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Abstract  Theroots of Codonopsis lanceolata (Campanulaceae)
contain several kinds of triterpenoid saponin with high
medicinal values, which have been used in traditional
medicines. This study investigates the impacts of methyl
jasmonate (MeJA) - adding time on the saponin synthesis
and the hairy root growth of C. lanceolata. A significant
decrease in major saponin (lancemaside of three kinds)
content of hairy roots was observed with MeJA treatments.
Contents of lancemaside A, B and E decreased about 15%
more than non-treated hairy roots. In contrast, minor saponin
(foetidissimoside A and aster saponin Hb) accumulation was
about 15% higher than the non-treated hairy roots. These
results suggest that MeJA treatment could be used in the
production of teriterpene saponins.
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t} & (Codonopsis lanceolata Trautv.)> AE2 02 Z A,
AGA, fEAZ AFEEH oo™ (Ichikawa et al. 2009),
o= HY Y FEES o8 dEE AR S0l B
WA o Belo) oFelsty fiol AEA £YE L
Sl th(Joh et al. 2010; Jung et al. 2012; Weon et al. 2014). T
3 o] o) AR B 2ol wEA(phe-
nylpropanoid glycosides)7} A 7§ 7] S HPADAM-like
symptoms)-2 7} 418} 31(Sekita et al. 2005; Ushijima et al. 2007),
o] = ¢y AFEY 9] lancemaside A7} E N 1| testosterone
AAZ olAsel YASZE 4] AT} ot o
A Q) TH(Ushijima et al. 2008). ¥4t oft] g} FA4J i & (Joh
et al. 2010)7} 3 F=S A3HA| 7] H(Xu et al. 2008), 7]
2t S5 Afgol o] Al (Jung et al. 2012) B F5HY
o] FEEo] dATY MA] axrt doka g2 A Sl
TH(Weon et al. 2014).

Agel 2R ERE ool ol e s
E= vEe ot e HH T AEHAS WS
A& 7] AZtehe kol Utk AlE =
gholl Qlo] ufekAofl theFgt &1 A (elicitor) & ©]-&-3F
Eg&F 7toto] o] A AR O A& FXIAI7]
2 FHQTE ou] o) Al elicitationo]| 2} §ch(Pitta-Alvarez et
al. 2000). AlZujF =& FAT 22 713 vk Al A
Be SEEN AAHAEY A Fo O3 2 AEH ALY
gjof 4] wjofo] o]FojH oz EAJof| A AufE = A=A
oF vlasto] gHAkst B4l & Ao ® Uy th(Kwak
et al. 1995). EQF o] 2|3t vjoFA| - A, FAgE, Akt
T - v OdT fAA AgE Sl olAHAEAEY &
2 gl Ao} 40| 7hssithE Axle] Atk Al F

AED AR AT FR AEEE BHE MeAR 4

AE B 27
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A dE o] qlo] FARE drof, WA, B9
/41 =3K(senescence)E XA, P Ao 2= HY
I, L5, AA} HAEY AEYA i 2 A=
ogt Wol7|&E frdte AedY 2dE & dHA
Q1 thH(Cheong and Choi 2003). T3 A L u[Fof| A o] X} AL
=49 S Fedte AARASAE YA Qo
(Yukimune et al. 1996; Ketchum et al. 1999). E3F FE9]
M| 32 EE paclitaxel A& 218} (Yukimune et al. 1996;
Ketchum et al. 1999), ¢14} BA Loj| A= ginsenosided] T}
Q2T %4 9 Aol Z7h5HAthKim et al 2004;
Choi et al. 2005; Kim et al. 2007; Kim et al. 2009). & Lo =
AEY 9ol MIAE §AAZ o] §3ko] Thekat of %)
AR B4 W AT BT dT50] Kuww
Qlth(Lee et al. 2015; Chodisetti et al. 2015).

2 Ao AE ol d AFolA B e E K o
al. 2011) o]-gsfo] A By o RAS HRE A
L5+ T} Agrobacterium-rhizogenesS ©]-8-3F AL H|jOF
o AEaero] wiste] Aol w1 QHyHolth £t
AT Ao oA AMMES AAtetE AoR
dA o, tofet AERESTIE o]&sto] i A

utebA] B AFAL A HgROE 28 e 4
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Mgt A& Ao AHgsaTt

>

|
e
O
i
1jo
Ho
ol
il
n
Ho
0
rH
40
H1

A}
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grobacterium rhizogenes-> R1000& A&tttk &
HAHAL 0.5eme] Zo|&2 ZA|SFAL, A. rhizogenesS Luria-
Bertani (LB) broth HJX](10 g/L bacto-tryptone, 5 g/L bacto-
yeast extract, 10 g/L NaCl)o| 4 Z3}91 1L, 28°C A& HjoF
710l A 48A17F 59k 220rpm ©. 2wk ko] A7E A
HEstch AE vl A= 2% sucrose®} 0.3% gelrite7} 7

7lel S22 222 MS (Murashige and Skoog, 1962)H]| #]
31931, 19 16A17F 2 (40 pmol m”s" WA g
), 25£2°CR 2 A== a4z wjFAoA BddS &
Eogith 45 24T F 24800 4% £ 2 A9
ghel(line 1) AEE Q22 AWstc g212E ¢
B o A o #A2E B 7l UG gt

<
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DAY Methyl jasmonate (MeJA) X2

12MS A B R o A 4327F LA 7] BAT 2 g& B
of 12MSHfx]o]l 100 uM&] MeJA (Sigma, USA)7} L3+
250 ml AFZhZ ks Fgshel 1,5, 109 7F 25¢1°C 9
ZA)A 120 pmO 2 woFstgiT) ok Wz 2255t

DTS A 7E B Ardutg o2 B7]E A AstaL AY
AsE SRS, 60°C L2 X7 A ARste] A
E3S AU AN BT Al2E A2 &2
A% A3 ARE AMESHA T

ANEZH|

Aokt A A ] W2 Sep-Pak Cis (Waters, USA) cartridge

£ Hds] &= A AAY F, =
5t % 100% MeOH 10 ml-S A 25}
of AMF ATUS 259t 228 AR roary
evaporator (Eyela N1000-S, Japan)2 F<3 1L, 525 A
B 20% acetonitrileS o] 835Fo] 343} th 35E A
2= 045 um membrane filter (Waters, USA)Z o] 1}5}o]
LC-MSMS 24& AAI5Hgith

LC-MSMS =M

Triterpenoid AF3E'J-2 lancemaside A, lancemaside B, lance-
maside E, foetidissimoside A, aster saponin Hb= 7}%} 3+
o] W& A9 S7FA] A& A5kl th(Ichikawa et
al. 2009). £4& 1% s7HA] HYAtEd ARITtESY] &
2= TLCE ARE-sto] =289l t}. TLCA]-2 Merck 60F2s
silica plate (Darmsadt, Germany)©f| 1000 ppm T8 ¥z Zx&
o 10 ul-& A& 35}o] n-butanol:ethyl acetate:water (6:3:1, v:v:v)
o] sggHoR st M E AREH-2 10% sulfuric
acid-§ N & FAFsHe] 110°C StEF o Eof 1027 oF &
%, %9t W 254 nm UVSHol A AAS Shelstelch. 22t
9] Atazdo] AH7|H silica plate?] silica powderE 3|43}
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&] 100% chloroformo] 8- A|71 3, AF29] rotary evaporator
2 555t 555 AR+ 80% MeOH=E 3]4=5fo] o] A
H 1% ZZA(Ichikawa et al. 2009)0. 2 o] & B A4S 9
3} standard 2 ARE-SFATEH AREW A4S 943t Liquid chro-
matography-mass spectrometry 3-4]-2 LC/MSMS (TSQ Quantum
Ultra, Thermo Scientific, USA)2 4~3§35} %t LCEAS ¢
3}t column-& YMC-Pack Pro C18 RS (150x2.0 mm L.D., 5 um)
£ ARSI o5 AR H0 (0.1% formic acid) : acetonitrile
(73 : 27, V)& AHESER L, G458 02 m/mino 2 A4
5to] AE-5FITh Column®] &%= 40°CE +A5H, Al
H2e= 720 WA 39 5F4 ok Mass-spectrometer+= negative
ionT} SIM (selected-ion monitoring)3}of 4] 255} %3t} ESI
(electrospray ionization) W41 4.5 kV 9] spray voltage2 4=
Y5t Capillary 22} tube lens offset-> 22}y -40V1h
208VE ZFZy 1143} t). Capillary &=+ 350°C2 1A
shth RE7FAE AFS-H nitrogene 30psiZ2 X314
o} BA A7Fe = HHE O 2 1}%=9] © i lancemaside B}
lancemaside E= RT 0~3.3mino|| m/z 1,351, foetidissimoside
A, aster saponin Hb®} lancemaside A= RT 3.3 ~ Smino]| m/z
1,189, 1,05712] 21 9252 A3} 9t} Isolation width= 1.5
m/z2 W Th
¥ F A2 = lancemaside A, lancemaside B, lancemaside E,
foetidissimoside A, aster saponin HbE Z}Z} MeOHof| =4
1000ppm=S &4 &, 2 FFEE 100, 500, 1000 ppmEE
2 5 4j5te] Zulsholch 45 0 EEGAE 351E S o
sHlaL, e 93~
(2009) ] 4
& 3HHE S}

SAeE

RE 2AZS IMEsel 23Y Bad ZEUd
(mean £ SD)= 3} Th

Zo Y 2%

DAZO| Y0l 2A0{ Methyl jasmonate (MeJA) =1t

oy o] mATS FE5te] 100 uM MeJA7F H7HE A
iAol A 1, 5, 10207 Woret 3, dEe] Fa Alxd
lancemaside A, lancemaside B, lancemaside E, foetidissimoside
A, aster saponin Hb9] &=F-& w|u-EA 3}t
maFol MeJAS Aejgt A1 wj g 717ko] S7F 4
5 AT AR dEsol dastes ASoE UER
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Fig. 1 Effects of methyl jasmonate on growth of Codonopsis
lanceolata hairy roots 1 line for 1 to 10-day elicitation period.
A: fresh weight of 1 line hairy roots, B: dry weight of 1 line
hairy roots. The data are expressed as the means of five
replications along with their standard deviation

% Hr} 20%%715F9 S, MelAR| 2|3 MAFLof A= 25%
o AAIFol o dEs B FAHFAAE
20% S7FFSl oL, MelA A 2] ol M= 15% TA3HiTh
(Fig. 1). o]¢} 22 A= o] Hig Ao 4t
A0 100 uM MeIAS AP S uf 3520 4%
S AT degol dadt v, AFEd Y e F
71ttt Rt FAFSFA th(Kim et al. 2004; Lim et al.
2005).

O ARELI0] 0] Methyl jasmonate (MeJA) =1}

714 e el AmY e W A7 s 24T 2
Z= AFE 9l lancemaside A, lancemaside B, lancemaside E 2]
2L 95]3 n)a2) 7o vl wstel MelAX 2] A ZHAH
= Ao] WA= UTHFIg. 2). FA 2] HAFTo|A] lancemaside
A W sHollA ko] Frtsto] 2.5 mgd] FA ol
Webow, 109 HloRRt A ol HE EH o] Hash
Aol hehdthFig ) MeIAS 593t 1097 vk
2o A= Hat 1.5 mgQ) lancemaside A7} 4% A
e oH, 19 A3k Aol vjastd ghgfo] 7t
ok, AT} wawet AT 40%0) FARE 2

i
T oo ]
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Fig. 2 Triterpenoid saponin accumulation according to the day after treatmnet with methyl jasmonate in line 1 hairy roots of C.

lanceolata. (A) Total contents of lancemaside A in line 1 hairy root ,

(B) Total contents of lancemaside B in line 1 hairy root, (C)

Total contents of lancemaside E in line 1 hairy root, (D) Total contents of Foetidissimoside A in line 1 hairy root, (E) Total contents
of aster saponin Hb in line 1 hairy root, (F) Total contents of terpenoid saponin in each treatment and periods in line 1. Con (control)
is adventitious roots. The data are expressed as the means of three replications along with their standard deviation

(Fig. 2A). Lancemaside B T3} lancemaside A2} F-AFSH 7
Fe How MeJAA gt Ao] FAz|tel H|d)
40% A= Atz FreFo] Zraste Ao] ¥ F lrh(Fig.
2B). Lancemaside Eof| Al = MeJAA 2] A] A7 7|7t o] =
7w ol sk AL malork BAeTe}
H[ I Al 17% A= 9] oS B AthFig 20). 919 Aafe}
Z+o] Lancemaside A, B, E== MelAA] 2] A] ghefo] 7F4dl=
Ao R YEG oY, uto](minor)AFEH Q] foetidissimoside
A, aster saponin Hbo] 7 Lo A= MeJA A2 A] §ako]
Z7V5l= Ao 2 vElykr). Foetidissimoside A= F-2] €
FAAE Hjop s1zko] AolA4S Fepol Z7ahela
HiQF 10 oA 0.55 mg9] e B 4 AU, MeJA

Ao A= B F 1LolA] 0.62 mgo] 3afo] &2 Eof
A 2ot vlasko] ghefol 15% = F7het Ao U
Bl Th(Fig. 2D). Aster saponin Hb= MeJAX] 2] of ]3] 18%
o) gtepol Z7het A2 Ueien e 102ol4 7}
& =& dEe o] FAthFig 2E). MeJA 9] A 2o}
e At AA Abd g AP oA 30%
HE w7 F4E Aol B HAcKFie 26). ol w2

AT E AEE T foetidissimoside A, aster saponin Hb 2
3£ A Q1 ion chromatographs+= Figure 3o YeRY QUTh.
SRS oAU B Fohet A4S Sl
FA7 YO AT Be2 B Aol A E BAD
2 ARE ol AWARAY §UA F Lk MAS A
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Fig. 3 Total ion and mass chromatograms obtained from a
methanol extract of the line 1 hairy root according to the day
after treatmnet with methyl jasmonate peak (1), non-treatment
peak (2) and the standard control (adventitious roots) peak (3).
A: aster saponin Hb B: foetidissimoside A

TR} A4 o]=o] A1 9t} Kim et al. (2007)
(Centella asiatica (L.))2] RAFo MeJA# 2] & =3
Aol =2 E-2I9] asiaticoside2} madecassoside 2] =2 3+HaF
Z7HA AT B 15 W, Yang et al. (2015)2 W59 2
A2 S T MeJAE X 2]3}9] Resveratrol, Piceatannol,
Arachidin-1, and Arachidin-39] AJAtgFo] =7} 31t o
FATE BRIt AR AT} 7 o] Sl
5 ZEO 9l4tolc}. Q14 E3F RbI, Rb2, Re, Rd, Re, Rf,
Rgl ginsenosided} 72 ZF(major)AFEHd 3} Rg3, Rh2, Rk
ginsenoside “5-2] "o Y (minor)AF2d o] E A5}, mlo]
AP O] 7 mlgFo] EA SRR oF 2| &> o] A AL
EURET w9 Hojurthal g A Qe o= Re3%}
o efgj&/o] mi-p- FHoluA|RE Aot QAL ¢l4tke]l
EAEIA o= ol weYALE I Y] S =Y
U AF7F Al o] Fof X AL §lem, Kim et al. (2013)
QA4Fe] kol MeJAE 797 A 2|8t wpo] Y ApaE
Rg3 ginsenoside”} A& Qlct= A R stgich o
A A(Kim et al. 2011)0]| A Agrobacterium rhizogenes-2
| HAFS AALSEY] triterpenoid AFEY TS B
o Qub A o) B AR B vl
]
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W Eere] Lo o BAE 2Rl ANY 4
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0
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A 2|7} 2= terpenoid Al AFE U] THFLS F7HA] 7] A
%s 7 odthe Ae HolF=1 3l dxolth ERL Hlol
AR O] ghgFo] F7bg Ao e o W A+
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Hboh 2 wholti(minon by 59 Fke Aol
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S Aoz AaEs, B ool BelE At o o)
o4 TS A2 ol ¥l A1 A7} ool
g AAH e gon g4 4 9 Aol
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1o ofn i
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e o|2iE ofgoR AHE Hof gon] o) w
glofl= g o 7HA7F & o2 FFY triterpenoid A
sZdo] 2 E] Yt 2 A= vy BT A
47} methyl jasmonate (MeJA)A 2] of &3t Az 3HA 9
BNE AFsHT Y BAT] MeJAE A 23 A
ZFAFE Y 9l lancemaside A, B, EQ] =242 MeJA F A g
RAT BT of 1% AE gashgich vl nholu bz
Y (foetidissimoside A9} aster saponin Hb)%] k2 FLxj g
A Hop oF1s% A== F718elnh o AaE F3l
MeJA ] 2|7} triterpene AFLH O] Aitxd e 98] AHE-E
= e o duEd.
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