromatogram®] retention time
L FFEZ 3} v sl peak height 2 AAHIA T

acetoni-

oIARAITe| Byjoj2 oot M

=<4 A
= 2 o7 2718tk (Figure 1). MSujA]o] H7t5 =
0JAke} 1z0] 1.25 mM Hu} 48] =& 500 mMolA QAR
A z

o] A 1788 & S7H UehAIY (Figure 2A).

QAke] 57} 2.50 mM 7HA| FotE

ojg} & AFe] F7HE Qlite] A B oAU e A4
2 a3 &4 v Aok FHodsle] (Shuman 1994)
ERAUAE EAAF)7] gZoE gebdch wjR) 8] At

Figure 1. Influences of phosphorus (PO4) on growth in hairy roots
of P. ginseng. The initial inoculum was 10 hairy root tips (5 mg dry
wt) per treatment and cultured for 4 weeks.
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Figure 2. Influences of phosphorus (PO4’) on growth and accumulation of inorganic elements in hairy roots of P. ginseng. The data represents
the mean + SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt) per treatment.

Z7b) w2 Brloje] B4 B4 2AM A

22] Ca™ 9 Mg™ & Qlate) ez} o %7@}4% F57t 27}
3Fg ) (Figure 2B). =3 Mn™, Cu™ 187 Zn™E
BufAle] AAHE oA B BE §45 Jepigich
18U Fe’'= MSH|Ro] #7}E)e St 2] =& 250
mMel A Adl $42 Yei ATt (Figure 2C, D). ol&lg 2
e Qlabe] Zn*'e Cu™e F4E AAAAGE B
(Shuman 19949} AX|3H= Zoth. A& 9] ERAAIAA
o) A 23} tAMIES] Alakah AR QPRE R B
9} st MR g27] wRe] AESINE AFS =7}
NFE WA 23 AR Fag 271A)7)7) 98
WA 2AS thEA s ohe] wjokhibe) alE T Sk
A TR ME ol2jeh okre] 2ol wjoA oA BT}
o]#9) 2712 QitA WO} AME TS Z7IAIH QlAke)
o Aazko] 27} (Kim 197)EtHE RIgE Axah= 3
o]tk

Ol

NHZ'/NO3 0 [H2 OIAMRAKTIO| B7(0|2 E2e9f AUA}

ek Az Aa AHE-5E ammonium 3} nitrate 9]
T Wsle] wE J 'E_L"] AL x99 geof
2 og- & Aol E L}E}‘ﬂi‘:} Ammonium 49 Z¢E F
=7t = < o] A8 7haste] MS 712w
Aol H7 EE = 206 mMET @3] @2 FEQl
5.15mMeo] 7R s A 1448 =& AAS JeERRQTh
(Figure 3A). T3, nitrate 242 A9 MS 7| EujR]o
7telE FEQ] 188 mME 7IELE 3t W2 4.7 mMoj|A]
37.6 mM7EA] Ao §-x7F VERA] 8kt (Figure
4A). Atz o0 2 A2 F ammonium S ARS-3F A4 A
Eo] Aol A== Al 59 i WA pH 43
o] 7] WjFe g ¥ Utk Ammonium HjX]¢] pH
£ Y37 (Behrend and Mateles 1975; Martin et al. 1977),
nitrate®] E4F AA|slH (Pare 1973), 84 <Euo}d)
o3 =AS Jepl7]x 3} (Wakiuchi et al. 1971; Bryne
and Hasek 1979). 21x] XA E E2kEo] ammonium&)
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Figure 3. Influences of ammonium (NH;") on growth and accumulation of inorganic elements in hairy roots of P. ginseng. The data represents
the mean =+ SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt) per treatment.

ow Qo] 7| HAWHIL Fgo] sy, A4t
2 go] AA AT} (Lee et al. 1998).

AEAALAME ammomum-/] Eg7F 2718 (5.15
82.4 mM)o| wa Ca’*, Mg™ Z18)Z Mn’'el &40 &
A8 728Kt Fel' ot Zn™ o] T4 MS 7| BujR]¢] H7}
H& NHs $RolA 7P 590m, Cu™s MS 7| 225
o 24} ¥ 37.6 mM NH "ol A 748 & F5+5 vehiisl
o} (Figure 3B, C, D). °o]21$t ZA¥= ammonium®] FX7}t
Eolx pH7l Rolx 1 Hol22] mobilizationo] Z71E%17)
7o g HAdFch vhHo, nitrate o] 7§—?—t lﬂ}}]} Z=7)3
(4.7 — 752 mM)ol| wra} Ca’™*, Mg™, Mn™", Zn™" o) &7}
53] Aot (Figure 4B, C, D), Fe"' 4= MS 7%
A9 Err 2u) & NOy % (37.6 mM)dlA 713
=%t} (Figure 4C). Olaid 0] &5 2= okAlo] o) AA 2

l

27l0120) Foapgold A EE ASALW oz} v
FoHES] $2% 2 WU L% b 209 pis
7+ e Qg olof utel 457t W3t (Leidi et al. 1991)3}%

7] jELE ATETh

olAtpAlTO| Q2 |Sh Ginsenoside2| &2t

ke FE7E 5.00 mM7ER] Z7tRtel mel QIAHEAdE)
°F4C¥94 Steo] Z7181ch (Table 1). £3
glucose®] 32k MS 7| 2ulA|o) H7lEE =xHT) 2u) =
2 250 mM7HA] dAG F7He JERSITE olelg Aike
Aste]l FeLiAl Helz2 EFUIAL FA ol Hofdt Bt o
2} e<3HE )AL sucrose translocationo] & #4d3})
(Shuman 1994) Wi 2 AJzbEch o|2k= WHE ammo-
nium¥} nitrate®] 790l AAYY] =27 Z7VEEE ara-
binose & A 2] 3} fructose, galactose, glucose 121 sucrose
o] S A Th (Table 1). 7 Aago] wE 2T
§H#2 arabinoseE A9l XF ZHashe A4S veh
2tk o)¢k 2+-& ztolE ginsenoside o] W FAo] AHE GH
7} FE2H A vﬂ o2 7R EAT o)E fElo)
amino-carbonyl ¥t-Z-of #odl= 233 JE9| zpol(Choi
etal. 1981)°]] W}a} 239 —a—vg} ol A AfolE vERY
= Ao g moEh
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Figure 4. Influences of nitrate (NOz') on growth and accumulation of inorganic elements in hairy roots of P. ginseng. The data represents the
mean +SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt) per treatment.

Table 1. Influences of phosphorus and nitrogen sources on the free sugars contents in hairy roots(GhrA4) of P. ginseng C.A. Meyer.

Free sugars contents (mg/g dry wt)

Elements
mM Arabinose Fructose Galactose Glucose Sucrose

0.31 2.04+0.31 4.41+0.33 0.44 +0.02 2.70+0.42 447 +0.28

0.62 3.06+0.21 8.41+0.31 0.80 £0.07 5.18+0.83 5.11 +£0.27

PO4 1.25 4.05+0.44 8.75+0.50 1.12 +0.08 7.01 +0.72 6.16 £0.19
2.50 5.23+0.06 7.97+0.63 2.29+0.34 8.87 £0.62 6.80 +0.46

5.00 5.85+0.38 7.51+0.32 3.67 £0.62 7.80+0.78 7.32 +0.35

5.15 1.81£0.10 6.97 £0.09 2,91 %0.08 9.12+0.15 9.08 £0.14

10.30 3.93+0.05 6.24+0.18 1.70£0.25 6.20 +0.61 9.40 +0.51

NH." 20.60 3.74+0.12 5.07+0.09 1.61+0.37 4.63 £0.21 6.11 +0.16
41.20 3.73+0.26 4.98+0.09 0.54 =0.47 4.53+0.19 6.48 £0.21

82.40 3574021 3.83+0.32 1.61 £0.13 2.78 +£0.09 5.87 +£0.08

4.70 1.61+0.10 7.35+0.16 325+0.14 8.61 +£0.24 9.87 +0.21

9.40 3.94+0.14 6.45+0.32 2.151£0.20 6.56 £0.26 945 +0.33

NO; 18.80 6.29+0.14 5.64+0.18 0.03 =0.00 5.58 +£0.17 8.97 £0.48
37.60 791+0.18 4,98 +0.02 ND#* 498 +0.29 6.98 +0.56

75.20 7.25+0.64 3.99+0.32 ND 2.87+0.17 0.28 £0.45

The data represents the mean +SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt)

per treatment. * ND : Not detection.
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¢4, Ginsenoside 332 QIAEAFTY A st o2
A QA FErt 7R w2 AT (0.31 mM)A M
A VElkel (Table 2). =3} ginsenosides 3-8 Z71A]7)7]
S8 Aud oz AMLEE= 1/2 MS x| 9} MS x| Ajo)d)
A 2 Fox2 JeA ¢gktl. Ammonium 2 nitrate 2]

BHo} B2 031 mMolA 44.7% 9} 29.9% 9] Z=71= veldiTh
T3k ammoniumS 1/2 MSETH 2 5.15 mMAA] 21.7%
9} 31.9% I Y nitrate® 71 B2 4.7 mMAA 17.6% %
25.5%% A Z7vE et Vezina9t Longlosis
(1989 &5 seedlingoll 4] nitrate A}-&-A] nitrate reductase

A E 71 % =% (NH.'; 5.15 mM, NOs’; 4.7 mM)
oA 71 =& ginsenoside 35 UERIIT) (Table 3, 4).
¢4kt A4 BY panaxatriol (PT)A BchE panaxadiol
(PD)&] Aol o axp&olch 53], YA =Z /L 75
Aol B (Choi 1991; Hideo et al. 1998)=¢] 9= Rb2$}
Ree] Z$oli 1ate] B2} 12 MS wjAlol] A7slE S5

9} glutamine synthetase®] 42 Z7}8h= WFH ammo-
num& 2718 UehiA 2thy Sk oldd Az
ammonium-< ©]-&3}= glutamine synthetase = S Fxol
A1 ammonia 4 At fHsty FpEoMe E4do] E
(A7) wEolzt stk APEZEe 73-F ammonium®]

T SMEFS AL F4s0 2, ginsenoside FF]

Table 2. Effects of phosphorus (PO4) on the ginsenoside contents in hairy roots (GhrA4) of P. ginseng C.A. Meyer.

Ginsenoside contents (mg/g dry wt)

PO4 PT PD

(mM) Rgi Re Sum Re Rbs Rb: Som PTI/PD  Total
031 2.84+0.04 3.64 £0.05 6.48 1.00+0.02 0.68 +0.01 1.64 +0.08 332 1.05 9.80
0.62 1.70£0.02 2.51 £0.15 421 0.77£0.04 0.47 +0.01 0.81 +0.03 2.04 0.06 6.25
125 1.65+0.01 2.36 +0.05 4.01 0.94+0.07 0.51+0.04 0.83 +£0.04 2.28 1.76 6.28
2.50 1.47 £0.04 2.27 £0.05 3.74 0.82£0.04 0.43 £0.03 0.52 +£0.02 177 2.11 5.51
5.00 1.07+0.01 1.56 +0.01 2.63 0.52+0.03 0.33 +0.01 0.23 £0.02 1.08 244 37

The data represents the mean £ SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt)
per treatment. PT: panaxatriol, PD: panaxadiol.

Table 3. Effects of ammonium (NH4") on the ginsenoside contents in hairy roots (GhrA4) of P.ginseng C.A. Meyer.

Ginsenoside contents (mg/g dry wt)

+

NHa4 PT PD

(mAD Rg: Re Sum Re Rbs Rb, Sum PT/PD Total
5.15 2.56+0.03 3.66+0.03 6.22 0.95 +0.06 0.73+0.03 1.56 +£0.08 3.24 1.92 9.46
10.3 1.34+0.14 3.12+0.17 4.46 0.72+£0.04 0.60+0.01 1.09 +0.10 241 1.85 6.87
20.6 3.12+0.07 4.00+0.12 7.12 0.72+0.03 0.61 £0.02 1.04 £0.04 2.37 3.00 9.49
41.2 2.194+0.10 3.54%0.09 5.73 0.58 £0.01 0.55+0.01 0.97 £0.03 2.10 2.73 7.83
824 0.75+0.06 2.34+0.06 3.09 0.324+0.03 0.39£0.02 0.50 +0.02 1.21 2.55 4.30

The data represents the mean +SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt)
per treatment. PT: panaxatriol, PD: panaxadiol.

Table 4. Effects of nitrate (NO3) on the ginsenoside contents in hairy roots (GhrA4) of P. ginseng C.A. Meyer.

Ginsenoside contents (mg/g dry wt)
NOs

(mM) il FD PT/PD Total
Rg: Re Sum Re Rb; Rb; Sum

4.7 2.73 £0.09 3.64 £0.11 6.37 0.69 +0.04 0.60+0.02 1.13 +£0.06 2.42 2.63 8.79

9.4 2.16 +0.11 3.04+0.02 520 0.55 +0.01 0.51+0.03 0.86 +0.03 1.92 271 7.12

18.8 1.93 +0.07 2924003 485 0.46 +0.01 0.44+0.01 0.76 +0.03 1.66 292 6.51

37.6 1.62 +0.04 2794008 441 0.56 +0.01 0.51+0.02 0.90 +0.02 1.97 2.24 6.38

752 0.71 £0.05 1.74+0.12 245 0.25 +0.01 0.34+0.01 0.37 £0.01 0.96 2.55 3.41

The data represents the mean +SE of triplicates measured after 4 weeks of cultures. The initial inoculum was 10 hairy root tips (5 mg dry wt)
per treatment. PT: panaxatriol, PD: panaxadiol.
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