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Production of Adventitious Root and Analysis of Effective Components from
in vitro Culture of Astragalus membranaceus

Mok Hur, Dae Young Lee, Jae Won Lee, Tae Jin An, Jeong Hoon Lee, Young Guk Kim, Seon Woo Cha and Yurry Um'
Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background : A series of studies were conducted to optimize adventitious root induction ir vitro from explants of Astragalus mem-
branaceus using various nutrient media supplemented with plant hormones.

Methods and Results : Levels of active components were analyzed from adventitious roots induced under different media condi-
tions. Among the different media conditions, Murashige and Skoog medium supplemented with 1.0 mg - ¢ ' indole-3-butyric acid
resulted in the greatest adventitious root induction rate. The amount of the major active component of the adventitious roots of
Amal, calycosin-7-O-B-D-glucopyranoside was higher than that of other adventitious root samples.

Conclusions : These results suggest that the adventitious roots of 4. membranaceus could be used for the commercial production of
medicines.

Key Words : Astragalus membranaceus, Adventitious Roots, Calycosin-7-O-f3-D-Glucopyranoside

M A T2 5o SAIE AE3NL AR 7S I EAAF
o2 Wol AMgEo] o, ol9dr JHF ¢ FF
b, PR S, d4ts), duteld s, AEdARS, WS
S Astragalus membranaceus, <¥"8 < Astragali Radix ©|t}. sl 5o ase] Ead b ok (Kim er al., 2007;
)= BEE U2 e FIE AASI] ARt 37 Zhang et al., 1984, 2003; Dong et al., 2003; Wang and

Pl Wielala s Flel thi R8s o

ox o2 i ol

S

B FAXQ] 3=, =2 EF T ofAJo} XYl F&E E¥E} Feng, 2000; Kajimura et al., 1996; Lee et al., 2003; Du

= A0g d4EA o e H2 FE A, FL%E er al, 2012; Lei ef al., 2003). H2oE AMEL cycloartane

AAo] FARE o]F lom I 9] ZAYw 9, AE B type saponin EZo| WAR0] dA=gAE v|Fe Foha)

st SA®E Apuisial vk gellMe 718 FE AFG I i 3 3EdAE £ AR Soll diste] B

SR EA Aulstal qlom, o BeEe fiert 24 We  IE7|% ST (Lee ef al., 2013; Cho and Leung, 2007;
20

o Qde SR det B EEe fHAelil &2 Kim ef al, 2012b; Choi e al., 2005). o2t theket 2
shaals =l 87]9] ¥Els HAdo] glo] HEHA R o 8717} triterpenoid glycosides, flavonoid % polysaccharide}
e o asol 7] wiitol] A8 kg o R BT AREE 242 oket A sEES SHekal 7] diEelt
T8 ofxolty, W= HEAoE =, A87E, AAES,  (Liu er al, 2011). $71¢] F8 triterpenoid glycosides® &=
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o] 1

sheheo] dHA dom, A, FEAE
astragalosides $FFHol7F B E7|% 39 Y (Kim ef al.,
2012a). 3] 3719] flavonoid AH-S Thekst Ao
8 SAEHERE W= ok (Kim and Kim, 1997, 2000).
3ol =

(3= a¥e]

astragalosides

%o % calycosin-7-O-B-D-glucopyranoside= =
A A a7 Bard vt Qlo] AHAG R 71 o
22 FEIT T} (Choi ef al., 2005, 2007).

by 7] BeFEES TRt Fule] AAFeEM 9
7Fs 3t ofet 554 e, BAE Foted oJokE A
e 7hs Zlo® ZdiE L vk A7AEelu ok o
B2 ARE7] fsiMe ASHR 9719 F5e] Zasht
w@o| F71E7] fside B A7 Eesi 9]¢
FAZIAE BEHoz 3-4d0] Az Auje} BErr 2
Zoltt (Ma et al., 2000). wetx FHE ALAES ol
Al ZAHE sk flal AE 2 IS ol&
Stod Zul g AlaElS AlEH R shdeial jlow a3
Ql AHEIE A4 vlYzo] St} (Kim ef al., 2003; Pack and
Hahn, 2005; Jeong et al., 2006; Sivakumar et al., 2006).
718 WFS R Agrobacterium rhizogenesS ©|-8-%F TAdE
P T2ES o83t FA P uigh Rt 9o,
7] Bl AujARl EAES sAdstaL o8 ¢ e
HAEE /YL STk (Hirotani ef al., 1994; Du et al,
2003; Ionkova et al., 2010; Wu et al., 2011; Thwe et al.,
2012). gk MA7al=o] ofaha 2wyl o) ALk
H AEe] Az 2H o] A e U FaHES Tt
A o5 thFo R Aksle] AlxE 7| A& AlEde

=i
=

57

% -y b of

P

2 A Ee] A85E tiAste] oJokE 2 s 59 9
22 AT F S FHolglar B (Yoshikawa and

Furuya, 1987; Staswick, 1992; Lee er al., 2004). 53], &
7] FEES o83 MEATRA SR Forks
o 8o R AFsINE w 4o] el &347] wiiel <t
gk AAEQdo]l BAHAT (Park ef al, 2013). WA k&
e 53], 712 ApiAZI7E eEe ezl el -8
HES TR AT 5 At NG Azgo] A%He
= qlsjojo} Fi}.

2 AN E 7] e A S 241 74
TR WA

o ] flste] = TEEQ] IBAS &
o] F7kste] o] d#Ql WA EAE Syt B71e] frasd

21 calycosin-7-O-B-D-glucopyranoside, calycosin —LZ] 3L
formononeting HPLC #4102 H|3i 3T} o]E nfgo=z

7] RA2e] RS ol ALAE B SRR ARe
& 9 712710 wdsie Zlo] & s7e) 2ol
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1. M=M=
AEARE QIEAT e AET} LA §4F 3

7| (Astragalus membranaceusy* | EAE AH&3IATh FAZS

A7) 9l8le] 37)1EAE 1% NaOCl 5%, 70% EtOH 3
B7F 591 A 3 "ol 33 AFHES 12 MS

(Murashige and Skoog, 1962; Duchefa Biochemie, Haarlem,
Netherlands)sf Ao X433 19 1677 249, 25+27TC,
30008 =8] Fo g FAEE wjFdoM BSAT|H el
oFg festart.

2. S MAZ flot 2D e~ rE

AT =8 98l o, =71, el d9g AR ARSst
Atk 7k 9 FHe 0.5cm 9] dol2 Adsiin), A
=Wl A= indole-3-butyric acid (IBA)E ZtZ 3, 4,

12 MS HiAIE ARttt w2 19 164]7F 21, 25
+ 27T, 3000829 FFow zAw = ujdolr] 457 Hl
Fetint. e feuixlel JEE 7] 79 dHoA 2
25 =g & 7h7he] B2 oF 05em = Adete |,
, 3, 4, 5mg- £ IBAS} 3% sucrose, 0.35% gelite7} 7}
1 A MS HiIA2 A A8 iR ae Aes
T2 Fdgk oA 27 st FA 2] Xe
HiFS Sl Sl wigE 82 1g FW)S 1,
0.5mg IBA} 3% sucrose, 0.35% gelite’} 71 AA] MS
HiA] 30 ml of] Wof QlFHlolE oA KRS ST vl gz
AL dzHoF 25+ 2TelA 2527k v 5T

oo

)

i

3. &A1 Al 2 I

27) 5Aze] HREAl] AR AEAR
B-D-glucopyranoside, calycosin, formononetin} ChromaDex
Al (Santa Ana, CA, USA)ZH-E 791510] ARSI, £410]
AH&-# acetonitrile> HPLCH &7 (J. T. Baker, Phillipsburg,
NJ, USAYE ARESIRAL 817]9] F2ol= 54 (Dachan Ethanol
life Ltd., Seoul, Koreay2 AME-sISITE 37] R 3A3HE 4 )
+ Agilent 1100 series HPLC system (Agilent Technologies,
Wilmington, DE, USAYS- AFg-813itt. 2 2] 71} A12FS Sigma
Chemical Co. (St. Louis, MO, USA) ¥ Junsei Chemical Co.
(Tokyo, Japan)2] U7 E= 57 Al9kS ARSSIATH

(calycosin-7-O-

4.

=]

S

JT FxdelA



0

8| £HT MM B gl MR

Vg SetA wigE FE2 40 22 (Amal, Ama2,  Sith olEde] 7187] 21L& 0-30% 115 55% B, 30-35

Ama3, AmadyS Adste] ARSI 7F AlEe AR 155> 100% B, 35-40% :100—> 15% B, 40-45% :

ol Al 48A17F AZSIAL AEY7] (Hanil, Seoul, Korea)s ©]-8-3l] 15% B2 A0z 7127] 225k} oln 842 0.8ml/
Z54) sl 30 g8 A el % ]Loﬂ ol &3tk M min®Z sk, UV AE719] 230 oA FHES 53

TolA FEE @ AFPR] 582 FRIsk A7 50% EtOH  3Fch

& A8slel 3% SIS o) 780 1Y EE AE HAskl

3 (Kim et al., 2013), =< 918t 7+ £4 A5 50% . SAEM

EOHE 300m¢S 9 F, 80C oA 4087 28] ¥ HPLC F52 & 2 AE dauae 38 whow
SFFZS ANEIATE F2¥ A|EE rotary evaporator  AAIBKATE B9 tlolE] 3ES means + SE 3Eo & YJERARL

(N1000-S, Eyela, Tokyo, Japan)Z §=3I93L, AXE AR om Adgre] FAAE 2 4 YL SAS (Statistical
10mg & 1ml 50% MeOH®| *¥91 % 045um membrane  Analysis System)Z2321HS AMg3te] 424 (ANOVA)Z
filter (Waters, Milford, MA, USA)Z &jz}ste] HPLC £4] Duncan’s Multiple Range Test (DMRT)Z -#olAS ASst
o AAEAT Atk mEk 7F APz HAROA (p<0.05) FEOIA 5
AXz 33Tt
CSMEA

A

HPLC EAlo] A18¥ ZHH2 Thermo Hypersil (4.6 x Ao} 9 E
250mm, 5um, Thermo Fisher Scientific, San Jose, CA,
USA)YS ARE3te] o E 21 30T A5t ARSH o] 1. 7] J|UuiYE2 ¢ist A2 7%
48 water (A) 2 acetonitrile (B)S ZF 2084 %223 A 87 (dstragalus membranaceus)®] %, €71, B HHL
g & 3l AMESY. Autosamplers ©]83l 20 S FU5} 3,4 2 Smg. £7'9] IBAS} sucrose 30g- £ UF H7ME 1/

Table 1. Effect of callus induction by explant types and IBA concentrations in tissue culture of A. membranaceus.

IBA Frequency of callus

Tissue (mge ) %) No. of roots/explant Root length (cm)
3 25.2 1.50 £ 0.50b 0.37 £ 0.08*
Leaf 4 75.4 3.00 +0.58a 0.50 +0.05
5 — — —
3 40.2 4.50 + 0.29a 2.50 £0.27
Stem 4 - - -
5 — — —
3 75.4 1.83 £ 0.65b 1.05£0.18
Root 4 25.5 1.50 £ 0.50b 0.27 £0.03
5 88.1 4.14 £ 1.00a 0.99 £ 0.11

Mean values + SD from triplicate separated experiments are shown. —; Not induced. "Means within a column followed by the same letter are not
significantly different based on the DMRT test (p < 0.05).

Fig. 1. Development of adventitious roots from root of A. membranaceus. A; young roots
produced on the 1/2 MS medium using adventitious roots, B; subcultured callus, C;
adventitious root cultured on MS liquid medium. Scale bars indicate as a 1 cm (A).
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2 MS iAol 2Fsto] A fees ZARIIEY 29

229l §%E Table 19]4] HiEule} 7ol o 4mg. £
IBASIA 754%, £71= 3mg- £ IBASIA 40.2% —12]al
gjo A Smg- £ IBAONA 754%2 FE=&S BT (Fig
1A).

FoE FAZS olgste] F2IXE Al skl
A2 fFEgo] 7P gk 20 FErjAlA doixl
7 AR RAZE ol&ate] AMIYgS Ao

7122 = MSE A Y. A AR} (Thwe et al,
2012)°] ¢1&H Gamborg’s B5 (B5), MS 2] 3. Schenk
and Hildebrandt (SHERX]IA 37 HjeFetale o
MSHIRJoA A o] 7HE Fast Ao Bareislr] wiol
g vl S A st

BAZ =2 98 e AEI2E F awxind Bo] AR
gttt ole 2] S23A AoilAged & dFE vA|
AEAGZHEDEZN AFAEC] Bol ARSSlE auxin®]
THEE 1AA, IBA, NAA 5| ot 7] Al o]
A ZER] TR FRd A3 Hie AE TR AR
7o) we} AolalA et AR 5] IBAS AEEe] NAA
oA Age] Fuet Aoz LA Ut} (Jang er al, 2012).

B o
FAES

i

7] FAol s A3 473 Thwe 5 (2012)0l <Jshd
31719 RAES §5517] 95te] 1AA, IBA 18|32 NAAS

o]&3t A3t NAA oJsl FAZ Aol 7HF 45t zlo=
BT 2 ATAAME 359 auxing o&3lA FATS
F53F A3 IAAA 12.4%, NAASIA] 23.6% Z]3L IBA
ol 56.3%2] i Wole-S BATH et B A
G719 FATS FEst7] fste] 7Iuelr] Ferdol € 7]

o] ¢, &7], ¥el AHE o]gsle] e Ay wolgS o
EFH IBAS ARSSIIDL 3289 FEE UEA 7kl &
=& mixE Azt

F7] FA2 TS A S48 viAE IBAY FEE
gs AlRslsle] 1, 2, 3, 4, 5mg- L2 F7IRE wiR]o] -
IS AT 2 Ax &) HEERE e 82
2 1mg. L7V IBACIA BAZ S 7 skt

(Table 2, Fig. 1B).
G719) Al 2479

HH

B =A) m

3 SR el ThE S

2R FEE PPDS AHg] R HFPNS A
AAFE YAk, B7) 2ol WAL 98] MS

Hixlol 0.59F 1.0mg- £ ' IBA FEE WS Alxslo] i
s3It (Fig. 1C). == A%} Table 39149} 7Fo] 0.5mg. £}
IBAS] HjA|elA] 2.80+0.84¢g 1.0mg- £~ IBAS] HjA|olA]
470+ 13202 52| IBAZ} H71E wjx|olA wjkd 3
7] FARZo] Awme] wiA oA vk &) B2 Hls)
ofF 2ujje] kg zpolE BEE F AL

ol9} FAE AFOF Jang 5 (2012)2 1.0mg- L9
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Table 2. Effect of adventitious roots by IBA concentrations in
tissue culture using roots of A. membranaceus.

IBA (mg+ £7") Frequency of callus (%)  No. of roots /explant

1 100.0 15.00 £ 3.00a*
2 22.8 4.00+1.22b
3 83.5 1.00 £ 0.20c
4 21.6 4.00£1.02b
5 76.5 1.33+0.33c

Mean values £ SD from triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significantly different based on the DMRT test (p < 0.05).

Table 3. Growth of adventitious root by IBA concentrations in
tissue culture of A. membranaceus.

IBA (mg - £7") Fresh weigh (g)
0.5 2.80 £ 0.84
1.0 4.70 £1.32

Mean values + SD (n = 5) from triplicate separated experiments are
shown.

A718 Aol A el7I|Alo} (Echinacea) F-4+22
2 W AR EE F3o] FXEJaL B st
LTS Wu 5 (2011)°] 3] ¥4 polysaccharide,
saponin 3 flavonoid®] ¥H-s w49 A3} =4 AujE &7]
Bt} e RS Bk w2 AFelM AFE 9
B ANZALZ bioreactordl] 2-g-3slo] FAZES ALk
o ©7)7kel] g s ARE T+ F Ao AE oof
F A 7Id a3t 2 Zle® AlsEh

IBA7}
P33
ol
AA

2. #dR 24
F71e] Fo4E A2 flsto] 2719 isoflavonoid A2l

calycosin-7-O-B-D-glucopyranoside, calycosin 2! formononetin
S AFPEOE slo] HPLCE EAsIth BN g 2 o
TolM fied &7 FA2 FolA Aol &gt 4f IS
Adkete] ol gsiitt. Ae 7 21lE Amal, Ama2, Ama3
23 AmadZ HHIATH 2 A3 Fig 29} 7°] Amal<]
calycosin-7-O-B-D-glucopyranoside} calycosin’d & 5o] |
HAE HERHAT
Z} Ad85e] hee AT RM calycosin-7-O-B-D-glucopyranoside
525+ 0.104g-g'© = calycosin} formononetin®] e
2¥zF 073 + 001 48-g7', 153+ 001 g-g'2 B4 =)o)
Kim % (2013)°] HIgh A-FoX= 7)o FaAdw<l
e 9
TR o FAEHAT w2714 flavonoid
Zoll= calycosin-7-O-B-D-glucopyranoside®] &7F©] calycosin
#} formononetin®l] HJ3] E=& HIEE |3 the 2ls eI

T A Bl de &7] F4 2kl formonetin
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Fig. 2. Contents of effective components from adventitious
root of A. membranaceus cultured in liquid medium
for 2 weeks. Ama; cell line. Data were represented as
mean values (n = 3) with standard error.

o SFES Amal 152+ 0014g-g!, Ama2 153 +
001 /g-g', Ama3 153+ 0.02xg-g!, Amad 154+
0.03 1g-g'2 FUS AEFE Hol= W calycosin-7-O--

Fe sk sz e
el Ese ol
Al T ¢

D-glucopyranosidez} calycosin®]
%t} Calycosin-7-O-B-D-glucopyranoside2]
B2 ArAksl fJal Barso] ghor 53

jEopmy

stadel 7R s g3, 95 22 COX-2 484 o
Agy}, daad @ AAAF 0] Ae AFE FHolA

[e]
A&

= MZE] f-5 7M1 = Stk Bart 2dvk (Choi
and Leung, 2007; Baek et al, 1996; Kim et al, 2001;
Yu et al., 2005; Lu et al., 2002; Wang et al., 2006). Z
FHo fred 7] B4 4l Bl T Amal®] FEAEE
shafo] 71 98k 2102 Hol Amalg L35l bioreactor
o] &3 thRF LA | 2 o] A &-FrhH &) FA ol o
SHE calycosin-7-O-B-D-glucopyranosideS:
F851 018 & g Rolekn A=HT,
H2RE A RS olgsto] AMEE fEstaL
EAE wstete] Ao Aplste WS AEHoRE A

Tk 0@ A7 AR A 5 Y S5 AN w0 @
2 % 93 Yoyt 7] AERTE Aol 7Fsd elr.
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