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Effect of NO, and NH," Concentrations on Root Growth and
Eleutherosides Accumulation in adventitious root Culture of
Eleutherococcus senticosus
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Abstract: This study was carried out to investigate the effect of NO,” and NH," on the adventitious root growth
and eleuthroside synthesis of Eleutherococcus senticosus during 3 L-bioreactor culture. The change of medium
component ratio was also measured during culture. The fresh weignt of adventitious root reached to the greatest
level of 24.4g FW/L in the presence of 50 mM NO,™ and 10 mM NH,", representing 3.4-fold increase compared
to the 60 mM NH,". However, as the increase of the portion of NH,", the root growth was decreased. Maximum
eleutheroside B and E1 production were 249 pg/g and 43 pg/g, respectively, with 30 mM total nitrogen source.
The maximum production of eleutheroside E were 788 pg/g with 120 mM total nitrogen source. The greatest
weight of adventitious root increased up to 6.2 fold of inoculum size within 9 weeks. The change of pH was
influenced from 4.81 to 6.35 and the amounts of NH," and K'were decreased during culture periods. From these
results we suggest, need further study of various treatment to increase the growth of biomass and the
accumulation of useful secondary metabilites.
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1A LA (Eleutherococcus senticosus)ye= X ©F,
T SR, 8=, 48 SR A et FEUFH
SRS HAToR gyt Aol WETa &b
‘Siberian ginseng’ .= £2] 0% Th(Slacanin ef al. 1991). 7}
Al ez e] Bie] &7 o= eleutheroside A (daucosterol),
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eleutheroside B(syringin), eleutheroside C (methyl o-D-
galactoside), eleutheroside E(liriodendrin, syringaresinol
di-o-B-D-glucoside), chlorogenic acid(5-caffeoylquinic acid),
caffeic acid, Bsitosterol T3} §7 ol FFo] FgAR
o] gyl gt} E3) lignanAl A< cleutheroside B2}
eleutheroside EE-2 Q719 < 2]&2] =9 FgAJE S
2 WMo} 7)ol o] Zth(Kang e al 2001). ©] F
eleutheroside Fi= S5-43}, 2E @2 oA 5 W EhA] o
o9 FHolvk EFE Ry o

%37, B8t chlorogenic
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FE(Son et al. 1999), 2U4HLiu and Zhong 1997; Yu et
al. 2002) 59 oF&-AEA BAETE 28] A WAy
elicitor?] 2|(Kang er al., 2004; Suresh et al., 2004; Yu
et al, 2002), F-7149 % (Llu and Zhong 1997; 1998
Ahn et al. 2003) ¥ 3 F=(Akalezi ef al. 1999) =
A sto] W FA o] ALt S e A B Ee FrEEE
o] AAERE Eol7] Sl AvE I =)
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palm(Elaeis guineensisyS 17147 A LG9S 7
T, BEUREGTE o] &5 v ol AETAA wgE T
oF 3-5u o] WA ABAF o] A vste, o) AL )
&7l Al As| azrE ot Aagde] 3

o

I~

° o1 75]9) ©

B2 @Al ol G F9U7] wfE ol tiGorret er al
2004). 2] 3L QUAPH Er kA A ZALARS HiAIY & A2
ol 60 mM, NO, : NH,H|-&o] 2.1 $-53 & B
o= tHLiu and Zhong 1997). =3t <14+e] o] AtiAAHE
2l ginseng saponin - WIAIW & dAvE=rE 5-20 mM
2 W wA B o) =9, SmMe] NO,” E7HrelAl o)
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HIAY) S8 23] 60 mM, NO, : NH," 8] #]-&0] 60:02
) Zoje] A4kES Hof ginseng saponin AJAYSHEF]] |
A= Aode HlgHde dolTe HYFAtH(Liu and
Zhong 1997). 18] a1 A EWH-7]E o] 88l 7}A| .24 Al
FH A AAYOE KNO7F 15 mMEE=E H7He A
TolA M2 o] A7t HATHA ef al. 2003). 3
A A\ (Lithospermum erythrorhizonyt Phytolacca americana,
Holarvhena antidysenterica®] A|3Z8)FoljA] ol xphAALE
Ql A3 (shikonin)¥} &7ZER o] = (alkaloid), B EFA oM
(betacyanin)<] A 2] Aihge] & JFL vR =
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Fujita et al. 1981)
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ODS column(4.6 mm 250 mm, Jasco, GroB-Umstadt,
Germany)ll UV AZ&7](UV 3000 HR, TSP, USA)7} &
#t¥ Thermo Separation Products HPLC system(TSP,
CA, USAyz °&st] 45tk olgde B3
acetonitriles 271 10, 30, 40, 45, 46, 508-°] z+z} 95:5,
90:10, 60:40, 50:50, 45:555} 95:52] H|&E, 0.6 ml/min
o &g ZHEytt ¥F EHZ A48 eleutheroside
B(syringin), eleutheroside E(lilriodendrin)®} eleutheroside
E, {(+)-syringaresinol-O-B-D-glucoside} & Nakarai Inc.
(Japan)®} Sigma (USA)ZHF-E 1 ste] B2 r] 2=
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Table 1. Effect of total nitrogen on adventitious root growth
after 9 weeks of culture in E. senficosus.

Total nitrogen Inoculation Fresh wt Dry wt Dry matter Growth
(mM) (gFWL) (L) (L) (%)  ratio

0 35 6.2 0.8 12.9 1.8
15 35 13.8 1.4 10.1 39
30 35 18.5 1.6 8.6 53
60 3.5 21.8 2.4 11.1 6.2
120 3.5 20.9 22 10.5 6.0

@ 800
2 80t Taad .
g 700 |

f;j = 800

S S0}

WS 400

SZ 300

gcj) 200 ¢

f vl

<

(8]

—— = 3

0 20 40 80 &0 100 120
Total nitrogen concentration {mi)

Figure 1. Changes in eleutheroside contents according to

total nitrogen concentration in adventitious root cultures of
E. senticosus.
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E7F STV vl sl Soteth & A9 2}

SR %S Aol 106 pg/e eleutheroside ES A A
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Table 2. Effect of NO,” and NH,” on adventitious root growth
after 9 weeks of culture in E. senficosus.

NO, and ]
NH,(mM) Inoculation Fresh wt Dry wt Dry matter Growth

(gFW/L) (gL) (gL) (%) ratio

NO, NH,'
60 0 3.5 192 19 99 55
50 10 3.5 244 24 98 70
40 20 35 170 18 106 49
30 30 35 32 14 106 38
20 40 3.5 105 09 86 3.0

10 50 35 90 08 8.9 2.6
0 60 35 7107 9.9 2.0
7.0 244 g FW/LY F4&& B 7P skl

gt o] Hel 7 Aol 7P EEFF NO;/ NH,.2f HlE
o] 0:6091 AT AArEel 7.1 g FW/LO) Hl5ke] 3.4u1 2]
o AL HARh Ayl B2 deE
NO, /NH,,2] H-€&-0] 40:20 F 30:30%1 A 2]7-l4 10.6%
2 7H A vepg o), o] HHEFEE SHoE wol
A AL srolA olof Hlgsle] BAzel AEEo] i
a1tk Liugk Zhong (1997) 14k Al zul A i) =

5]

71 NH," =7} 20 mM ©173¢l 7% A= F2o] oA

3 NO,/NH," Hl&°] 255 A% A&o] Lsirtl
34T ol WA H& NH," F=7F NH," tAM-E-3
FHE glutamate A B4 Ao F3E PR,
WA ] pHE W37| witel] A e H2el 54
T2 B8 gAY WY Aoleka siich & 4
oA 7hx e zd] AT A A sl NO,E =T}
NH,"¢] 2.0~6.00 %8 w] A2 At T2 Ao= 1}
Elyton, A8 9A NO,F=7F NH, 9| 1.0~2.081 74
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2o 747} NO,/ NH," Hl&0] 60:0 2 50:1091 2=
A Z47; 4573 720 pg/e S & 7V =9ke ™ NH,T A #F
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eleutheroside E,9] §#F-& NH," H]&o| Z7tgel wet ot
2 Z7Veke 4TS HolFo] NO,/ NH,” Hl&©] 10:50Q]
Aol 71 B2 61 pg/gel AAEFE Bl o] ZThAL
ALgo] whe} Adoldt vhe-g Bk ol FHOE vjFo
ol wiA & AAFHE ¥/ NO, 9F NH,' v&k 7}
Al ezk] BA 7 A7 eleutherosid® Aol &
o] 5‘]::: Aoz ettt J4F A e A (Liu and Zhong
1997y ¢14+e} 22 TARHES] ginseng saponin 32 Bl
Al & é‘_i%L:J} 520 mME HlwA B ol 29435
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Figure 2. Changes in eleutheroside contents according to the

concentration of NH', and NO, in adventitous root cultures
of E. senticosus.

Figure 3. Plant and adventitious root production system for
E. senticosus. using bioreactor.

A. Plant and seed of E. senticosus, B. Balloon type air-lift
bioreactor culture of adventitious root of E. senticosus.

NO,” =8 B 20| saponin A4kl E3p# ol 3
g} B 7 o ks B dhed §-8- 22y
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7} 30-60mM=E Z7PA 5D w7 7P E90e T, NO, 9
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E % E, %5 2/ 43 Agsert #3555 42
9] AL 7FAE O eleutheroside B, B EES &
7Verg . 28y eleutheroside E, T2 ZAshd]
jasmonic acid 27} o) AFARIE Sl wheh B H ol o
2A L )= Ao 2 Vet eA B 2006).
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Figure 4. Changes in pH and biomass during adventitious
root culture of E. senticosus in a 3L balloon type air-lift
bioreactor.
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7he WS 259 Ejtel ek 3sHl R ke, wiR] 9] pH
= WF 271€] 9% Ftel] 5.60914 4.002 ZhAhEo] )
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Figure 5. Changes in ammonia and potassium during
adventitious root culture of E. senticosus in a 3L balloon type
air-lift bioreactor.
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