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Abstract

Project Code: DBG4980009

Project Title: Secondary metabolites production of cell culture and hairy root culture of
Pueraria candollei

Investigator: Assoc. Prof. Dr. Sompop Prathanturarug, et. al.
Department of Pharmaceutical Botany, Faculty of Pharmacy,
Mahidol University

E-mail Address: pyspr@mabhidol.ac.th

Project Period: 3 years (September 2006 — August 2009)

This study is aimed at applying cell suspension and hairy root culture techniques to
generate system for isoflavonoid production of Pueraria candollei var. candollei and P. candollei
var. mirifica. We established cell suspension cultures derived from leaf, stem, and root calli of
P. candollei. Growth of the cell suspension cultures progressed to the stationary phase within
15-24 days. Methanolic extract of both varieties of P. candollei cell suspension cultures were
analyzed using validated HPLC protocol. All cell lines derived from leaf, stem, and root explants
produced four major isoflavonoids; daidzein, daidzin, genistein, and genistin; whereas these
isoflavonoids were only detected in the roots of intact plants. Furthermore, the isoflavonoid
contents of cell suspension cultures were higher than those of intact plants. The cell
suspension cultures were successfully scaled up to 3-L biological stirrer. However, the growth
and isoflavonoid accumulation were lower than those of flask culture.

The effects of various concentrations of abiotic (copper sulfate, methyl jasmonate) and
biotic (yeast extract, chitosan, laminarin) elicitors on the cell growth and isoflavonoid
accumulation of P. candollei cell suspension cultures were further demonstrated. The two plant
varieties exhibited different growth responses and varied isoflavonoid accumulation after the
addition of elicitors. Methyl jasmonate principally demonstrated an induction effect on the
isoflavonoid content in both varieties. Addition of 2.0 yM methyl jasmonate induced the highest
isoflavonoid content. Laminarin elicited the P. candollei var. mirifica cell suspension culture to
produce puerarin, which was not found in the unelicited culture.

Hairy root cultures of both plant varieties were established using Agrobacterium
rhizogenes with the aid of acetosyringone. The isoflavonoid accumulated in the hairy roots were
different from cell suspension culture, both amount and pattern.

From our study, the cell suspension and hairy root cultures of P. candollei showed their

capability as renewable sources for isoflavonoid production.

Keywords: Elicitor, Isoflavonoids, Leguminosae, Medicinal plant, Pueraria
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nsEnsINazasaIsalvaanIssytAuladan1sassuAaaEV0INI1NATBVID
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wasnNaRsaduiia 4 flany suwsauinons 3 aia (lu §1du wazsn) Insaiuaaaaly
1N treatment (AN319N 1-3) drwmInauauaInuandInu lasluamnsniiansaruqumiiaiydula
TusnluiinneuanesdanmIaIuaans 8.33-91.67% TuFIBAGUINIAaLaRaIAMITNILARAE
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M13190 1 WaTad BA LAz 2,4-D fanIRINLARRRINNLLUNINILATET*

Treatment (Ialaslauas) | o nisaauanas . . -
BA 2,4-D wAaad (S.E.) o
1 0 0 417 (4.17) 1,00 (0.20) 45.83 (10.39)
2 0.56 0 29.17 (9.48) 1.29 (0.24) 8.33 (5.76)
3 2.22 0 50.00 (10.43) 1.08 (0.17) 12.50 (6.90)
4 4.44 0 8.33 (5.76) 1,00 (0.20) 37.50 (10.09)
5 0 0.57 8.33 (5.76) 1.00 (0.20) 37.50 (10.09)
6 0.56 0.57 79.17 (8.47) 158 (0.18) 8.33 (5.76)
7 222 0.57 87.50 (6.90) 171 (0.17) 8.33 (5.76)
8 4.44 0.57 83.33 (7.77) 1.85 (0.20) 16.67 (7.77)
9 0 2.26 29.17 (9.48) 1.00 (0.18) 45.83 (10.39)
10 0.56 2.26 91.67 (5.76) 182 (0.14) 8.33 (5.76)
11 222 2.26 91.67 (5.76) 1.86 (0.15) 8.33 (7.77)
12 4.44 2.26 54.17 (10.39) 2.08 (0.33) 33.33 (9.83)
13 0 452 50.00 (10.43) 1.75 (0.30) 25.00 (9.03)
14 0.56 452 91.67 (5.76) 1.86 (0.16) 8.33 (5.76)
15 222 452 87.50 (6.90) 1.95 (0.20) 12.50 (6.90)
16 4.44 452 91.67 (5.76) 2.36 (0.20) 417 (4.17)

o & o k3 ) &
* UBNNHARAIINLALS 4 RUANA




M1319N 2 WaTad BA Uaz 2,4-D GaNIRIIUARARIINAIGUNINILATEU*

Treatment (lalaslaans) %OIABUAWDY | o s 3R
man;ﬁai’m WARNE (S.E.) Browning
BA 2,4-D iaaad (S.E.)
1 0 0 16.67 (7.77) 1.00 (0.19) 417 (4.17)
2 0.56 0 33.33 (9.83) 1.75 (0.31) 8.33 (5.76)
3 222 0 54.17 (10.39) 1.46 (0.25) 8.33 (5.76)
4 4.44 0 70.83 (9.48) 1.24 (0.18) 417 (4.17)
5 0 0.57 83.33 (7.77) 1.55 (0.18) 0
6 0.56 0.57 100.00 (0) 2.33 (0.10) 0
7 222 0.57 100.00 (0) 2.13 (0.14) 0
8 4.44 0.57 100.00 (0) 2.29 (0.11) 0
9 0 2.26 83.33 (7.77) 1.85 (0.23) 0
10 0.56 2.26 100.00 (0) 2.67 (0.16) 0
11 222 2.26 95.83 (4.17) 2.43 (0.22) 417 (4.17)
12 4.44 2.26 91.67 (5.76) 2.23 (0.16) 8.33 (5.76)
13 0 4.5 91.67 (5.76) 2.55 (0.26) 417 (4.17)
14 0.56 452 100.00 (0) 3.04 (0.16) 0
15 222 4.5 91.67 (5.76) 2.36 (0.23) 8.33 (5.76)
16 4.44 452 95.83 (4.17) 2.13 (0.23) 0

Co [ = . I3
* UUNNNARAINLRGY 4 FUARA
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A1319N 3 WaTad BA uaz 2,4-D GaNIFIIULARARIINIINNINALATOV

Treatment (lalaslaans) %BONIABUEWDS | o msiAa
ABNIIFI o ,

BA 2.4-D LARSH (SE.) nwaaad (S.E.) Browning
1 0 0 45.83 (10.39) 1.00 (0.15) 0
2 0.56 0 54.17 (10.39) 1.08 (0.16) 0

3 2.22 0 50.00 (10.43) 1.58 (0.28) 4.17 (4.17)

4 4.44 0 41.67 (10.28) 1.10 (0.19) 417 (4.17)
5 0 0.57 75.00 (9.03) 2.50 (0.31) 0
6 0.56 0.57 58.33 (10.28) 3.36 (0.49) 0
7 2.22 0.57 41.67 (10.28) 3.20 (0.55) 0
8 4.44 0.57 50.00 (10.43) 2.92 (0.47) 0
9 0 2.26 58.33 (10.28) 2.93 (0.41) 0
10 0.56 2.26 75.00 (9.03) 3.56 (0.41) 0
11 2.22 2.26 62.50 (10.09) 3.33 (0.46) 0
12 4.44 2.26 83.33 (7.77) 3.15(0.32) 0
13 0 4.52 70.83 (9.48) 3.18 (0.38) 0
14 0.56 4.52 83.33 (7.77) 3.55 (0.32) 0
15 2.22 4.52 75.00 (9.03) 3.22 (0.37) 0
16 4.44 4.52 54.17 (10.39) 3.00 (0.45) 0

v & [ 3 . I3
* UUNNNARAINLRGY 4 FUARA
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"ﬂ']ﬂﬂ'ﬁ"l’l(ﬂﬂQGWU'J"‘IL‘ﬁﬂﬁLW"IzLaElx‘]LL‘IJ'J‘HﬂaEJﬁVLﬁ"i]'m P. candollei ﬁaaadﬁuﬁfﬁau%umzﬂﬁjwﬁu

uwaslimdgiounies (U 2-3)

311 2 LERRLNIZLRLILII WAL laaNLikaLiiasnuad P. candollei var. candollei T31a8911a71% 7171987

§07 MS 73 BA 0.56 lulasluans uaz 2,4-D 4.52 lulasluand 1winan 4 sdanw

] ¢ & Ay o & A . = -
El]‘ﬂ 3 L‘ITQQLW’RLQENLL°1I'J‘1/I>’§IE]&I‘Y]VL@]’*ﬂ’mLuaLﬁlaiﬁﬂmad P. candollei var. mirifica %GL&UGI%G’]%WSL%G’J

§03 MS 73 BA 0.56 lulasluans uaz 2,4-D 4.52 lulasluans Wwinan 4 sdany
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a 3 ¥ . .
SULUUNTRIYVBIGARLNILABILYINABEYBY P. candollei var. candollei
NRINNRLI LG 24 T8 WUINTRBLALIREIUTINABEVS P. candollei var. candollei 32029
lag phase a%iﬂszmm 3-6 ﬁ‘uﬁauﬁmff’lg exponential phase LLQZL%%mu@iavLﬂﬁ]uLﬂ"ltj stationary phase 1w
TUA 18-24 VaINTNIRLY WUINANILAA browning lulwaai bdannly (U 15) §1du (Fuh 18) waz
N (AN 21) uwaztmadinizlisIuinaas idainan usadndiininuisgigafa 449.3
iadniufask (U1 4)
& & AV o & A A a a i & " a

imaalnnzidInIuaasf ldnniitaiiely (U7 4A) a23ua3uDD exponential - AIUGITHINS
\Wedld 3 Tulazazdng stationary phase luwiufl 21 WdI9INGBUNUALY uazwudinIsiAa browning
Twiuhn 15 2a9mInales dmTuwadinizidsiwsiuaesi ldanilaiiaddu (U7 4B) aziFuudhg
exponential phase AILATUN 3 VBINITNAALILAZAZIING stationary phase lwiufl 21 wudrlimiiia

. o A X ' & kg AV o A a Aa

browning TWiufl 18 2IMIMIAES FIWTATNZIRBILDIRARLTN IFINTIN (FUN 4C) FuaTguuy
exponential A3LATUT 6 Y8IN1T1ALIUAZLING stationary phase TuTufl 18 #AIINNGEUNUALY uazdl
MILA@ browning MAIUA 21 VBINTINIRL

losdianSouifisyUuuunsiainved growth curve MINWINEALAZ growth curve 91N

-y o @ | A v a % A
WINWNLLASN W‘]J’J']Naﬂiﬂ’mzlﬂal’ﬂﬂ\‘]ﬂu (Eﬂﬂ 4)
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0.0 0.0
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8.0 0.5
7.0
0
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= 3.0 0.2 -
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2.0 2
= 0.1
1.0
‘_ -
0.0 == 0.0
3 § 9 12 15 18 21 M
Days of culture C

3UN 4 JUupunIRIYaNTRALMNzIRBILTIRABEANLaIEE P. candollei var. candollei (A: u, B: &1

u
v

@, C: 7MN); (= ) WIRWNRA WAL (= = = ) WIRHNUAS
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a ¢ & . .

FULUUNISRIYVBIGASINIZIRIIUUINABLVDY P. candollei var. mirifica

WRININRDILG 24 1% WUINTASLNIZLRUILUIURDEUAI P. candollei var. mirifica 323179
lag phase agitlazunm 3-9 ’S‘uﬁamuﬁ’]g& exponential phase LLﬂ:Lﬁﬁty@iavLﬂﬁ]uLﬂ"lij stationary phase 1w
o & WA A , . & N A
TUN 21-24 289NINIABI oI hIINTLAG browning lulaasinziRssuinaas ldaniitattiens 3
shauazimasinizidsinsiuaasi ldanmn iwaadniiiwinuiigigada 676.0 Jadniusask (FUN
5)

& g AN o & A A a a . & | a

LTRNLNIZL RSN BAa LN LanLiaLia by (3UN 5A) 9z130193Q)LUY exponential - AILALTNING
LRed e 9 M uaz9ziaiganiing stationary phase TUIUN 21 WRINISNINLRLS FRSULTASLNIZLRE
WUIBROEN LAANLIbaLE D861 (gﬂﬁ 5B) 9z13uL41g exponential phase AILGAINN 6 VBINITINLALI
uaztatdaiitasld laslaifunamnaaasn 24 Tuua2 ﬁﬁ'o"lm"ﬁﬁ;j stationary  phase FIULTAN
LANZLR LI WR LT ldaINIIN (gﬂﬁ 5C) \FULAIQYULL exponential AILAINN 9 VBINTIINLALIUAZLEN
L e 4 . 2 &
§ stationary phase WIuN 24 RaINEVNRDS

I@mﬁauﬁﬂmﬁngmmum‘m%tymaa growth curve NINARNFALRZ growth curve N
g v Iy Ao v A [ A
PnRnnuwrs wundaneaelnalfgens (317 5)

f%'m%ugﬂLmumsw'%rymaama&wnmﬁmumuaawaa P. candollei var. candollei W& P.
candollei var. mirifica LIaALATIERRRFNNWTNUINTANUFUNWTIZAINNUIABNRANUIZYLLIAINNT
PAELREN LAZINRINULAIAL TR EZNAIMIIWELREY adelitindagf p < 005 (3UN 3-6) oLl
AU R NN BT IZARINI RN LAINUTZ LI INITIAZ LRIV ILTRRLNIZLAUILUIBABEIINIINVAI P.
candollei var. candollei (p=0.053)

Wolianzinavesladndneeg ldun Wus (P. candollei var. candollei waz P. candollei var.

« age ' = & % d' Y 'V ° @ n‘lp

mirifica) mumaa‘wmm@mﬂl‘*ﬂumim:qmmaaa (U §16% WATIIN) BASITZHZIAIMITINZLRLS (3, 6,
9, 12, 15, 18, 21, 24 1) GNUNFALAZLAIVBILTARLNIZL R ILUIUADY Lasld three way ANOVA
WU e'nmlaaﬁmé’aﬁuﬁlﬂumim:ég‘”ul,maé'aﬁNa@iaﬁmﬁfﬂa@maaLsﬁaﬁl,wwzLﬁmtmfmaaﬂasmﬁ
WIRIATY (p=0.015) UAZIZHZLININITLWIZLRUI NG D NINRALAZURITOILTANLWIZLRDILYINA DS
p8IURBEIATY (p=0.020 WAz 0.007 MNRIAU)

s & X { ¥ ° . o Aa \ ) = '

Fanahnaddsua1mafearasn1Iin luT19@U0IN19193 T4 stationary  phase GALH

. v o o & g Ao A ad A & g AN o

219 18-24 Tu MRTULTAAINZIAEILLIURENNEAT NI ANgaAe LTRRLNIZLRUILUINA LN b6
nnuAraaIYNNNiallannuas P candollei  var. mirifica 1@ N3laTnygegalaugann

3’ L v ea o £ L 2 a
phytomass lugﬂtmumaamﬁuﬂa@LLa:LmeaaLmaaw"L@ smmaag}ﬂizﬂaunwagamwammﬂaiﬁnwm

Tauage lunisnaaastiiea 'ty
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LE 4.0 02 Q&

2.0 0.1

LAY 0.0
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Davs of culture C

3UN 5 JUupUNSEIYIBNTAALMNZIABIUIIURBLANLIBIES P. candollei var. mirifica (A: 11, B: §1

@, C: 3N); (= ) IARNEN WAL (= = = ) WIRWNLAY
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UNN 3

ﬂ’ﬁﬁ@l%’l’?gatﬂ?’)a‘:ﬁ}ﬂ'liﬂ@'NZQZ-%’WBWZ—'JHQEIWK

‘l%maa’iwvzzﬁmumuaaymnm?amafﬂy HPLC

Elumsm’maaumsmjuvlaisnwmifmaﬂﬁmﬂmaﬁmﬂuﬁmLLmuaawaamnm%amaffu Tuny
Fuaaaalasenisvinnsitezvlasls HPLC %aluuwﬁiﬁﬁwmsﬁmm%%ﬁLm’wzﬁl,l,a:ﬁgaﬁ'jﬁ%
a { e J o v o . . ..
WATNTANNAWTUIINTDLaNTL I lasyin method validation lag@siasay precision LLAZ accuracy

v A 9 a & A a P Ao Aa oA A Yo Aaa
YBINANITIA LN IRHANITILATIEATIUT U N T 89w ln1TIu il uvTane wazladidsny
a {d‘ o ¢:§/ A 6 1Aa [
Aenzinimueiuinlfiensidinaazgduuunszauaingy lalawarliuasd b

& & A & o €.
LIRNLNICER SNV IUNDEY aﬂﬂ’l']'nﬂiﬂ"ll']’l'ﬂﬂﬁa\‘]wuﬁq@ avLﬂ

a

] L=
ISLUEUID

a o

o)
@ aaa ¢ ' ¢ ¢ g -
mswmmamLﬂi’]wmanulafﬁﬂm‘[’maﬂmaamaaLmuamumuaaﬂn'xnmiama

A P ¢
m‘samauazqﬂnsm
- 1A389 HPLC 289u51N Shimadzu
sznaueng Pump : LC-10ADVP

Detector : SPD-M10AVP Photo-diode array detector

E‘i'ﬁLﬂﬁLLﬂZﬂ'ﬁN’lﬂig'\%

d13Lad
= Acetonitrile (HPLC grade) Fisher chemical, USA
- Water (HPLC grade) Fisher chemical, USA
= Methanol (HPLC grade) Fisher chemical, USA
- Methanol (AR grade) J.T. Baker, USA
- Glacial acetic acid Merck, Germany
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#130710331%

= Daidzin Fluka chemical, USA
- Daidzein Sigma chemical, USA
- Genistein Sigma chemical, USA
= Genistin Sigma chemical, USA
- Coumestrol Fluka chemical, USA
- Puerarin Sigma chemical, USA

#N12220952 U HPLC 1% ln1snaaas
- @Al Purospher (Merck) RP-18, 5 'luasan (250 x 3 JafLua7)

- Agmeaweiauil:  Solvent A — 0.2% BaInIaaGEnlui
Solvent B — a=@lalulass (acetonitrile)

Gradient system

15903821 0.2% Vainsaazdantuwin NUazdla lwlata WT9wIAN 0.01-5 14 85:15 wadann
HWANDAT AT LA T 178 1T% 30 TwBI9UINAN 5-10 LAZAIDATIEIWH IAUTIWINND 22 U7 L&D
WANAATIEINVDI0:D e b lasaain 30 1w 32 Tusaunfin 22-25 wazasluaanainitliaudsuwiAin 30

naINnURnaaNEIwUadazdla luwlasdasnin 15 meluunn 32 wazasliaudsuwa 40

- 3aMT e - 0.5  UaRAAYUWN

- YSunasiunsda -5 lulasdas

- ﬂ’n&lm’ma‘u . coumestrol 243 W luuas
daidzein 248 W LWLNAT
daidzin 248 WlULNAT
puerarin 249 wWluLNAS
genistin 259 W LLuAT
genistein 259 WlULNAT

- lumdened © 40 Wi
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ada ¢ . .
N130132988UANNYNABIVBIIEIATIZH (Method validation)™
1. M3@nwA Linearity
=* . . ' A9 ¥ & & 1 @ A aa
@nw linearity lus99 kiu standard curve @9ud 5-160 tulasnIw/Aafaas (5, 10, 20, 40, 80
el A AaAa v o 1 e o £ . . . 2
uaz 160 lulasnsw/Aadaas) uarfwImmaaNuFuRBSIDwEUATI (correlation coefficient, R') lagd
il’u@lauﬂm,@%smmsmm‘sgmﬁa L@%U&Jmsmmg’m coumestrol daidzein daidzin puerarin genistin LLag
genistein 70N% AN NT® 200 laulasnsu/Aadaas Tidaansazany  lasvin serial  dilution
technique l&lw eppendrof tube diuuFanasliidu 1,500 lulasdas lavvinisnasssdi 3 ga vins
{ A A9 o ° ° ' 24 A o Y v '
damiiiagarulénam (area under curve, AUC) ihanduwamidn R Sedrivaniuldaisldiasndy
0.9990
2. m3Ans Range
ﬁﬂﬁﬂ"ﬁwszmwmqoq@LLazﬁw‘hq@ﬁmwLﬁuﬁuﬂ%aﬂ%mmmaam‘sﬁmmé’uﬁuﬁﬂmﬁuma
Auanifidald lasisvnenududuvesmsanasgiunuieioyligigada 200 lulainiu/daddas
aufisanududu 1 lulaniuiiadias fnmmasesdt 3 g0 inslassiegardiunldnam (AUC)
° ° ' 2
Wandwimen R
3. n13AN® Limit of quantitation (LOQ)
ansdTunamTeanuidutudigarasasnasaienzdudidiaglugisifinnugndas
(accuracy) WAxANNLLUWEN (precision) I@UﬁﬂmmmmgwaonstmsmmgmLWiazﬁaLﬁﬂuﬁ’u noise
(signal to noise ratio) Tdad la@Lvinny 10
4. n13ANBN Limit of detection (LOD)
=S a A v v c; A a v v aa d'n 6
ansdInimniaanuduiudigazaisinauisnasiadiieri laaisisnieszd lay
o , o o . . . . A o P | e
AUIUANNFIVRINTINENINGITINUAREAITABLRU noise (signal to noise ratio) TisdasladLviiy
3.3
5. ﬂﬁ‘sﬁniﬂ"]ﬂaﬂugﬂﬁad (Accuracy)
Anwlapyin standard  addition  technique AaLAus1INIAIF M I luAragRTINANEN
. > Ao =2 A % & = i
(spiked sample) §1IAENNINVANEIADRIIENG methanol VBILTRRLANZLALILVINEBE P. candollei
var. mirifica ALepngIwINIdua 21 35 W@ussvnasgiuad il luaudvdu 10, 20 usz 40
lulaanTw/aiaddny awdiey vinnsdemaiagarAuiildnaw (area under curve, AUC) uazdnuwinidn

%recovery TadudnzaNNITuTUIBININGTIIUUGSzD LasldgaInadwinadt
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%recovery = USaunmalen i spiked sample — YSunauaanlu unspiked sample

USuNalenNLaNad b

@ %recovery A3NAN UL 90-120%

6. NIIANHIAINLANWEN (Precision)

= 1l o ada 6 = 1 o d' o %3 = [

ANEIANNUNBEIVDITTILATIER LauANHIANNUNRENTAVINITNARDI I WIWLALIN
(repeatability) lasganduildnaw (AUC) Aldananududun 5, 40 waz 160 lulaIniu/iiaddas
ANNAIAU VNNITANETIANUITUT IR 3 70 LRZANBIAMNLAWENT AV INITNARDITERINITY
(reproducibility) lasgeniunldnsw (AUC) Aildananudntud 5, 40 uaz 160 lulaInTu/iiaddas
AUEIOU FINMTANEITIANULTNT A 3 7% Wuiaan 3 3%

Aranuudug 1dann1Idiuinm %relative standard deviation (%RSD) lasldgasnis

ANWITUAITE

%RSD = (SD/ x ) x 100

fin %RSD NeauTu leaasanInrTiaItasnivIawinny 6

35N ASTUNFIIFNALTARNIZLRLIUIINAD Y

irasfouuisanmyiseluuni 2 anadalas3T ultrasonic extraction ﬁqmv&gﬁ 40°Ciiln
1281 30 W @28 methanol (AR grade) U3u1a3 30 UafaaT 311w 3 %1 n3ssleEIsENan s
WU TZRBLAIAI8AT rotary evaporation AWUAIRHN ToinmenTn %yield kaziilU3iaseials HPLC
¢ald

a ¢ a ¢ I g -
nMaTzimlsamaslalanail o gA I NLBAS LNIZIR 29 UIRADAVDININILAS DV
TIR13ENA 0.01  nulaluralTulsunasawia 10 388803 ara1uwazlsulsinasaly
methanol (HPLC grade) tial# laansazanaiduds 1,000 lulasnsu/Aadans sansazanaf bansadsi

syringe filter 211@ 0.45 lwasan wadi lIwseiens HPLC
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HANTIBUALINTAUHANTIVY
g ada 3 1 6 s S =

m‘swmm'aﬁ'am‘nxﬁmsnguvlaf%ﬂmf'maﬂﬂmaomammuazlal,w'maaﬂﬂ'nam‘samq
1. HPLC Chromatogram uag UV spectrum 2a3&133816013531%
1.1 @ retention time (tg)

A retention time mada’lim@ﬁg’lu‘ﬁd 6 a9ia lawn puerarin daidzin genistin daidzein genistein
Waz coumestrol LYINNL 6.71, 10.07, 12.26, 17.59, 28.76 Uaz 29.84 W ANUK1AU Wazdl HPLC
chromatogram #4311 6

MAU(x100)
1.504222nm anm (1.00)

12.265|

daidzin

10.070

1 enistin
1.254 &

1.004

0.754

17.587

[
1]
«©
o
«

coumestrol

E 3 puerarin daidzein
0.50+ 3
4 o

28.775

genistein

-0.25—-

e e o e L YA

gﬂﬁ 6 HPLC chromatogram U84813019337% puerarin daidzin genistin daidzein genistein Laz

coumestrol
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1.2 UV spectrum ma\‘lmim@lijﬂuﬁg\‘i 6 7ia

flasannie3esiie HPLC AldAnunidiasratadluasfia photo-diode array detector L@38992¥i
13 scan @hmsgﬂﬂﬁugoqwaamimmgmﬁg\a 6 %ﬁ@Lﬁaagﬂui’gmﬂm’é"auﬁmfﬁnm Fale uv
spectrum ﬁdgﬂﬁ 7

Puerarin (Amax = 249, 304) Daidzein (Amax = 248, 301)

mu my
5] 6700 N 17507100

5..8.8..3

8

GO

2000 2250 2500 2750 3000 BT 3%0 o 2000 250 20 2%0 aho By 30

Daidzin (Amax = 249) Genistein (Amax = 259)

My
I N 2B7L00

5.8

8

BB b e 5 B 8. 8. 85 8 %

s b 8.8 5 5 B 5 0 5%

300.0

Genistin (Amax = 259, 325) Coumestrol (Amax =207, 243, 303, 342)

AU
1227100

my
0] ZBT00

g

et 8. 3 8 B 8§ 8 R

gﬂﬁ 7 UV spectrum LLazmmig@ﬂﬁmLadgdq@ (Kmax) VBIRIINIAIZIU puerarin, daidzin, genistin,

daidzein, genistein L8z coumestrol
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ada 6 . .

2. MINTNFDLAIINYNABIVDIIBILAIIZA (Method validation)
1.1 M3AN®N Linearity

ANNMNIANEN linearity IwE9N LG standard curve @A 5, 10, 20, 40, 80 &z 160
lulaaniu/fiadday iimnasasdn 3 70 ldamnuilanmwivenududurasssanagiuudazsians
a137197 4 uazlanWeNuFNRUTIZRINARNTENIIN (AUC) NUANMUTNTUDIRITNNAI UM AT
% A o 1 . . . 2 =3 s @ 6 & v
a97UN 8 uazAWITAAN correlation  coefficient (R)  TiudsaumIauFuNUSLIwIEUATIVBIRT

MaInudasiia daallsunsy LCMSsolution 2841389 HPLC

@137191 4 Aunlanav (AUC) 1a98n13asg AN TuTues 9

ANNLTaTUYD Aadgiuilans (Auc)
Gkl Mzl
dutﬂsn%’w puerarin daidzin genistin Daidzein genistein coumestrol
Nadans)

5 67988 151036 219187 115965 122459 136512
10 151654 306791 445435 237457 263583 293326
20 307189 612674 888798 477375 537638 597162
40 624939 1209585 1745502 943375 1068126 1196785
80 1218662 2390680 3445777 1872308 2133443 2391441
160 2401625 4694864 6732235 3706375 4217156 4760783
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Puerarin

Area

25000004

2250000

2000000+

1750000

1500000

1250000

1000000

7500004

500000

250000

Y =15023X + 6633.13

0
0.0

Daidzin

Area

T
Conc.

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000+

500000

0

Y =29293.4X + 23036.7

0.0

Genistin

Area

25.0 50.0 750  100.0

125.0

T
Conc.

7000000

6000000

5000000

40000004

30000004

20000004

1000000

Y =41985.9X + 41896

25.0 50.0 750  100.0

125.0

T
Conc.

Coumestrol

Area

50000007
4500000 Y =29858X - 1673.08
40000009 2
3500000
3000000
2500000
2000000
1500000

1000000

500000

0
0.0 25.0 50.0 750 1000 1250

Daidzein

Area

T
Conc.

Y =23142X + 10620.1

3500000
3000000
2500000
2000000
1500000
1000000

500000

0.0 25.0 50.0 750  100.0  125.0

Genistein

Area

T
Conc.

Y =26392X + 4818.56

4000000+
3500000
3000000
2500000
2000000
1500000
1000000

500000

0.0 25.0 50.0 750 1000 1250

317 8 AnNFNAUTTERIRUNlANTIN (AUC) AuANNTNTUIaIRITNAITIH 6 Tia

T
Conc.




1.2 M3AN®N Limit of quantitation (LOQ)

INNMIANWIWAAT LOQ Tad%‘%%mi’wﬁﬁﬁ’m’]iﬁﬂﬂﬂﬁﬁElIl]iLLﬂﬂJ LCMSsolution 84LA389

HPLC wuien LOQ 1asssaasgiuudassiia lamasit

Coumestrol = 2.13 lulasnsu/Aafaas
Daidzein = 2.81 lulasnsu/Aadans
Puerarin = 4.33 lulasnsu/Aadans
Daidzin = 2.21 laulasnTw/Aadans
Genistin = 1.42 lWlasnsu/Nadany
Genistein = 2.26 lulaInTu/Aadans

1.3 M3fAN®A Limit of detection (LOD)

INNIAWIUWAIAT LOD madaaﬁl%miﬁzﬁlﬁﬁ’]ﬂ’ﬁaﬂﬂﬂﬁi&IIﬂ‘SLLﬂ?ﬂJ LCMSsolution maqm%m

HPLC Wu3161 LOD T848130NAI3 1MLA Rz 1A

a

JGGRGRIT

Coumestrol = 0.70 lulasnsw/Aadans
Daidzein = 0.93 laulasnsu/iadans
Puerarin = 1.43 lalasnsu/Aadans
Daidzin = 0.73 lulasnsu/Aadans
Genistin = 0.46 lulaInTu/Aadans
Genistein =0.75 laulasnsu/Aadans

14 miﬁﬂﬂ’lm’mgﬂﬁad (Accuracy)

msﬁﬂmmmgﬂﬁawaﬁ%ﬁL@m:ﬁ 1aun1sHWIAN %recovery

YpIRITNIALII ABRITANG

methanol VaILTRALWIZLRUILUINADEY P. candollei var. mirifica NLRLIAINNFIBIINLT WA 21 T4 Vl,@i”wa

NMIANEIAIAITNN 5
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A13519N 5 %recovery TINIIATIEHENTA0E4

10 Talasn3ar S S
AnafgNwNlansN (AUC) Yurecovery
Nadans
spiked sample Unspiked sample #13N10IZ 0
Puerarin 3919912 3778943 156863.1 93.84
Daidzin T744777.3 453018 280646 103.96
Daidzein 638305.7 427318 215792 97.77
Genistin 549172.7 140669 402978 101.37
Genistein 394856.0 148854 236453 104.04
Coumestrol 1927922.7 1712828.5 199707 .1 106.81
20 Talasnsan LA A de
AnafgNwNlans (AUC) Yurecovery
Aaaaas
spiked sample Unspiked sample #1IN10390
Puerarin 4107012 3778943 307093 109.19
Daidzin 1037587.0 453018 571991 102.20
Daidzein 866224.3 427318 444169 98.82
Genistin 992171.7 140669 825265 103.18
Genistein 670594.7 148854 500495 104.24
Coumestrol 2051660.7 1712828.5 291764.3 115.47
40 lalasnsa Ataasiwilansw (AUC
( ) %recovery
Aaaaas
spiked sample Unspiked sample #1IN10390
Puerarin 4419636. 7 3778943 607553 106.62
Daidzin 1552856 453018 1117727 98.40
Daidzein 1260928 427318 875851 95.18
Genistin 1783889 140669 1621231 101.36
Genistein 1152294 148854 991991 101.15
Coumestrol 2221580 1712828.5 463152.4 109.45

1.5 M3ANEIANNLAIREN (Precision)

AnEaNnuaingIveIIsNATA lasdwiten % relative standard deviation (%RSD) lena

MIANENIAIAIITNN 6
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A13199 6 Repeatability LLas reproducibility 28INTINATIZR

Puerarin
Repeatability Reproducibility
AN
Ry w1 (n=3) Tufl 2 (n=3) Tufl 3 (n=3) Aaasng 3 5u
(laTasnsar %RSD
fAaddas) X sD %RSD X sD %RSD X sD %RSD X sD
5 68625.33 1996.25 2.91 70196.33 2036.73 2.90 75373.00 1374.70 1.82 71,398 3443.166 4.82
40 624939.33 3176.03 0.51 625764.50 2402.04 0.38 627708.33 6693.91 1.07 625,840 4124.222 0.66
160 2462287.6 69337.58 2.82 2435914.3 17832.34 0.73 2492120.0 24567.29 0.99 2,463,441 45004.29 1.83
Daidzin
Repeatability Reproducibility
AN
N Sufi 1 (n=3) Sufi 2 (n=3) Sufi 3 (n=3) ARALNg 3
(lalasnsar %RSD
Aaddias) X sD %RSD X sD %RSD X sD %RSD X sD
5 152183 1333.49 0.88 154769 360.84 0.23 157381.67 2219.37 1.41 154,778 2603.06 1.68
40 1209585 2773.80 0.23 1227178 6311.25 0.51 1210725.6 9303.45 0.77 1,215,830 10305.80 0.85
160 4793851 109468.14 2.28 4754543 16712.72 0.35 4822331.6 49239.89 1.02 4,790,242 67384.91 1.41




8¢

13199 6 Repeatability LLaz reproducibility 284MTNATIZA (Gh))

Genistin
Repeatability Reproducibility
A
Ry Sufi 1 (n=3) Tufl 2 (n=3) Tufl 3 (n=3) Aaasng 3 5u
(laTasnsar %RSD
fadda) X sD %RSD X sD %RSD X ) %RSD X )
5 2207203 | 3724.00 1.69 223766 2257.42 1.01 224863 1949.48 0.87 223,116 | 3024.28 1.36
40 1745502 | 2719.70 0.16 1770427 | 8891.76 0.50 1744323 | 14117.21 0.81 1,753,418 | 15311.66 0.87
160 6855889 | 128970.46 1.88 6790572 | 33439.34 0.49 6889449 | 58040.59 0.84 6,845,303 | 84712.60 1.24
Daidzein
Repeatability Reproducibility
ANA
N Sudi 1 (n=3) Tufi 2 (n=3) Tufi 3 (n=3) Aadens 3 5u
(lalasnsar %RSD
Tadinn X sD %RSD X sD %RSD X sD %RSD X sD
5 116531.67 | 1622.68 1.39 119633.33 | 1417.37 1.18 119175.00 | 709.14 0.60 118,447 | 1840.77 1.55
40 94588425 | 4259.01 0.45 955450.00 | 6272.04 0.66 941844.67 | 9565.40 1.02 946,663 | 7931.33 0.84
160 3781641.6 | 84423.69 2.23 37424766 | 28195.10 0.75 3794600.0 | 35588.17 0.94 3,772,906 | 53381.10 1.41




6¢

13199 6 Repeatability LLaz reproducibility 284MTNATIZA (Gh))

Genistein
Repeatability Reproducibility
A
Ry w1 (n=3) Tufl 2 (n=3) Tufl 3 (n=3) Aaasng 3 5u
(laTasnsar %RSD
fadda) X sD %RSD X sD %RSD X ) %RSD X )
5 123863.33 | 2782.01 2.25 124488.00 | 2864.01 2.30 125882.67 | 1268.72 1.01 124,745 | 2278.06 1.83
40 10681256 | 2309.33 0.22 10825643 | 5503.99 0.51 1066539.6 | 921356 0.86 1,072,410 | 9412.85 0.88
160 4298074.0 | 86440.48 2.01 4274740.3 | 46092.20 1.08 4306488.6 | 39888.31 0.93 4,293,101 | 54770.28 1.28
Coumestrol
Repeatability Reproducibility
(200 TN
N Sufi 1 (n=3) Sufi 2 (n=3) Sufi 3 (n=3) ARALNg 3
(lalasnsar %RSD
Aaddias) X sD %RSD X sD %RSD X sD %RSD X sD
5 137853.33 | 3123.22 2.27 141570.67 | 190.68 0.13 142325.00 | 3159.37 2.22 140,583 3039.91 2.16
40 11992756 | 3239.99 0.27 12154146 | 6828.79 0.56 1193384.6 | 10597.98 0.89 1,202,692 | 11828.92 0.98
160 48427083 | 72085.41 1.49 4837215.3 | 45390.41 0.94 4875576.6 | 43145.33 0.88 4,851,833 | 51012.65 1.05




MNNTNANUFURUE T ISRAUALd NI (AUC) NUANMNTNTUUBITNTNINITTINLGARL
e wudladenududusesssnasgulugae 5 — 160 lulasniwdadans uaslden
correlation coefficient (Rz) lsdstasnin 0.9990 lun1s@nsnen limit of quantitation (LOQ) w38
mmLﬁuﬁu@‘iwqmaamsﬁm%ﬁmezﬁué’arﬂ'aagﬂuﬁadﬁﬁmmgﬂﬁaq @@ wasans coumestrol,
daidzein, puerarin, daidzin, genistin LL8% genistein WiNNU 2.13, 2.81, 4.33, 2.21, 1.42 Uz 2.26
lulasnTu/Aadans aus1au §WTue limit of detection (LOD) %%amwmﬁwﬁuﬁwqmaamiﬁ
MIINaTIaTA laee3TRaes Idena9813 coumestrol daidzein puerarin  daidzin
genistin WAz genistein YL 0.70, 0.93, 1.43, 0.73, 0.46 uaz 0.75 lulasnTw/AaRaaT
audey  lumsdnsanugndad (accuracy) wuinlaen % recovery 284snT coumestrol,
daidzein, puerarin, daidzin, genistin W&z genistein WT9 90-120% LazlnTANENIANNLIIREN
(precision) lagyndn %RSD maamimmgﬁuﬁg{i 6 Tha "fi‘lﬁﬁ repeatability LAz reproducibility

wuilaenlain 6
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a ¢ 1a 1 3 & =
ﬂ'l‘i')Lﬂ‘i’lZWﬂiN'lmﬂ'liﬂa“Nvla‘[’ﬁﬂa'lT'J%E]El@ﬂ%t‘ﬁaaLW']ZLGEI\‘]LL‘II"J%EIE]El‘?.l'él\?ﬂ'n'élﬂia?.l'l'l
= a ' 3 & &

"ﬂ']ﬂﬂ']iﬁﬂ?ﬂ"]ﬂ?ll']ﬂ&ﬁ']ii%ﬂﬁlNVLQITWQWI'J%QU@"ﬂ']ﬂL%E]ﬂLW']&LﬂElx‘]LL"IJ'J%ﬂaU"]JQG

A ~ [y . o v A v & A .
ﬂ')’]']Lﬂ?E]?J']'J‘INVL@l"D']ﬂﬁ’JHSLU NG W LAZIIN VBININILATIDVUII 2 ‘W%ﬁq fa P. candollei var.
candollei U8z P. candollei var. mirifica MlAssuaziiuLmasnne 3 1u Aadufl 3, 6, 9, 12, 15,
18, 21 WAL 24 maamsmuﬁmmué'}é’u Vl@i”mamiﬁﬂmﬁdlmmlugﬂﬁ 9 wax 10 wuiﬂu

& g 7 o & A \ ¢ < a

LORNLNISLRIILUIUND LU P. candollei maaowug umanﬂaimﬂmi’maﬂ@ NIRNA 4 TUR
fa daidzein genistein daidzin Waz genistin (Eﬂﬁ 9 uaz 10) laglaiwuindnsazan puerarin uae

coumestrol

a 1 ' ‘g
Ysaauazsduuunisazaaarsngalalanailinasd lwsadinizidasueinassas
P. candollei var. candollei

‘wudﬁiﬁmmmsmjﬂaimﬂmimam@i‘mﬂmﬁnaﬁmﬂuﬁmumuaaﬂﬁvlﬁﬁnmﬁmﬁa’lu
a A £ o d ¥ A e ' o { A . a £
SURNIUUIUA 15 2890152196889 FIUFINATIATINUIUALAANNT browning LazaztRNTI U
ﬁﬂ%mmgaqmlui’uﬁ 21 UaINITNIRLI (gﬂﬁ 9A)

ﬂ'%mmmiﬂﬁjuvlaieﬁwmimayﬁswlmsﬁaﬁm’mﬁmumuaammmﬁmﬁaéﬁﬁu 153

a £ o A g A A o A g E e Ada a
WRUlWIUA 15 veamMINLADs uasliUTumgagaluiui 18 289nINadss NIRIuNENing
W8I InInuIuAAa browning uazlusznirafiimadiaiydulaatluzig exponential phase

o A Y ' ' a £ ' d
AU 3-12 289N TIN9LEE4) wmﬁvl,uﬁmﬂwu"uu"uaamiﬂquvl,aiéﬁmﬂmaﬂﬁmu (U7 9B:
NIWLEW)

o % 6 d‘y d‘y nﬂ' 1 a [ 6

fndumasnziipueInaasIniitaillonn wuhdSinamngulelanmluendsiu
a aA & o A ~ o A g o ' ' A 6o a ' '
Funuluiud 15 uazgengaluiud 21 uazuananidinuilutwnaadidauaiyeglugag
lag phase Uaz exponential phase (T4 3-12 284M132191A84) azliifiansaisuazazauamIngw
lalowanlanasd (U 9C: nawluriv)

PMNTAaNI 3 Ha (1U §16% LaTIN)  LTRRAIZLRBILTIBRBLANNEIUR A UVBY P.
candollei var. candollei ﬁﬂ‘%mmmimjMaimvxlmimauﬁiwgaﬁq@ﬁa 23.82 TadnTU/MNTY

PRINLRAS
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C

31 9 ﬂ%mmmin@;ﬂaiéﬁwgﬂﬂmaﬂﬁ TulragwzlResuuInaaganLhattauad P. candollei

var. candollei (A: lu, B: &1@, C: 37n)
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a 1 I'4 ‘3
Pamuaziduvumsazanasngulaladailinasd lwzadmizidssuziwaagvas
P. candollei var. mirifica
wuUsanaslalanalanasasdvluirasi NIz gILaIwa s laaniitatta by dautng
AINARDANINNLALY (JUN 10A: NIWLEW)
6 n:iq' ~ % dq' A o % 1 a N 1:3/ ]
luigadinizidoauanaasfldnniatiaddu wudrlinisiiuinsesanings
lalowalmasdruiisadniooaiudiu 6 uszganigaluiud 21 (U 10B: nmwidw)
& g AV o & A ' a &
uazluwimasiniziagsnainaasnlaaniiatasnwuin Usunmlalawailinasdidw
A £ Y { k' d o ] ' o
ANTUIWITURN 12 209M IR uazgagalwiud 24 (U 10C: nuLdu)
PNaand 3 1%a (U §16% LaTIIN)  LTRALANZLRHILYIRRBLIINFIWIINLEI P.
candollei var. mirifica ﬁﬂ%mmﬂaimﬂmhuaU@T‘swgaﬁq@ﬁa 16.87 NARNTN/NTY WIRTNULIS
A o Y & g A
37U 11 ua@9 chromatogram 2830188197 lFINITARINILIALILYIURBEVININIATE

PNNIRDINUTLAIUAURITINATIN
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C

3171 10 ﬂ%mmmimju"l,ahmﬂmaﬂﬁluLmaﬁLWﬁzLﬁmumuaamwmﬁmﬁamm P. candollei

var. mirifica (A: lu, B: 8164, C: 310)
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] h |f| | ".f"‘l 'fEL
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0_:_. 1 % S —_— ~
T | T T T T | T T T T ‘ T T T T | T T T T | T T T | T T T I T T T
0 5 10 15 20 25 30 35 40
min
mATT
7 /) A
o “v_/\ ______/_M.&J-)-q.-A—JS.-..aLJ o J‘L ~—— ) e
I T T T T | T T T T ‘ T T T I T T T | T T T T i T T T T
0 5 10 15 20 25 30 35 40
min
mATLT
] 3
300 2 C
o ‘ 4
l| 6
100 1 || 5 |‘I‘|
] I |
[N | ||' A
0~ _zi N .UL || | l‘ — . _M_ i e
5 o s R 30 T

35U 11 HPLC chromatogram wadiassnziiosusinaasfllaainiftaiiasnuad P. candollei

var. candollei (A) P. candollei var. mirifica (B) Laz&133163371% (C) lag 1: puerarin 2: daidzin 3:

genistin 4: daidzein 5: genistein L8z 6: coumestrol
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LeﬁaﬁﬁwwuﬁmLLmuaaUﬁ"l@ﬁ”ﬁnﬂmmLﬂ%amnﬁmmﬁuﬁ: ﬁmia:awmiﬂ@;u
lolawalouwend 4 ile lassswanidusingulelowalinesdlnalalad (daidzin - uaz
genistin)  &auans o lawanlauasdn il (daidzein  uaz genistein) aziUSuaslu
. U é/ 1 v
FIUINVRINMINURBINITAZ M IRzRUNINTRTEL JNTzEz I I TR lasgduuunig

, & & g Ao o ) A
amwmiﬂqﬂaiﬁnmﬂmam T rastnIzIRIuTInaa s an B Aa 1AL I IINNNLATATN

lus330m& (913190 7)

A9 7 ﬂ%mmmsmju"taiwlmhua 8@ IhIINNIILAS DU

USumwa1siad + S.E. (RadnIa/n3a nitniiia)

(v 6
‘W%q
Daidzein Daidzin Genistein Genistin Puerarin Coumestrol
P. candollei var. candollei | 0.30 + 0.09 | 0.46 + 0.30 | 0.06 + 0.01 | 0.16 £ 0.02 | 11.66 £ 1.94 ND*
P. candollei var. mirifica | 0.16 + 0.06 | 0.23 + 0.09 ND 0.06 £ 0.004 | 5.52 +1.29 ND

* ND = Not determined

NIWNIANLLG daizein daidzin genistein WA genistin LALTARMANIZLALILYIRRDE 817
A . . . X & P o & \ @ .
LDIN1ATN daidzein AT genistein Lﬂumi‘ngﬂm’]wﬂumdmwnm phenylpropanoid pathway
A2 A A A @ o & g 32, 33 A
INMIFLRNVRIRNTINGD 4 TRAT AU ULTASLNZLRLILVIUFDE luwtueNans coumestrol
. A A ' o ) ... 5 34 M & &
wae puerarin TN IWUlUEIURIVRY P. candollei var. mirifica w6 LWL LR S LNNZLR
& g P Aa A4 o ¢ ca A o A o & &
WUIUAEY NI ReININNMINEUTIRILATITA Lo Lo NiA eI T luTIFIATIZR VB IEN TN
a 1 6 dy 1 [ 1 dq, d‘ A dld
809790 bluaasaan TR LANTL R BILYIUADY LADUAINAIBILEAIBEN titattiauasN AT

25, 35, 3
)

v { & [ [ . . . 6 ¥
mInawdfsuwndasldiduaisizuaa (differentiation wananszezIan N3N

IAB9819FINaA DN TREFNEN5AD Y’ Lﬁaamﬂ%aé’fdmezﬁmaamsﬁaﬂdnagﬂu‘*ﬁwﬁwwaa
NIELIUNIITIFIATIE

LmaﬁLWW:LgﬁaLLmauaamﬁﬂi:éunmﬂsnﬂmaa P. candollei var. mirifica Waaduwilsiulunng
LﬁﬁtyLaulmaﬁq@ﬁizmnmmmmﬁm 24§ (MBnus 676.0 Hadnsusmask) Tusnfisan
MINAR daidzein WAz genistein  §IFA WURTZIRINTINGDT 21 T DaILTaRNZLR Y
WYIHRBYINTINYES P. candollei var. mirifica (7.53 waz 219 Hadnsuniu  snwinui
ANEeL) Vo USH V09 daidzin uay genistin GAEE wulwaasiwizidssuiuaasannluves
P. candollei var. candollei fis282 I MTNILAES 21 T5 (14.75 uaz 4.03 Taan3w/mny imsn
LAY ANURIAL)

dotemeinazasiadoengg leun WS (P. candollei var. candollei Wsz P. candollei
var. mirifica) fshwuaaﬂméﬂz\aﬁumﬁ’lumimzﬁuLmaé’a (30 9% waly) uazTzEzIaINNTINg

\BE9 (3, 6, 9, 12, 15, 18, 21, 24 1u) 6ia % yield BaIaTaNA UazNIFI9aTlalonaliuasd
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Vo maRnziRBIusInaay lagld three way ANOVA wudn fiiissifadbasnusiazazaziam
MINIRBINTNAGD Y%yield VAIRIIRNABENNREIATY (p=0.008 Uaz <0.001 MNEIAU)

PNNIANBIATIRNUINTAS NI R HILUIUR D LUAININILATAVIINNILR LI T UIZHZIIAN
qu 9 WNE9 24 11 Ansazauanslelowailinasq inala loq (daidzin wae genistin) a1nndnluna

A a o & & g AV R ° a

PaINNNAT0INMNTUTITUTIR AIBULTARNIZLREIUUIRR 08N L3 9ad1Indn 1Tl unInaasns
lolowanlueadlnalalodndnadeutnogsle

d! U p.l' (% g: U a a 6 dW o vV &

émmmlayaﬂmmmmagamsmmmaﬂmlaumamww:mmumuaam aziin 1 iln
. g e
dayalunisvesrmamawizidsdlusmanlngdudaly
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UNN 4

A ¢ ¢
ﬂ??ﬁﬂﬂ"lgl’uﬂﬂﬂ'l5&@5§yﬂﬂdlﬁﬂﬂlw7glﬁﬂ\7u?]?%ﬁQFJ

51An7120A 582717 I AT NISLE 819

a o g Ao & A = a @ .
nadduluuntifagdsrasdifadneizduuunisiaiy uaznisainesnIngs
lalawaliwasd vadtraswIzlasILInaasi laanihattasnuad P. candollei NIFDINUE
>3 dg‘ a d' UV & U AD (% a 1 6 e
Tunswiziaesauwia 3 aav Lwa1°ﬁL1Ju°uagamamulumwammanﬂa‘[mﬂm‘[mam Tuszau

QAN ITNG ahl

~ Aada v
suifiauisIve
Y ey e ¥ dve X A ax
luninaaasfazlfimadinzianusinassdldnnitaiiannues P. candollei Nausat)
T flask 211@ 125 Fadaas lassoasadnalUsunm 30 nsuN R luaanIzIRes (Wheaton
. = 24 a
science products, USA) @3fionmanaigas MS™  uaziianiniuquniaiain BA  0.56
lulasluans nu 2,4-D 4.52 laulasluans was sucrose 3 % UN1@5 3 80T NIUNFNA 60 L/

o ' o ' o 2 1 ) @
W 198897 25 °C walAaINa N tuwad 375 uEm” s 16 Taluddadin
mMytanmaaiynng 3 u lasifiudiadninisaz 30 Tadday anuwinldnsasdan
N32@¥NI8d Whatman No. 1 U&231aM 31930 lagmithninaauazinninus
LWaLRUIIRLTARIUNTZNILTARLAANIT browning  WAIITHINTLALITRRANIANALRZIA
& o by @ [ = a A A . o =g
dnrnaaLazsininuwis et lSouisunaniadinia (biomass) AunTLaesly flask
IMNBWILTARNALNEAAY methanol kazsinlUdanzdarsinaia HPLC au3inla
° & ~ a o A A . . . ey
fnuaduluuni 3 I@ﬂmm.mumimmgﬂu6 TuaA® coumestrol puerarin daidzein daidzin

genistein LA genistin

HANIIIVLUAZIDIIUNANIIIVY
ANNANIINARDINLINTARWIZLRLILVIWAD LN Lo NLiaLiaInuas P. candollei var.
R ¢ o & a A o A o o A AA A A
candollei NRLIIUDINILIREIIUNA 3 FAT Wanumciniaunwnule flask Aa JFALIaunaas
') ' & o = oA o & = Aa
wazaunguLuiouldn g (aggregate) innnitfisznzansanduiasias (Ui 12) lasmstasoy
maomaﬁazag’lumo lag phase 1111781 6 % NauwN9LaTWLLL exponential LLazL‘*ﬁ’];j stationary

phase Wil 18 vo9mILRE (gﬂﬁ 13)
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v g ¢« 'Y . ca a . 2 o = ea &
naJNLREILTastdniian 30 % WUILTA’AN1ILAA browning 39FNNNSIALLTARNLAE
9/3; 1 6 dq’ dl va :’ Q 1 a Q a é

TININUG LASWLINTARNIL I U7 LG RN RN RO 0 LTU10TaI%T 36.46 NIN/ANT D9
Bauninaaantasd b flask (90.64 NSN/ANT) 2.5 1¥in

o Y & & & A . . A

FRTULTRRLNIZLRUILVINRBDANNLWBLEDINNVDY P. candollei var. mirifica WU
) A ead & A AA A A ) . @ a &
SNEMRNanTaaNIAle flask AadFdalauLraag LaTIUNGNAL ﬂ’]il,ﬁlirymaal,ﬁmaaglu lag
phase U3za1nh 30 % LAzAZLIIYUL exponential IRATL 48 %

o . g o o . caa o & v o = ea & o &

PAIMNEUMNTLALI LS 48 T WUALTARNFASIDW LGVINNILALLTARNLALY LINIRUALAL
WUINAIN RN EA229T0a N latl ey AuYTuNaTu eI mITINIZIR e (52.45 NSN/ART) tas
Ainaasniaedlu flask (218.5 NSN/AAT) 4.2 19

dl a 6 a 1 6 6 dql

Lua’;Lﬂswz%mﬂsmmmanﬂahﬂmimaﬂ@ Tl AR LWIZLREILAIBAD YYD

. . Y a v 1 a 1 a' J (% { a {

P. candollei var. candollei #2833 HPLC W&IWU1 USuNmansaes LivNIuaIninn 9 199uh 24
2a9n 71889 uazluwini 30 °11aammwwmamwa@ﬁmimnmsﬂqwvlaisﬁwaﬂmam unhgada
4.80 NRANTU/NTY VAIVNRUNLTRALLA gﬂLLuumsaﬁ”Nmsﬁé’nmm:ﬂﬁwﬂﬁaﬁ'uﬁumn‘é‘mlu
flask AafianIngulalawaliuesdinalalod (daidzin waz genistin) 1iussnan (U 15) udla
WU daidzein genistein puerarin L8 coumetrol

o e . . ape ! 2 1 1 a Aa/

&1%IU P. candollei var. mirifica 'wmwﬂimmmanm"taimvxlmimaﬂ@T Aod LANTUINI
USnagengaluiud 45 1aamaldns (4.36 Hadniu/niu hninui) lasfanngulalonals
HOUA INALA LA WRITAR DT WA N ULTASLNIZLRUIUUINRDEVAI P. candollei var. candollei

uat lwiun 42-48 283N IRBIRMINY daidzein dae (3UN 16)
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31 12 LERRLANZLR LSRN LaaNLTaLEa3INUad P. candollei MLRLIWDILNIZIRESIWA 3

B
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39.0 1.6

38.0 1.4
_ 310 L
3 10 B
= 36.0 -
=) 08 2
?: 35.0 s
E 0.6 E‘
w 340 0.4

33.0 0.2

»
320 0.0
0 5 10 15 20 25 30 a5
Days of culture

= a ¢ & & A .
E‘JJVI 13 E‘]_ILL‘]JUﬂ’ﬁL"i]iiyﬂlE’Jx‘]L‘IjaaLW’WZLGEI\‘]LL“ll’Juﬂi’Jil"ﬂ’]ﬂL%aLUaiﬁﬂTaG P. candollei var.

candollei; ( —— ) VRBNEA LA (= = = ) IABNWAY
100.0 - 7
90.0
6
80.0
= 700 - 5 _
=
= 600 )
g -
2 500 =
g 5
= 40.0 3 3
w - Faag
2 (=]
w 30.0 2
200
1
10.0
0.0 0

0 3 0 15 20 25 30 33 440 45 S0 55

Days of culture

‘:i a 6 n‘i’ g d; . . ap
Eﬂ‘n 14 E']JLLﬂJ‘]Jﬂ'ﬁL‘w]ii].lu“llﬂdLsﬁaﬂLWWZLﬂEIGLLT?%ﬂaﬂfﬂﬁﬂLuaLUﬂiﬁﬂmad P. candollei var. mirifica;

(—— ) FIABNEA U (= = = ) FIRBNUAS
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E‘i.lﬁ 15 ﬂ%mmua:gﬂ WUUM IR msmjw"la‘[mwaﬂmaﬂﬁ ’iﬂﬂL‘lTﬂEgLWWZLaENLL"U’J%aE]U“?Ivlﬁﬂﬂﬂ

LibaL8a3INVad P. candollei var. candollei MRS lWDILNIZIRLIVUIA 3 AT

311 16 ﬂ%mmua:gﬂLLuumizﬁNmsnéw"[almﬂm‘[maaﬁ ANLTASLNIZLR Y ILVIBRD LN LN

& A . N ¢ o & a
LWaLaaINNVaN P. candollei var. mirifica V]L&UGI%HGLW’]ZLRUG‘UW]@ 3 /Y
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= o & & & o &d o & o &
zAnldinsadinzidsiniuaosvad P. candollei NiFaIRUEMANIREIlUTINZIAY
110 3 803 Wiy ld larhnumadniedu flask uluisTnausszduuuresssangulelawa
& = o ' Y ed & o & & & aa o
Tuesd  Adwuandsnuisasaniaedly  flask @28 neforadunanianndsmsniunanlugs
¥ A ' o ' i o ¥ v o .
wnzResBananeeniulu flask namfAawadnagludinizides azgnniunaudisluWe (stirer
A A A ' o q w € a & o 40, 41 & X
blade) D3NWIILRDW (shear force) iy flask ¥ lALoasLAa stress WNTUGLE NI
& A ' [ X% ' A 42 o & =g & A o 2 =&
\TaaNTATNUda shear force ledaundiaadn’ asunlumamnzifsasasialudunziansds
(3 A d' v [ < =3 1 [ Y Aa a
daadivzuumuwnanNaINInnIwRaN laad19n e we binalWiia shear force annifnly Ty
=3 = a o Aq o 40, 42, 43
wadanaud ielasidfsurievaslunan liniunan
J a v €d' :‘!" [ n}/ @ A o [ ] a
wanandmaduamealinuisasniaes llutaumzifes gelduimauaansayuay
1Y o @ A A 44,45 o & [ g AN A a o (% a
masswdanluisandas’ " asunlunawiziesn liimaduemeasaildmsayusznig

RINENIEIALhaLAIAE
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I
~
1Unn 5
= - 1 ¢ d”
miﬁnmwaﬂaamsn5';:@umamamwvmamumuaay

$IANIINATIVI

ssdrdglunnnuaianudusandulalowaliuesddaudussndeni (secondary

. A A v £ A @ A A ) P~ A
metabolites) NNTaIITMNagNANAIIElIARTaLNaILITHA (phytoalexins) N33t uUNiAl]
'gmjmmmﬁaﬁﬂmwamaomsm:im (elicitors) Falun copper sulfate (CuSO,) methyl
jasmonate (MeJA) yeast extract (YE) chitosan (CHI) W&z laminarin (LAM) lu@nuidadugn g
Ninadanmaaiyidule waznrsazauasiolawWan lIwasd TS INIZIREILI%R DLV
nmueseriiaiudeyalunstzgndldlunsndasangulalonaluesddaly

~ Aada v
sziilaulsiIy
° & ) ' ® v o v A =
iwianiiaTasivesnigaInuiuutle Funguran Aanadudu 1 niw/@as du
A1 45 WA KasnnuLTluaNawaanagas 95% tJuan 10 w19 wali ldWensiniasae
v v v v v g/ Ql/ d 1 S o
laaonlaldaaalsidaudn 2% 1Juwaan 30 w1l uardeanseandissinnauikainge 3 sau ¥
1 g/ ® ¥ { a
wiauwizluanisgas Ms 2l shanaglasa 3% uaz Agargel 0.55% lagndidsafigmndl
2 A1 < <
25+3 °C lugnwuad (37.5 pEm"~ s ) 16 72109 uazila 8 72lus
RRIMNUBTINMTINIZLR DTN LILINREE  lagindIntasTnuLaeslua1niy
AN v A A A A a o A kg = A Y
gashldaaidananzmadssnmanzaniigaanuanisiasluoni 2 sudsdluarmaudaiald
LNALARAE Aadl 6-benzylaminopurine (BA) 0.56 lulasluans uas 2,4-dichlorophenoxyacetic acid
(2,4-D) 4.52 lulaslum nasnnuwhuasdsuifssluomamaindaadimuaigdulagas
a o A & kg AN e e o = .
W@e2nY Samasmnziiosuinassf laasimaanaziinundnsnee U
TINABNLTRSLNIZLRIILVINADE 500 FAANITN 891 flask NHB1MITLINNGT 50 Aadaas
iliassuuaIasaginanuiisey 110 saudewdl tiaimadiniziasiusiusesiieny 6 u
%é’amnﬁ’wmﬁmﬁwmLaumim:ﬁuﬁﬁﬂwﬂﬁuﬁ copper () sulfate (CuSO,5H,0), methyl
jasmonate (MeJA), yeast extract (YE) granulated, chitosan (CHI) from crab shell (minimum 85%
deacetylated) waz laminarin (LAM) from Laminaria digitata l@8@n3149 8 LRAIANNTNTUVD
v 1 a d & a d a U 1 a 1 v v
sInduudazziandnm Sandsanfduanduudazsiauazudazanududuaslusad
d‘y v o = L & L g =} 6 Qs
PLREILIHARELAY YMIAUNaNN 3 Tduan 21 7w AalaslanyaTy 27
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@139 8 THauazaNNITRTUBIEINIEdY (elicitor) NlFlun133d

. , FEAUANNIINLY
E‘ﬂiﬂi%@(}% el
E1 E2 E3

Abiotic elicitors

Copper sulfate (CuSO,) UaRNIN/AENT 0.125*  0.625* 1.25*

Methyl jasmonate (MeJA) laulasluans 0.5 1.0 2.0
Biotic elicitors

Yeast extract (YE) aanIu/aas 0.5 1.0 2.0

Chitosan (CH) UaRNTW/ANT 1.0 10 50

Laminarin (LAM) JaanJu/iafans  0.05 0.1 0.2

* QMU NT WAL ULYINNUYINN 0 copper sulfate LYiNNU 5, 25 Waz 50 LﬁﬁluaﬁﬁﬂiL%aagms MS

&1382a08 CuSO,, YE uay LAM we3sulasnisazaiadisrinnanitiainge 3915l
ﬂ%mmﬁwhﬁ'ul,flunﬁjumquaomim:i}’ummﬁ 19TV chitosan BINITRZANLAIY
NINasBAN 1% &% MeJA 1T absolute ethanol 1udvinazatsuazlsulsunas é’oﬁuﬁ%m%umjw
AILANVAY chitosan Uz MeJA w2 lTNInazB@n 1% Waz absolute ethanol luiSu1aILALIN
AVAIAL

dl 2= Q A [ Q 1 o é 1 d‘y &
mmsﬂlmﬂmgﬂﬂmlmm pH L¥INNU 5.8 AaurINIIHIsILTe TIRIINTANLVIANT
v =) aa ‘é 1} g 1 o U

ﬂs:qunﬂmmmﬁamm:msﬂs@a:ﬂmﬂ 1% Qﬂmm%aﬂaummiﬁﬂm NI WRITRZANEVDY
MeJA e absolute ethanol ﬁgﬂﬁ'ﬂﬁﬂi’]ﬂﬁnm%ai@Em’l‘iﬂiadﬁ’asl syringe filter 24u1@ 0.20
luasannawrinnsdnsn

maﬁmwuﬁmLm’maaﬂﬁgm@umsmzﬁmmﬁamaﬁmwu‘é‘mmeauaaﬂﬂa;umuco';mz
aniu@eEe 3 dradd nng 3 Tu lasFuiudedulaimaddany 9 Tulazaziiuauloads
218 27 Tu (U 9, 12, 15, 18, 21, 24 uaz 27) laumIAnsmanIRIYdLlaanAuiwinioad

[ ad A [ & o % [ . Ao [ =2 o o a a

WwhIauATIuuNN 2 BasnUmIENLAY (dry weight) N1a laanfnsnasinisasaidule

(growth index) mwgmsmiﬁ’]mmﬁaﬁ

ATRMIIUIALLA = (NATENLTRELAY — INNTENLTABLAITUAY)

[ '
o L4 € v A v

ﬁ%m%'umsﬁﬂmwamaomsnsz@jmiamsaﬁﬁomﬂa‘[mﬂmimamT I@Uﬁ'n,maﬁnﬂé"msm

a

A o [ = a Aa [ ad . i A o &
7]al]LL‘ﬁﬂﬁﬂﬂﬁnﬂﬂqiﬂﬂﬂqﬂqiLﬁlimL@UI@Nqaﬂ@I@ﬂ’Jﬁ ultrasonic extraction ‘Ylﬂqﬂlfﬁ.ﬂll 40°C 1Uw

u
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1281 30 W19 @28 methanol (AR grade) U3unas 30 Aadaas 1uIu 3 %1 nyssleNanTanan e
I PN THREURITI83T rotary evaporation AWUKIEHN TN NI Tanen leaa
HuaSiSudnanaa (% yield) wazsinlddiasziens HPLC da'ld lasldannzlunmiiemehluy
unfi 3

[ ° = a 1 o ] v o = =
ARINTIMIAN YT R s lalonan lnasd luidasaiadonsl sundIouisouna
nMInIzguBaIINIEGuLdazailasnidw mdranininnieaiinisainans (isoflavonoid
induction index; Il index) laslfauSunalalananluasasan (total isoflavonoid) UILTARNLAY

a

msmzﬁu ﬁ'mi’]ﬂ%u’lm"l,aieﬁWmI’ma BRI ﬂdﬂ@:l]ﬂ’)‘ﬂﬂ&l @]’1&]@;(@]5‘(]’]5@%’1%’3 wa9h

aThNTLRHeI = (Total isoflavonoidgjisior - Total isoflavonoid oniror)

Total isoflavonoid ool

MIANERYNMINaaads 3 70 i mansanalasld ANOVA waz Duncan 7

1 p-value < 0.05

HANIIVUUAZINIUNANIIDY

nsAnEINATBININIEUdITAS Wz RBILIRRE BN NS 01T 3§
Toud maesaidulauaznisszaavasanslelanarlnesdlugadiniziisinsinaassn
17111A392719N§uAILAN MIANEIHaTesE TNz dudan st dulavasimadiniziang
LwIuaas usznsAnmInaTassnszdudamaismslalananlnesdluimadinizifos
UUIURDE

mssadulauazmiazanzasansleloanlmasdlnzadinzidsouziuasssn
N71LA3221INANAILAN

MnnMHUEaINIEIYAULa (growth pattern) BadLTAINGNAILAN (gﬂﬁ 17) WUILTRE
wazLﬁ?maLLmuaamaa P. candollei var. mirifica (PM) ﬁmil,ﬁﬁmuu?mimﬁaﬂ’j’] P. candollei var.
candollei (PC) \inAy 1.5 11 lagLsas PM ‘ﬁﬁmq 24 T4 f'fﬁag’iu"ﬁaaizﬂ:ﬁmaﬁlﬁuimmﬁﬁ%a
stationary phase °uaaLsﬁaﬂﬁmm{mﬁfﬂLsﬁaéﬁl,ﬁamﬂﬁq@ WinAL 490.27 JafnIu/flask FIWLTAR
PC lﬁLénaﬁ‘fﬁﬁiﬂ%ﬁfﬂLsﬁaﬁLLﬁamﬂﬁﬁgmﬁaLéﬁaa‘ﬁmq 27 §u WAL 34599 Dasnsu/fask Wie
Fnsandariinaeiydule (@ 9) wmfﬂLSﬁaﬁLWW:Lgmﬁp’aaaoﬁqu%g stationary phase

vasmaaydulaluiun 24 (U 17)
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gwsumsazavpasatlalonan lnesd lulaasinizia89uI%aasTINNINILASE
wudwﬁaaaoﬁuﬁﬂna‘[a%ﬁ daidzin  waz genistin LIuasdUsznounan asuaadls HPLC
chromatogram U8ILTAANFNAILANENE 24 T1 (gﬂﬁ 18) I@Uﬂ%mmmsazama‘é‘iwaamsn&g’w
Tolananlanasdsin luaasinnziaesuinasy PM uaz PC  luind 27 V0D VYLTARLYNAY
2167 uaz 19.58 FRANIWNTY inwinus mudey Load PM aasdinasansasinalaude
lnala'lod fa daidzin: daidzein WYinAL 16:9 WAz genistin: genistein ¥iNAL 3:1 §uLTas PC &
sasaIwaIrnses lnalaudalnalalyd Aa daidzin: daidzein WinAL 3:1 WAz genistin: genistein

@ A o ' g PN [ {
Winny 7:1 dsaaswitdululuianiadoinusiaawluunn 3

@130 9 ardinaaiadule (Growth indices) VaILTRRINIZLRELIUIIRADY P. candollei var.

mirifica (PM) WLaz P. candollei var. candollei (PC) ﬂéj&lmllﬂll

& ,
21U VDILTAA (IN)
9 12 15 18 21 24 27
PM 0.00 0.84 3.64 4.33 5.30 5.84 5.81
PC 0.00 1.11 217 2.98 3.86 4.22 4.43
ég o_.S
(&
& E
= =
&g GE
g =
& S
s% &
N
s

BELAARNZIALIULIUADY (T1)
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35U 17 masSadule® warariinsatyiiulazedemaslnnziRsInuInas I TINNIN A3
* uaedlasA1ai e winukIzeTaiAILANINYNNIINAREY; LEUAL: UaARENITAALAS

ez waasarinsesadule

MAUX100) P. candollei var. mirifica
: T25amm i (100 8
1.50- 15
1.254
1.004
0.754 2
] 3
&
0.50- 3 3¢
] ]
E S
- |
0.254 = 4
. ol
] m‘_‘g g 8
g By o <
] o ¢ d N
0.00 A'\N‘;n N —
-0.25]
0.0 50 10.0 15.0 20.0 25.0 3d.0 35.0 min
MAUX100) P. candollei var. candollei
1.504 22
e S
1.25]
- 2
1.00+ )
4 1 8
0.754
1 )
b=}
] N g
0.50 o N
] |38 g | 3
] gl 4K
0.25- B g
4 H 2 o ™
EE SRR
] g s AF 5 o
0.004
-0.25]

Uil 18 HPLC® chronfi&togram?° TﬂdL‘ﬁ%ﬁLW’le?ﬁdLL”U’J%Z&'E]Ui’]ﬂfﬂ'ﬂl’améagéﬁ’ma;wﬁﬁqu

]

a1g 24 ; (1) daidzin, (2) genistin, (3) daidzein, (4) genistein
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1 a a 3 ‘3
nMIn#InazasEInIzuaa M piulnzasadnziAsIuaInaa83INNNNAID
217

WBLTARWIZIRILTIUADETINNINAATOUND AN INTZGU WU NIz ULz THa
UEAINAEDLTRRLNIZLREILYINNDLINNINUATOVY (9%
CuSO,, MeJA uaz YE lunnanuidudunrinmsdne ladnanlefinainiasdanis
a Aa 6 = & @ 6 A | 6
WILAulavedwaanILATaIINIReInus las Cuso, Fuduasddsznaulumaainisses
. i & A A A A | ¢ & v o &
(micro-nutrient)  lwomisiwziassiiolbadsiinadarsasianios lag Cuso,  dudIns
wigaulavasoading PM uaz PC lwiufl 21 vasongiaas
YE usainadani1sasgidulaluns PM uas PC lasiawiz YE aaldudu 1.0 sz 2.0
Jadniw/Aas Mnszdumaaiyidulavessadnizesiusodalivbmdnluiui 24 vesergiad
luwpnuz? YE anaududu 0.5 Sadnia/@as ldusasnadanaaigidulazasaasnizesnug
MeJA lifinadan iy dulaza uaadimnziIusInaas NN AATIINIRDINUT

a

Chitosan NAMNLTNTUEI (50 fa8nTN/AA7) uaaINadugINITITLAUlaveg

P. candollei var. mirifica 8taliNBEATY (p = 0.05) AudTuNadany 12 0427 Tu du

v
o

P. candollei var. candollei gnéiuIniiaindulaatifididnyaud ufioaadany 15 69
18 %

@
aa w '

LAM 1unﬂmﬁm°ﬁwﬁuﬁugoﬂﬂiLa%zyLauI@maaLmaﬁ PM ag9inufAunI9adaadue
i’uﬁmaﬁﬁmq 12 5u uddnsuioas PC wunud1 LAM ligugimaaSydulaateftoieny
1ag LAM ﬁmwmﬁuﬁuﬂmnmunga (0.1 uaz 0.2 UaanJW/AaaaaT) ﬁuﬁamsm‘%m@u‘[maa
\as PC Wipaidntton luiuil 15-18 VOIDEYLTAR

mitiugimaieiuiiulavesans chitosan waz LAM v ldioadinziionddowiud
iananan (browning) agnslsialammnziasuiuassfiduiinaiandiaunsafieziiain
Jweaasnallelasdnadinlalugisszosfimasinaanaula (exponential phase)

fﬂ’mmsﬁﬂmf':agﬂ"lﬁdﬂmimzéjwﬁ@ oligosaccharide b@ chitosan waz LAM luay
dudufinsninadudidenmaedyiivlazensasinnisusiusesninieisnnilagianiz
P. candollei var. mirifica wuuzfignsnzany CusO4, MeJA uaz YE hiuaasnadaniaaiyidule

& & o & A o @ aa o ~
°]Ja\'iL%aaﬂﬂﬁaﬂwuqaUqﬂuuﬂﬁqﬂmﬂqﬂﬁﬂ@ @\‘]LL@@\?I%EU‘Y] 19
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a

—Day9

Day12 Day15 Day18 Day21 Day?24 Day27 —

0.80
0.60

CuSoO, |

0.40
0.20

.

0.00
0.80

ﬁﬂﬁmHmﬁmmﬁﬂﬁﬁﬁﬂﬂT

0.60
0.40

- MeJA

1%

==

(g)

0.20

0.00

AEE
il

ﬁ[f]r-”-]i%ﬁﬁ[%]'

0.80

0.40
0.20
0.00

0.60 - YE

iﬁﬁﬁﬁﬁmmmmﬂmmmﬁﬁﬁﬂ

rE r

ﬂﬁﬁﬁﬂﬂﬁﬂﬁﬁﬁﬁwiﬁ%
[

Dry weight

0.80

0.60
0.40
0.20
0.00

CHI

ﬁﬁﬁﬁmmmmﬁﬁﬁ_

=

anasliAANAlA
:

0.80
0.60
0.40

0.20 A

LAM

ﬁ%ﬂﬁﬁ 1

—

0.00

—
il
I
C E1E?E3 C E1E2E3 C E1LE2 E3 C ELE2 E3 C E1E2 E3 C E1 E2 E3 C E1 E2 E3

0.80

——Day9

0.60

0.40

Day12 ——Day15 ! Day18 ! Day21 ! Day24—— Day27 —

CuS0O,

0.20 -
0.00

ﬁﬁﬁﬁ

0.80
0.60

MeJA

0.40
0.20
0.00

)

z

*mmmmmmmmﬂﬂﬂﬂﬁﬁﬂﬂﬂﬂWHHﬁﬂﬁﬂﬁﬁﬂ

0.80
0.60
0.40

YE . . . . . .

0.20

ﬁﬁﬁmmﬁﬁﬁmmmﬁﬁﬁﬁﬁﬂﬂﬂﬁﬁﬁﬂﬂﬂﬂﬂﬂ

Dry weight (

0.00
0.80

0.60 -
0.40 -
0.20
0.00

CHI | | |
[

|
'

0.80

0.60 -+
0.40

-LAM

0.20 A

0.00

EEDEGEB‘DDDDDDDDDD
;QESEDEE@DDDGDDDBDDDTHWT

C E1 E2 E3 C E1 E2E3 C E1 E2 E3 C E1 E2E3 C E1 E2 E3 C E1 E2 E3 C E1 E2 E3

31]17'; 19 UFRINYRIRINTZGUluANNLTNTUG1 @iamiw'%tyLaﬂﬂmaamaﬁmzlﬁmw’n’maan
TINNINILA38AN; P. candollei var. mirifica (a); P. candollei var. candollei (b); AT NT UV
miﬂs:ﬁuﬁlﬁé‘oﬁ CuSO, : C = njuAILAY, E1= 0.125 Uadnin/aas, E2 = 0.625 Jadniu/aas,
E3 = 1.25 §adn3u/aas; MeJA : C = nquauqu, E1= 0.5 uM, E2 = 1.0 uM, E3 = 2.0 pM); YE
. C E2 =
: C = nguAuaAx, E1= 1.0 §a@n7u/Aas, E2 = 10.0 §adnw/aas, E3 = 50.0 dadniw/

NENAILAY, E1= 0.5 JaRNITN/ANT, 1.0 URANIN/AGNTI, E3 = 2.0 URANIN/ANT;

chitosan

803 LAM : C = nguaauqy, E1= 0.05 JaANIN/AaaanT7, E2 = 0.1 VaanIN/Uaaans, E3 = 0.2

a

g A AaAa 0/ d ¥ Agv gﬁ a a 1 @ o [
NANTN/UDRRAT auﬁszqﬁamqmawﬁaﬁ; La%ﬁULLﬁ@Nﬂ‘Y}ﬁUUElx‘]ﬂ’]iL'ﬂivaL@]UI@]QUWGT]%EJ&’]@]QJV

398
AszeuauLT oL 95%
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= ¥ 1 3 &
m‘sﬁn‘mm»maamsns:@;umamsazawm‘flafﬂjﬂa'ﬂaua mﬂumaa NSRBIV E

31NN21ILATDVID

HAPBIAIINIZAURA abiotic Aamsazanarslalanalnasd
Copper sulfate (CuSO,)

LﬁaL‘ﬁaﬁLW’lngmLL"U’Juaawad P. candollei var. mirifica (PM) Was P. candollei var.
candollei (PC) ld3umInizgudis  CusO, wuimsszauaylalawWalnesdgnnazduinios
anveslasiiolda cuso, (gﬂ‘ﬁ' 20) Wilol@in CusO, 0.125 Faansu/ans ¥nlwiwas PM Hns
REAUFIINIDUEAIA28AT isoflavonoid induction index (I index) ﬁ@iaﬂs] Rndiuanniud 12 84
Sufl 18 Aewinfu 021 A9 1.24 mudey sanluimas PC wudaen Il index lengegaannns
n3zdud8 CuSO, Aa 2.04 éy’dLL@iLsﬁaﬁmq 9 1% (3 TURAIINLGN  CuSO,) é‘aua@alugﬂﬁ 21
m3# Cuso, LLamNa@iamimzéunf:awLﬁadmﬂmﬂaimmﬂ’maﬂﬁ%aLﬂum‘sm\jﬂwﬁﬂuaaﬂ
Fminfilumnlug1ssunulanzwin (metal-chelating  compounds) T9T8aaa LT uAmaN
Tanzaatilas® aoiussiinmsszauvasmslolowaluesdiRudwfounuinaandniiomad
1650 CusO, sniuninund andlsiadiomas P. candoliei 1650 Cu wnawn lasanizls
mmlfﬁwiugaﬁo 50 L11128981W1ILMAIFAT MS (1.25 IaanTN/ANT) a:wm’nﬁalfnaﬁtﬁﬁgmaﬁ
\maangaLAula (stationary phase) azlimiszauaslelanaliuaudanas dlasanmiafis
Idsulanzntinigu Cu luawags azsunumarhanusesszuuiewladnmolwead Wasnuas

d o & A a 47
DNA 7UNI%NITUIWBNIT metabolism ‘?GKGNGUUE]Gﬂ’]iLﬁ]iE}JUL@]UI@]"Il?Nﬁ“ﬁ
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CuSO,; +—Day9

Day18 Day21 Day24—— Day27—

45.00
40.00
35.00 ~
30.00

27.99
24.20

25.00 ~
20.00

2171

15.00

[T 19.24
[TT 19.69

.20
7.04
10.13
9.59

10.00

[

[] 30.44

] 22/03
17.34
20.23

18.37
2,62

10.76
10.81

Isoflavonoid content (mg/g DW)

[
1878
% 6.29

6.72

|
=

C E1E2E3 C E1E2E3 C E1E2E3 C E1E2E3 C E1E2E3 C E1
E Puerarin B Daidzin Genistin

T T T T T T T T T T T T T T

C E1E2E3
Coumestrol

E2 E3
2

B paidzein [I] Genistein

311 20 a3 lalaWanlinaud AR NIZIRBILTIURDEIINNINAUATE (P, candollei  var.

mirifica (a), P. candollei var. candollei (b)) %ﬁdgﬂﬂi:ﬁuﬁ’m copper sulfate ﬁﬂ’n&lv‘ﬁ&lﬁuﬁ’mﬂ
(C = nauAILAW, E1 = 0.125 Uadniwn/Aas, E2 = 0.625 Hadnin/Aas, E3 = 1.25 Jadniu/das)

1w1hamqmawm§nn 3%

14.00
12.00
10.00
8.00
6.00
4.00
2.00

0.00

14.00
12.00

10.00

Isoflavonoid Induction Index

8.00

|5 folds of CuSO4
(0.125mgh)

425 folds of CuSO4
(0.625 mgh)

# 50 folds of CuSO4
(1.25mafl)

(a)

9 12 15 18 21 24 27
u5 folds of CuSO4 (b)
(0.125mah)
W 25 folds of CuS0O4
(0.625 mg/l)
50 folds of CuSO4
(1.25mafl)

—t— e —— —
9 12 21 24 27

15 18

Day of cultures

gﬂﬁ 21 Isoflavonoid induction index @iamm%’wmﬂai%ﬂmhuaﬂﬁ“uadmim:ﬁmﬁEl copper

sulfate TLTASNNIZLRLILLIUABEIINNINILATOVD (P. candollei var. mirifica (a) W8 P. candollei

var. candollei (b))
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Methyl jasmonate (MeJA)
g A Aa ° R & o A o o
lunmanasasit MedA  Fauiussniouianlddnsnaduminazgu wkonhli
LAANINIIRZANRIT L0 oW [ Ua L@ LbLTas INZREIUTIURBETINNNIATOININIRBIN U Ta B
AN NTuLad MedA iintSinmlalonanliuesanluiud 9 V2IBYLTAR (KRINNLAN MeJA 3
) MILAY MeJA 1.0 waz 2.0 lulasluans Awaiumsacaslalawanlmesdaiy o193
wodAYN19aiad (p = 0.05) luias PM Wafisuiunguaiugulutisiui 12 Geiun 21 va9m3
INNZLREY favlmaas PC MeJA 2.0 lulasluans witieatinnisazaulalowanlinasdsivatinei
wodATYNWERaIUTITUN 9 TaTuh 18 vasanyLmad
MeJA Nanuutn 2 lulasluans migihldiiansazsuvadlalanailwauasia
1uﬂ‘%mmﬁ§amﬂ Taglwen Il index vinny 4.41 Tuiras PM luwiuin 12 VDIAYLTAS UaztYiniy
0.62 lulrmas PC luun 9 maaa’mql,sﬁaa‘ (gﬂﬂ 22) IMMEAMIANHINLIY MeJA NIFUNIAEY
gaglalonailiue mﬁ‘iwlmmmeﬁalﬁumim:ﬁu wInlwseuInTaIN s yLAulavaimas
g; Qs & = v 1 ¥ 1 v Q v
N11LATI1INIREINUT TaanwaznInszgulugiuwsninuitadsafsiunsnszdulumad
LANZLR g Baasadean (Morinda elliptica), Ohelo (Vaccinium pahalae) LLa:agju (Vitis vinifera)
{ o . . . o o 48-50
nRNIEIENS anthraquinones, anthocyanin LLa2 stilbbene @4a1ay
A Ae A ' v @ v & A A A A a 5153
Tnuddsinudt MeA  luanududugeazdugimauaiyidvlavesfiaibaie
‘é a W 36 g v 1 { v v o v
FINWITHHIUNIAN BT IAWNLIT MeJA NaNULTNTH 5, 50 waz 100 ulasluas vinlwiaas
FIUUINATY BAINLAN MeJA 16 3-6 T adhaNUITuTwaad MeJA daldlunsiaah ladsu
2 = AV o @ ' & ~ &
YWIARINIF NI UVUIAN IO WA FOLTRRLATRINITALNNNITRERNVDIRIT ba LW a I ua e
uazlalawanlanasd lnalalsd Le
luszuuwaInInIzdudan reactive oxygen species (ROS) auninasunelainaln
[ ' . A { LY o . . . { {
NIZGUHIUNIIININGY jasmonate TaineTarnuasnieluisadda jasmonic acid LazENTAUY N
889 2T ANUFNNWINUNITADLAWAIUDILTRANTAAAINNULATIALAZNITLFEAIADNVAIE UG
) . 54-56 Y o Ao '
M38i4a17 phytoalexin™ ~ MeJA UaadnnTlunInIzdunIszauaslninuidndd e 1ouw n1s
WWN MeJA vinlAlitallavasninied (Glycine max), Pueraria montana A3BLTRRLNIZLALY
a 7 A ) ' = o Ao AA9 o
WUIURBEUDY P. tuberosa LRNMIFZRURIThaloWa1 e 69 l0NALTWAEINUNITIL N LT
MeJA luanududn 2.0 tulasluans Lﬁaﬂsz@‘jumsazaumﬂaiwlmimamﬂumnLﬂ%amn

ﬁaaaaﬁuf
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MeJA H— Day9 ! Day12 ——Day15 ! Day18 ! Day21 ! Day24—— Day27—

45.00
40.00
35.00
30.00
25.00 -
20.00
15.00
10.00 1 N

Isoflavonoid content (mg/g DW)

C E1E2E3 C E1E2E3

Bl Puerarin Daidzin Genistin [ Daidzein  [[[] Genistein [ Coumestrol

gﬂﬁ' 22 s lelanan T o sl wmagIWIZLA E9UIBAaE5INNINATED (P, candollei  var.
mirifica (a), P. candollei var. candollei (b)) %ﬁdgﬂﬂiz({fuﬁ’m methyl jasmonate ﬁm']m“ff&lﬂ/u
@99 (C = nguaugw, E1 = 0.5 lulaslums, E2 = 1.0 lulasluand, E3 = 2.0 lulaslumnd)
lutengassadnn 3 Tu

14.00
¥ 0.5uM MeJA (a)
12,00 — w@1.0uM MeJA
@2 0uM MeJA
10.00
3.00 |
% 6.00
3
2 4.00
c 2.00
il
=]
'E 2.00 9 12 15 18 21 24 27
T 1400
o 50.5uM MeJA (b)
g 1200 +  ©1.0uMMeJA
> ©2.0uM MeJA
U 1000 -~
5
@ 8.00
6.00
4.00
2.00
2.00 9 12 15 18 21 24 27

) Day of cultures
317 23 Isoflavonoid induction index danisasniaslalavalanasduainiinizduean methyl

. & & A . ..
jasmonate UL aSL AL REILYIURBLIINAINILATELN (P. candollei var. mirifica (a) W8

P. candollei var. candollei (b))
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A . . 1 6
HAZBIR1INIZAUIRA biotic fan1sazanaslalavailnana
Yeast extract (YE)
=1 a? 1 % [ [ d'd a
lums@nwwuin YE mz@;umiazaumimwwﬂumaLLinmamﬂmmimwm"Lﬂu
IMIIVINGW MTLAYN YE Twaadudu 0.5, 1.0 uaz 2.0 Uadn3u/AaT LANA1 Il index b
INN91 0.5 T Iud 9 DITuN 12 S1TULTas PM uazlwiwd 9 d&1wiulaas PC lauiialoasy
211 15 TWWUI YE AANIIRERNRIILAULFAIAILAIGAA UV Il index onLiuLTas PM 9N
nidudng YE fanududn 2.0 §a@niw/aas (U 24) &3 daidzein uaz genistein QnnIzew
Imnﬂmﬂmﬁuﬁmaa YE ﬂé’d'ﬁnﬂmaﬁﬁ%’umiﬂswjﬂui’uﬁ 12 (\iaada1y 18 W) FIUaNT
niulalawaluesdinalalodaznunszanlwsadninieiasinisesiugludianme (Ui
s a % oA o & A & . . . Aa o )
25) GafaluansmciguiaolInuiitatiialmnziasdvad white lupin Laz chickpeas NABATIEIU
' ' { £ { v @ 58, 59
wwivlelanmlnesddalalaalmesd inalalodnanniwlammadgnnazdudis YE- - lu
L4 AE‘ . o U
nNIANEIRWUIN YE LLamq*’nﬁmamsﬂsz@;umsa:aumi"LaIGﬁWmI’maU@“Lul,snaﬁmﬁuﬁm
o > ac A A @ {
WUINAaY PM Waz PC ¢ mﬁauﬂulummﬁ]ﬂﬁumwumwmmmlumimz@;umwaa YE 9

L o o A 58, 60,61
@]’]LﬂJﬂL‘l’lEﬁJﬂUﬁ’]iﬂiz@g%ﬂ% .

14.00
20.5mgl YE (a )
12.00 41.0mgl YE
42.0mgl YE

10.00
8.00

6.00

10.00

S 400

o

= 200

s i

= 0.00 e — —— ey o4 [= =]
(&}

2 200 9 12 15 18 21 24 27
[

= 1400

-g #0.5mgll YE (b)
c 12,00 41.0mgl YE

e 82.0mg YE

©

=

o

]

8.00
6.00

4.00

2.00 ||
0.00 qvui———:m—

200 .9 12 15 18 21 24 27

Day of cultures

311 24 Isoflavonoid induction index sian1saieanTlalanailiuasduainiInizduein yeast
extract MALTARMANZLALILYIBABHITINNINIILATEL? (P. candollei var. mirifica (a) Wz P. candollei

var. candollei (b))
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YE — Day9 Day15 Day21 Day24 Day27—

12.27
10.31
19.89
16.65
21.42
23.40
25.14

10.96
1074
10.37
1l 1636 |

9|07
9.93
13
11.12
10.09
[ 11397
7.46
8,51
13.24

Isoflavonoid content (mg/g DW)
o
8

I
}
|
i
1
1
1
i
i
1
1
1
i
i
j
;
1
i
f
\
i
i
T
]
1
i
|
i
i
1
1
i
|
|
i
|

]
}
]
i
i
1
;
i
'
|
1
i
'
§ < 0 O
H N NN
; s s B |
.
T
.
T
]
1
'
|
i
'
|
1
1
1
i
.
;

C E1E2E3 C ELE2E3 C E1E2E3 C E1E2E3 C ELE2E3 C E1E2 E3 C E1E2 E3
B Puerarin Daidzin Genistin  [E] Daidzein  [[[] Genistein  [&] Coumestrol

311 25 a3 lelananlinaud LuaaRLNIZIRBILTIURBEIINNINAUATE (P, candollei  var.
mirifica (a), P. candollei var. candollei (b)) %ﬁdgﬂﬂszﬁuﬁ’m yeast extract NAMULTUT UGN 9 (C
= nguAILAN, E1 = 0.5 Aadniw/Aas, E2 = 1.0 Hadniu/Aas, E3 = 2.0 Hadniu/@as) luziens

6 s
TGGL‘HE‘IN‘YJ‘H 3%
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Chitosan (CHI)

M3k chitosan (3-1,4-linked glucosamine) L‘ﬁlamzéjumia:awaw"LaImeIauaslsﬂu
\Bas PM uaz PC Wy chitosan Tuanuidiudugsia 50 adniu/Aas aamiszaumnslalananls
word lwumiedl chitosan 1.0 uaz 10 Saansuaas iumIszauanslalawaluosd luniesaan
ﬁy‘aaaaﬁuf é‘dLLam‘Lugﬂﬁ 26 WU16 11 index gdqﬂlui‘uﬁ 21 989918\ BA8 PM WAz PC (i 1.13
Ua 2.41 @NURIAU (gﬂﬁ 27) ashﬂsﬁﬁ%é’amnﬁLsﬁaﬁiﬁt\ﬁaaoﬁufl,ﬁﬁ;jmaﬂmwmmmﬁzyL@UT@]
(stationary phase) wuintSanawlalananlue ﬂ@“lung;umquﬁmqaﬂ’jWﬂ@juﬁLau chitosan F98i119
NWITHAWLAN chitosan LLa@aqw%{ﬁ@‘i’fl,umsm:@jua’mﬁaLﬁ suﬁumsm:@juéu“g’ !

Tunsfnmniinuas coumestrol luunedaagnsvasaag PM %oiﬁ%’umsmzé}uﬁ’m
chitosan AN NTH 1.0, 10 waz 50 FARNIN/ANT éﬁgﬂﬁ' 28 lagiwad PM oy 15 i'uﬁgn
NIdude chitosan LTdH 50 HAANIW/AAT WUMIRLENVDIANT coumestrol TwlSanmfidondne
g9f 0.46 AadnIu/NIY wmsnuss @9lenanluudrinwsdalasy  chitosan Tussnagaaz
LAl U AN A NN DI UAAIA I TARALADNAY BINIREENVBIENT coumestrol 89T ANUTUNUE
Aumsassduiinanandvasiaad PM '*?'i"l,wiamsgnmwjumnndwnaﬁ PC Taamaluuaans
ai”’lm%aﬂ’lia:aua’lsmmﬁmifaaﬁumwLﬂ’%mmaaLeﬁaﬁﬂ%mmmmin‘lumsﬂs:ﬁmaams
ﬂiz@jmwiawﬁﬂez §9189UMINUENS  coumestrol  lutwassinues PM lusssund O %
uanmnfuﬁmuﬁ%’wudw chitosan Lﬁlwmiamumi coumestrol 1ui’mLW’1$L'§m°llad Psoralea
lachnostachys ﬁmqmnﬂdn waaslasfiainana) s1uans daidzein azazaulmffafiaﬁmqﬁam
nunn'® Geiumsazauvasans coumestrol Turag PM ﬁawé’wﬁuﬁﬁ'vmuéawaomaﬁﬁgﬂ

m:@juﬁ’mmmm‘%mmﬁavlﬁ%'u chitosan 133385
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CH — Day9

Day12

Day21 ——Day24 —+— Day27—

Day15 ——Day18

[1a2.76
| 39.88
| 35.06

[J 41.30

32.33

25.56

]| 19.56

] 26/07
28.92
| 26/01

N W
oo
=3}
S o

[l 22.40
16/46

I

18.69

[REINEN

T 1518 | |1

0.06

N
o
o
o
g was [T

0304
I n81

7
34
0 12.41
D|2.98

ey
1 ¢
o
S

40.00 1 (b)

17.03
B.53

1244
14.29
[l 18.95

1
5.33

Isoflavonoid content (mg/g DW)
o
8

i o
: 8!
o
ﬁﬂa:—

T T T
C E1E2E3 C E1E2E3 C E1E2E3 C E1E2E3 C E1E2E3 C E1E2E3

C E1E2E3
B Puerarin Daidzin Genistin  [E] Daidzein  [[[] Genistein [ Coumestrol

31J°7'i 26 13 lolanan T o WA g LWIZLR B9UUIBAAESINNINATEND (P, candollei  var.
mirifica (a), P. candollei var. candollei (b)) %ﬁdgﬂmzﬁuﬁ’m chitosan ﬁﬂ’n&lvﬁu"ﬁu@i’mﬂ (C =
nauMILAN, E1 = 1.0 Jadniu/Aas, E2 = 10.0 Uadniu/aas, E3 = 50.0 Uadniu/aag) luﬁ’aamq
VOILTANNN 3 U

14.00
#1mgl CHI (a)
1200 — ©10mgi CHI
©50mgl CHI

10.00

8.00

6.00
o)
3 4.00
£
c 2.00
Rl
S — - [~ M
S 200 9 12 15 18 21 24 27
= 14.00
° ® 1 mg/ CHI (b)
8 12.00 + w10mg CHI
o 50 mg/l CHI
> 10.00
©
o=
o) 8.00
]

6.00

4.00

2.00
000 Mg - ii‘in‘ﬂ"n—hﬁ

9 12 15 18 21 24 27
Day of cultures
31]1?; 27 Isoflavonoid induction index damyaiaanslalonanliuasduaininszdueday chitosan
1%L‘Hﬂ§LW’]zL§UdLLﬂlauaaﬂﬁﬂﬂ’n’JLﬂ%aﬂn’J (P. candollei var. mirifica (a) W&z P. candollei var.
candollei (b))
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Eﬂﬁ 28 N1IRFUVUAY coumestrol luLSﬁaﬁLWW:LamLLmuaamla\‘i P. candollei var. mirifica Lﬁagﬂ

NIdUAIY MeJA, chitosan uaz LAM finnuliudusngg
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Laminarin (LAM)

WU LAM 103000 0.05 SafnITN/Aaaans ﬂi:ﬁunﬁiazauaﬂivlaiﬁnwaﬂa
woBdlTaalNNzIR BN el PM adnilipddmneadia (p = 0.05) laimadisuiant 21 T
(3UN 29) uazmaLdn LAM 0.05 Jaaniw/iiaddas G93iun3zguen Il index luwiaad PM lgata
13.06 lwiun 27 maamqmaa’ (3ﬂﬁ 30) 449 LAM 74 3 anudinduinldiaas PM waswdug
by S A [ a [ % . = o, & £ , & v A
WONAARIAL DU NBILALINLUNNTME chitosan DL NTRNITRINITOLAUL LA LR AILAITUN 18
maamqlfnaﬁ LL@iluﬂﬂwsauLmaﬁﬂ'\agﬂﬁuﬁ'oaﬂﬂaﬁﬁfﬁéﬂﬁfymaaﬁﬁﬁdLL@ii’%ﬁL@Nmsﬂs:ﬁmuﬁa
luga4 stationary phase 8194iAINNNINTT  phytoalexin PNFILATIZHRAINTLTAR |ATL

v A v a v =) d o
AMULATHAIINEIINTZG U smm‘ms:qumwum:ﬂ@mmiwmiﬂgunﬂuﬁauﬂulumi
A A L [ [ A A £ o @ A 48
LﬁlifyL@UIWBaaLsﬁaﬁﬁmLiaaiwmiaﬁamm@U{JmLmummlmsﬁaﬁmuima@m WUNA L
= > cg'd =1 n' 13’ c.{' a a 6 A 6
EULLUUL@mnuuﬂaumia:awmﬂwmulmmmmmmtyL@uimmaaLsﬁaawma@aa Taowuluaas
¥ : . 48 a . L . 60 .
LANZLREILTIBRB I8 81N (Morinda elliptica)  MWa1  (Vanilla planifolia) W8 Salvia
. . 64 A v Y ' & ' A & g
miltiorrhiza” \i1aYNNILAUMILININTZEU FIMDAT PC WUTIMINLTARLNNIRBINIIUAD DY
1 v 1 [ té v v 1o v
PC @1auauamaaﬁﬂsz@]‘uvlé”l,uﬁl,mmaﬁ? PM @485 LAM Iunﬂmmmmu‘lumlmmaﬁ PC
{ IS g’ ‘: ] 1 a a 1 QFQ/ g:
waswmdudmiaaas3elddnadanisaiuidulavaasss PC aglsne LAM uaasgndauss
o @ { A ' % Ao '
MIaeaululoas PC %adannIwn 24 maquvﬁaﬁ Falamlaunuiras PM 3914338Wu37 LAM
v @ A A @ A aa [ ¥ < A 65
AMNLTNTY 1.0 FARNTU/ARRAAT AANTFTIIRIT resveratrol LHINNLAIZLREIVAINIRR
lumadduiinuinans LAM apnszgduniiazaaans puerarin &9 linwulunguaiugy
A & o & & & v A o a o A =
PDINIUATOYNINIRDINUS lulras PM Qauadiwi 12 WAINLANTIINIEGU (A137197 10) B9
AMIWLAS puerarin AFILNA LHINWUIINALNNITNGNT genistin A& genistein HNTFZFANAAR
wiamoll (FUN 29) S9enaduRusAuN1IRUATIRAINT puerarin Taiu C-glucoside 284713
. . \ ca v P & - 66, 67 o &
daidzein amavliﬂ@ma;&mnmmmiﬁ:maami puerarin 9891nAN1N AINURIT LAM 813
mm‘m‘l%lﬂumsm:@jﬂumsﬁﬂmmmamaaﬂmadﬁumaﬁ’sﬁﬁwa@iamiéﬁmswzﬁms
puerarin  LagLar TS LAZLRHILUIUADEVBININILATELNY UBNINUK LAM NA3LT T
0.05 uaz 1.0 UaaNIN/ANRANT El'ammsmnizéjulﬁﬁnﬁa:auaﬁ coumestrol (%8N 0.1
A a o o 2 @ o o , & A & o £ A oA & v 1
faanIN/AIN ninwits) luunedagsvasisas PM \WiaLmanen: 24 aumu"lﬂmamavﬁammg

774 stationary phase (Eﬂﬁ 28)

60



LAM — Day9 — Day12 — Day15—— Day18—} Day21—}— Day24—} Day27—

H
' :
. l
— '
s % |
. ! J
o ' ©
o —
£ : ' N o
= R “did [ -
[T} g — BE=
- . l
o L L
=] : '
o . 1 i
o . | |
(5] . 1 o
c 1 S
] ) | : : . 19 8
8 1500 : ' . oot B o @ iSO O
% 1' o O < i m o oot n e w0oi® P g D DG 9P O N, © ©
D 000 83388838 S+ O N Yy 2 L) T
- 500 tToo o oroo o O oo :g " i
0.00 — T — T — e L = S T — T

C E1E2E3 CEL1E2E3 C E1E2E3 C E1E2E3 C E1E2E3 C E1 E2E3 C E1E2 E3

Puerarin Daidzin E7] Genistin Daidzein Genistein Coumestrol
7

gﬂﬁ 20 m3lolonan luo s LW TaS IR BILIIRABLTINNINLASEIND (P, candollei  var.
mirifica (a), P. candollei var. candollei (b)) %ﬁdgﬂﬂizﬁuﬁ?ﬂ laminarin ﬁmwmﬁu"ﬁu@mq (C =
NENAILAN, E1 = 0.05 adniw/Aiadaas, E2 = 0.1 Uadniu/Aadans, E3 = 0.2 Hadniw/iliadang)
luteegaasasnn 3 Tu

14.0
©0.05 mg/ml LAM (a )
12.0 — =0.1mgiml LAM
@ 0.2mg/ml LAM
10.0
8.0
X
> 60
o
£ 40
c
o 20
=
(:';) 0.0
o e
3 B
£ L 9 12 15 18 21 24 27
T 1400
o ©0.05 mg/ml LAM (b)
g 12.00 — ©0.1 mg/ml LAM
> & 0.2mg/ml LAM
O 10.00
Y—
(@]
» 800
6.00
4.00
2.00
0.00 -'lsin =qjq_i-—==d—u
200 9 12 15 18 21 24 27

Day of cultures

gﬂﬁ 30 Isoflavonoid induction index @iamm%ﬁamﬂai%ﬂmhua&l@i(maamiﬂiz@j'uﬁw laminarin 14
LIRRANZLRIMUIRRDLIINNINLAIEVT? (P. candollei var. mirifica (a) W8 P. candollei var.
candollei (b))
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M1319 10 AUNARYNIRERNANT puerarin lulmasinzidesuaIuaas P. candollei var. mirifica

WAIINNANNTZG UG laminarin (LAM)*

%

a . A A A v o & Cd v L a =
Uum puerarin 388 (NAANIN/NINWIRBNLKI) KAINIILAN LAM NIn

v U

AMNLYNIN
. *

LAM (Naan3a/ a9
NANAA3) 3 6 9 12 15 18 21
0.00 ND** ND ND ND ND ND ND
0.05 ND ND ND 0.2244+0.0115 0.3940+0.0620 0.6890+0.4597 1.3808+0.4133
0.10 ND ND ND 0.2789+0.0351 0.2345+0.0560 0.5325+0.1562 0.7657+0.1662
0.20 ND ND ND 0.310720.0433 0.199040.0175 0.2562+0.0249 0.5338+0.0346

* LAM sl,mg‘ﬂmmLiuﬁugﬂlﬁmﬁalﬁﬁaﬁﬁmq 6 3% **ND = not determined

I@ﬂﬁ;ﬂwamﬁ{ﬂluuwﬁwudﬁ methyl jasmonate LLa@df]ﬂ%fﬁL@iuiuﬂ’liﬂizquﬂ’ﬁ
arauanylalananlana s T s NN R B IBA HTINNANLATET) s’f}amﬂﬁagmﬁyaaﬁumm
§131813 methyl jasmonate g9 a9lasa39nL jasmonate signaling waz3 AT 18RI HYBIFNT
oxylipin lummzﬁmsmz@uﬁﬂuaﬁ%amw (biotic elicitors) VAN TUTIUADNTADLIUEI
ANULATIATAITATAT NEINNITATYNNIZGUAIL methyl jasmonate 2.0 lulasluans wud
iwad PM Simazanlolowanliuesd gogawriiu 4049 fiadnTw/niy siwiinuds luiud 27
VDIAYLTAN I@ﬂwu’jﬂmﬂﬂ’hma&wwuﬁmLmauaaﬂﬂﬂ@ﬁ"l,ﬂvlﬁ%'unﬁﬂszéju WRZUINNILTAS
IWNZLRE9UVINADY P, tuberosa”

wuinlidansnszdulefidnm LLﬁ@GQﬂ%ﬂizquﬂ’]iL%%tyL@UI@T@GL%&&LWW&Lgﬂd
LLmuaamﬁﬂm’mﬂ%amaﬁaaaaﬁuf WaN9NIM chitosan Wae laminarin ANUTUTUGITILFRS
E]Y]%(ﬂ"]_lgdﬂ’ﬁLﬁﬁmuLaUI@"lladLﬁljaﬁI@]EJLQ.W’]zLﬁljaﬁi(ﬂ’J']’JLﬂ%aT’]’Jﬁ'uﬁf P. candollei var. mirifica
memmwauaa@iamsmz@jumnﬂd’]ﬁ’mj P. candollei var. candollei

msanEiwuin MedA Tuanaududu 2.0 lulasluand sanInlfidudinazgulid
msnaamslalananluasdanniiialf sz AU ua a8 INNINLATETN UNUMIENANTIN
Tusssumagsonalaiiiesweluowaa wonansudsunawasanslolowanTuasdlnalelae 1w
daidzin wazgenistin Gnuidazauintunseutumasindularensasodimasaluiui 27
maamqmaﬁT,@U1wﬁ’m'3'ué'oﬂ§mLﬁﬁaﬁlﬂuﬂ%mmmn 16.5+2.8 AaanIu 10w 488.22+30.31
dadniu  lulwadnnueIov1Wug P. candollei var. mirifica LRI RINLTA SR DS
WUIUREE 7+1.8 Uaaniu 1w 345+17.56 Aaaniu ’Luuma(mnm%amnﬁuf P. candollei var.
candollei Femaasaidivlasgemasivesaasiutisnaiiies 27 ull muneiumsliidu
unsslunsaianslalonailmesdluszdugasnnysw $93N9NTIINTGVES  P. candollei
dasnmsnalunsazauatialonarliwasauinninenn uanmnfmmaa‘ﬁvlﬁ%'umimmjuﬁaal
MeJA El'mzaums"laimmﬂmazl@“Luﬂ‘%mmﬁgamﬂﬂ’jﬂmwnﬁﬁwmamﬂ (@197 7)
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UNN 6

L/
AITARITINNILIALIVAINININATDYD

uazmsa%aman’wZafm\lmfanayﬁ

TINLWZLAEY (hairy root culture) Lﬁ"flumﬂﬁﬂlumim:@j”ulﬁﬁ"}ja%“wﬁmhmumfﬂ@ﬂmi
] A g aa . . A @ o & A A I
D88 (transform) VaILDBUUANLIEY Agrobacterium rhizogenes ﬂﬂiz@l‘ﬂ% LORANNTD Lﬁﬁmuvl,ll Wuan
Fwuan - maAdeluuniidiiaglzssdinenaseumanzimanzaudansiniliifiasn
LANZLREIBININILATBVING 2 Wuﬁ: (P. candollei var. candollei W8z P. candollei var. mirifica)
ansnraieaIngalalaanlauesdueninisisiniIaTer) LaTKATEILRIAENTT
wInavlawazmasiwangalalawalmesd lunniwnziesuas P. candollei var. candollei

= ada «@

szidauIsiIve
M5BT IR AAIININIZLA LS (Hairy root culture) 289n2121A38T170

Tagizlidunataty 7 Turain1111A38211 (P. candollei var. candollei uaz P. candollei
var. mirifica) Tugnwdseaide swsunuaisels Agrobacterium rhizogenes ATCC 15834 L8
A. rhizogenes ATCC 43057

& A o 24 A o ® o @ &
21Tz eINTIT MS™ LAy 3% Sucrose Waz 0.55% Agargel &1RIL1AILALY
¥ . . 69

wuansuls yeast manitol broth (YMB) media

1. NMTLAIYNBWEINBNY
° & [ ' ' ® v A I
HEANI1AT8V1INI 2 WUT wiuazivenlu Funguran® (1 n3w/aas) uiaa 45 wafl
& & A a & & A v o s \
INUULTLNEANINILATAVI e aLaanasas 95% LwIan 1 wiIN a9atiinanazWanain
Wwasulamaunlalidaaalsyl 2% Nuad Tween80® w181 30 w1l a9dutiinawnkisiga

A2 3 A9 mmluifﬂaam%a mﬂﬁfuﬁmﬂﬁaﬂﬁmuﬁ@aaﬂ LLazmeﬁmlua’]Wﬁgm MS
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2. NMILAIYNTBULANIIY A. rhizogenes ATCC 15834 waz ATCC 43057 WUazn1s

WAWIEN1ILT R TALAATININIELA LY
T8 A. rhizogenes Mimadmuwut 1niulin -80°c wudsdluamns YMB Nl

acetosyringone 50 lulasluany iuiian 48 Mlus Namwnndl 25:3°C Tuanmnila

o w 'Y A & v eda [ & = ' v

ihdundniaianime 2 wuindeny 7 Sulusnwdaaade snudadu 4 dau ldun lu
(leaves) lULRE4 (cotyledons) Latlnafia (epicotyls) wae laldaafia (hypocotyls) aduaadlua1snen
11 1t lduglu suspension wa4LTa A. rhizogenes 119 2 SBWUT LW UL 20 w1l 196
(q)/ ql’ et k% { 1 & 1 s U
TNARLAS TN TEABNHIWANTHISNL T U

innsene lu luides elaefia waz lalunafia Aldnwny inoculation  éauiaa A.
rhizogenes (TAAILAN) ULATUFINTANIUNNT inoculation §18LT8 A. rhizogenes 119 2 FHWUT

(7aN1INaaed) adlua1mudgas MS 7l acetosyringone iaadutu 0, 100 waz 200 lulas

lua$ 1w 7 u Naowngdl 25:3°C Tuannile

frofudinizadluamigas MS TninfisnujTius cefotaxime 500 Hadnin/Aay (e
o o & a d a & a @ 70 &y
MaamasIwin Warnaiaduaa 2-3 anfiasd 39ga9nadluemis Gamborg's B5 1114l

ad
enU)TIus
@ 2y 1% @ € o A a [ a

#a9IN MRl 1 §endd Fnnsamaseunslwienvesgadn uaznasanizug
d‘y v s 6 o a o v dl v ] e 6
Wesld 3 dland Tanamatiann uazrmadhennildasenmslnanne 2-3 e

nsassauinvasuuafitsy Agrobacterium rhizogenes TWsnWNIABIVBININLATEZY
Ag3s Polymerase chain reaction (PCR)

ﬁrmﬂLW']:LgﬂamaaﬂaﬁaLﬂ%amnﬁL'gmvlfi'l,ummimmgm Gamborg’s B5 N1&NAG2E
TAFNA DNA (Qiagen”) uazin DNA flduniannudududisiaiosilo Nanodrop spectroscopy
ntwib DNA  fiadaldinlfiiuwwiuoy template) lufATen PCR iiaamiamidu rolB waz
rolc lasld DNA 310 A. rhizogenes L'flwlgﬂﬂ’mﬂw uagld primer 2 gj fa rolB-1 (5-
GCTCTTGCAGTGCTAGATTT-3"); rolB-2 (5-GAAGGTGCAAGCTACCTCTC-3’) iz rolC-1 (5'-
CTCCTGACATCAAACTCGTC-3’); rolC-2 (5’-TGCTTCGAGTTATGGGTACA-3’)71

vUFA%n PCR 7125 'lulatdns landunauvasdjAsendsznaudas GoTaq® Green
Master Mix 12.5 lulasdas; ¢ primer w8484 rolB wia rolC anududu 0.4 lulaslumy uas

uiuuy DNA 5 lulasdas laglfgaunniuszinanlumaiy jasmasis
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181 (Awn) amnnd (°C)

Initial denaturation 120 95
30 cycles of
Denaturation 30 95
Annealing 45 53.5
Extension 45 72
Final extension 360 72

NHWEN PCR product N6 anaT138aue835 gel electrophoresis lagld 1% agarose
gel T 0.5X Tris-boric-EDTA buffer waz¥inbldauee ethidium bromide AanaziinlUaiasey
mulduas UV 9 260 wluuas

%) [ 6 dy ~
nsaswarsnaalalanailwesdainsniniziiaszaininie3ad
PNIINNIZLRLY 4 line 91N P. candollei var. candollei waz 3 line a1 P. candollei var.
. ep Q v o a v = a { Y o J {
mirifica l1anaene methanol waziinlditaszialramaia HPLC enuisn laninualinluuni 3

I@ULﬁﬂuﬁumimmg’m 6 Thafa coumestrol puerarin daidzein daidzin genistein LLaZ genistin

msﬁmsmNa*’uaau,aa@iamswﬁma151un§u1af%ﬂa1buaﬂ@i‘waaﬁmwwtﬁyﬂwaa
N7MATDV1?

%"ﬁmwangmmaamnm%amn (P. candollei var. candollei) line C6 U3u1tk 0.1 N34
LW’lngqu Erlenmeyer flask 1%1@ 125 ml ﬁﬁmwﬁmmg@li Gamborg’s B5 13u1a3 50
faaaas 1aassmeldanisiiauazaniiefilesunssfianuduuas 37.5 IEm” s waan 16
Tl ﬁqmmq}ﬁ 25+3°C Unia3a9lutn AN37 110 3807 FMIMasasnanug 5 efiyﬁe]
8z 1 flask LAUNAMINAREIR 7, 14 uaz 28 51 lassiufinimdnas (n3w) swminuds (n5u)
wazdienzdtTanaanslungulolonalinesd (Hadnuniy WmBnue) §e3% HPLC awdt

o ¥ ;
Alarnuatnlwunn 3
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HANIIIVLUAZINNTUNANITIVY
N3N 11 LRAINITNDURWAIGAORNIIEANITNUN A LAAITININIZLA89289NI1ILATEU?

LRAINAYDIRD ﬂﬁufmau%auazﬂ’%mm acetosyringone

A1319N 11 ﬂ"li@laﬂﬁua\‘](ﬂ'aﬁﬂﬂﬁtﬂﬁigﬂﬁﬂlﬁﬁ(ﬂiﬂﬂLW’]$L§?Jx‘]“ll 29N71LA38T17

%nN13INdUdADI
MS
g Sudan ATCC 15834* ATCC 43057* (o
AS* AS AS AS AuAN)
100 Talasluans 200 TaTaslaans 100 Talasluans 200 Talastaians
lu 16.67 0 58.33 0 0
P. @
candollei luidss 50.00 0 8.33 0 16.67
var. atlnafia 41.67 0 50.00 16.67 0
candollei
laldaafia 16.67 0 8.33 0 0
lu 50.00 0 25.00 0 16.67
P. -
candoflei | 1HAB3 16.67 0 50.00 16.67 0
var. allaafia 33.33 0 25.00 16.67 0
mirifica
laldaafia 16.67 0 0 16.67 0

* A. rhizogenes American type culture collection number 15834
** A. rhizogenes American type culture collection number 43057

*** Acetosyringone

NANNTIVLNUINGUNRININILAIBVN P, candollei var. candollei (gﬂﬁ 31) 1ilo inoculation
@28 A. rhizogenes ATCC 15834 LLa:’n\‘iLgmlumWﬁgm MS ﬁﬁ acetosyringone 100
lalasluans ﬁmmauaumaﬁq@luéumuluL'gm 50% se9asNNAatusIweTinefia 41.67%
Tusneizusmlunazlalinofia fmsneuanasvintiuie 16.67% lunmaassiudnunuindunan
nne3eriinaaesluenms MS A3 acetosyringone 200 lulasluans lifmsaausuasde
mysnldAas NIz

iie inoculation @unaNNINILAIE (P. candollei var. candollel) &8 A. rhizogenes
ATCC 43057 uaz119tansluenmns MS #f acetosyringone 100 lulasluans fmsnavaueslada
ﬁq@iu%ud’mlu 58.33% sa9a93nda audiuadlaafia 50% Tuvaedidudiuludsusslalunad
alimIneuauwadrintuie 8.33% uaztiionaanslu MS T acetosyringone 200 lulasluans
WuIN ST us e Tnofalrinwi s nsnauauas 16.67%

1%"1;@1@1’311@]‘&1 Wll’j’]%umulmgmmad P. candollei var. candollei §nN3@aUaU4 16.67%

A o g AV A . AL A A
WarinnInzLassla1nns MS N i acetosyringone TuameNTuananliinsnauauad
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ﬁ’]%%ﬂmﬂﬂ’]i@lﬂu&um@iaﬂﬁi"f{ﬂﬁﬂi’mLW’]ngﬂdiuﬁuﬂﬁﬂﬂ’Jﬂ’JLﬂ%a"ﬂ’]’lﬁubf P. candollei
var. mirifica Lfia inoculation @78 A. rhizogenes ATCC 15834 LLQZ’J’I\‘ILgmlumWﬁ MS ﬁﬁ
acetosyringone 100 'lulasluans ﬁmsmauauadﬁﬁq@iuﬁumuh 50% sadadunfatallaadia
33.33% lwsmeiludosuaslalinofiadmsnouanasyiniuie 16.67% Ssuandnsaindund
nnesarnfingaesluenns Ms A acetosyringone 200 lulasluans Alinunsaauaues
daannzmssninlmAesninsdsatudsanulu P. candollei var. candollei

GUNAININILATBVUNY  P. candollei var. mirifica (yﬁi 32) ila inoculation @78
A. thizogenes ATCC 43057 #ataesluenmisiil acetosyringone 100 'lulasluans Dns
mauauaa'lﬁﬁﬁqﬂlu%umuﬁLﬂuFLUL‘&Tm 50% S89ad3fe lunaziatlnefianauanas 25% winnu
wonaniganuinsusnie laud luides wllaofis uazlallnafia ﬁgﬂ%’ﬂﬁ’]ﬁm A. rhizogenes
ATCC 43057 uazatassluennnsidl acetosyringone 200 lulasluans fnsaauaussirinfiuie
16.67% lwymeAizuswlyliinsaauanas

slwg@muqu wugugwluves P. candollei var. mirifica Snsaausues 16.67% Lilavi
mynaaesluenms Ms Al acetosyringone Tuanizfisusuanlifimineuauas

nnuamInaassazfinldindusnisudsziia InmsasuawasdenissninlmAasn
nziagsuandranild Taonafildsanndasiuuwisolu Brassica oleracea uaz B. campestris
%oﬁ”’aﬁufl,mz%udfmmaaﬁ*’nﬁﬁmﬂ%ﬁNa@iaﬁmﬁﬂﬁtﬁmwnm:lfgmn acetosyringone 1A%
dudw 200 lalasluans  Swasugisamsianninizsaes I@ﬂmﬁ]ﬁmm@;mmﬂmiﬁ
acetosyringone ffmﬂum‘smju phenolic %wzﬂs:éjulﬁl,ﬁ@msmwawﬁaﬂﬁn SN A

acetosyringone MnnLAnld anaviliiitaitaNaene e
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D E

311 31 N111ATUN P. candollei var. candollei N1NALREdlUaIMNT MS (A) N11LATaLNINON
=

=

TN IFAAIININNZLIAEIGE A, rhizogenes ATCC 15834  uazn9tasdlua1wis MS  7d

Acetosyringone iBud1 100 waz 200 lulaslua1s mwsrau (B uaz C) n1nuaIarfiigndnih

IAiAas nwzLae9ea8 A rhizogenes  ATCC 43057  uaz219Las9lua1nny MS N

Acetosyringone LN 100 waz 200 bulasluans aws1au (D was E)
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D E

%

311 32 N11LAT8217 P. candollei var. mirifica N191ALIIHEIMT MS (A) N1LATEIINAYNTN

U
=

W lAAaTININZIRE9638 A, rhizogenes ATCC 15834  WazN9LAsdluawIs MS  Af
Acetosyringone iTiudu 100 waz 200 lulaslua1s mwdrau (B uaz C) n11iaIarfigndnih
IAiAasnwziaedeas A rhizogenes  ATCC 43057  uaz29Lasslua1nns MS N

Acetosyringone LuT% 100 waz 200 lulasluans aws1au (D was E)
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NIATIVFOUERVBILUATILIY Agrobacterium rhizogenes Twsrnmnziaseuasninieie
21702835 Polymerase chain reaction (PCR)

oMt R e NINZIABINNILAEE277 AT NMITNYNGIELE8 A, rhizogenes A9
lua1m13gas Gamborg's B5 Tuszozmits WUIMAIIINEEIRD9 56 A33 mn 2 §lav) 1
wnzidssfigaesydulauscifiaog fdmunsnua 11 line Tan 6 line léu197n P. candollei
var. candollei (C1-C6) L.ae an 5 line }@W13N P. candollei var. mirifica (M1-M6) (mi’mﬁl 12)

ot DNA fildannmssnaldiaenutudulasldds spectroscopy WU Sanudutn
ag3znin9 3.97 f9 74.16 wiluniu/lulasias uazainnnasih DNA fanalalasrandn roB
W8z rolC §183% PCR Wuiniisinuas P. candollei var. candollei 4 line 31NY%NA 6 line AWLNS
f% rolB uaz rolC &% P. candollei var. mirifica 5 AN TEN0HwE5 3 line 1MNHINUA 5 line
(3‘1]“71' 33, 34) HIRMINNNZLR 98B rolB uas rolC ot hlwsansnduduldi AR
line s9naflusniikiunsimiionsia lag A, rhizogenes gﬂﬁ 35 URASTININIZIAE9DS P,

candollei NIRDINS uﬁf

A15199 12 anzmsTniih iianunziasslasls A. rhizogenes

P. candollei A. rhizogenes | BwEWALINAY |  Acetosyringone
. Root lines
varieties ATCC No. (explants) (VLNTHSTNRﬁi)
43057 lalunafia 100 C1
43057 Ty 100 C2
P. candollei var. 43057 laaiia 100 C3
candollei 43057 e 100 c4
15834 laaia 100 C5
15834 TLaes 100 ce
43057 laaia 100 M1
43057 Ty 100 M2
P. candollei var. P
15834 laana 100 M3
mirifica
15834 Ty 100 M4
15834 e 100 M5

70



600bp
700bp

317 33 wavaINMIaTIaFeudn roB lusnwzRB9a8d P. candollei var. candollei (C1-C6) uaz
P. candollei var. mirifica (M1-M5) é283% PCR lag P fa positive control 3nnuuafiiss (650 bp)

wae N fa negative control N1 FF¥NAWLNY DNA WKL
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500bp
400bp

31 34 wapaINIATIARaLEU rolC lusniwIziadBad P. candollei var. candollei (C1-C6) waz
P. candollei var. mirifica (M1-M5) u3% PCR lag P fig positive control ANUUANLIY (450 bp)

uae N fa negative control 1 ME3NAKLNY DNA WLUL

72



gﬂﬁ 35 IINLNNSLRENVY P. candollei var.candollei (A) waz P. candollei var. mirifica (B)
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nsaswarsnaalalanalmwasd NFININLLALIVBININILATEZN

gﬂﬁ' 36 u&ad HPLC chromatogram °IJad‘i’mLW’]tLgﬂx‘]ﬂ’N’JLﬂ%ﬂ“ﬂ’]’)‘ﬁdﬁadﬁuﬁj NI
F5uWuUd 3INNLRE9YY P. candollei var. candollei N4y 4 line (C2, C3, C4 uaz C6) N
line §inMIaLaNaNT daidzein daidzin L&z coumestrol Lal LN TEzENENT genistin, genistein LLag
puerarin HIRNWIZLRES line C2 ﬁmsamumﬂa‘[mﬂmhua;J@Tﬁmqaﬁ'q@ﬁa 1.31 {adnTw/
PRI R (gﬂ‘ﬁ' 37)

1uiﬁmwwn§mmaa P. candollei var. mirifica ﬁ”ﬂmm} 3 line (M2, M3 Laz M5) Inmzau
817 daidzein, daidzin W8z coumestrol lunn line UAZWUANT genistein LANZ line M2 ud Laiwy
817 puerarin Uaz genistin 1uyn line Tagsnwziaes line M2 Smsazauaslolonanluond
mugo‘ﬁq@ﬁa 11.77 S88n30/n3W Hnminuss (gﬂ‘ﬁ' 37)
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75 =
| 2 1
8
| [ A
s ¢
| i
25
- )
b & M~ -~
1 = v
o™ — :
1 - n =
1 YAV, S _ — _
04— T
T T T T T
5 10 15 20 25 30 35 40
4 . 1]
B Z
500 © B
400
300 ‘
200t (5 =] ‘
-+
] 3 o
] k-] i~
100 3 ) | o o B
] ¥ 5 o || 2 =
] H p e | = S
O; LY SN R et _—
—— ———— T T T T
5 20 25 30 35 40
mAU min
i 3
300 2 C
2004 ‘ 4
] | 6
: | f
100-] 1 H || 5 ||'|
] i | .l
l || ‘ | i
II I| | | | | |I ‘I | I'
o] ! Jv o JU L N WAV .
T I T T T T T I
0 5 10 15 20 25 30 35 40
nmin

Ellﬁ 36 HPLC chromatogram YRINLWIZLRBIVBY P.  candollei var.  candollei (A),
P. candollei var. mirifica (B) kaz&13819331% (C) lag 1: puerarin 2: daidzin 3: genistin 4:

daidzein 5: genistein LLaz 6: coumestrol
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Ellﬁ 37 ﬂ%mmuazgﬂLLuumm%”’mmsVLaIsﬁwmIauamﬂmﬂmwnuﬁmmadm’nm%amn 2

o

N

oA

(C1-6: P. candollei var. candollei; M1-5: P. candollei var. mirifica)
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a 3 =g = ~ g ¥
mswammﬂafsﬁﬂmbua HAVBDIFITINENISLAIVDININILATIBYTIILANDITILAEIN ﬂ‘lmam'xz

LAILALANIIZHA

A o g g i ) o A
138YINNNI9LRBITININILLR LIRS P. candollei var. candollei naldaniiziauazaniig
LRI INNANTIVLWUIN ninaalasiadauadsiniwizlassninaasdluannzianazlwaniay
1 QI J :/ = { > ] > %>
WRIADE LN LLa:ﬁmmuﬂa@gaq@ﬁ 14 3wy 017 + 0.06 n3N (luannila) uas
0.17 + 0.05 N3y (luanwusd) nasanuwud kminaazams 2 ngy Suwilivaaasiadns
dy & > d' n}’ A a ? C™ A:l' |d'
WweoaLduiian 28 I@Umw,amluamfazmLLa:IuanﬁwazLLaauu’muna@maya%m 0.14 WAz
0.15 + 0.03 N3y MuAIGU (3L 38)
‘ 4 o o A oA g A A
IuaaumaauwﬂuﬂLL%aI@ﬂLaawamgwmnLamluama:mLLazluanwa:LLaa SRR
o . oA o ¥ o A a £ \ o oA g A Al @
W LU T WL A oI N U RN FAA LN LTI UTI 14 T I@ﬂ‘luﬂﬁgumwLamluan’nzmwmvmﬂ
Ltﬁamﬁﬂgaqﬂﬁ 0.07 = 0.05 n3¥ LLazﬂéjuﬁmaLﬁmsluam’ml,aaﬁﬁmﬁfﬂLLﬁaLaﬁﬁgaq@
0.06 £ 0.02 N3 wazthwinuisiiuw liuaasailiawzidoadunm 28 Tu (3U7 39)
WAL ANIITIN DI N B AU BONTDITINWILLR 9NN R s lwan1 sl anas luanine
' g A g A o A o & A a
WY WUINTINWIZL RSN R eI lnan1zianaaaszuzina 28 % azdanumeniiuguini
' A = ® a ' o ' g oA g =
TR e ASIC I Dt e meuuam’nﬁﬂwazmmlum}um’mamluamazuaamsm

wnzissdulngjazilfswiufihaaainitaian (guUn 40-41)
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3111 38 WninEALARIYBINNINIZIABININILATBLN (P. candollei var. candollei) \BIWIELREN

muldanenlasunsadwig 16 T lusAw uaznoldaniiziia

311 39 ¥ndnUAILARBVBITININIZIAEINIILATEV (P. candollei var. candollei) LillWNZIA Y

mulaan1zN lasunaadlwiaan 16 Tlue/ I wazmuldaniiziia
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SUN 40 ANBUSVBITINLNIZLRLININILATEVI (P. candollei var. candollei) wiatwziassnele

u

g lasunaaLnig 16 Tl

3UN 41 ANBUVBITININIZIRLINIILATEVI (P. candollei var. candollei) WalwziapInuld

A
RN1CURN

~ o ' & g A =
JUN 42 u,ammsaswmanﬂaimﬂmimam@maaﬁmwmammnmsama TINU
daidzein LUIIHAN I@Uﬁﬂ‘%mmmsamugaq@lufuﬁ 7 VaIMINIZLRLINI RNz ULEI LAz L
FAZHA NN RBIEAZIES JUSNND daidzein 1.83 + 0.05 NARNTN/NTN WRALAI
LRz R s luanInila J1USHN0k daidzein 2.14 + 0.89 NARNTN/NTN UNRBNLAI 1N
YSunaudenes 9aaadlateasia N snzia o Nk
LﬁaLﬂ%ﬂmﬁUuﬂ%mmmimjﬂahwmiauauﬁﬁvlﬁmmwmwwuﬁﬂdﬁ'uﬂ%mmmﬂu
AR REINIURBEWLIITININIZIA I lUN1INAReIl WL daidzein AT genistein
7 A & g ¢ Ao o
T T e 71 LR AL WIS LRI LTI LA DA WU RN T Lo laWan lawasd  ANaNRaINway lawn
daidzein daidzin genistein LA genistin
nﬁﬁwumimjuvl,a‘[sﬁmﬂmamﬂuﬂ%mmﬁ"l,ajmﬂLLazvl,ajvsmﬂ%mﬂ 2719 I AN
. A A a o g ] A | A a
line V8ITINLANZLABINLRENNN LTl UNINNNINAaaIR (C6) TIR=RNEILNEILA 2 T9a TudSum
A 1 v o' & c:lp A . Aa [ [ 1 o val
Neaaud9dn NatrnnLaan line mmsmwmﬂaimﬂmbuamgom’] 219 AU NIRZRNRNT
N & r . ¥4 .
TSy NN LA RA AR LNINT 1 uazaN3UN 37 A AT TINWNZLREN line D% 9 LT
M2 ﬁﬂ‘%mmmsa:awmivlaisﬁwaﬂmaaﬁge el line ﬁﬁmsazawa’lﬂuﬂ’%u’lmgaﬁh}mmin
gy ldduazans lunauazihanlglunmenasis
g = v, o A g A , & A A o A
uaﬂmﬂm:muvlmnummwmmmummxawmsngﬂalmwmbuam gangaRaIun

¥ { é =3 1 { L Y { v v e
7 20amuans (U 42) FaSintulafisuivlussdinnzidsiuiusesndodldion 18-24 T
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(unh 3) walildUTnmnsszauaIngulaloWalinesdgefiga dsiumniiansninizian

line NANIRZRNRITUINUASHANNRAYNT ML IINWIzLR 9Nl wannIgtianlumINRaR1Y
a4 & | & & A o ° A o oA .

Talawanlwaa s aNEwNINLTaa NI RN TI9zdadrinnIInaaadtNanalaan line

A o & o A X g
NRINN LL@Z@&@N&W?VLQITW ﬂ']I'Jua HL9 :Gj\‘] LRENTAUR a.ﬂ']’lzﬂL%lJ"IzﬁN&L%ﬂ"ﬁLW"lzLa HNINNLANICLREN
galy

317 42 ﬂﬂia§waa1§ﬂajuvlaisﬁWawiauaU@“lm'ml,ww:l,ﬁmmaa P. candollei var. candollei 1

dq, a A
LNCLR UGl%ﬁﬂW’JZNLLﬁ\‘] LLE‘]Zl%ﬁﬂ’nz&l@

80



UnNn 7

b4
Unagiluaz'ﬂamuaum

s

andusyuwlnsdudadvdmdglunmnfaniadmsiayulng &wiuninaeiesn
. . & Ao o = ' a & = A v ¢
(Pueraria candollei) \dusyulwsndsdoaivanundssssnma sienaldaymiluiasnmsaying
Wug anusisNazeslTImNande waznmIniugulTinamddgluiininieiesn amu
A ) & & & = & & A
maluladTinw 1w EwasiwizidgsusInaasuazsInwziagsivanailunaiannainnsn
i ldunifymainanla niianmsisslassmshlesmuaiinlgdlunswensdsawiauas
N712LA78917 2 ‘ﬁuf (varieties) \@wn Pueraria candollei var. candollei Wwaz P. candollei var.
mirifica Waz¥NMIANHIHATEINIAILANMIATYIALladanIaTILARIRTINIIATY (P.
candollei var. candollei) 3niftaidaly &du wazn lasgasanmns MS 7l BA 0.56 lulasluad
6 &, P o L v (2 o o A &

waz 2,4-D 4.52 lulasluand iWugasemisimanzandmivlenszdunmaaiouaaas iNaiie
& & ey A = a & =y <

s diwnnzlasiuInaes LazilaAn N IULULM TS YU ITARLNILAEILYILADVBINIFDS
o a & o v . e & A £ oo A @ o

wWulasmadianzinazasiadude g ldun Wut suvesisasduiltlunanszduuaads uas
FTUZININIILAILRYY GO NINRALAZLAITBILTALNIZIALILDINADY WUINRIUVDINTAIAY

a

mﬂumim:@fmmaé’aﬁwa@iaﬁmﬁ'ﬂammmaaﬁwwuﬁmLLmuaaﬂaﬂ'wﬁ HEA WA

328ZIAM AN RN T NG ot R RN EaLAZILRI T TA RN IZIR U R g B LT AT

[
a v A

mimaﬁ]aaumiﬂ@;u"l,ahwmiauami(mﬂéi'aasmmaaﬁ“ﬁmnLﬂ%amﬂummfﬂyu
lalfinafianislasuilanid fa high-performance liquid chromatography (HPLC) Fa'ler

=3 ada 6 1 6 a 6 a (% s U 1 . .
wwm’smmsw:%manﬂahﬂmimamﬂ lagdiazians 6 siansauny Lauwn genistein

=)

genistin daidzein daidzin puerarin LL8¢ coumestrol ms?mmlﬁi'gmmﬂﬁaummu
> [ ' aa :/ A 6 v A Aaa

ANFINITNING 0.2% vadnsaezdanlui uarezdlalulasa 1480015 1%a 0.5 Aafaas
dawfl @nwrdranuduiduasinldidunmnuniasgiulusag 5-160 lulasnsw/iadaans uaz
ATIRALANYNABIVBIATUATIZA lewr Aranudunuiiulduass (correlation coefficient) @
anudutudganiald (LOD) Aanudutudganidaiiald (LOQ) dranugndas (accuracy)
LRZANANLABEN (precision) 7N1Uvznauaa8@1  reproducibility WAz repeatability UaIE1Y

O ) { °
A33% Tef ldagluga9n AOAC Mnua
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Abstract We established cell suspension cultures
derived from leaf, stem, and root calli of Pueraria can-
dollei var. candollei and P. candollei var. mirifica using
liquid Murashige and Skoog (MS) medium supple-
mented with 0.56 pM 6-benzyladenine (BA) and 4.52 pM
2,4-dichlorophenoxyacetic acid (2,4-D). Growth of the
cell suspension cultures progressed to the stationary phase
within 15-24 days. Methanolic extracts of cell suspension
cultures of both varieties of P. candollei were analyzed
using a validated HPLC protocol. All cell lines derived
from leaf, stem, and root explants produced four major
isoflavonoids: daidzein, daidzin, genistein, and genistin;
these isoflavonoids were detected only in the roots of
intact plants. Furthermore, the isoflavonoid contents of the
cell suspension cultures were higher than those of intact
plants. Thus, cell suspension culture of both varieties of
P. candollei may be an effective tool for isoflavonoid
production.
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Introduction

Pueraria candollei Graham ex Benth. (Fabaceae) consists
of two varieties, viz. P. candollei Grah. ex Benth. var.
candollei and P. candollei Grah. ex Benth. var. mirifica
(A. Shaw et Suvat.) Niyomdham (Keung 2002; Niyomdham
1992). Dried tuberous roots of both varieties have been used
in Thai traditional medicine for rejuvenation (Cain 1960).
P. candollei var. mirifica tuberous root contains a number of
phytoestrogens, including isoflavonoids (viz. genistein,
daidzein), isoflavonoid glycosides, (viz. genistin, daidzin,
puerarin), chromenes (viz. miroestrol), coumestans (viz.
coumestrol), and pterocarpans (viz. tuberosin) (Chan-
sakaow et al. 2000a, b; Ingham et al. 1986). Pharmaco-
logical activities have been reported, including estrogenic
activity (Chansakaow et al. 2000b; Trisomboon et al.
2004a, b, 2006), prevention of bone loss (Urasopon et al.
2007), and antioxidant activity (Cherdshewasart and Sutjit
2008).

In the last decade, cell cultures have played an important
role in the production of secondary metabolites. This
technique is suitable for studying biosynthetic pathways
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and the relationship between secondary metabolite pro-
duction and cell growth which are important factors for
industrial applications (Kieran et al. 1997; Sakuta and
Komamine 1988).

Callus cultures of P. candollei var. mirifica were
established by culturing root, cotyledon, stem, leaf, and
shoot explants on Murashige and Skoog medium (MS)
(Murashige and Skoog 1962) supplemented with a com-
bination of 2,4-dichlorophenoxyacetic acid (2,4-D) and
kinetin or 2,4-D and 6-benzyladenine (BA) (Thanonkeo
and Panichajakul 2006). These cultures produced isofl-
avonoids, daidzein and genistein; the yields of these
products were approximately 34 times higher than those in
the intact tuberous root. Moreover, the enhancement of
isoflavonoid production, i.e., daidzein, daidzin, genistein,
genistin, and puerarin, in stem- and leaf-derived callus
cultures of P. candollei var. mirifica using thidiazuron
(TDZ) has been reported (Udomsuk et al. 2009). However,
cell suspension culturing of the plant, which is a key
method for secondary metabolite production, has not been
established. Cell suspension cultures of Glycine max con-
tained higher amounts of total isoflavonoids (72 mg g~
DW) than that of callus culture (46.3 mg g_1 DW)
(Federici et al. 2003). Pueraria thomsonii and P. lobata
cell suspension cultures have been successfully established
(Li and Zhang 2006; Xu et al. 2006).

The objectives of the present study were to initiate cell
suspension cultures derived from P. candollei leaf, stem,
and root calli and to study the growth pattern of those
cultures. To elucidate the isoflavonoid accumulation pat-
tern in P. candollei cell suspension cultures, it was nec-
essary to simultaneously analyze six isoflavonoids, i.e.,
daidzein, daidzin, genistein, genistin, coumestrol, and
puerarin. In this paper, therefore, we report a validated
method for simultaneous quantitative analysis of these
compounds in P. candollei cell suspension cultures using
an HPLC system.

Materials and methods
Plant materials

Two varieties of P. candollei were used in this experiment.
Pods of P. candollei var. candollei were collected
from Kanchanaburi Province, Thailand, while pods of
P. candollei var. mirifica were collected from Saraburi
Province, Thailand. Herbarium specimens were deposited
at the Herbarium of the Department of Pharmaceutical
Botany, Mahidol University (collector numbers: Prathan-
turarug 00113 and Prathanturarug 00101 for P. candollei
var. candollei and P. candollei var. mirifica, respectively).

@ Springer

Callus and cell suspension cultures
In vitro culture establishment

Seeds were surface sterilized with 2% sodium hypochlorite
solution containing Tween 80° (1 drop 100 ml~" solution)
for 30 min and then rinsed three times with sterile distilled
water. The sterilized seeds were then cultured on
Murashige and Skoog (MS) semi-solid medium (Murashi-
ge and Skoog 1962) supplemented with 3% sucrose and
0.55% Agargel® and were maintained at 25 + 3°C with a
16-hr photoperiod and a light intensity of 37.5 pEm 2 s~ .

Callus induction

Leaf, stem, and root explants from in vitro-grown 2-month-
old P. candollei var. candollei plants were used to inocu-
late on MS media supplemented with 3% sucrose, 0.55%
Agargel® and a combination of BA (0, 0.56, 2.22, or
4.44 pM) and 2,4-D (0, 0.57, 2.26, or 4.52 puM) in sterile
petri dishes. For each treatment, 12 replicates were
performed.

After 4 weeks, intensity of callus formation was scored
(Table 1). The induced calli were friable with a creamy
white to green color. The combination of 0.56 uM BA and
4.52 uyM 2,4-D, selected because it mediated efficient
callus induction, was used in the cell suspension culture
medium for both varieties of P. candollei.

Cell suspension culture establishment

Calli (500 mg) derived from leaf, stem, and root explants
of P. candollei var. candollei and P. candollei var. mirifica
were transferred to 50 ml of culture medium in a 125-ml
Erlenmeyer flask, and the cultures were maintained on a
shaker at 110 rpm for 24 days.

Growth determination and isoflavonoid extraction

Every 3 days, three flasks of each cell line were harvested,
and the fresh weight was determined by filtration through
Whatman filter paper (No. 1) under vacuum. The harvested
cells were dried at 60°C for 48 h, and dry weights were
determined. Each dry sample was extracted with 75 ml of
methanol (anhydrous, JT baker, USA) in an ultrasonic bath
at 40°C for 30 min. The extraction was repeated three
times. Subsequently, the extracts were combined and fil-
tered through Whatman filter paper (No. 1) and then
evaporated to dryness under vacuum using a rotary
evaporator.
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Table 1 Growth of calli derived from P. candollei var. candollei leaf, stem, and root explants

Explants Leaf Stem Root Leaf Stem Root Leaf Stem Root Leaf Stem Root

BA (uM) 0 0.56 222 4.44

2,4-D (uM)
0 + + + + ++ + + + ++ + + +
0.57 + ++ +++ ++ ++ +++ ++ ++ +++ ++ ++ +++
2.26 + ++ +++ ++ +++ ++++ ++ ++ +++ ++ ++ +++
4.52 ++ +++ +++ 4+ ++ +++  ++ ++ +++

The growth was scored as follows: + small groups of calli formed, ++ groups of calli formed approximately 2 mm, +44 groups of calli formed
around original tissue larger than 2 mm, +-+++ groups of calli covered the explant

HPLC analysis
HPLC conditions and validation

HPLC analysis was carried out on a Shimadzu HPLC
model LC-10ADVP analytical workstation coupled with an
SPD-M10AVP photodiode array detector. The instru-
ment was equipped with a Purospher RP-18 column
(250 mm x 3.0 mm, i.d., 5 um particle size). The injec-
tion volume was 5 pl. The mobile phase consisted of sol-
vent A (0.2% acetic acid in water) and solvent B
(acetonitrile, Fisher Chemical, UK). The gradients of sol-
vent B were varied as follows: 15% B (5 min), 15-30% B
(5 min), 30% B (12 min), 30-32% B (3 min), 32% B
(5 min), 32-15% B (2 min), and 15% B (8 min), with a
flow rate of 0.5 ml min~'. Stock solutions of the pure
compounds coumestrol (Fluka, USA), daidzein (Sigma,
USA), daidzin (Fluka, USA), puerarin (Sigma, USA),
genistein (Sigma, USA), and genistin (Sigma, USA) were
simultaneously prepared. The stock solutions were serially
diluted with methanol (HPLC grade, Fisher chemical, UK)
to make samples with concentrations of 5, 10, 20, 40, 80,
and 160 pg ml~!, and the absorbances of these dilutions
were measured at 243, 248, 248, 249, 259, and 259 nm for
coumestrol, daidzein, daidzin, puerarin, genistein, and
genistin, respectively. The calibration curve for each
standard was constructed by plotting the areas under the
curve (AUC) versus the concentration. The slope and
correlation coefficient (R?) were calculated by linear
regression, which was done using the LCMS solution
program of the HPLC instrument. Limits of quantification
(LOQ) and detection (LOD) were determined by calcula-
tion of the ratios of signal to noise equal to 10:1 and 3:1,
respectively. The precision of the analysis method was
measured using repeatability and reproducibility studies.
Mixtures of the six standards at 5, 40, and 160 pg ml~!
concentrations were prepared and used for evaluation. The
repeatability and reproducibility studies were expressed as
the relative standard deviation (%RSD). The accuracy of
the method was evaluated using recovery studies by adding

known amounts of the standard solution to the extract. The
sample was spiked with three concentrations of standards
(10, 20, and 40 pug ml™", respectively). Each analysis was
done in triplicate. The parameters achieved from the vali-
dation of this method (Table 2) were in the range recom-
mended by the Association of Analytical Communities
guidelines for single-laboratory validation of chemical
methods for dietary supplements and botanicals (AOAC
International 2002).

Analysis of cell suspension culture for isoflavonoids

A 10-mg sample of each dried extract was accurately
weighed; the sample was then re-dissolved, and the volume
was adjusted with methanol (HPLC grade, Fisher chemical,
UK) to 10 ml. The extract was filtered through a 0.45-pum
syringe filter prior to HPLC analysis. The sample amounts
were determined using the area under the curve using the
equation for the linear regression obtained from the cali-
bration curve.

Results and discussion

Cell suspension culture establishment and growth
characteristics

The growth characteristics were examined during the
24 days of culturing using fresh and dry weights (Figs. 1
and 2). All cell lines of P. candollei var. candollei and
P. candollei var. mirifica were in lag phase for 3-6 and
3-9 days, respectively. Then, they started to grow expo-
nentially until reaching a stationary phase within 18-21
and 21-24 days, respectively. Browning occurred in cell
lines derived from the leaf, stem, and root of P. candollei
var. candollei at days 15, 18, and 21 of culture respectively,
whereas, no browning was observed in P. candollei var.
mirifica throughout the culture period. The highest dried
biomass of P. candollei var. candollei, 449.3 mg flask ™!,
was obtained from a root-derived cell line on day 15
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Fig. 1 Growth of cell suspension cultures of P. candollei var.
candollei (a leaf, b stem, ¢ root); (solid line) fresh weight and (dashed
line) dry weight

(Fig. 1c). For P. candollei var. mirifica, the highest dried
biomass was obtained from a root-derived cell line
(676.0 mg flask ') after 24 days of culture (Fig. 2c).

When comparing the fresh and dried biomasses for
growth determination, we found that the growth curves for
both fresh and dry weights (Figs. 1 and 2) had the same
growth characteristics for each cell line.

The effects of the plant variety (var. candollei and var.
mirifica), type of initial explants (leaf, stem, and root),
and the day of culture (3, 6, 9, 12, 15, 18, 21, and 24) on
fresh and dry weights were analyzed using three-way
ANOVA. The type of explant significantly affected only
the fresh weight of the culture (P = 0.015). Furthermore,
the day of culture significantly affected the fresh and
dried weights of the culture (P = 0.020 and P = 0.007,
respectively).
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Fig. 2 Growth of cell suspension cultures of P. candollei var.
mirifica (a leaf, b stem, ¢ root); (solid line) fresh weight and (dashed
line) dry weight

Isoflavonoid accumulation of cell suspension cultures

HPLC analysis of the suspension cultures demonstrated
that four isoflavonoids, i.e., daidzein, genistein, daidzin,
and genistin, were produced and accumulated in sus-
pension culture of both varieties of P. candollei (Figs. 3
and 4). The highest total isoflavonoid contents for all cell
lines were achieved within 18-24 days and varied from
3.03 to 23.82 mg g~' DW. Moreover, a stem-derived cell
line of P. candollei var. candollei produced the highest
total isoflavonoids (23.82 mg g~' DW) on day 18 of cul-
ture. The major isoflavonoid that accumulated in every cell
line was daidzin, which was present at a much higher
concentration when compared to the other compounds
(Figs. 3 and 4). However, the genistin content of stem-
derived cell suspension cultures was quite comparable to
that of daidzin (Fig. 3b).
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Fig. 3 Isoflavonoid contents of cell suspension cultures of
P. candollei var. candollei from different cell lines: leaf-derived
(a), stem-derived (b) and root-derived (c) cell lines

In all the cell lines of P. candollei var. candollei, the
total isoflavonoid contents started to increase from day
15 of culture. This also occurred in a P. candollei var.
mirifica root-derived cell line, but not in leaf and stem-

@ Springer

Fig. 4 Isoflavonoid contents of cell suspension cultures of
P. candollei var. mirifica from different cell line: leaf-derived
(a), stem-derived (b) and root-derived (c) cell lines

derived cell lines (Figs.3 and 4). The HPLC chro-
matograms of cell suspension culturing from P. candollei
var. candollei and P. candollei var. mirifica are shown in
Fig. 5.
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Fig. 5 HPLC chromatograms of cell suspension cultures: root-
derived cell suspension cultures of P. candollei var. candollei (a)
and P. candollei var. mirifica (b). HPLC chromatogram of standard
isoflavonoid compounds (¢) for peak identification. / puerarin, 2
daidzin, 3 genistin, 4 daidzein, 5 genistein, and 6 coumestrol

Browning was observed in leaf- and stem-derived cell
lines of P. candollei var. candollei, and high isoflavonoid
contents were achieved in these cell lines. The highest
isoflavonoid contents were found in the cell line derived
from the stem of P. candollei var. candollei on day 18 of
culture, which coincided with the day of culture browning.

The contents of isoflavonoid glycoside (daidzin and
genistin) in cell suspension cultures of both varieties of
P. candollei were higher than the contents of the non-
conjugated forms (daidzein and genistein). This was sim-
ilar to the accumulation pattern in the intact plant
(Table 3); however, the isoflavonoid contents were much
higher in the cell suspension cultures. The data from
another publication also showed a similar pattern of

Table 3 Average isoflavonoid contents in P. candollei intact plants

conjugated/non-conjugated isoflavonoid accumulation in
the tuberous root of P. candollei var. mirifica (Cherdshe-
wasart et al. 2007).

Puerarin and coumestrol were undetectable in all cell
lines, whereas we found puerarin in the tuberous roots of
both varieties (Table 3). However, both puerarin and
coumestrol were found in the intact tuberous root of
P. candollei var. mirifica (Chansakaow et al. 2000b; Ing-
ham et al. 1986). The culturing period may affect the
isoflavonoid accumulation profiles, especially in the case of
coumestrol and puerarin. This might relate to the biosyn-
thesis of these compounds, which are formed in later steps
of biosynthesis pathways (Dewick 1994; Inoue and Fujita
1977). This occurred in the case of P. candollei var.
mirifica: an 8-week-old callus (56 days) accumulated high
amounts of daidzin, genistin, and puerarin (Udomsuk et al.
2009). Moreover, unorganized or dedifferentiated tissue
may not accumulate certain metabolites because of the lack
of cellular differentiation (Bourgaud et al. 2001; Su 1995).

In this study, the isoflavonoid accumulation patterns of
P. candollei cell suspension cultures were different from
those of the P. candollei var. mirifica callus cultured on
semi-solid medium (Thanonkeo and Panichajakul 2006;
Udomsuk et al. 2009). This difference may be due to fac-
tors that differ between suspension culture conditions and
culturing of calli on semi-solid media, including shear
stress from agitation and limited oxygen supplied in liquid
medium. These factors might affect growth and secondary
metabolite accumulation (Zhong et al. 1995).

From our results, cell suspension cultures of both varieties
of P. candollei were able to produce higher amounts of
isoflavonoid glycosides (daidzin and genistin) than non-
conjugated isoflavonoids (daidzein and genistein). Addi-
tionally, the prices of those compounds are higher compared
to the non-conjugated substances (daidzein and genistein).
Our results showed that cell suspension cultures derived
from both P. candollei var. candollei and P. candollei var.
mirifica may be effective sources for producing the high-
value isoflavonoid compounds daidzin and genistin.
Moreover, the contents of isoflavonoids (daidzin, daidzein,
genistin, and genistein) were higher in P. candollei cell
suspension cultures (23.82 mg g~ DW), than in Glycine
max suspension cultures (7.2 mg g~' DW) (Federici et al.
2003).

Plant parts Plant varieties

Average content £+ S.E. (mg g_1 DW)

Daidzein Daidzin Genistein Genistin Puerarin Coumestrol
Tuberous roots  P. candollei var. candollei  0.30 &= 0.09 0.46 + 0.30 0.06 £ 0.01 0.16 £ 0.02 11.66 = 1.94 ND
P. candollei var. mirifica 0.16 £ 0.06 023 +£0.09 ND 0.06 £+ 0.004 552+129 ND

ND Not determined
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In conclusion, we developed a cell suspension culture
method for P. candollei that provided high production of
daidzin and genistin, in as little as 24 days. The validated
HPLC protocol was not time intensive and allowed accu-
rate simultaneous analysis of the isoflavonoids accumu-
lated in the P. candollei cell suspension cultures.
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Abstract This study demonstrates the effects of various
concentrations of abiotic and biotic elicitors on the cell
growth and isoflavonoid accumulation of P. candollei var.
mirifica (PM) and P. candollei var. candollei (PC) cell
suspension cultures. The two plant varieties exhibited dif-
ferent growth responses and varied isoflavonoid accumu-
lation after the addition of elicitors. Copper sulfate, methyl
jasmonate (MeJA), and yeast extract did not significantly
affect the growth of either plant variety, whereas oligo-
saccharide and the biotic elicitors used in this study [i.e.,
50 mg 1”" chitosan and all concentrations of laminarin
(LAM)] suppressed the growth of PM. The addition of
MelJA to the medium principally induced an effect on the
isoflavonoid content in both PM and PC, with 2.0 uM
MeJA inducing the highest isoflavonoid content, as indi-
cated by the induction index—4.41 in PM and 9.62 in PC
cells on the 12th and ninth day of culture, respectively. A
maximum total isoflavonoid content of 40.49 mg g~ ' dry
weight was achieved in PM 21 days after elicitation with
2.0 uM MeJA. LAM elicited the PM cell suspension cul-
ture to produce puerarin, which was not found in the
unelicited culture. The results of this study provide
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information that will be useful for enhancing the accumu-
lation of isoflavonoids in P. candollei cell suspension
cultures.

Keywords Elicitor - Fabaceae - HPLC - Isoflavonoid -
Medicinal plant - Pueraria candollei - Tissue culture

Abbreviations

BA 6-Benzyladenine

CHI Chitosan

CuSO,  Copper sulfate

2,4-D 2,4-Dichlorophenoxyacetic acid
II index Isoflavonoid induction index
JA Jasmonic acid

LAM Laminarin

MeJA Methyl jasmonate

PC P. candollei var. candollei
PM P. candollei var. mirifica
YE Yeast extract
Introduction

Pueraria candollei var. candollei (PC) and P. candollei
var. mirifica (PM) (Fabaceae) are two well-known legume
species. In Thailand, they are commonly known as “kwao
krua”. The botanical characteristics of both plants are
similar; however, PM has shorter pods covered with longer
hairs (Prathanturarug et al. 2000; van der MaeSen 2002).
The dried, tuberous roots of PM are used ethnomedically as
a tonic for rejuvenation in elderly individuals (Kashem-
santa and Lakshnakara 1952). The chemical constituents
of these plants include chromenes, coumestrans, and
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isoflavones, such as daidzein, genistein (and their glyco-
sides, daidzin and genistin), and puerarin, all of which
possess estrogenic activity (Chansakaow et al. 2000; Ing-
ham et al. 1986; Tahara 1987). P. candollei is currently
used as an active ingredient in numerous herbal and cos-
metic products.

Plants have many defensive systems that work as pro-
tective mechanisms against disturbance or attack by
physical, chemical, microorganismal, or biological factors.
After triggering the signal transductions of the defensive
pathway, transcription factors regulate the production of
secondary metabolites by means of phytoalexins—Ilow-
molecular-weight substances with various useful biological
actions (Endress 1994; Evans 2002; Zhao et al. 2005). The
production, accumulation, and excretion of secondary
metabolites into cell cultures can be induced by both biotic
and abiotic elicitors (Braz et al. 1990; Endress 1994). The
abiotic elicitation effects of heavy metals, in the form of
inorganic salts added to the culture medium, have studied
in plant culture systems. For example, copper (Cu) is
usually used in the form of sulfate or chloride salts to
induce secondary metabolite production in plants (Bhuiyan
and Adachi 2003; Engelmann et al. 2009; Hakamatsuka
et al. 1991; Liu and Dixon 2001). The jasmonic acid (JA)
signaling pathway is a transducer or mediator for elicitor
signaling that can lead to the accumulation of plant sec-
ondary metabolites (Zhao et al. 2005). Exogenous appli-
cations of jasmonic acid and its related compounds (such as
methyl jasmonate, MeJA) have been used to study the
effects of these elicitors on plant secondary metabolite
production (Chen and Chen 2000; Gadzovska et al. 2007;
Hayashi et al. 2003; Kirakosyan et al. 2006; Modolo et al.
2002). Biotic elicitors have been intensively studied with
respect to their role in isoflavonoid accumulation via var-
ious mechanisms of elicitation. Yeast extract (YE) is often
used as a biotic elicitor in plant—microbe interaction stud-
ies. For example, YE was used to induce chalcone synthase
(CHS) expression in cell suspension cultures of P. lobata to
clone the gene-coding enzyme (Nakajima et al. 1991).
Poly- or oligosaccharides are signaling molecules with
elicitation pathways that have been intensively studied
because these compounds can substitute for fungal elicitors
during a pathogen attack (Zhao et al. 2005). Chitin and
chitosan (CHI, deacetylated chitin) are exogenous biotic
elicitors that are derived from the fungal cell wall
(Montesano et al. 2003). These elicitors have been studied
for their effects on phenylpropanoid metabolic enzymes
(Funk and Brodelius 1990) and secondary metabolite pro-
duction (Zhang et al. 2000, Wise et al. 2009). Laminarin, a
linear f-1,3-glucan, is an interesting glucan elicitor that has
also been used in studies on the effects of elicitation on
secondary metabolite production (Aziz et al. 2003; Cosi
et al. 2007; Klarzynski et al. 2000).
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Plant cell cultures are appropriate tools for examining
secondary metabolite production (Evans 2002), especially
cell suspension culture techniques that can aid in the
understanding of elicitation and immobilization, including
how these processes function in bioreactor studies (Bour-
gaud et al. 2001; George 2008). Cell suspension cultures
from PC and PM have recently been established to con-
comitantly analyze isoflavonoid compounds (Boonsnong-
cheep et al. 2010). There are a number of publications
related to the improvement of isoflavonoid accumulation
using various elicitors in cell cultures of Pueraria spp.
(Goyal and Ramawat 2008; Hakamatsuka et al. 1991;
Maojun et al. 2006; Park et al. 1995). However, to the best
of our knowledge, there have been no reports on the effects
of elicitors on isoflavonoid accumulation in P. candollei
cell suspension cultures.

The aims of this study were (1) to determine the effects
of various concentrations of abiotic and biotic elicitors on
the cellular growth rate and the accumulation of isoflavo-
noids in P. candollei cell suspension cultures and (2) to
identify the most effective elicitor capable of inducing the
highest amount of isoflavonoids. Elicitors were applied in
the pre-exponential phase of the growth curve (represent-
ing the period when the cell is preparing for growth) in
order to study their effect on the growth promotion that is
associated with secondary metabolism. The data derived
from this study will be useful in improving isoflavonoid
production in P. candollei cell suspension cultures in var-
ious fields of plant biotechnology and will also aid in the
study of the isoflavonoid biosynthesis pathway.

Materials and methods
Plant cell cultures and elicitor treatments

Calli were obtained from PM and PC roots using the pro-
tocol established by Boonsnongcheep et al. (2010). A 500-
mg sample of callus tissue was transferred into a 125-ml
Erlenmeyer flask containing 50 ml of MS (Murashige and
Skoog 1962) medium supplemented with 0.56 uM 6-ben-
zyladenine (BA) and 4.52 pM 2,4-dichlorophenoxyacetic
acid (2,4-D). The cultures were maintained on a shaker at
110 rpm at 25 + 3°C under a 16/8-h light/dark photope-
riod with light supplied at an intensity of 37.5 uEm > s~
Six days after initiation of the cell suspension culture, an
aliquot of each elicitor [copper (II) sulfate (CuSO,4-5H,0)
(Merck, Whitehouse Station, NJ), MeJA (Sigma—Aldrich,
St. Louis, MO), YE (Merck), CHI (minimum 85%
deacetylated, Sigma), and laminarin (LAM) (Sigma-
Aldrich)] was added to separate flasks. The final concen-
trations of each elicitor were (1) CuSO,: 0.125, 0.625,
1.25 mg 1! (equivalent to 5-, 25- and 50-fold CuSO, in
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MS media, respectively); (2) MeJA: 0.5, 1.0, 2.0 uM; (3)
YE: 0.5, 1.0, 2.0 mg 1" '; (4) CHL: 1.0, 10.0, 50.0 mg 1°';
(5) LAM: 0.05, 0.1 0.2 mg ml~". The cells were incubated
with each elicitor for a further 21 days under identical
growth conditions.

The controls for the CuSO,4, YE, and LAM treatments
contained sterile deionized water in the same quantities as
the added elicitors. The controls for the CHI and MeJA
treatments contained 1% acetic acid (Merck) and absolute
ethanol (Merck) solvent, respectively, which were added in
the same quantities as the elicitors. The pH of all of the
experimental media was adjusted to 5.8 before autoclaving.
Stock CuSO,, YE, LAM, and CHI solutions, including the
1% acetic acid solution, were sterilized by autoclaving,
whereas the stock MeJA solution and ethanol were filter-
sterilized through a 0.20-um syringe filter.

Cell growth and isoflavonoid content determination

Following the addition of the elicitor to the cell suspension,
three flasks for each treatment, including the control group,
were collected every 3 days from the ninth to the 27th day of
culture. The collected cells were dried at 60°C for 48 h to
obtain the dried biomass as described by Boonsnongcheep
et al. (2010). The growth index for the P. candollei cell sus-
pension cultures was determined on a phytomass dry weight
(DW) basis as follows: dry growth index = (Final DW
— Initial DW)/Initial DW (Kittipongpatana et al. 1998).

For the isoflavonoid analysis, each sample was extracted
three times with methanol (anhydrous; JT Baker, Deventer,
the Netherlands) using a sonication technique at 45°C for
30 min. After complete evaporation, 100 mg of the extract
was dissolved with methanol [high-performance liquid
chromatography (HPLC) grade; Fisher Chemical, Thermo
Fisher, Waltham, MA], and the volume was adjusted to
10.0 ml for HPLC analysis. Separation was performed in a
purospher RP-18 column (250 x 3.0 mm i.d., particle size
5 pum). The gradient of the mobile phases between solvent
A (0.2% acetic acid in water) and solvent B (acetonitrile)
was carried out using validated simultaneous HPLC
(Boonsnongcheep et al. 2010).

To compare the induction effect of each elicitor on the
isoflavonoid accumulation of the P. candollei cell sus-
pension cultures, the isoflavonoid induction index was
determined from the total isoflavonoid content using the
following equation: isoflavonoid induction index (II Index) =
(Total isoflavonoidgjicior — Total isoflavonoid,qno)/Total
isoflavonoid.gpror-

Statistical analysis

Three replications were conducted for each treatment. The
data obtained were analyzed using analysis of variance

(ANOVA) and Duncan’s analysis with significance set at a
p value = 0.05.

Results and discussion

Growth and isoflavonoid accumulation of the untreated
P. candollei cell suspension cultures

Figure 1 shows the growth pattern of the untreated cell
suspension cultures (control) based on dried biomass. The
stationary phase of the growth curve indicates that PM cell
suspension cultures grew about 1.5-fold better than those of
PC. The highest average dried biomass from all of the
experiments of the untreated PM phytomass was 490.27
mg flask !, which occurred on the 24th day of culture; the
untreated PC cell suspension cultures had an average dried
biomass of 345.99 mg flask ' on the 27th day. The cell
suspension cultures of both varieties reached the stationary
phase at the 24th day of cell culture (Fig. 1), as indicated
by the growth index. Daidzin and genistin were the major
glycoside compounds present in the culture medium of
both varieties. The highest average total isoflavonoid
contents in the PM and PC cell suspension cultures were
found on day 27 of the culture and measured 21.67 and
19.58 mg g~' DW, respectively. The ratios of non-conju-
gated:conjugated isoflavonoid (daidzin:daidzein and geni-
stin:genistein) accumulation in the PM cell suspension
were 16:9 and 3:1, respectively, whereas the PC cell sus-
pension accumulated these isoflavonoids at ratios of 3:1
and 7:1, respectively. Our results show the same pattern of
isoflavonoid accumulation in P. candollei cell suspension
cultures as was previous reported by Boonsnongcheep et al.
(2010).

Fig. 1 Growth and growth index of the Pueraria candollei cell
suspension cultures (PC Pueraria candollei var. candollei, PM
P. candollei var. mirifica). The lines show the average dried biomass
of the untreated cells from all experiments. Solid line dry weight,
dashed line growth index
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The effects of elicitors on the growth of P. candollei
cell suspension cultures

The growth of PM and PC cell suspension cultures was not
affected by the addition of CuSO,4, MeJA, and YE to the
medium at the concentrations used in this study (Fig. 2a,
b). High concentrations of CHI (50 mg 17') significantly
suppressed the growth of PM (from the 12th day to the 27th
day of culture) and PC (from the 15th day to the 18th day
of culture) (p = 0.05). LAM, at all of the concentrations
examined, also significantly suppressed the growth of PM
up to the 12th day of culture (p = 0.05); however, it had no
significant effect on the growth of the PC cell suspension
(Fig. 2). The LAM treatments at 0.1 and 0.2 mg ml™'
slightly decreased the dried biomass of the PC cells
between the 15th day and the 18th day of the culture. In
addition to the growth-suppression effects of CHI and
LAM, cells treated with these compounds also developed
serious browning. The browned cells could, however,
slowly re-grow within the phase of exponential growth.
These results demonstrate that the oligosaccharide biotic
elicitors (CHI and LAM) are able to suppress the growth of
P. candollei cell suspension cultures, especially in PM
cells, while CuSO,4, MeJA, and YE did not significantly
affect the growth of the suspension cultures.

The effects of CuSO, on isoflavonoid accumulation

After the PM and PC cell suspension cultures were treated
with CuSQy, a slight accumulation effect in the total
isoflavonoid content was observed until the cells reached a
stationary phase (Fig. 3). When PM cells were treated with
five doses of CuSO, in MS media, the II Index gradually
increased from the 12th day (0.21) to the 18th day (1.24).
In contrast, in the PC cell culture, the highest II
Index (2.04) was obtained 3 days following the addition of
CuSO, (five doses) to MS media (Fig. 8a). Because poly-
phenolic compounds, such as isoflavonoids, act as metal-
chelating compounds that could alleviate metal toxicity in
plant cells (Jung et al. 2003), it is possible that the five-fold
treatment dosage of CuSO, in this study induces the
accumulation of isoflavonoids in PM cells.

Plant cells generate hydrogen peroxide (H,O,) after
receiving a signal from abiotic elicitors such as metal ions
(Apel and Hirt 2004). In general, high doses of metal, such
as Cu, may cause toxicity in cells by interfering with
enzymatic activity, causing DNA alterations, disturbing
metabolism, and inhibiting growth (Fernandes and Henri-
ques 1991; Maksymiec 1997). Ali et al. (2006) reported
that the concentration and the time of Cu exposure affected
the growth of Panax ginseng root cultures, including the
ginsenoside content and other enzyme activities, and that
Cu uptake also increased in the cells. Our results may
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imply that CuSQy,, especially at higher concentrations (25-
and 50-fold doses in the MS media), affects P. candollei
cells after long periods of exposure and causes a decrease
in isoflavonoid accumulation when cells were closed to the
stationary phase of their growth.

The effects of MeJA on isoflavonoid accumulation

Methyl jasmonate, a well-known abiotic elicitor, induced
isoflavonoids in the PM and PC cell cultures at all con-
centrations. The addition of MeJA generally increased the
total isoflavonoid content after 3 days of elicitation (i.e., on
day 9 of culture) (Fig. 4). The addition of 1.0 and 2.0 uM
MelJA significantly increased the total isoflavonoid content
in the PM cells to a higher level than the control from the
12th day to the 21st day of culture (p = 0.05), whereas
2.0 uM MelA significantly enhanced the total isoflavonoid
content in the PC cell suspension from the ninth day to the
18th day of culture (p = 0.05). MeJA (2.0 uM) enhanced
the accumulation of isoflavonoids; the II Index was 4.41 in
PM cells on the 12th day and 9.62 in the PC cells on the
ninth day of culture (Fig. 8b). These results demonstrate
that MeJA induced isoflavonoid accumulation in the early
growth phase after the addition of the elicitor in both plant
varieties. Comparable trends for the early induction of
MeJA were observed for anthraquinones, anthocyanin, and
stilbene in their accumulation in morinda, ohelo, and grape
cell suspension cultures, respectively (Chong et al. 2005;
Fang et al. 1999; Krisa et al. 1999).

In previous studies, a high concentration of MeJA was
found to inhibit the growth of plant cell cultures (Bhuiyan
and Adachi 2003; Colque et al. 2004; Zhao et al. 2010).
Our preliminary study found that MeJA at concentrations
of 5, 50, and 100 uM almost caused cell death after
3-6 days of elicitation (data not shown). Given these
results, the concentrations of MeJA that were used in this
study were not harmful to the cell growth and were
accompanied by the enhancement of isoflavonoids and
their glycoside accumulation.

The effects of YE on isoflavonoid accumulation

In this study, YE enhanced the early accumulation of
isoflavonoids after elicitation. Treatments with 0.5, 1.0, and
2.0 mg 17" YE resulted in II Indices of >0.5 on the ninth
and 12th day in PM cell cultures and on the ninth day in PC
cell cultures. The II Index approached negative values or
displayed a suppression effect on the 15th day of culture,
except in the PM cells that were treated with 2.0 mg 1™
YE (Fig. 8c). Daidzein and genistein were induced by all
concentrations of YE by day 12 following the addition of
the elicitor to the medium (18th day of culture), whereas
the non-glucoconjugated compounds were found at lower
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Fig. 2 Growth of P. candollei var. mirifica (a) and P. candollei var.
candollei (b) cell suspension cultures after elicitation. The cells were
treated with copper sulphate (CuSO,; C Control, EI 0.125 mg 17",
E2 0.625 mg 17!, E3 1.25 mg 17"), methyl jasmonate (MeJA; C con-
trol, £/ 0.5 uM, E2 1.0 pM, E3 2.0 pM), yeast extract (YE; C con-
trol, EI/ 0.5 mg ', E21.0 mg 1%, E3 =20 mg l_l), chitosan

concentrations in the control cultures of both cell varieties
(Fig. 5). Similar evidence of the increasing ratio between
the isoflavonoid aglycones and their glucoconjugated
compounds was also observed in the YE-treated roots of
white lupin seedlings (Gagnon and Ibrahim 1997) and in
the YE-treated cell suspension cultures of chickpeas
(Mackenbrock et al. 1993). In our study, YE had a weak
induction effect towards isoflavonoid accumulation in the
PM and PC cell suspension cultures. Similarly, a number of

C E1 E2E3 C E1E2E3 C E1 E2 E3 C E1 E2 E3

(CHI; C control, EI 1.0 mg 17!, E210.0 mg 1™", E3 50.0 mg 17"),
and laminarin (LAM; C control, EI 0.05 mg l_l, E2 0.1 mg l_l,
E3 0.2 mg 1™"). The age of the cells is indicated by the day and is
partitioned by dashed lines. The bold lines show the suppression
effect of elicitors on the growth of cells when compared with the
control at the 95% confidence interval (95% CI)

publications report that YE is less effective towards plant
cells than the other elicitors (Funk and Brodelius 1990;
Gagnon and Ibrahim 1997; Sanchez-Sampedro et al. 2005).
The effects of CHI on isoflavonoid accumulation

In PM and PC cell suspension cultures, higher

(50.0 mg 1) concentrations of CHI (f-1,4-linked gluco-
samine) decreased the total isoflavonoid content, whereas
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Fig. 3 Isoflavonoid profiles of P. candollei var. mirifica (a) and
P. candollei var. candollei (b) cell suspension cultures after treat-
ment with CuSO,4. C control, EI 0.125 mg 1™, E2 0.625 mg 17!,
E3 125 mg 17" (5-, 25-, 50-fold CuSO,4 in MS media, respectively).
The age of the cells is indicated by the day, which is partitioned by
dashed lines
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Fig. 4 Isoflavonoid profiles of P. candollei var. mirifica (a) and
P. candollei var. candollei (b) cell suspension cultures after treatment
with MeJA. C Control, E1 0.5 uM, E2 1.0 uM, E3 2.0 uM. The age
of the cells is indicated by the day, which is partitioned by dashed
lines

concentrations ranging from 1.0 to 10.0 mg 1" increased
the total isoflavonoid content in both cell varieties (Fig. 6).
CHI at 10.0 mg 17" induced the highest II Index on the 21st
day of culture, with II Index values of 1.13 and 2.41 in PM
and PC cells, respectively (Fig. 8d). However, after both
varieties arrived at the stationary phase of growth, a higher
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Fig. 6 Isoflavonoid profiles of P. candollei var. mirifica (a) and
P. candollei var. candollei (b) cell suspension cultures after treat-
ment with CHI. C Control, EI 1.0mgl1~', E210.0mgl™",
E3 50.0 mg 17", The age of the cells is indicated by the day, which
is partitioned by dashed lines

total isoflavonoid content was found in the controls relative
to the CHI-treated cells. There have been reports of CHI
being less effective than other biotic elicitors (Bhuiyan and
Adachi 2003; Fang et al. 1999).

Coumestrol was detected in some samples of PM cells
that were treated with 1.0, 10.0, and 50.0 mg 1! CHIL
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A relatively high amount of coumestrol (0.46 mg g~' DW)
was found in PM cells treated with 50 mg 1~' CHI on the
15th day of culture. It should be noted that a high concen-
tration of CHI made the cells significantly brown with aging.
The accumulation of coumestrol may relate to the browning
of the cells, especially in the PM cells, which are more
sensitive to stress than the PC cells. It is generally accepted
that the production of compounds may relate to the stress
level of the cell cultures, including the effectiveness of each
elicitor (Vasconsuelo and Boland 2007). Coumestrol, a
coumestans compound, has been reported to be found in the
intact tuberous root of PM (Chansakaow et al. 2000; Ingham
etal. 1988). In addition, Bourgaud et al. (1999) demonstrated
that CHI increased the accumulation of coumestrol in the
older (brown) tissue of Psoralea lachnostachys hairy root
cultures, whereas daidzein was induced in younger tissue. In
our study, the accumulation of coumestrol in the PM cell
cultures may be related to stress-induced aging after the
treatment with CHI.

The effects of LAM on isoflavonoid accumulation

LAM at 0.05 mg ml~"' significantly enhanced the produc-
tion of isoflavonoid compounds in the PM cell suspension
cultures on the 21st day (p = 0.05), whereas higher con-
centrations showed only a slight effect on isoflavonoid
production (Fig. 7). The addition of 0.05 mg ml~' LAM
produced the highest isoflavonoid accumulation in PM
cells and resulted in an I Index of 13.06 on the 27th day of
culture (Fig 8¢). The use of 0.05-2.0 mg ml~' LAM
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Fig. 7 Isoflavonoid profiles of P. candollei var. mirifica (a) and
P. candollei var. candollei (b) cell suspension cultures after treatment
with  LAM. C Control, EI 0.05mgml~', E20.1 mg ml™",
E3 0.2 mg ml™'. The age of the cells is indicated by the day, which
is partitioned by dashed lines

caused browning in the PM cells that was similar to that
observed in the CHI experiment. Although the cells were
capable of re-growth after the 18th day of culture, the
growth was still significantly suppressed from the day of
elicitation to the stationary phase. This growth suppression
may have been caused by the accumulation of phytoalexin
compounds, which are biosynthesized in cells after a stress
reaction. Some elicitors suppress primary metabolism and
cause a shift towards secondary metabolite products that
cause plant growth to slow down (Chong et al. 2005).
Similar results for secondary metabolites associated with
growth suppression were found in elicitor treatments on
morinda, vanilla, and salvia cell suspension cultures (Chong
et al. 2005; Funk and Brodelius 1990; Zhao et al. 2010).
The PC cells were less sensitive to elicitors than the PM
cell suspension cultures. LAM was not harmful to PC cells
at any concentration and did not affect cell growth. Nev-
ertheless, LAM did show a suppression effect in the PC cell
suspension cultures after the 24th day of culture because it
could not enhance the accumulation of isoflavonoid com-
pounds as it did in the PM cells. LAM (1.0 mg ml™") has
been reported to have a suppressive effect on resveratrol
production in peanut hairy root cultures (Medina-Bolivar
et al. 2007).

No puerarin was detected in the control groups of either
plant variety, and this result is consistent with the findings
of previous studies (Boonsnongcheep et al. 2010). It is
noteworthy, however, that LAM elicited the production of
puerarin in the PM cell suspension culture 15 days after the
addition of the elicitor (Table 1). This finding was coin-
cident with the very low amounts or the absence of genistin
and genistein in the cell cultures that were treated with
LAM (Fig. 7). This effect may be related to the biosyn-
thesis of puerarin, which is a daidzein-8-C-glucoside.
Daidzein and genistein are biosynthesized in the same
pathway, but there is an intermediate compound that is
changed at a branch point by a number of catalytic
enzymes (Yu and McGonigle 2005). There are only limited
data on the puerarin biosynthesis pathway (Inoue and
Fujita 1974, 1977); LAM treatment may thus be used to
study the expression of some genes that are involved in the
puerarin biosynthesis pathways, especially in cell suspen-
sion cultures. LAM at 0.05 and 1.0 mg ml™" also induced
low amounts of coumestrol (<0.1 mg g~' DW) in some
samples of PM cell cultures when the cells reached the
stationary growth phase (after the 24th day of culture)
(Fig. 7).

Conclusion

Our results suggest that MeJA, the most-studied elicitor,
had a superior induction effect on isoflavonoid accumulation

@ Springer
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Fig. 8 Comparison of the induction effect of the elicitors on isoflavonoid accumulation in P. candollei var. mirifica (PM) and P. candollei var.
candollei (PC) cell suspension cultures. The data are presented as the isoflavonoid induction index (II Index)

in both of the varieties of P. candollei cell suspension  were the highest, 40.49 mg g~' DW, on the 27th day
cultures studied here. After treatment with 2.0 uM MeJA,  compared with those found in the normal cell suspension
the total isoflavonoid contents in the PM cell suspension  cultures of PM, PC (Boonsnongcheep et al. 2010), and in
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Table 1 Average puerarin contents in Pueraria candollei var. mirifica after elicitation with laminarin

Laminarin Day of culture (day after elicitation)
concentration (mg ml™)

93) 12(6) 15(9) 18 (12) 21 (15) 24 (18) 27 21)
0.00 ND ND ND ND ND ND ND
0.05 ND ND ND 0.2244 + 0.0115 0.3940 £ 0.0620 0.6890 + 0.4597 1.3808 £ 0.4133
0.10 ND ND ND 0.2789 + 0.0351 0.2345 £ 0.0560 0.5325 £+ 0.1562 0.7657 + 0.1662
0.20 ND ND ND 0.3107 + 0.0433 0.1990 £ 0.0175 0.2562 £ 0.0249 0.5338 £+ 0.0346

ND Not determined
Puerarin content is given in milligrams per gram dry weight

the elicitor-treated cell suspension of P. tuberosa (Goyal
and Ramawat 2008) from previous studies. These results
may imply that MeJA is connected directly to jasmonate
signaling, including the oxylipin biosynthesis pathway,
whereas the biotic elicitors have more complex stress
responses. None of the elicitors tested here showed a
dominant-enhancing property on cell growth in either
variety. Moreover, high concentrations of CHI and LAM
suppressed cell growth, especially in the PM cell suspen-
sion cultures.

In summary, the two plant varieties showed different
growth responses and isoflavonoid accumulations after
treatment with the elicitors. The differential response was
especially prominent in the case of the oligosaccharide
elicitor. The PM cell suspension was more sensitive than
the PC cell suspension, and growth and isoflavonoid
accumulation in the PM cells were more affected by elic-
itors than these processes in PC cells. To the best of our
knowledge, this is the first time that the effects of abiotic
and biotic elicitors on both P. candollei var. mirifica and
P. candollei var. candollei have been reported. Our data on
the effects of these elicitors in P. candollei cell suspension
culture will be useful in enhancing the accumulation of
isoflavonoid compounds in such cells and can also be used
to further extend other plant culture models.
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