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Triterpenoid Saponin Contents of the Leaf, Stem and Root of Codonopsis lanceolata
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ABSTRACT : Codonopsis lanceolata (Campanulaceae) has been used in traditional medicines, as its roots contain several
kinds of 3,28-bidesmosidic triterpenoid saponin with high medicinal values. In this study, we induced hairy root-derived
transgenic plants of C. lanceolata and analyzed triterpenoid saponins from the leaf, stem and root. Transgenic plants were
regenerated from the hairy roots via somatic embryogenesis. The saponins are lancemaside A, B and E, foetidissimoside A,
and aster saponin Hb. Transgenic plants contained richer triterpenoids saponin than wild-type plants. Major saponin lance-
maside A was the most abundant saponin in the stem from transgenic-plant, 4.76 mg-1~' dry stem. These results suggest that
transgenic plants of C. lanceolata could be used as medicinal materials for the production of triterpene saponins.
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2oz ogH, d2HE W7A HAAR ALEE o)A
2t} (Ichikawa er al, 2009). =3 HE& & Y=} H]
wate] W IAES S F e FEoH, AAe] o
£ akep vlasle] st st S5 5ol HEHeR o
ge] ®al= A, AGA, sl=A= ARt (Ichikawa
et al, 2009). HZoll= tg9] FEES 0|83 o7 I
FATEo] HaHAA Uy Hele] ofejshd aso| AjEA
ZRIE 2 itk oY FEES v¥S FXAL (Kim ef dl,
2013), @Atsl S3lof| B gkl BAEQICE (Song et dal.,
2012). 53] g=it (= BA4) gY e ¥ FEES R
3 FollM Alg)F 2Ed 2 9le] ase

T
ST 2 testosterone F=7F FAEA] eriE Ao HE

L, o] testosterone ©]¢]2] TIE AT 2 E = JIL
X Zog2 WIEAT}H (Sekita e al, 2005). Ushijima &
2007y U4 #EFE=o] 2FE JFE2A G 7
7] £33 (PADAM-like symptoms)®] F2 0lo] H&
Z#21 androgen®] F-EZQl AHS /RS St
yZE, a2jole o8| Fied H|Td HyiialE Hol
I AW AFe] FAo] Ao} FH|VE S v A ES
gt ABAEA ] FAA a5 BHAFAJTE (Choi er dl,
2013). Ichikawa & (20098 g4t B BgoA] 7572
3, 28-bidesmosidic triterpenoid AFZHS E2]5F AL, o] AE

lancemaside C,

do o ok fol i

1L Jancemaside A, lancemaside B,
lancemaside E, lancemaside G, foetidissimoside A, aster
saponin HbZ Z}z} HH AT HY9] 22l triterpenoid
ARE & FAREI O ® d#% lancemaside A= TIEHES
Z=3k FHollA G Sl (NF-BYS JAIS digdS
A7k B & (Joh er al, 2009). B3 Tl B

oA FZ3 lancemaside AS 10 mgkg FEo| 753

+Corresponding author: (Phone) +82-31-290-1177  (E-mail) qrzu4660@forest.go.kr
Received 2013 September 4 / 1st Revised 2013 September 24 / 2nd Revised 2013 November 11/ 3rd Revised 2013 December 24 / Accepted

2014 Revised January 2

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is

properly cited.



A7} scopolamine®] o3 =¥ 719E3 St5AE T4
o] MAEJATGEL RIS (Jung er al, 2012), 12-O-
tetradecanoylphorbol-13-acetate® =% ¥|H-Hzt 712 A
< T F Aok A3 BIEAT Joh er al., 2014).
b gy FeFEeS tdg el A FeEM 9
7FsENE ofgl 259 £, BAE Tt ookE A
e 7hse Z0R ZHiEAL Sltk whebA [7FAEoIY 9
oFFe] ARE AMGHY] flaixe AEHR] B FuHel 2
fshy, FFe dol T7HE7] feiMe B EXVF 28 %
=, oy FEA7I7A] 34d9] Al7te] Ayt mEbA ol
g 5o yuALt 9 FE2ES tF gra|9e dHEcl
3 9l

2 ArdMe AAHYE S 7R ook ASAR gy
I FE8=2 A S 2H4R0 rol FAAE A
gy AEAe o, 7], el FHd wE triterpenoid
saponin®! lancemaside A, lancemaside B, lancemaside E,
foetidissimoside A ZZ]3l aster saponin Hbe] &S LC-
MSE AF8sle] MR slglor, ol vlgtom HEAE
e AGNE D JFEOR AUT & P 71210 v
dal7) 918 o A7 T,

djud

Mz S uiy

b=

1. AEME

A EAE= ZFAdsa AgHolA AF AANE Y-S 7]
W2 Sl migkdar A58kl e HYAEAE AMESt
Ak AS2 AREP] 474 Al AAs 1Y 164
7+ 2% (40 umol m? - 57! WA g 25+2CE 2AY]
= WA ASA7IM AES] A7 A RS AEE
A8

Agrobacterium rhizogenesS R10002 A8-5} T, A7HdH

0.5cme] ZAol& ZASIAL, A rhizogenes Luria-Bertani
medium broth (10 g/l  bacto-tryptone, 5 g/l bacto-yeast
extract, 10 g/L NaC)Z 8RS ZA|5t] HESI L, J& u)
47101 28T, 48417+ FQF 220 rpm = wjok Sho] M7+ A
Holl AEF3IFE BF A= 2% sucrose$}t 0.3% gelrite”t
A7t 328 FXJE] MS (Murashige and Skoog, 1962)Hl
A& AFEERT, 19 16A17F &9 (40 umol m™2 -
A s, 25420 AT dR wGddAN B2
= FEsinh f=d 2S5 S48l 7P =2 20 2
A (T1F T2 RS AE=2 ARSI T1d T2 2Rl &2
AZe 1eme 7|2 e 1.0mg - ' 2,4-D2F 3% sucrose

o

SR

7 - 2ge

o 03% gelrite7} F71e A MSHiR|O] HEsle] AAE
Al AH2AE FE3 & 1/2 MSHIA O, 3% sucrose,
0.3% gelrite, 2.0 mg - "' thidiazuron (TDZ)Z} 1.0mg - I'! na
phthaleneacetic acid (NAAY} 71 viX|Z2 A AA|ZujE
T3 FEE AAEEE TolE 98] 2% sucrose,
0.3% gelrite’t H7FE 1/2 MSHIA| 9, 1.0mg - I
acid (ABAY} Z7HE wiA2 &4 HEAE = &, 12
MSH|A]Ol 2% sucrose, 0.3% gelrite IAAA]|A 2] 3}
Stk gtk AEA 9} T13F T2 B 223 71Ul
57 &, o3 Y8l AFESY (peatmoss : vermiculrite=1 : 1)
of o]l EFOR o)At A7]= 49 S5, viY F
oF ALAIZ] A EA|= triterpenoid AFEHS] 498 $3t A&
2 ARSI

abscisic

3. AlEx|
AREd BAE 19 Y dnkEAe R el 2 4
249 o, 7], A s5E 60C A% 4817+ A=xst

=S 9lEte] 72 4 A8l 100% MeOH 10md & W& &,

° 4087 23RS AAISISITE SEPEAE]
£ Sep-Pak Cj;3 (Waters, USA) cartridge®] 10mé 2]
80% MeOHE A3 &= AA A F, F= AEY
5mlS 293 F 100% MeOH 10 ml-S x&]sle] HH3] A}
ZdS 8&359Y. &% AlE+ rotary evaporator
(Eyela N1000-S, Japan)Z FF3I913, 55 H AlEE 20%
acetonitrileS: ©]-8-3}d 3|3t Y. 34E A|EE 045 um
membrane filter (Waters, USA)Z 33} LC-MSMS &

A& s

4. LC-MS2A
Triterpenoid AFZS
lancemaside E, foetidissimoside A, aster saponin HbZ 7}
Shgo] B A9 71A] AkEdS A8 (Ichikawa et
al., 2009). w4 91g 57 HYAREY standard®] W=
TLCE AHE-3le] E2|5kth. TLCEAE Merck 60F,s silica
plate (Darmsadt, Germany)oll 1000ppm ©Y z]FZY
108 & A 3}o] n-butanol : ethylacetate : water (6:3:1,
viviv)e] Egtgdlog AE AME AFEYLS 10%
sulfuric acid&--& #AFSIe] 110C gEgolEe] 1027+ o}
T %, 52t # 254 nm UVslellA ANE gl ZHte)
Atazdo]l H/NE silica plate®] silica powderE 3|43}
100% chloroform®ll £&A1%1 ¥, “22] rotary evaporator®
&5t w5 AEx 80% MeOHZE 3]|43te] o]zl B
78 27 (Ichikawa er al., 200902 3ol & MO

=

lancemaside A, lancemaside B,
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218t standardZ ARS-EITE AREY A4S 218 Liquid
chromatography-mass spectrometry LC/MSMS
(TSQ Quantum Ultra, Thermo Scientific, USA)Z <3}
stk LCEAS 919 column® YMC-Pack Pro C18 RS
(150 x2.0mm L.D., 5mE AHS-SIAT 1672 H,0 (0.1%
formic acid): acetonitrile (73 :27, v/v)= AMFE3SIAAL, F52
0.2 m/min® & A4ste] ARE-3FIT Column®] £%=% 40T
£ fASH, AlEe 4 2044 FASHATE Mass-
spectrometer= negative ion3} SIM (selected-ion monitoring)
Slol|A ZE3lTh ESI & 4.5kVe] spray voltage® 4333}
T} Capillary voltage®} tube lens offset> ZHZ} —40
I 2082 z+z} 13Tl Capillary temperatures
350C2 23ttt Auxiliary gas® AFEE nitrogen
30psiZ2 FASHATE A AR F FREOE UrRlon,
RT 03.3min® m/z
1,351, foetidissimoside A, aster saponin Hb$} lancemaside
A= RT 3.35min®l m/Zz 1,189, 1,057 I3 9252 &
23}tk Isolation widthe 1.5 m/z2 W)

¥ FAEE lancemaside A, lancemaside B, lancemaside
E, foetidissimoside A, aster saponin HbS Z}Z} MeOH®l
=] 1000 ppme H F, HFEEE 100, 500, 1000 ppm
TER 3Mate] FHlETh AE B EF8 SukESl]
7y 20 0 5 FYst] BHE AASAL, 5SS 93-107%
2 A A 2 S Ichikawa 5 (2009)°]
He wskon, SAAYE st Z7te] AEe sukEslo]
gt

=] [e]
e

lancemaside B¢} lancemaside E+

5. Sz
RE SA/}E swtEste SA49 F4upd EFUA
(mean £ SD)E FAISFAL, FAITE E42 SAS (SAS Inc.,

USA)YE ©]£€-3l9] Duncan’s Multiple Range Test (DMRT)Z
ol AAE stk
j=|jl_|. ol J_]_fél-

=1 =<

7L |

—

—
=
i
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Mes siaMel OY AZAIRS

A (Fig. 1A) 21 AAEw §==2 98l 2.0 mg/L
7} H7FE MS iAoM) 277 A R e
skt (Fig. 1B). ¥ FF viY ¥, i 219
frel Aol Agk o] AA|E wiAY A7t
AEom, AA e P43-e S8 vepdle] xgE MS 7]
MolEF1Hel 2.0mg/L TDZSF =41¢1 2.0mg/L
225k iR oA AAZE 7 FAEAJT (Fig
1B). /g A AAxZ wpAds s f=82 TIER!
41.4% 212131 T281Q0 13.6%= YEREeH, 2A| 2] f=g&
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Fig. 1. Plant materials for triterpenoid saponin contents
analysis of C. lanceolata. (A); Transformed hairy root
line 2, (B); Somatic embryo developed from the
embryogenic callus on half-strength  MS  medium
without 2,4-D, (C); In vitro regenerated transgenic
plantlets line 2, (D); Wild-type (left) and transgenic plants
T1 (middle) and T2 (right) after acclimatization.

Table 1. Induction of somatic embryo from adventitious root
(wild-type) and hairy root (transgenic roots-T1 and T2)
after 12 weeks of culture.

Frequency of Frequency of

Explant embryogenic somatic Frequency (Z,f
callus % embryo % germination %
Wild-type - - -
T1 41.4+6.3° 30.8+£0.7° 95 & 2%
T2 13.6 + 0.5 84.0 + 2.1° 92 +10°

*Each value is the mean of five replicates along with its standard
deviation.

**The same superscript letters indicate the corresponding components
that do not differ statistically in the DMRT (p < 0.05).

S TRl 30.8%, T2kl 8.4%= el 7 ZolZ BATh
(Table 1). AA|lZw) wol& TiEkel 95% 223 T284el
0%z Wol&-o Z X}o|Z Holx| AT} (Table 1). F=w
AAEr= 12MS S22 FA2] w2 Al gste] 7]
FAEAE e (Fig 10), =¥ 7l AEA=
78 cm AolZ A A7l & BEY Flidnh. 7 At A&
Aot B2 f 0y AEAE BEY o4 2 38 vid
=, g9 Alxd 248 s A5= ARSI (Fig 1D).
ol tg AMZH] fizol ek Aol e TAME o R
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Ro] APEHAA 80%S] AMEHE FE=FAL Min er
al, 1992), e A3 25 Y2k 93+ A|A| Zr)-F)
M A3t 271890 AXEZW7F FEFAo Y, o) A
N SEEIE (Kim er al, 2012) Be)dH X = A4 Zul
7F FAAEA] kvhar B3 (Cho ef al, 1999). E A
TFollMe g oM = A ZEZE FEER] 23k
o, rol FFAAY AYE BEe] A AT AA Ea)
7t FEHATE o] AFolA lC FHRAE AT A
g e Aelzol A ZH7E FEEJAL, olH g A2 rolC
FAAZE A A 2R A2l Fofgitial et on, o]

%
Ae HEA Fo At opd ERY e B
_[Qr
o
=

¢

AR} Ao AA|ZaEAy Aol st AL A

O 2 BT (Gorpenchenko et al, 2006). w=bA Ti,
T2 gRIS AHo R Algale] fud A En FEgh B
= Al AUE rolC FAARe] gekoz Malol A a7t
F9E A= AlsHr

2. Triterpenoid AFZY &A1

SAEYNAM 5FF A T1 222 T2, 2N 21 2
frell FEAe AsAet 7IAEAE ke ARty 4
o] Q, =7], ] dH| triterpenocid AFEH TS H]
stk Y AbEd Tkt tiEA AlEdoR
HA FAFEY ¢ lancemaside AS} lancemaside B,
lancemaside E, foetidissimoside A, aster saponin HbS 4]
ath (Ichikawa er al, 2009). ¥4z JAAS 2249}
Auk A=A 7F 28|53l F9lo] whet 57FA] AbEd ko] A}
o7} glgitt. FHAS oY 120 E710lA 7P =&
4761 mg/L2] lancemaside A2] $Hafo] HAEHJ oW, Adt 2
EAl9] 7| e 3412mgLe] FFS Ho T22EA <]
lancemaside A7} 1.48] 2okth T14EA ¥ A=
3.516 mg/Le] lancemaside A S-S H 137, 2.340 mg/Le]
Fol 2 M EA 1o} 150 Bl HelAe] Alxd
ke JAAS A=A T, T2 ¢F ek EAoa =% &
7kt Bajol] Hlsl 13459 w2 ghro] Sj1Elon, T2
EA)9] 2o)A9] lancemaside ALl FHFO] 1.164 mg/LOZ T2
21=A9] 0.349 mg/Lel LRFAEA 0387 mg/Let H|ws)| 7}
7440, 8.6M1] &= x}o]E HATE (Fig. 2A). Lancemaside
B GA] 71014 7P B F3o] ERlF e, AnkA A
o] 7150 T2AEAe] E7]00A 1) B gake] 23]
o] ATt dell= YWHEA] 0.028 mg/L 18]I T124EA)]
0.0197 mg/L T22]=4] 0.0348 mg/Le] shafo] Eslw]o] &7
3k A EAL AN EA] F & ApolE HolX] Tt Wl
= TIRIEAZ} 94E 2]EA9} vl 2348 %2 lancemaside
B ¢S Y (Fig. 2B). 4714 b2 Uy AU stk

7} ¥]23) lancemaside B 7F W 43RS e

_&L:‘

ne Eloed ol
Hr X

N

o

_H. .

Mo

0

=

Jrall

[S>

o & T2AEA Y 794 0.072mgLE 71 =& T
2o 1Atk A T2AEA AT Ao] FiEo] A
Bl Tigkle] 0.035 mg/LY] Z=A3ES Ho gu

Ao ¥g]o| A lancemaside B ¥F&E A ¢t} (Fig. 2C).
Foetidissimoside A= TJY °]9]o|= 8 (Cucurbita)ol] &
8= Cucurbita foetidissima|lX 717 WA WAE AlZdo]
T} (Gaidi er al, 2000). T22]=Ae] =714 0.069 mg/LE
2 7P =& o] FA o] URkEA £719}F vlasl 24)
ol =& FHTFE BATE el FHHE T2AEA9
AollA] ARk EA 9} vlwsl 144 F2 SHFS HA
oA s T2 =R A A EA R 298 &
Foetidissimoside A 43S H AT} (Fig. 2D). Aster saponin
Hbe #3H% (Aster)dll &3k= Nw3 (Aster tataricus Lo
Al A BHE AEdoR HY Qok wiiEs HEoix
FZHEYL RAST T} (Ryuichiro et al, 1990). Aster
saponin Hb= T221EA9] &7|914¢] o] 0.1018 mg/LE
7P wQkoLt, dukalER|e] F7)olxe] Tst & alolE B
oA ekttt HellAe] S TIAEAA 0.032 mg/LE o
el =R o] ol wlwal 1.3v) =A UERsT) eje Ayt
AEA 2 FAABRAEA TI, T2 kol
0.0073 ~0.0081 mg/LZ Aster saponin Hb= 2}o]& Ho|x] ¢
ATH (Fig. 2E). FA| Al g2 JAZS2 Ao} It
Ao Z710M 7P =] UEReH, AREAEA 9 Bl s
PAASAEA T20o0A 7P §hFol E=A UERsdth. della 9]
A A g A FAASAEA T2o04 LRk EA] 9]
Shdat wlasste] 2.2v) =A] ERsTE Be]olx o] HA| AbZ
SRS TIolA 7P Etom, dwkaEA|e vlaws) 16wl
=A UERth (Fig. 2F).
e ozt S S dFAE Slg §4
St o R E AFdXe fEE Y BdES AlEE
g AEAE fFEste] 94 mE Ak
Jstath 2 Ax RS AEA B o
Ao} vlaws)] A Abxd 3heke] F7HE AE RISkt &
Aoh= HEET T2ERIAEA Z71W 9]
chromatographsi= Fig. 304 X531 Qi)
A FEE Y3 A rhizogenes®] oA 5 rolC
A= olAAEZ S3lo #odst™, Bulgakov & (1998)2
QIS rolC T2 A3 ginsenoside®] $H-& &
A3k At polC FAAE A 2d2ollA] ZA| ginsenoside
o] o] PAMS A 2 FAHT B} 350 A= Fokxle
H, 2 9 HHO lC FAKAS AEA|9] o3} tiAEE ]
stk Z=djo] Foddtte B27F th (Bonhomme ef al,
2000; Palazén er al, 1998). ¥ oA SA] RT-PCRS
B R BAE S8 OY 22 rlC FAE T
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Fig. 2. Triterpenoid saponin accumulations into leaf, stem and root pf wild-type and trans§enic plants of C. lanceolata. (A-E)
lancemasides A, B and E accumulation in each organ of wild-type and transgenic fine T1 and T2. Accumulations of
Foetidissimoside A (D) and aster saponin Hb (E) in each organ of wiId-the and transgenic lines T1 and T2. (F)Total contents of
triterpenoids in each organ of wild-type plant and transgenic plant: the contents were calculated by addinﬁ the content of
lancemasides A, B and E, foetidissimoside A and aster saponin Hb. The data are expressed as the means of three replications

along with their standard deviation. The same superscript letters indicate the corresponding components that do not differ
statistically in the DMRT (p < 0.05).



Fig. 3. Total ion and SIM chromatograms obtained from a methanol extract of standard control (A) and the T2 transgenic
plant (B). Peak No. 1 lancemaside A; Peak No. 2 lancemaside B; Peak No. 3 lancemaside E; Peak No. 4 Foetidissimoside A;

Peak No. 5 Aster saponin Hb.

rol S22} HlaLste] WaHge] itk @ElolE HAA), o)
& ATE i FRAE ol Al sle) g0
S 92 ¥ F Yrke AL ReFE Aol

SR Al A

o] Ichikawa 5(2009)2] HFolME =
= s, B A

HiElEe) elel ZHE Ay g 4
FAMe) FolZe A3e ofd ATl BIE U e
A 9 o ST 93ARAE )
9 Fge] o] FARIRE Zolth. w3 FAATE T

W Eel £719) Alrd SH3hgo] Pl B wvhs
ZAolt}, ol&gk Ax= Y9 triterpenoid APEHUS FAHSH

HPES olgstel BAIZe] mAAMEE S A B
oz AL & rks Zolth. YA Ho]
=AY A A LEGE el HEE71E AEYS A

shed AE2 &89 4 duks Aolth. T3 lancemaside A

Q)

s &

+~

p

T 54 ARl B ALY e Yo' EolAY B
o} 7134 AFLE 9 AR o Fgo] /15T A
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oltt. oo A= FF tiHe] FAHAS HeA WS
&3 triterpenoid AFEH ] AHGE AYito] TRsE Ao AlR
ot
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