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SUMMARY

Dioscorea nipponica Makino which is a perennial herb growing in
mountainous areas of the Korean peninsula, has long been used as a
folk medicine for asthma, rheumatoid arthritis, bronchitis, and other
disease in Korea, Japan, and China. The pharmaceutically active
components of the Dioscorea sp. were identified as diosgenin and
related steroidal saponins, such as dioscin, gracillin, prosapogenin A of
dioscin, prosapogenin B of dioscin, and prosapogenin C of dioscin.
These steroidal saponins showed various bioactivities; (1) anticancer
activity of dioscin, and prosapogenin A, (2) antimicrobial activity of
dioscin and diosgenin, (3) lipase inhibitory activity of diosgenin, dioscin,
prosapogenin A and prosapogenin C, and (4) antiviral activity of
dioscin. Also, diosgenin and related saponins are well known staring
materials for the manufacture of pharmaceutically important steroids,
and can be obtained from tubers, seeds, or cultivated cells of various
plants including in many in the genera, Dioscorea, Costus, Trigonella
and Tribulus.

However, the production of dioscin, a useful anticancer, antiviral,
antimicorbial, and anti—obesity compound, is not established until now.
The cultivated yam, such as D. opposita or D. batatas, contained only
trace of dioscin, and dioscin—high content wild yam species were not
cultivated due to the very poor growth and tiny root formation.
Although the chemical synthesis of dioscin and dioscin derivatives was
recently succeeded, the practical production is still problematic by the
complexity of reactions and low yield of chemical synthesis. Therefore,

it was considered that the production of dioscin via in vitro cultivation



of wild yam is necessary.

In the present study, we have applied a plant tissue culture method
for mass production of steroidal saponins from adventitious cultures of
D. nipponica through bioreactor system. The effects of different
sugars, growth regulators, basal media and nutrients strengths,
nitrogen sources, acidity of the media, elicitors were evaluated for the
production of adventitious root biomass, and the biosynthesis of
steroidal saponins such as dioscin, prosapogenin A and prosapogenin
C. We also developed bioreactor system for large—scale production of
adventitious roots containing high amount of useful chemicals, dioscin.

The maximum growth of adventitious roots was observed in MS
medium supplemented with 30 g/L sucrose and 1.0 mg/L NAA.
Addition of BA in combination with NAA appeared to be no effective
in the growth of adventitious root as well as steroidal saponin
production. Among the twenty different adventitious roots formed from
different seeds, strain No. 10 was selected based on production ability
of dioscin, and its stability through the successive liquid culture.
During the first 4 weeks of incubation, contents of steroidal saponins
in adventitious roots were negligible but the contents were markedly
increased at 5 weeks of incubation.

Dioscin and prosapogenin C content in IBA-treated adventitious
roots were significantly higher than those in NAA-treated roots.
However, content of prosapogenin A was not significantly different
among NAA or IBA level.

Effects of cultured conditions on the growth and saponin content of
D. nipponica were determine at 6 week after culture. In IBA and/or
NAA treatments, the optimal growth was 1 mg/L of NAA, and the
maximum content of steroidal saponin was 1 mg/L of IBA. In NAA +

cytokinin (BA, kinetin, 2iP) explants, the optimal growth and high



steroidal content was supplement of 1 mg/L. NAA.

Effect of nitrogen salt was not significantly affected. Addition of
1xKNOs + 2xNH4sNOs showed high steroidal saponin production. Based
on salt strength of MS and SH explant the maximum growth was
1/4xMS media, and high steroidal saponin content was 1/4xSH media.
Sucrose 3% was most effective in the growth and content of saponins
as compared to the other concentrations such as 1.5%, 6%, 9%.

Effect of various elicitor such as chitosan and jasmonic acid were
examined. Dioscin in adventitious roots was lower than control, but
dioscin content in media was higher than control. Dioscin content in
media was highest in AgNOs 50 mg/L treated cultures.

The optimum condition for adventitious root cultures in bioreactor
with air bubble system was MS medium containing 3% sucrose and 1
mg/L of NAA. When adventitious roots were cultured in a 5L or 15L
air-lift type bioreactor for six weeks, we harvested biomass of
adventitious roots 200g from 5L and 1.2kg from 15L bioreactor, and
obtained dioscin 730 mg from 5L and 1,900 mg from 15L bioreactor.

Results provide that liquid culture of adventitious roots of D.
nipponica in larger scale bioreactor have a potential for mass
production of wuseful steroidal saponins such as dioscin including

prosapogenin A and prosapogenin C.
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3 5 3 WS ARgSte], 25Tl A MeOH 500 ml

of #3k F 76 cnHgol A s, F=ste]l F-Aivt MeOH FE& 1151gs
Aot FAlnk MeOH F&& 25g2 column (90x6cm, Merck 7734 silica
gel 900g)l, CHCl; : CH;0H:H,O = 7:3:12] &ujE AL&3to] AMAIA
o H70 60 $FH-E 2000meH 8709 EES 5T

9 5% EtOAc @ CH30H=98:2¢] &m =5 E EtOAc:CH30H = 95:5
o Suj7tx] dAH R XS =7, chromatography S A A8t
ANME Al & 308 FHE 500m 60719 EF o2 F5IATH
58 B335 35oA 50H7ER el B o2 HEH dioscing ¥ oew, TLC
2 NMR B4 S ALE35le], o] 20| dioscingd S &2l3F

87Mel #8 F 49 F¥& CHClECH;OH:H0=7:3:12] €v|& column
chromatography S A A)&te], A7) 3 1583 500m% 34171 15709
AEE F 6o A 120 A2E3F o2 HE prosapogenin AS A3t}

87hel 22 & 2% £2%& CHCl : CH:OH : H,O = 82:05¢ &mj=

chromatography & A A|3te], A7 = 302 5FH 500m% &A1 24719

AEE F 7THAA 16WM7A 9] AEF o 2 Y E prosapogenin CE A3t}
RE E42 TLC ¥ NMR #AWHE& AH&ste], o] B4 EAlE &ls)
At
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Dioscorea nipponica
(Adventitious root)

MeOH extracts

MeOHx3 at 25C

SiO, Column
sol. A
fr.1 fr.2 fr.3 fr.4 fr.5 fr.6 fr.7 fr.8
SiO2 Column SiO2 Column
sol. B sol. C
fr.i- - fr.7-16 - - fr.24 fr.1-r.35-50 - - fr.60
. Dioscin
Prosapogenin C
SiOz2 Column
sol. A
fr.1- - -fr.6-12- - -fr.15
Prosapogenin A

Solvents for chromatography
A-CHCI3 : CH3OH : H2O=7:3: 1
B-CHCl3 : CHsOH : H2O =8:2: 0.5
C-CHCOOCH2CHs : CH3OH = gradient

Fig 1. Purification of three steroidal saponins, dioscin, PA and PC from

adventitious roots of D. nipponica.

L R I S
84S TLCHE ol &34

3Ry FoaH FFE  (dioscin,

prosapogenin A, prosapogenin C, gracillin, diosgenin) Zt 1 mgS W&
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FEete]l At kE g3 S 47 5 WA silica gel TLC plate
(Merck 5715)°] A A& § CHCls-MeOH-HO (52:28:8, 35 %)9 Sv=
AMste] 10% H:SO.0.2 A A FEF] RigS wastgloh

Dioscin ¥ #HHEH o HFEAS 913 F FT7F<2 HPLC FAA ="

E

S ARSI 71 EA 2" o 2= SCL-10A system controller, LC-10AD

pump, SPD-10A UV detector (©]%+ Shimadzu Co., Japan)Z& A}-&3}o]

20 pb o] NEE FY9 F 218 nmolA dA=AES HAsAH. A F
O~

I
=
FHO B 2" (A2 A2E-2S 2ASL,

| =

o
>
il
fr
r
o
2.
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wn
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j}
S
r 2]
i
il
i)
o,
i
ot
S
1

BuAGe) Aurisk A8 B 2eb QA AAF ok
RARHE AFAN AedN $AF F, AGEAG AR A7 7
noEH7IE gl RRHRUh ol F Z7hel B 2go) 100 nt
2

S 713 3 50C F#%7] (Branson 3210R-DTH, Bransonic, USA)

S
A dioscin ¥ #HHEEA ] FHFEAL T AEE 60Tl A
AASH & A7 7IEst Gy sd3A FF, 539 TLC9
HPLC® wAstsith. w4 Ay dadd mep 2Fes

cluster:http://rana.stanford.edu /software)¥} o]u|=]3} Z &7 (Tree

tlo

2~ 8
T

View: http://rana.stanford.edu/software) 2 ©]&3lo] X3t om, 1
H oge BT £/ o

5

5 O
kS

“
(o

BgT AWNFOE AE

o
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2. opAuke] Fjuie) FA A 2

7h vl
Hrd el xS MSulA] (Murashige and Skoog, 1962)E 7]
AFZ2 3t sucrose 3%E H7Me oS A 2HEHAZ 24-D 1.0, 2.0

mg/L ¢ BA 0, 01, 1.0 mg/LE @5 = &3sto] gelrite 4 g/L7F 3
7he el A (pHS.8) ol wi gk dvh. w12 27Tl A MR F4

O

stel 65 Fo A%, WelPH ¥ Aes FEES A

=
e
o2l
M
1o,
Jo
H
SE
o|\
1>

AFHAE AFES e MS 7| EufX| o] sucrose 3%¢ AAZ
AA20 BA 0, 001 mg/Let NAA 01, 10, 3.0 mg/LE 9= = &3
AHeste]  FAvt FAbe] AT fFRo AMEs oy, s FAZHEEH

#FEE e RS oF 100 mgAEE AL A8 Wl AE T

—

HAMfA] 50 mio] = 250 ml A&kl FFato] G gr]el 100

o

rpmEEE i YF sk 27C &4 6573 WSS A= PgE F

29 st ol 2 AAFTES ZH3eAvk

t}. Steroidal saponin LAY AF wjoFF Ak

[¢}
e

Zhzbe] BAjnl FARRE fr® Ao 20709 widkEs Aws
o] dioscin, PA, PCE FA <3 wjAolA] HPLCZ #A43ste 71 =&
dioscin S 7H7 vjYgFE AEeoh Add ajke] BAHELS w)

o

O
w2

st 55 F¢k i BRI WA E 53k dioscin, PA, PC]
L

ot
i

o
2

2}, IBA9} NAAS] &3}
AE TEE Z auxind ¢l IBASY NAAZF A9 A3 steroidal
saponin Ao WX g3E Lol 7] 9sle] IBAS NAAY F&EE

747} 1.0, 3.0, 50 mg/L¥ wiFefAel Hrtstdeh WG 5F §F RAS

o

_22_



AAF EAZ 2 wix|o] ¥ steroidal saponin®] S =AY

7.

3. ¥AZe] Y =FAA U steroidal saponing] 2 AF

BEAn EA2e] A L steroidal saponin®] AAbe] m X = T #F

ol w9 AgS FAFSLAF sucrose, fructose, glucose 2 galactose

o] &35 AT 712 A = NAA 1.0 mg/LE X3¢ MS A~
g AAsa, Fo TEE 15-9%2 A3 ujAE AREsg Y 5

o] WA= steroidal saponin®] A FEXS S35 ).

N
o
=2
"
o
i

Baul 2AZe] A 2 steroidal saponin Ao wxE= wjx o] o
S ZAFSFLAL 1xMS, 3/4xMS, 1/2xMS, 1/4xMS, 1xSH (Schenk and
Hildebrandt, 1972), 3/4xSH, 1/2xSH, 1/4xSHe| FTL = ZA3F x|

NAA 1.0 ng/L:;L @7]'1' :,3; /\]-—Q-O]_ . HHOC}: 5_2,‘ _—?—‘Oﬂ l?—xéggl /‘ﬂiﬂ%
3} steroidal saponin®| A #Hi2S S}

t}. NAA®} cytokinin®] =883
o] Ay A FAe] Ao 7BE a3 £ NAA 1.0 mg/LE

718 0 2 3}o] cytokinint ¢l BA, kinetin (6-furfuryl amino purine), 2iP
(N°~isopentenl amino purine)® z}7} 0.17 1.0 mg/LE wjFu]= o] H7}
stk Wik 55 Fel A WA elA  AFE FAFL AATH

7}
steroidal saponin® %<& EA33h

Z}. NAA, IBA ¥ IAAE Y
2R ZF auxin®¢ IBA, IAA, NAA7F BAel A%

Al
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steroidal saponin A4t H X = E3E dolr ] 93e] IBA, NAA,
IAA® F%=& Zt7} 1.0, 3.0, 5.0 mg/LA wjFuj Aol H7tstaot. v 55

T Aol AAF AL D wjx o ¥ steroidal saponin® 3w

uh Aade Faek Agvls

Bajjal A2 A4 9 steroidal saponin® At m X &= A A9
Tt v 9IS AR NAA 1.0 mg/LE 3 7Fskel MSHjA] ol
&= NHUNOs; KNOzo 7|&2%S lolgt ®Hi 1/2 KNOsz + 1/2
NHNOs, 1 KNOs, 1 KNOs + 1/2 NH4NOs, 1 KNOs + 1 NH4NO; 1
KNO; + 2 NHuNO3, 2 KNO3 + 1 NHWNO:¢ =& H7kgh & A48
o g 55 & FAH e AAFI steroidal saponin®] A HFEA S 3

= T
Skt

M

u. Wi o] Ah ol e

Wiz o] A= & pH 50, 55, 6.0, 65 ¥ 7022 A #g 557 &
FAdte]l AAFH steroidal saponin® HFEAM S ST wA A
Lo 242 NaOH=Z 33ith

A}, Elicitor®] &3}

Fajap F4g<te] A 4 steroidal saponin®] A Akell w]X]= elicitor<]
Tt Tk 9FE =AW Elicitor24  NaF,  AgNO;,
cyclohexamide, chitosan, yeast extracti= 10.0 2 50.0 mg/L, cellulase=
2.0 2 10.0 mg/L, jasmonic acid= 1.0 ¥ 50 mg/L == AF-E3Fc} H)

%

9]

a

T % elicitorg *g]3to] 48A1 st HlFet & steroidal saponin®]

FE BAEd

ok
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4. Bioreactord 7 2 wj %

ANAdAA FAE g 89 T HA oA AT
biomassE W @FA4E7] $18l bioreactore] JiEF H v S AAIEATE
B AGode= 209 5L F7]H-AAHEE-7] (air-lift type bioreactor)<}
18LE wiF7E Mt 72 AEWE7e] 7 FEA, 291 F
F, 71w Al w1 sk 3] YA, 4" M S
kel HAsE 9% vhddt X 7F AEE A

53] 18L @ w7l @l 1870¢) wifrIE el 7hed o 3l

O
]
ol

rlr
mx
(m
oflt
o
il
=
i
i
2
r
N
L
=2,
it
il
o,
ox
o
=z
o2
o,
N
olr
ok
>,
[
o
o
=
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A 24 A

A

L. 249 &4 # 4

. F2AA

&
“

a3t

Fajute] Ao A e 8 44 E4<Ql dioscin, prosapogenin A
2 Co A Fef #3384 datax Fig. 2¢9F 2T

OHOH

OHOH
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HO

OH

Fig. 2. Molecular structure of dioscin(first), prosapogenin A(second)
and prosapogenin C(third).

1) Dioscine =2(atstd MZA 3 E&sX data

Mp.: 290~292C [a]o® : -112.3° (c. 0.3 in MeOH)

IR(KBr, cm™) 3420, 1640, 1100~1000, 920, 900, 866, 838(900>920,
25(R)-spiroketal), 811

'H NMR(300 MHz, pyridin-ds) #0.81(1H, s, H-18), 1.01(1H, s, H-19),
1.09(1H, d, J=6.9Hz, H-21), 0.69(1H, d, J=5.2Hz, H-27), 5.30(1H, brd,
J=4.6Hz, H-6), 1.52(8H, d, J=6.2Hz, Rha-CHs),1.66(3H, d, J=6.1Hz,
Rha-CHs), 4.82(1H, d, J=7.4Hz, anomeric H), 5.62(1H, brs, anomeric
H), 6.17(1H, s, anomeric H).

C NMR (755 MHz, pyridin-ds) 37.4, 29.9, 78.0, 38.8, 140.7,
121.5, 32.0, 31.6, 50.6, 37.0, 20.9, 39.8, 40.3, 56.5, 32.2, 80.9, 62.8,
16.2, 19.3, 41.8, 14.8, 109.0, 31.7, 29.1, 30.4, 66.7, 17.1, 100.1, 79.5,
76.5, 77.7, 77.6, 61.8, 101.7, 721, 72.2, 73.9, 70.1, 18.2, 102.7, 72.4,
72.5, 73.6, 69.2, 18.3
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2) Prosapogenin A2l Ezlststy MA U E&5H data

Mp.: 238~240C [a]0% : -12.5° (c. 0.4 in MeOH)

IR(KBr, cn™') 3410, 1650, 1100~1000, 920, 900, 865, 837(900>920,
25(R)-spiroketal), 811

'H NMR(300 MHz, pyridin-ds) ©0.81(1H, s, H-18), 1.01(1H, s, H-19),
1.09(1H, d, J=6.9Hz, H-21), 0.68(1H, d, J=5.7Hz, H-27), 5.28(1H, brd,
J=4.8Hz, H-6), 1.67(38H, d, J=6.3Hz, Rha-CHs), 4.92(1H, d, J=7.2Hz,
anomeric H), 6.20(1H, s, anomeric H).

®C NMR (75.5 MHz, pyridin-ds) @37.4, 30.0, 77.9, 38.8, 140.8,
121.5, 32.0, 31.6, 50.2, 37.0, 20.9, 39.8, 40.3, 56.5, 32.2, 80.9, 62.8,
16.1, 19.2, 41.8, 14.8, 109.0, 31.7, 29.1, 30.4, 66.7, 17.1 100.3, 79.3,
77.8, 71.8, 77.9, 62.6, 101.7, 72.2, 72.6, 73.9, 69.2, 18.4

3) Prosapogenin Ce| =zlatstd MA 3 2HEA data

Mp.: 247~249C

IR(KBr, cm™") 3450, 1650, 1070, 1045, 1025, 920, 900, 865, 835 (900>
920, 25(R)-spiroketal), 810

'H NMR(300 MHz, pyridin-ds) #0.70(3H, d, J=5.2Hz, 27-CH3), 0.83
(8H, s, 18-CHs), 0.92(3H, s, 19-CHgz), 1.13(8H, d, J=6.9Hz, 21-CHs),
5.01(1H, d, J=7.7Hz, anomeric H), 5.31(1H, brd, J=4.4Hz, H-6)

C NMR (75.5 MHz, pyridin-ds) ©37.3, 30.0, 78.3, 39.1, 140.7,
121.5, 32.0, 31.5, 50.1, 36.9, 20.9, 39.7, 40.3, 56.5, 32.1, 80.9, 62.7,
16.2, 19.2, 41.8, 14.8, 109.1, 31.6, 29.1, 30.4, 66.7, 17.1, 1024, 751,
78.0, 71.5, 78.2, 62.7

_28_




U A2 2XE dioscin 2

Dioscin % ##E=49 AZFS ] + TF9 HPLC #AA=HS
ALE3FA T Nova-Pak Cig column (Waters, USA), 60% acetonitrile
(v/v) &2 9 05 me F&o=z +43 9, dioscin, prosaogenin
A, prosapogenin C9 retention time2 Z+7Z} 9.79%, 13.26%, 24.11% 9| %
o, AE3%A (detection limit)= ZH7F 20 pg/ml, 15 pg/ml, 15 pg/méol A

o (A 2="-1) (Fig. 3).

1: dioscin {(330ppm) 4
2! Prosapogenin A{G30ppm,) b
3: Prosapogenin Cl(330ppm) i
[
A
: i t '
2] i ;:|
” | E
'5 i 3 4 R aal R
i N f S BrEmanz oo
H kS I R Fo ] gy
S ' g © ALEEER ¥
|3.\, a | i -
e - Lt B e e T ]
| \ | : g HEEHRELS
::= |I| n L il:-:-H-:
L ‘ ,.'-‘I“ZII J| & G, e
it i i ey 3l o o
. iﬁf L ) AL ol
/| / | TR LR L
-.|.!I _-!I b . b ._ 1
.:' - B i T EL Y
Fig. 3. HPLC chromatogram of dioscin, prosapogenin A, C in system I
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% 5 H B Mcuvm
El [ Cowvoania.
& B0« -1 FrArsrER
o iy B« ST AT
5 12+09FRmaAL
Na[¥IIFPEET) | G2
] =
o o T T T T T
AT PTETAEm
[} 'on o b o L) mn

o a0 0 = ] =] im prui] 140
eonc. of Dol jugAml ] “nc. o Frazegerin A (o

fo ! - 1m0 gm

in'y
*,

Ama [HPLC)

Mlouivm.
Cmlicmna.

bpj«a 13 3XmME M2
2ul b|'|+rOF mmmea!
124 BEn

v FOF MIMMMA K 31922800 [
Na|¥-31935LANED)| M IXmmsa

o im ‘m om am 'mo 'z

aone. of Fromapogsnin C

Fig. 4. Standard curve of dioscin, prosapogenin A, C in HPLC

system 1.

38 RP-18 reverse phase (Mightysil GP 250-4.6, Kanto. Japan,)9
B A 25 40CE 1At em, 75% acetonitrils &3 1 ml
£ 07 AFE-3% 7% dioscin, prosaogenin A, prosapogenin C%] retention
A= 242 10 pe/ml, 5 pg/ml, 5

b | %
ug/mlo) Atk (A ~¥-2) (Fig. 5). ¥ ZA EFo|A gracillin® diosgenin



Tl

& g

' SEEIT OESTH « 12808 4
W A ZB0M 4 17 S P1 BT

Dinscin

[RT G.44min ]

COHDg il 1

EOfEETTE Og i
B{1EsaH 3
17

ve RSIUA T0 + HITH G0 NN0EE
e e M3 GDOOOT DGR [ BT 2

i ffq

i

L]
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fr,-*'r

S-S 0 0 2
e R

T T QSR

e 1SR e o 2D HODDO0D 12
o SRR AOCRO000C ¢ 1 2t 3T

Fig 5. Standard curve of dioscin, prosapogenin A, C in HPLC

system IL
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ok Aaietel Fxeke] dioscin B #HEEE 74

BEFEFA A Auntet ks Akofoll A AfFH I oFAImEe]  dioscin
% prosapogenic A, prosapogenic C2] &S ZANSIATY. WA TLC 2
I Afujatel A= dioscine A FH-$ # A ehE-

!
o, Wk opAlmtel A= o] dioscing <1 aH tHFig. 6).

——
==
A|B|C

Fig. 6. TLC chromatogram of dioscin in D. batatas(cultivated) and
D. nipponica(wild) A: D. nipponica, B: dioscin standard, C: D.
batatas

HPLCell <Jst Az A3} opAule] A FHELoA= AEHY olste
dioscin®] ZAHP O}, ALYl E AxFFo o 27% (w/w)7t A

=5t} o] £% (Son et al, 2001)¢] Smilacis Chinae Radix.olA E

g ko] 27wl o]’de] dioscino] ofAwe] A|FYel EATS L 3l
Atk 22y dioscin® e AR e A rdE Age W)
= HEdd (08~6.7 % w/w).
¢ prosapgenin A%} prosapogenin C9| 75~ ofAyw}, A ujnte] =] s}
59, AAES BFdA A& olstE EAES gt

_32_



2. ke ZI e FAA FH

7}, Z vl Y (primary culture)
vko] A =5 b wiekste] 2AE Awiek(Evl, D. batatas)
o} oAy uH(F-A v}, D. nipponica)Z5-€ Z7]9 A AHAZ A FH s BA
9 24-D 295 AASNAL, TAE FUEIE A8 GAY 9% 37
ZAbsEA T (Table 1, 2). vk ofdwie] Hla] el FAdEo] A
3l Eou AAARRE duAd 545D A FEEO vzl
1,

2ol AA A7 LA AT (Table 1, Fig. 7).

Table 1. Effects of BA and 24-D on in vitro culture of Dioscorea

batatas"
Stem explant Leaf explant
Treatments
(mg/L) ?E{ISSE Callus Toxin” ?E{ISS‘E Callus Toxin
Unt. control 36/0 7 + 0/0 0 et
BA 0 +24-D 1.0 33/1 33 ++ 0/1 23 et
+2,4-D 2.0 17/0 20 ++ 2/0 19 ++
+2,4-D 5.0 18/0 0 ++ 0/0 7 et
BA0.1+2,4-D 1.0 28/1 30 ++ 0/0 30 ++
+2,4-D 2.0 21/1 16 +++ 0/0 21 +t
+2,4-D 5.0 26/0 0 ++ 0/0 16 +
BA1.0+2,4-D 1.0 14/1 0 ++ 0/0 38 ++
+2,4-D 2.0 24/1 4 ++ 0/1 39 +t
+2,4-D 5.0 20/0 0 ++t 0/0 37 ++

YOne hundred explants were inoculated on MS/sucrose 30 g/L medium
and incubated for 6 weeks

2)Degree of phenolic toxin secretion from explants @ +++! high, ++:
medium, +: low
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A3t o= RAME AF AEHA Wehorh, op4rte] RAT ox

=]
n
daEe] AEHol AEAREANG 22 Z3dE Bt w2 ATl

Table 1. Effects of BA and 2,4-D on in vitro culture of Dioscorea

. .1
nipponica”

Stem explant Leaf explant
Treatment
(mg/L) ?I};((jc());[ Callus Toxin” ?1232: Callus Toxin
Unt. control 53/44 0 - 0/0 0 -
BA 0 +24-D 1.0 36/3 3 + 0/0 2 -
+2,4-D 2.0 20/3 0 - 0/0 0 -
+2,4-D 5.0 20/0 0 + 0/0 0 -
BA0.1 +2,4-D 1.0 37/9 3 - 0/0 1 -
+2,4-D 2.0 33/4 0 + 0/0 1 -
+2,4-D 5.0 10/0 0 - 0/0 0 -
BA1.0+24-D 1.0 42/11 7 - 0/0 1 -
+2,4-D 2.0 23/5 0 + 0/0 0 -
+2,4-D 5.0 26/4 0 + 0/0 0 -

YOne hundred explants were inoculated on MS/sucrose 30 g/L medium
and incubated for 6 weeks

2)Degree of phenolic toxin secretion from explants : +++: high, ++:
medium, +: low
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Faate] Fapm el A BA 0.1 + 24-D 1.0 mg/LE A& g wj=]e
A Bez G gel Y FEIAL Fig. 7. GA Al 49 Fu

& vste] wolg s Frbeln maAolglon Aes fmel: mw

24-D 10 mg/L¥iA & &7]&= W2ow Ayre 285 Z7F A4
T AAqT FAn FAEEY DA Az B A2~ dioscin ¥R
<)

W A xst Bz s obF vFeo] AEHY e

gol = olent o] dA3] =t ueld AyizEE FA4H
<& ek Aol dioscin® 7Iul Aitel g oz dAdE o

Fig. 7. Secretion of phenolic toxin from explant of D. batatas
(upper-left), callus for adventitious root formation(upper-right),
formation of shoot and root from stem explants (lower-left),

initiation of callus from stem and leaf explants(lower-right).
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Table 3. Effects of BA, GA and 24-D on in vitro culture of D.

nipponica seeds.

Treatments % No. of No. of No. of

(mg/L) Germination Shoot Root Callus
Unt. control 12 6 11 2
BA 0 +24-D 1.0 15 3 13 3
+2,4-D 2.0 17 4 15 0
+2,4-D 5.0 6 0 2 4
BAO.1 +2,4-D 1.0 21 4 14 18
+24-D 2.0 19 3 16 11
+24-D 5.0 15 1 11 3
BA1.0+2,4-D 1.0 23 11 15 7
+24-D 2.0 18 7 17 7
+2,4-D 5.0 21 9 18 6
GAO0.5 only 34 16 26 3
GA0S5+24-D 1.0 43 14 22 5
+24-D 2.0 37 15 24 5
+2,4-D 5.0 35 14 18 1

YOne hundred explants were inoculated on MS/sucrose 30 g/L medium
and incubated for 6 weeks

RAgee =
AuAPAA 24-Dl A FER RS olgdte]l HIFFHS 9
d oA AR peE duAzelel 24-D7b BhE dAuA A%

Wy 45

pe)
N
>,

T

[e]
=
A~ TE&S AN A= Table 49 Zvh A& AHEH

BA FX Fhol& AbolE Holx] 2oy NNAY %71 1.09

2
B
o
3
e}
=
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2 Z7iskd dA3s JAEHAT A ETAPE-S NAA 2.0 mg/LolA 10.1%
2 7b 9gka BA 1.0 + NAA 1.0 mg/dlA 327%= 7 =g 2
AgelA dEFsAe die] HE el dALe] APE AR s
g, BA 1.0 + NAA 1.0 mg/L A& & Alestiles BF 10% ol3t= Sk
o} 3 A s NAA 20 mg/LE A2d wjxos A8 FE5%
ot NAA 1.0 mg/LE Aeg oA v&Fo] =t

Table 4. Effects of BA and NAA on shooting, rooting and callus
formation from D. nipponica seeds®

Treatments (mg/L)  Shooting (%)  Rooting (%) Callus (%)

BA 0.0 + NAA 10 25.7 3.4 5.4
+ NAA 2.0 10.1 45 -
BA 0.1 + NAA1.0 26.5 9.5 3.0
+ NAA 2.0 22.8 6.7 -
BA10 + NAA 1.0 32.7 14.1 6.7
+ NAA 2.0 10.3 8.7 -

“The 100 seeds of D. nipponica Makino were inoculated with three
replications into MS medium and incubated at 27+1C for 6 weeks.

HAwpe] Sl Foll A el o] s A o] A xako] Zufuj kol
A e v el Aeseh By s vA] AF st LT v A4 653
33] ol Aiui gt R Al 24-D7F e wiA oAM= At
o] Aol A2 dojuton, dud HyY=HEH M= F
A ol QEAIF AFEHEAZ NAAE AH&stvh e d@s4 s
AshM = zhzhe] e duAzyY FATE fEstaL, ol i T4
of o]&3st= Aol a&Aelrt. webA Fe AHAES oF 1 em Hol2 2

2} NAA =+ NAA + BA7ZF g8 aiA]ol A dAu e HAse] A
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o] A 4 o] Aol 9 AAFE ZASIA T (Table 5). #e] A
Ao wRE whgy FA £2 Bl NAA 1.0 mg/L @5 gdA 1
em ¥ HAA G 247ME JPF EHH Yo NAA 1.0 + BA 0.01
mg/LE &3 A3 wiAolME= 13712 NAA TS5 B 80 9°
oAk A= TAE BT ol NAA 01 mg/LE AYsde
Bt 77 mm=z 7P AQ3, 30 mg/LE AHEEAS wWe 7 mm=E 7
ol NAAS w7t Eold4E Az A" g Zdolx @
E3] NAA 30 mg/LE A By M2 AL F7F 1.0 mg/LE
A AR A5 e B ofyet A2 AE FAHTY AIEE
o] Au]x3s} wo] FAZL] FAo AFetx ke o vERt (Fig.

8, picture 6).

Table 5. Effects of NAA and BA on adventitious root formation from
in vitro cultured roots of D. nipponica’.

Treatments NOI .Of new Length . of Fresh weight
adventitious roots adventitious
(mg/L) (mg/flask)
(/em - root) root(mm)
NAA 0.1 2.2 a 77 ¢ 617.7 b
NAA 1.0 247 ¢ 21 b 1,278.0 d
NAA 3.0 70 b 7 a 3372 a
BA 0.01 + NAA 0.1 00 a 36 b 4277 ab
+NAA 1.0 138 b 24 b 1,035.6 ¢
+NAA 3.0 89 b 21 b 554.8 ab

“The 100 mg of sliced roots were initially inoculated into 250 ml
Erlenmeyer flask containing 50 ml MS medium with 30 g/L sucrose.
The flasks were agitated at 100 rpm, 27+1C for 6 weeks. Statistic
analysis was conducted by DMRT at the 5% level.
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kst B2 RE A FATY AAFES 2W NAA 1.0 mg/Lol
1 m

go® Hx 100mge] wFAZSF-E Alste] 65 Fo 124

_ NAA 3.0 mgll 4

Fig. 8. Formation of adventitious root from the roots explants of

Dioscorea nipponica by treatment of different concentrations of NAA.
1, comparison of no-NAA and NAA 1.0 mg/L; 2, NAA 0.1 mg/L; 3,
NAA 10 mg/L; 4. microscopic views (x400) of new forming

adventitious roots of picture 4, 5 and 6.
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BA 001 mg/LEZ 7} iAo %= NAA 1.0 mg/LA27F 10356
mg/LZ E¥5E T 7HE Edo NAA 1.0 mg/L @5 A g ns &
77t "o Hrh Fig. 89 A 1, 2, 32 NAA F=o w2 HFAH+o
Aokas el Ao® NAA 1.0 mg/L Aol o A= R
Aol dAAs FrbetE AS B Fi glomn Fig. 89 Azl 4, 5, 62

e

lo

g, Agjxe] frols 24-D7F 2 AREE I Qo

o du

71BE 3o = 24-DEY NAA, TAA ¥+ IBAS & 2
4537 v} (Blakesely et al, 1991). Seo %5 (2003)2 Eleutherococcus
sessiliflorus®] A %2 NAA E+= IBA 05 mg/Lo]l &34 o]zt

Aol F= A

9932, Yoon¥} Choi (2002)= Polygonatum odoratum® F-74 =
NAA 05 mg/L7} &34 olgtal gtttk Yu & (200002 Ql4ke] Aelx=z
BT fFEolE IBA 20 + kinetin 0.1 mg/L7F &332 oy} R4

of di#FSAdlE NAA 20 mg/L7F 7F ZaAolgtal 8t9al, NAAM

ATASe o3 e Fie AEARRY R FEb 4L A%
@ ook glen}, A= Foly AwAe FRol weh 98 27 FrEE
we Aols malrh Eanke]l 49 NAA 10 mg/L7b 4% &

Qom BAY H7be 08]¥ 24 5&S Wolmes How vpehyi

an

o FAd 2 afx|o] /% steroidal saponing] 4

ORAl FAmlREE FHAoR fFd 24T FAILE 6577 g
T WA Ee} wiAE 3 538te] dioscin B Y B9 gk, AAAG F
WU E &S ZAIAT 1 23 <Table 6> YERl o, F74g ]

dioscingtZo] 1% o]A¢l A= 24F & 8Fo] <3}t E35 20-1 ¥
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2
k

A g A9 865% (w/w)el dioscindr e HAom, ujF oA
726 ug/mé ©] dioscin®] HEEH O (FHEE 74%), 27 Axe] o
o] 7Hs/ds @8t tH(Table 6, 7, 8).

1 #4842 g Agede F42U dioscin® &S 467 %
(w/w) o, wjel Foz 86ug/mi 2 dioscine HH|dte] AAkH
dioscin®] thi-to] o w g (EH[E 96%)S Eelstith. ol

g FATS A= 1438 wjgel o7 dioscin®] tlFAALES 7Hs

o2

Table 6. Content of three steroidal saponins, dioscin, prosapogenin A
and prosapogenin C in different strains of adventitious roots initiated

from D. nipponica.

sanmple %
sanple | ~ . total(%9 | A | AR POok
No. 27(u0) Dioscin PA PC diosain AA PA | &l PC
1-1 196870 | 0.804226 0.678493 0.173768| 1.656487
2-1 | 75510 0 0

3-1 | 70900 0.085935 0.033286 0.03611 |0.155331|60.92802 23.59976 25.60189
41 | 142890 0.072649 0.005594 0.018813|0.097056|103.8086 7.993195 26.881432
6-1 118960 0.124902 0.010405 0.026667|0.161974|148.5835 12.37806 31.72324
10-1 | 143340 0.074271 0.036064 0.024946|0.135281|106.4594 51.69411 35.75808
14-1 | 144040 0.706865 0.260945 0.16184 | 1.12965 375.8659 | 233.11427
15-1 | 283540 0.183769 0.002233 0.022231|0.208233| 521.0587 6.330408 63.034705
16-1 341170 0.16739 | 0.001628 0.008019|0.177037| 571.0832 5.553878 27.359533
17-1 | 116860 0.120193  0.002012 0.022445| 0.14465 | 140.4579 2.350692 26.229225
18-1 54870 | 2.45242 | 0.592692 0.234933| 3.280045 32521  128.90762
19-1 | 25340 2.966189 3.766318 0 6.732507 | 751.6323| 0

20-1 | 52180 29.139284
21-1 | 107620 0.139662 0.016792 0.023314|0.179768| 150.3045 18.07121 25.090626
221 | 52640 | 1.877829| 2142053 0.223303| 4.243184 | 988.4893 117.5465
23-1 | 64330 0.912051 0.270621 0.165171|1.347843| 586.7224 174.0904 106.25448
24-1 65960 1.779988 0.583263 0.042384|2.405635 384.72 | 27.956468
251 | 38720  0.9278 0  0.059055|0.986855|359.2443 0 | 22.865937
26-1 85890 0.967591 0.728153 0.031413|1.727157| 831.064 625.4106 26.980921
27-1 | 141880 0.540313 0.117705 0.01673 | 0.674748| 766.5958 167.0004 23.736467
28-1 324180 0.274127 0.003383 0.006054 | 0.283565| 888.6655 10.96849 19.62701
291 = 10880 4.079243 1.067675 0.382356|5.529273| 443.8216 116.163 | 41.600308
30-1 28190  1.159623 0.232212 0.085153|1.476987 | 326.8976 65.46064 24.004535
31-1 20230 4.671805 0.048899 0.118221|4.838925| 945.1062 9.892318 23.916101
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prosapgenin A 2 Co] iAo g LI FRo] sHeEdh ok EAL

L average linkages¥ ¥ ol A= 3714

fu
=
i
i
32
o
£
o.
&
w
Q.
5
1=}
o
e
i

4¢ O nESE BHsE 1§, @ ¥, WY ¥

1
ol
-
M
i,
rr
u
P:{m
@
oZ
>,
i)
g
=

© M A prosapogenic A, C 1|7} &

Table 7. Content of three steroidal saponins, dioscin, prosapogenin A

and prosapogenin C in culture media of adventitious roots initiated

from D. nipponica.

HH 2.FOH (H 2FOH = 50m)

sa'\:r(;ple D.ug-clzpds/ml;:ulture br;)t(: c-{)fjus?r_n | A . ’Mxﬂ -
: 10scin broth) | dioscin | = = S

1.112627  1.054103 | 1.353527 | 3.520258 | 55.63137 | 52.70517 | 67.676351
0 32.95574 11.41591 | 44.37166 0 1647.787  570.79565
0 0.283723  0.763738| 1.04746 0 14.18614 38.18688
0 2.007222  0.760303| 2.767525 0 100.3611 1 38.015143
0 9.808937 8.025344 | 17.83428 0 490.4469 401.26722

e ENIRY O
INENENENEN

10-1 0 1.396126 | 1.716663 | 3.112789 0 69.80632 | 85.833131
14-1 1 0.685842 1.341082 2.27621 | 4.303135|34.29212 | 67.0541 | 113.81052
15-1 | 4.262156  0.750666 0.955531 | 5.968353 | 213.1078 | 37.53329  47.776535
16-1  6.212348 1.545223 2.2284 |9.985971|310.6174 77.26113  111.42002
171 0.59608 | 1.476432 | 2.983571| 5.056083 | 29.80399 | 73.8216 | 149.17854
18-1 0 0.980731 | 1.265092 | 2.245823 0 49.03655 | 63.254608
19-1 1 2.2562068  1.09094 @ 2.02575 | 5.368759 | 112.6034 | 54.54702 101.28752
20-1  7.263016 1.367368 2.12066 | 10.75104 | 363.1508  68.36841 106.03299
211 0 5.124857 | 3.910597| 9.035454 0 256.2429 | 195.52986
221 7.30204 1.276693 | 0.92904 | 9.507772| 365.102 | 63.83463  46.451986
23-1  9.193985 1.264394 2.354775|12.81315] 459.6992  63.21968  117.73877

24-1 5.67204 | 1.304185| 1.592814| 8.569039 | 283.602 | 65.20923  79.640718
25-1 | 3.427315 1.528341 | 2.818032 | 7.773688 | 171.3657 | 76.41707 | 140.90159
261 0 12.92416 4.709511 | 17.63367 0 646.2081 | 235.47556
27-1 1 2.748155| 1.0617 | 1.274765|5.084619| 137.4077  53.08499  63.738236
28-1 10.71071 1.135072 1.620924| 13.4667 | 535.5354 56.75362 81.0462

291 0 1.572293 | 2.46749 | 4.039783 0 78.61463 | 123.37452
30-1 0 3.980259  2.679694 | 6.659954 0 199.013 1 133.98472
31-1  86.07665 5.585651  3.31232 | 94.97462 | 4303.832  279.2825 165.61598
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Table 8. Secretion efficiency of three steroidal saponins, dioscin, PA

and PC from adventitious roots to culture media of D. nipponica.

sample 2H 2 (%) Total produced amount

No. disocin PA PC disocin PA PC

1-1 3.394411 3.795958 | 16.51558 1638.911 1388.455| 409.7728
2-1 0 14.3483 42.56195 0/11484.19 1341.094
3-1 0 37.54348 | 59.86458  60.92802 37.78591 | 63.78877
4-1 0 92.62309 58.57804 103.8086 108.3543| 64.89657
6-1 0 97.5383 92.67346 148.5835| 502.8249 432.9905
10-1 0 57.45355|70.59156 106.4594| 121.5004 121.5912
14-1 3.258283  15.1391 32.80553 1052.46 442 .92 346.9248
15-1 29.02718 85.568 43.11524 | 734.1666 43.8637 110.8112
16-1 35.22935 93.29363 80.28562 881.7006 82.815| 138.7796
17-1 17.5048 96.91398 85.04671 170.2618 76.1723 175.4078
18-1 0 13.10274  32.9173 1345.643 374.2465| 192.1622
19-1 13.02925 5.406412 100 864.2357 1008.932 101.2875
20-1 7.440731 6.939863  78.44285 | 4880.579 985.155 135.17283
21-1 0 93.41222 88.62725 150.3045 274.3141 | 220.6205
22-1 26.97284 | 5.357901 28.32464 | 1353.591  1191.411| 163.9985
23-1 43.93059 26.64011 52.56354 | 1046.422 237.3101 223.9932
24-1 19.45568 14.49322 74.01747 | 1457.682 449.9292 107.5972
25-1 32.29598 100 86.03756 530.61 76.41707 163.7675
26-1 0 50.81776 |/ 89.71985 831.064 1271.619 262.4565
27-1 15.19991 24.12018  72.86476  904.0035 220.0854 87.4747
28-1 37.60252 83.80368 | 80.50424 1424.201 67.7221 100.6732
29-1 0 40.36122 74.78384 | 443.8216 194.7776 164.9748
30-1 0 75.24871 84.80622 | 326.8976 264.4736 157.9893
31-1 81.99434 96.57912 87.3815 5248.939 289.1749| 189.5321

i1

.-ti

.I.!:I"

] ) e e R L L L2l

Average linkage

Complete linkage

Fig. 9. Cluster analysis of different strains of adventitious roots based

on the content of three steroidal saponins
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g} wj ko] AMdk 2 saponin ¥ B 1L
BAELo] T4 880 £ saponin®| $FaFo] W& wjYFE (strain)E Al

oA ARG 27 e Fank AR 0% B

)
18

prosapogenin A (PA) @ prosapogenin C (PC)9 =& EA3st9tt (Fig.
10). 22+ o] wik+= 3 579 steroidal saponin®] &@oA B WHolE

Sk WmA B XFH S BRW gREE 8¢5t dioscin,

PA 9 PCE B st glou, 7, 8 9, 14¥ wjgFo] FAZol A=

PA7} A8 A& A &gk, Hj ol A= PC7F &5 A dth
Dioscine 209 R wigFFolA HEHJAo W wigks Fhel] A3

zZhol 7t = Aoz vElyth BT g% dioscin® 2 2, 3, 5

Mol 2ol A% 1g9 20 mg (02%) clake] o}F AL wo] gy

FF7F 3709 A T 270 oo AEs i

A2 BEujges A& B 4 drt (Fig. 10). Dioscing Hix 2 7} ol
wHl gk v 13H Y 14 wigFE 50 mL WigHo R Zzt 55 4
6.0 mgo] ZH[E Atk ZHze] wjGFIt wiAl R EHlete ols AR &
ek ApolE UEhl= o] veFet WoldS ZHd U wigkFe] fd4
SAJNA e vAlg s FEG o] Aol o3k EHIAF ] Afo|dA = &
T vk 22y dubH o ® oA tfAbsbE o] SAA ] AR EH =
548 AEAE B fd4 SAoldvl e EEAA Y] af 54
g 7Aool =t} w#A dioscin, PA ¥ PCe

Hj el whel FH ] Aol SA] B2 o5 Al 7HA] AR o=
AL o] Az el Aol | Fo& o] AR EHlgte AoE A
Ak F8&3 223 AES AT BAow BAS VW diE gE A

G olE Al 7HA AR BTl B oRk ofyet iR ErE= 9



g & o] &3t AFZujgel o3 FHIFE S Folste] digF ALk o]
23 $x g

25 T

M Dioscin

- O Prosapogenin A
E 20 T BProsapogenin C
®Q
)
S
~— 15 -4
o
e
(0]
S
e 107
IS
i)
3 57
O

0 -4

25__1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

M Dioscin
20 + OProsapogenin A

O Prosapogenin C

Content in root (mg/g dry root)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 14 17 18 19 20
Strain number

Fig. 10. The contents of three steroidal saponins, dioscin, prosapogenin
A and prosapogenin C in the twenty different strains of adventitious

roots induced from different seeds of Dioscorea nipponica.
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npEA & o] S £33 steroidal saponin®] AAAFS A EE O R

W, Tal¥ Goldberg (1982)7} Dioscorea deltoideas A 3] %3}

diosgenin®] ¥#HS AE HAE F 38% 7HA F7FAH 2w Hebled}
Staba (1980)+ Dioscorea composita®] Az %ol A4 diosgenine] A4+

|

Ak AFAA Seetel A Ei okl EAshe vh AR

>

ato] A AE A o] 72%7HA AAdE= 2eol Adthal Bast

$
o

& W %3to] steroidal saponin®] AAFS A3 o= o2 glt)

Fig. 11. Different strains of adventitious roots initiated from D.
nipponica callus. Left strain with brown color produce more dioscin
than right strain with white color. Dioscin production from
adventitious root in 250 mL culture.

Fe WolA wigFE HEI A dioscing Bol EH| S

hud

=0

o
kv

T4
= wjdFE Aol EH)E dioscine] L3 EE= AAESA wEo] dHA
Lo wjgrzte] Adstd FAHte] Mol AMo g Wty Auulds

4 e 4% usel ASE AL B2 F AU (Fig. 1.
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ehA mfFAl el Mol Awsh= Am2 i W FAlol biomass7h dioscing

Arbsk= AR HASHA Al s st Adder aFEd ¢ s

o] 33k 3% steroidal saponin®] =3 wjFHo
st shakttel AAAAE JERd Aelth. FAg el i-E dioscing
Fe O o ARAE AABATE FoleA UERA eFgkont FAg

o 3 PASl T3 Ao PC d&Ftols 1xe dduAE 7HA

AAAZE Ik o] 232 B dioscin® v} PAY PC7F A & 4

Table 9. Relation coefficient among dioscin, prosapogenin A(PA) and

prosapogenin C(PC) in adventitious roots of D. nipponica.

Content in adventitious
Roots(AR) or media

DoR PAR PCR DoM PAM PCM

Dioscin in AR (DoR) 31 .013 374 123 389
PA in AR (PAR) 873 =077 725%«  A411=
PC in AR (PCR) -.010 .756%  542%
Dioscin in media (PCM) A23% 414
PA in media(PAM) 72

PC in media (PCM)

* ! significant at P = 0.01
Fig. 10014 20% <] w5 Foll A dioscine] &#o] 714 we Ao=

e 10W R $ATE ol gdtel ASHA YL FARYL,
Fig. 12 10W W7l At A7 942 Z4g 357
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w2 7F rE 250 mL Atz el s=e] HEsk e, AldeeE & ooF 25
A= Aol =4 =717 AYE k)t 250 35 Alolo F<£3E}A

Aol A A G 57 Aol 50ge®E Hx XA FASL
z

1=
u
o) 2507k SRR, MF 65 Aol TPzl AFFel o oy &

N,

oA e Ao AAFHE oz vehgrh A7tA AR FEs A
H2 B3 A3 4F70A = dioscine]l A9 A EHA kot B
1

Aol Az a3 55 Aol F43] T8k

T6
6+

Il Dioscin 15
< 5+ CJProsapogenin A %
5 E ;rosapo_gehr:in C 1, %
3,1 oot weig g
2 34 g
i o
o 8
‘E 2 + 4 2 g
8 o
? g
* n

11 +1

0 —. ! } ' ' 0

Weeks after subculture

Fig. 12. Time course changes in contents of three steroidal saponins
and increase of biomass during 5 weeks cultivation of strain No. 10.
The 200 mg of adventitious roots were initially inoculated in 250 mL
flask containing 50 mL MS medium with 30 g/L sucrose and 1.0 mg/L
NAA.
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Tal 5 (1984)& Dioscorea deltoides® A Er}Fol A diosgenind 4
TRl AENA = AL FAEHA b, Aol F A o] 1 o]
S7bstAl &= AAZI 553 SIS ST ol B ATelA K
Aup A Lo /3w 3FF2 steroidal saponin®] o] biomasse] o]
o o]A E7}etA] k= A A 7] (stationary phase)ol H4:3] E71eE A

dxsleE 23S Bt 250 mL Azt z el A= oA 537F v ke Hox

oL
i

dioscin, PA % PC &% 77} 396, 478 % 2.78 mg/flask ©] AT},
F A E o5 AdEe] diE Aoz yEwon, 4
of mlal] ekgFo] wrol & ®ilol= AIASHA] AT AgelM = 5F
Aol ARG Bl A PAS] $HeFo] 7B =9kal, T vhgol dioscin B
PC 1oy, dioscin %3 PA gditol= SA14 fFoldol A=A &
skl kel AgoA (Fig. 10) 10 w]¥=+= dioscin® ¥ #o] PART}
4538 m=gou, 2 ZAdAe 4T 109 wEF dol= =t
dioscin®. t} PAS] 3+Fo] Q3e] go} FAo] FHiE olE AHEe 3
ol wiFA 7], Mgzl wet AR AolE Hols Ao yEuith
o] el e = olAAt= e A A =AS e fls)

o A% ATT Bast 4 Aoz 7

o
ru
o
=

O

9
A=}

=l
L
T

v}, IBA9H NAAS &3} vl

HAe A9 BHo o] m A= NAASH IBAS &7E H|alsh
7] flske] 2 RS ZH7E 1.0, 3.0, 5.0 mg/L & Ag etk WA R
o AFHFS Bl NAAE 1.0 mg/LoA 7Hd ¥adda 3.0 =& 50
mg/LE F7Fetd dA3] At o] A A AAE A}
(Fig. 13). IBA¥x= NAA7} 1.0 mg/LolA Ao Aaeko]l 744 2w
A= &g 3.0 mg/L AgelA Aol 7Hd dad Ao YERET o
AE Hol BAwule] A AAoE IBARTF NAAY &7 %7t A&
o JokE
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NAA<}t IBA ZHl fol s A7F gll e, dioscin® PC IBAE A& s

IBAE A#d 45 1, 3 % 5 mg/L AgellA 247t 47, 45 2 38 mg &

2 4538 =okvh o] FFE AA AHjelA AHGT F-Ante] Hejo] 3
% dioscin #<Q 6-8% (Kim et al, 1991)o] 433 <H3I Ao=
dioscin®] =5 7tel IBA7F &840 Ao = YERTH
7T - 60
Il Dioscin
6T [ Prosapogenin A {5 =
= 1 Prosapogenin C §
8 5l 8- Root weight >
I.\— -5
R T40 o
- =]
S 41 E
s -30 2
< 3
w 3T =
) [=
£ 8
3 (2 ¢
e 27 £
&
1+ +10 o
0 : : ' ' 0
1 3 5 1 3 5
NAA (mg/L) IBA (mg/L)

Fig. 13. Effect of NAA and IBA concentrations on growth of
adventitious roots and production of three steroidal saponins at 5
weeks after cultivation of strain No.10. The 200 mg of adventitious

root segments were initially inoculated in 250 mlL flask containing 50

mL MS medium with 30 g/L sucrose..
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ool A HFajwule] RAT wlgS F3le] steroidal saponing! dioscin,
prosapogenin A % prosapogenin CE 7] AitetE A A~81S 8757

Al WA FATe] et S 2de THelaL, 2059 g

Z32H dioscing AAEE WS Mutslgon, Aury wjokFol uj
FAZIE B AT =433, NAA 9 IBAS 334& 733t

HApke] BT Qg S-S Fotol ol =HS AAA R Aitete

HETH, oA E AdE ol st uFIPrEA e A&
245 Adstet=d ZA 71013 Aol tiEo] dioscin® FHEF el A
Aujeb ok 1008 o)A © e 2anbe] dioscin AIA QlAS w3
AuutE AEete] Aujete] 7154 kst

= ot

i

Wotw 3 weld W

3. FAZY dFAY =4 19

WA e A FEdor 3o THE G Agste] T Aol
n X 9GS FAFsFY tH(Fig. 14, Fig. 15). Sucrose: 3%9 27} 6%
AR BAZo Aol %z E Ao, fructose?t glucosed 3% K TH
6% A& HEgk RAo] FAL A azAo|dr}. A galactose™
ok bl Zpolzk v eFskth. whEbA biomassE A ANEE W&
Al S A sucrose”’t 7HE EE&AQ AoR duE o] A&HA AF
o = sucroses AF&3I712 3

Sucrose 15, 30, 60 % 90 g/LE A=zlg Z¥ 60g/LolA 24 & &0l
7bg F%h 15, 30 2 90 g/L el FoAvh A4 HA gkt (Fig.

16, 17). F¢] &FS 30014 60 g/L= Fuf S7Fed 45 FATe] AL
< FEsty i w el s BAde] AV e Fridsy Aded



=

ARoot fresh wila/ile

I'-I —

a0-1% So-B% Fr-2% Fr-h% % Gl-b% Go-1% Go-b%
lrestments

Fig. 14. Effect of sucrose(Sc), fructose(Fr), glucose(Gl) and galactose

(Ga) the growth of adventitious root of D. nipponica after 5 weeks

culture in MS medium (NAA 1.0 mg/L).

Glucass Sucrose Fruciose

Fig. 15 Effect of different types of sugars on the growth of
adventitious roots. Adventitious roots were cultures on MS medium
supplemented with NAA 1.0 mg/L and 30 g/L of each sugar.
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Root fresh weight (g/flask)

1.5 3 6 9

Treatment (%)

Fig. 16. Effect of sucrose concentration on the growth of adventitious
root of D. nipponica after 5 weeks culture in MS medium (NAA 1.0
mg/L).

Fig. 17 Effect of sucrose concentration on the growth of adventitious
roots in 5 L bioreactor. Adventitious roots were cultured on MS
medium with NAA 1.0mg/L for 6 weeks.
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WoiiAEF 2 diss

Fig. 182 MS #j#/¢} SH¥jA 9] dE&s=E 7I+9 1/4, 1/2, 1 W=

s W B FAES YERA Alolth MSHA| 9 SH A 7ol
j

N

o7b AQEA grgrov], Ao FEIE Fod o7t AgHA %
gk GRY BEE ERAARDG A HFolE P2 34 o
A7 2A(HIAE Qe AFow tehgrt o Anis 2T o
FA el WAL 2eHE Fe AAT W FPE ol ML i
$EE REoEM H71He mgagd Tt 4e Ao Am "o

25
92-1 I
E [ 11 [
st il
E
g 1r
o
Sost
o
O 1 1 1 1 1 1 1 1 ]

1/4MS 1/2MS 3/4MS  1MS 1/4SH 1/2SH 3/4SH 1SH

Strength of media

Fig. 18. Effect of different media and salt strength on the growth of

adventitious root of D. nipponica after 5 weeks culture in MS medium.

t}. NAA9} cytokinin® =& &3}

NAA 1.0 mg/Lell BA, kinetin ¥ 2iPE 7}7} 0.1 2 1.0 mg/LE #7}
st FAo AFFES ZABIATHFig. 19). EE A oA NAAC]
cytokinin 5 1.0 mg/L £%3st= AXY A=< 01 mg/LE £33

o] He|dt= Aol AT Ao a3z oAut. wEkA cytokinin®] F
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b Skt FAwke] BT FAE AAAES e JoR UE
B oAgo A 44 %5d AeE NAA 1.0 + kinetin 0.lmg/LZ 1}
Wk NAA 1.0+2iP 0.1 A8 %= NAA 1.0 mg/L ©@5Ag o nls %435
2o 2 eyt

LU
e

o

4 r
~13 t
3T T I
(_U I
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S~
o I
s2t 1
i -
o»n
(]
—
S
o1 i
[a s
0
N1+B0 N1+B801 N1+B1 N1+K01 N1+K1 N1+P0.1 N1+P1

Treatments (mg/L)

Fig. 19. Effect of different cytokinins concentration with NAA on the

growth of adventitious root of D. nipponica after 5 weeks culture in
MS medium (N: NAA, B: BA, K: Kinetin, P: 2iP).

ok AEnlg

MSHj Aol A Aoz ALg5 = KNOs9H NHNOz A wj&S 0,
1/2, 1 9 2w¥ E3FAgste] A2 AAEFS AT KNOse
MS FFFol 7H Fzd Aol om NHLNOsE= MSHiA 9] 124 =5

Aelstol e o] SAdl= G vAA FArh(Fig. 20).

p
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Root fresh wt (g/flask)

O 1 1 1 1 1
X1/2+X1/2 X1+X0 X1+x1/2 X1+X1 X1+X2 X2+X1

Treatments (KNO ;+NH,NO3)

Fig. 20. Effects of initial nitrogen salt concentrations on the growth of
adventitious root of D. nipponica after 5 weeks culture. Concentrations
KNOs3; and NH4NOs are base on MS basal medium.

oldytz Wol FAjviel A FHol= MS 7] wiAel FfE #F

How FES oA olg FAEY FHFS vtoew ok AT

o] ammonium®] 7%= o 7] FAHAEH} #&3F= WA, nitrate™
el Ay A|E g Ve AA7IHed AR 5E,

Chenopodium album® Vritica dioica (Smirnoff et al. 1985)°l A

i

nitrophilicZ} E2l&= A Y HEo| nitrated] =& HEXHAzA - &
o] #&o| FQ3 IS I}

vl Auxin® &3 B o
Aol BAze] Ao vAE auxing ZIHE dolrry] ¢l

NAA, IBA % TAAE Z}7} 1.0, 3.0 3 50 mg/L A gsAtt NAAE= 1.0
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mg/LA oA b4 ¥Fsen IBAE 3.0mg/LAZdA, IAAE 50
mg/LA glol A 7}4 g5 atgdel o] Ao R Hol NAAZE Aol Aol
7HE AAd3 Ag s dadnt. IBA9 IAAE ZH2E 3.0 mg/Let 5.0 mg/L
A7t A5=d 1.0 mgl AgEt &3/ F& AoR Hol BT
Aol NAARTISE o8 F AAZAAE AFER Q78 Aoz F
AEth NAAY =9 A8 A 1.0 mg/LolA 55 g/flask® 74 £&
& BHaon Frvt moldaE Aol "ol IBAS 4% 3.0 mg/L
oA 44 g/flask® =2 AGES B3O NAA 1.0 mg/L Agros @

= S 2o (Fig. 21, 22, 23).
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N =y
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e 27T
1- |]
o L |m| 1 1 1 1 1 L8

’

NAA IBA IAA

Fig. 21. Effect of NAA, IBA concentrations on the growth of
adventitious roots of D. nipponica  after 5 weeks culture in MS
medium(NAA 1 mg/L).
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IBA 1 mg/L

Fig. 22. Comparison of biomass yields between NAA and IBA through
18L bioreactor culture. Adventitious roots were harvested 6 weeks

after culture inoculating 250 mlL culture

ek ARG E AR EdEd S AN A wAEY, cF

_58_



o .

NAA 1.0mg/L

Fig. 23. Comparison of biomass yields between NAA and TAA through
18L bioreactor culture. Adventitious roots were harvested 6 weeks

after culture inoculating 250 mlL culture

aeme 2wl AgE AFRAEA AT RAgS o
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HE daes de gloenz Abgd AdxAAY FRee #A 8l

tjo

o A NAAZ} biomass9 Atel= AsEzA 714 &

7t Qorg FEALY ek NAA 1.0 mg/LE A4 &

LSl R R R

MS 7] Ew#] o] NAA 1.0mg/L, sucrose 30g/L 5 ®iX|¢] ZE ZHS

ZAFSF tH(Fig. 24). pH 6.0, 65 2 7.0 = Zol7F glley pH7F
5505t % Wol AW A= Aol AAF A4Ee YT BaA

BAvhe] BT A

)

M= A dAE T FAETA L] A

A AR WA = Aoz eyt

O

O

m;

Foast fresh wilolila:

L] 55 [ BB 7
Me=ihuin pH

Fig. 24. Effect of medium pH on the growth of adventitious roots of
D. nipponica after 5 weeks culture in MS medium(NAA 1 mg/L).
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4. A9 steroidal saponin®] A4t n X &= A9

=
=
drfon o FRE AERL s Ael@ A FAIuel 3

Of

% dioscin, prosapogenin A % C9| 3$FFxlol= FojAlo] QA EHRA ¢
okar miA Ul EHH dioscin B PAS FFolw JFE& W XA ekt
gy w2 FulE PCo e BRE TR T A elA 60g/L A
o g2 &9l 30g/LE A2 gh viAol A 28] o] F7skdvh. whebA
Fo FEE F7HA7IE AR 30g/LE HEste Ao BN &8
Aoty ke APolA sucrose’t H-Ae] biomass Aol 7HE &34

olo}A sucroseE WO AHHR dPe FAsA

Table 10. Effects of varoius sugars on in vitro production of steroidal
saponins, dioscin, PA and PC.

Content in advent. root Content in media
Sugars (mg/g dry root) (mg/L media)
(g/L))
Dioscin PA PC Dioscin PA PC
Sucrose 30 320a 127 a 09 a 59 a 47 a 79 b
60 282 a 118a 11 a 48 a 41 a 33 a
Fructose 30 218 a 112a 07 a 51 a 40 a 74 b
60 263a 104a 12a 49 a 43 a 43 a
Glucose 30 30.1 a 93a 13 a 57 a 39 a 78 b
60 284a 11l1a 08a 56 a 44 a 24 a
Galactose 30 331a 103a 13a 54 a 44 a 70 b
60 30la 114 a 09 a 56 a 4.1 a 1.3 a

"Means followed within a column by DMRT at p=0.05

Sucrose?] TE7F FA 9 AT steroidal saponin®] $hakel] n X =

qekS dotr ] 95kl NAA 1.0 mg/L7F E3d MSH|A| A sucrose
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.
N
=
oft
o

FEE 2E]sto] vidsttl SucroseZ 15, 3, 6 E 9%9 T=
o] 5 Fob w3t Ay Ay iAWl steroidal saponing
Table 117} 294t} Dioscin 3+ sucrose 3%°l4 31.0 &2 714 =9k
o 6%l A 143 mg/go = 7HE vk 3 Atk FA4T Ue PAE
Azt 2 ZolE HolA LYot dioscinHH o] sucrose 3%l A
11.7 mg/go2 =& s Yeddlen BA W9 PCE= sucrose 3%
Mgk mF FAE ATt wiA WS dioscin, PA % PCx FA4 U9
dioscin, PACl H]3l] wi-¢- w2 FFS B ow 2+ Ay 3 fFofdol ¢l
ATt

ot
ol
rlo

Table 11. Effects of sucrose concentrations on in vitro production of
steroidal saponins, dioscin, PA and PC.

Conc. of Content in adventitious root Content in media
SuCrose (mg/g dry root) (mg/L media)
(%) Dioscin  PA PC Dioscin  PA PC
15 209 ab® 74 a 00a 13 a 127b 38 a
3 361la 117a 09a 59 a 47 a 79 b
6 143 b 103 a 00 a 44 a 6.8 a 15 a
9 268 ab 65a 00 a 6.1 a 116 b 11 a

Means followed within a column by DMRT at p=0.05

Al O A T B SAD v A Aol A A3
= = B oolg g4 AR Fed JFS wAA dAvk
(Weathers et al. 1997). 1 & sucroset™ 2l &2 ujgFo] doJAl F4 o
UrldowA, el Aol a4rA T3] AMRHe g@adolt. oY
g Fol anle XY A AHA R BAEH AU
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U iAEw 2 TR

BAul B2 A steroidal saponin ARl 7HE @ 3FA <l v A
E Agsr] 938t 1/4xMS, 1/2xMS, 3/4xMS, 1xMS, 1/4xSH, 1/2xSH,
3/4xSH, 1xSH % 8% 9 ujA|d &©AYSZ sucrose 3%9 T2HOZ
NAA 1.0 mg/LE #H7bste] 5573 FAnt QL& st 2 A3
BT o] dioscin S MSHIA] EHw7hoE Ho]2 Holx] @gror}

SHHj A &=zt = zto]lE WEtWAY (Table 12).

Table 12. Effects of media and salt strength on in vitro production of
steroidal saponins, dioscin, PA and PC.

Strength, Content in adventitious Content in media
of root(mg/g dry root) (mg/L media)

MS & SH  pigscin PA PC Dioscin  PA PC
1/4 MS 22.7 b 251 a 0.0 a 90a 5Hla 16a
1/2 MS 26.7 ab 200 a 0.0 a 44a 42a 08a
3/4 MS 276 ab 146 ab 21 a 1.0 a 1l2a 08 a
1/1 MS 314 ab 155 ab 0.0 a 16 a 15 a 06 a
1/4 SH 43.6 a 16.4 ab 0.0 a 0.7 a 20 a 10 a
1/2 SH 205 b 50 b 0.8 a 37a 46a 25a
3/4 SH 20.1 b 2712 a 0.0 a l6a 5la 03a
1/1 SH 16.0 b 108 b 0.0 a 09 a l4a 01a

"Means followed within a column by DMRT at p=0.05

1/4xSH wj Aol Al 43.6 mg/go. 2 7} =2 dioscin &&S YeERA L
IxSHHElA [ A 16.0 mg/go = 7HE e dioscin &S YER AT F

= e PAS g#E 3/4xSH, 1/4xMS 2 1/2xMSellA  E=kom
1/2xSHell A 50 mg/go.2 7Hd v ks yephdidoh v, A4

g



o] PCe} wiA] W9 dioscin, PA, PC9] k2 7t g 1+ BA4 oA
o] 9Tt (Table 12). ZZuj ol JojA viA] AR wjdA ol AAe

v T8l dofst= M Fag 2doy, oAUiAtE A FAd =

o2
Ol

FS n 2= Aoz A Ut} (Toivonen et al. 1991; Weathers et

al. 1997).

t}. NAA$} cytokinin® &8 33

AA A A A TG EAA) S BHIE auwxind T4 NAA 1.0
mg/Le} cytokinind ¢ BA, kinetin, 2iPE ZF 0.1 mg/Le} 1.0 mg/L¥ =3
g iAol AL wjFste] A3 steroidal saponin S ZALSH

2t} (Table 13).

Table 13. Effects of different cytokinins with NAA on n vitro
production of steroidal saponins, dioscin, PA and PC.

Content in adventitious Content in media
Treatments(mg/L) root (mg/g dry root) (mg/L media)

Dioscin PA PC Dioscin  PA PC

NAA 1.0+ 0 305a 111b 04a 08a 1la 20a
+BA 0.1 168b 76b 00b 08a 14a 20a
+BA 1.0 235ab 00b 00D lda 22a 27a

+Kinetin 0.1 173 b 48b 00b 22a 46a 17a
15.1

+Kinetin 1.0 175 Db ab 0.0 b 18a 26a 08a
+2iP 0.1 218 ab 87Db 00b 1l1a 28a 06a
+2iP 1.0 219 ab 283 a 00b 22a 12a 27a

“Means followed within a column by DMRT at p=0.05

_64_



A2 Wl dioscin F#S NAA 1.0 mg/L @5 HA 305 mg/ge
2 M =4 JE e NAA 1.0 mg/Let BA, kinetin, 2iP 1.0 mg/LE
83 At 01 mg/LE &8 mA R AAHo 2 =2 dioscin 3
= UEtd e (Table 13).

42 el PA= NAA 1.0 + 2iP 1.0 mg/Lell A 74 =3kom NAA
1.0 + kinetin 1.0 mg/L, NAA 1.0 mg/L @542 o2 Yol BA 1.0
ng/L E&A g HEEA et

FA4 W PC= NAA 1.0 mg/L A 2lolA 04 mg/L= w9 v]gko] A
ZH Ao ye ] Ao A= FAHA &drt v e] dioscin, PA
2 PCe FAZol vla] w9 w2 S Bolow Z+ A 3 FAH

frelAdol glltt (Table 13).

gk dade FRek AguE

AAY F nitrate®} ammonium® FEE 1/2xKNO3 + 1/2xNHNOs,
1x KNOs, 1xKNOsz + 1/2xNH4NOs, 1xKNOs + 1xNH4NOs, 1xKNOs +
2xNH4NOs, 2xKNO3; + 1xNHNOsZ W3IAA MSH|A| o] rdoz
sucrose 3%9t T2 o2 NAA 1.0 mg/LE #H7bsle] 5573 FAvp 24
& Wttt (Table 14).

2 A B Wl dioscin T IxKNOz + 2xNHINO; A 2] ol A
30.3 mg/g®2 7Y =%or, 1xKNO;3; + OxNH4NOz2| Al A 18.3 mg/g
2 7 @& dioscin &S WERY LT

T4 W] PAE AAEFoNA 202~126mg/ge 2 thh FasA e
m PC¥ KNO3x1/2 + NHuNOsx 1/261 4] 2.6 mg/g, KNOsx1 + NHiNO3x2
oA 1.9 mg/gel FFS BHAom I wre] Aol glHA skt
2 W ¢] dioscin, PA % PCe wl%- wgFo = vetutow FA A foA4
= AT
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Table 14. Effects of KNOs; and NHsNOs3 on in vitro production of
steroidal saponins, dioscin, PA and PC.

Content in adventitious  Content in media

Treatments root(mg/g dry root) (mg/L media)

(strength of MS basal) Dioscin PA PC Dioscin PA PC

KNO3;x1/2 + NHuNOsx1/2 275 ab” 199 a 26 a 00c 16al3a
KNOsx 1 + NH4NOsx 0 183 ¢ 202a 00b 09bc20alla
KNOsx 1 + NH4NO3x1/2 215c¢ 152a 00b 18 ab 19 a 63 a
KNOsx 1 + NH4NO3zx 1 275 ab 128 a 0.0 b 03 bc 16 a 1.1 a
KNOszx 1 + NH4NOzx 2 303a 144 a 19 a 32a 11al4
KNOsx 2 + NH4NOsx 1 229 bec 126 a 00b 18 ab 0.6 a 0.0 a

o]

“Means followed within a column by DMRT at p=0.05

v} Auxin® &38|

Auxinfb A ZHEZQ NAA, IBA 2 IAAS] 3= nlusch AH
¢l T2 IAAE NAAY IBAC] Hl&] EdAAgo] dAA3 Hojxx
IBAA 2] 7F NAA A el vlal] &9kt (Table 15).

Table 15. Effects of NAA and IBA on in vitro production of steroidal
saponins, dioscin, PA and PC

Treatments Content in adventitious root Content in media
(mg/g dry root) (mg/L media)

(mg/L) Dioscin ~ PA PC Dioscin  PA PC
NAA 1.0 171 b* 145 a 00 b 28 c¢c 213 a 2.7 a
3.0 82 ¢ 16.0 a 00 b 18 ¢ 95 ab 27 a
5.0 136 b 165 a 00 b 65c¢c 106 ab 00 a
IBA 1.0 39.0a 136 a 6.8 a 733 a 203 a 38 a
3.0 369 a 165 a 35 ab 6.7 c 116 ab 1.1 a
5.0 300 a 144 a 6.5 a 30.0 b 33 Db 10 a
IAA 10 81 ¢ 125 a 00 b 18c¢c 113 ab 17 a
3.0 82 ¢ 110 a 00 b 08 ¢ 8bab 24 a
5.0 6.0 ¢ 115 a 00 b 45 ¢ 86ab 11 a

Means followed within a column by DMRT at p=0.05
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wela  AEe AT EE [AAE FATY Agwyr ol
steroidal saponin®] 7|k = &34 o2 Kgk ZAo R EGTH
NAAS IBAE W] ®BH FEAH W dioscin 32 IBAAZ A

30.0~39.0 mg/LE NAAAZA 82~17.1 mg/Lol ®&] =A Yebgch
A W PAS] 136~165 mg/ge 2 & o]S Wolx gtor
IBA 1.0 mg/LolA 136 mg/g o= 7Hd wrekth A Yo PCE IBA A
2lA] v Yl NAA Aol s veluA ek
o] gaFe IBA 1.0 mg/LolA 733 mg/LE th& Aol Hls] @A3 =
UEbom PA oA 7HE e FAE YERAT w4 Ul PC FES

2y A2 FAA freldol sl

e

. 9A] Y dioscin

N BRI
WX e] AEE pH 50014 70707 2AFe A wjH el pH7} 6008
2 "ol A el dioscin g#o] oA HFastd ot PA H
PCE A zbel fo27k A THTable 16). whebA H4 9] biomass?]
Ay =4 4 59
2 o

7]-75)1— H]— E]—X] 3 A

Table 16. Effects of medium pH on in vitro production of steroidal
saponins, dioscin, PA and PC.

Medium Content in adventitious Content in media
root(mg/g dry root) (mg/L media)
pH Dioscin PA PC Dioscin ~ PA PC
5.0 125 b” 151 a 1.0 a 11 a 1.1 a 13 a
55 162 b 10.0 a 0.0 a 14 a 12 a 0.8 a
6.0 272 a 146 a 21 a 23 a 1.2 a 0.7 a
6.5 214 ab 155 a 0.1 a 14 a 15 a 03 a
7.0 236 a 104 a 00 a 0.7 a 20 a 1.0 a

*Means followed within a column by DMRT at p=0.05
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A}, Elicitor &7}

Fafwp KA o NaF, AgNOs chitosan, cellulase, jasmonic acid,
cyclohexamide %9 elicitor® =¥ = *83}9] staroidal saponin®| 3t
F& wolrl A% s st sy #AHTS NAA 1.0 mg/L7h

H7hd MS7I2ujA ol M 55 &St wiFdk 5 elicitorg A @fste] 48A1%F

H) 3o steroidal saponin®] A #E4S 33 H T} (Table 17).

Table 17. Effects of various elicitors on in vitro production of steroidal
saponins, dioscin, PA and PC.

Content in
adventitious root
(mg/g dry root)

Content in media
Concentrations of (mg/L media)

elicitors (mg/L)

Dioscin PA PC Dioscin PA PC

Control 30.5 72 0 10.3 0 8.7
NaF 10 131 0.0 1.3 73.1 0 90.3
50 11.9 0.0 0 22.3 0 874

AgNO3 10 51 0.7 0 55.7 0 122.3
50 11.2 0.0 0 95.6 0 123.6

Chitosan 10 44 0.3 0 19.6 0 0
50 5.1 0.3 0 0 0 0

Cellulase 2 13.0 1.0 0 9.1 0 111.0
10 20.3 45 0 60.9 0 0

Jasmonic acid 1 4.2 0.6 0 53.4 0 68.4
5 2.8 0.2 0 50.8 0 88.4

Cyclohexamide 10 19.3 0.0 0 14.6 0 93.9
50 20.7 0.0 0 25.2 0 45.4

A2 W dioscin HL EE elicitor A 2ol A controlel] W3] A
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UeElsk o callulase 10.0 mg/LA 2o A 20.3 mg/g, cyclohexamide 50 mg/L
Aol M 207 mg/gez w2 FFS UEdTh FAHT el PA A
controldl A 7.2 mg/go & elicitorx] @Bt E=gkon RAZ o PA%
PCE dlFio AHeloA AEHA &doh wiAd 2] dioscine AgNOs 50
mg/LA 2ol A 956 mg/L= 7HE Eskvh. wiA o] A¢ AAA oz FAT
e ERASdZE b2 HEE9 elicitor’} control®tt =A YERY
controlel A 7F stk vl o] PCE=F AA| FAT vele= A9 o
BhuA] eFgt ot wjA|el A vk HEH AT o] AL elicitor 227t F &

A el grEoldd =2l wix|

BAAR AEo] mAEe]l HdsAl HW, AES olo] Wojstr] ¢
olzk A HES w43 T7FAI7I71H, lignification & o2 7FA] o7
g dozit A Wiz T b & ded e 7 F9d
phytoalexin®] =4 o]t} Mansfield & (1974)2> ol Botrytis cinereas
ZAAA phytoalexing A4HsH v} vk 1 8Fe]l 294, heat shock,
elicitor, environmental stresss stresst} Wo]7]2HS o] &3+ o]z thA4k
=9 Akl tig A7t @detAl ol FolAa ddeEd, 1 T AA
(Lithospermum erythrorhizon)2] 73-$- elicitor 18] & 3}9] shikonins U]
GRS o7} At} (Tabata et al, 1985)

o, Az 2 A
B AFoA st 58S AE A3, 229 242 diocing &
Foll 7 EAQl Mg 2AES At th(Table 17). A &7kA] v &
& 9@ MS/sucrose 30g - L/NAA 1.0 mg-L'wth A2 F2
dioscin®] A&l &3A<l wjF o] thg UATh wEkA HFH

=2 7 A i 21s 2] AEA e 22 ARE agd

I

.u

o

Y

_69_



Table 17. Optimal conditions for the growth of adventitious roots and

dioscin production from roots or culture media.

Growth of Dioscin content in  Dioscin content
Treatments adventitious root  adventitious root in medium
Optimal Result” Optimal Result? Optimal Result”
Sucrose 30 g/L 100 30 g/L 36.1 90 g/L 6.1
MS strength 1/4 111 1.0 314 1/4 9.0
SH strength 1/4 111 1/4 43.6 1/2 3.7
Add BA No effect - 1.0mg/L 235 1.0mg/L 14
Add kinetin  No effect - 1.0mg/L 175 0.1mg/L 22
Add 2iP No effect - 1.0mg/L 219 1.0mg/L 22
KNOs+NHsNO3 1+1/2 118 1+2 30.3 1+2 3.2
IBA 30 mg/L 80 1.0mg/L  39.0 1.0mg/L 733
IAA 5.0 mg/L 66 30mg/L 82 50mg/L 45
Medium pH 6.0 100 6.0 217.2 6.0 2.3

YResult calculated as % fresh weight of adventitious root comparison
with the fresh weight of root grown in MS/sucrose 30g - L '/NAA 1.0
mg - L. “Dioscin  content mg/dry root weight. YDioscin  content
mg/L culture medium.

FSr A A =

lo
ot
rlo
_1

e Sucrose A E 30 g/LE HFstE ol AAs B EH
Ao Aol dioscin®] AArol F}z o] x| L&),

o AAxHEZAQ NAA°l cytokinin (BA, Kinetin, 2iP)¢ #H7}&=
o] biomass AAHE AT & okt B We] dioscind]

Haaiez st st

z
o
ry

dt
off
tlo
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e NAA+= IBAZ diAlet= Alo] dioscin® sr&Fs7hel sty IBAE
A A4 AgsEE 3.0 mg/LE S7FA Ak gt
e Elicitors A 2lstd Aol A Adde dioscinol WA= I

FEHEZ WAoo 2 RE dioscing 3|48l Aol A A Aol

4. Bioreactor 7N¥ 2 wuj<

7}, 2L air lift type ®]<%7)
D)3 2 37 4 2 wEA ="
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Fig. 25. Two types of 2L air lift bioreactor with glass(left) and
plastic(right) made

_71_



2 Lewe] $71594 M (Fig. 26009 FAL Adnw £ Dy
= Agom so] yRoAel BT £3e BeHoE & 5 A &
gor, @ pie /18 vAF g FuE F9T & A &
JHFE AR 27t AAsn Qom o) F silicono® 1S

JIZJt 2O M B MBI

Fig. 26. Model of air supply and ventilation system for 2L air lift

bioreactor developed for adventitious root growth.

2 L wtoled e 248 Bate] X Fuje] g/ W] 3
R A FAHA AR A HAe] 4717 ol YFY oFYvie

= 1=

BAzel RgatA H ALH oz Wgr] WE B Hol P2

>

J3de S & ¢ vk

_72_



[ E7FT ZLIIRE] [BIHER HERE]

Fig. 27. Sparger and ventilation system of 2 L air-lift bioreactor.
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Fig. 28. New type of sparger system for 2L air lift type bioreactor.
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Fig. 29. Adventitious roots cultures of D. nipponica through two
types of 2L air lift bioreactor system. Glass type(upper) and plastic
type(lower).
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Growth weight(g/2L)
3

L R I

MS/N1/S30 MS/N1/S15 SH/N1/S30 MS/N12iP1/S30  MS/I1/S30  MS/I3N1/S30
Treatments
Fig. 30. Effect of various treatment on the growth of adventitious

root of D. nipponica after 6 weeks culture in 2 L bioreactor (N :
NAA (mg/L), I : IBA (mg/L), S : sucrose (g/L).

Fig. 31. Modified 2L air lift type bioreactor with plastic material.
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1}, 5 L Bioreactor

BAl= frelz @ 5 L &7lelw 2 L wigrleh dg= # oy sparger
SEEol mMAE wE, FEste 7leS HUFs o air pumpEs A A 8}
d T g U ERT (B A 4

=
3| A} Vitrosysoll A Hets AL F5

Akste] ARESEA ). E 5 Lowj
F71ell 742} air flow meterE A A|8to] MER 7] FEHE 24T

UA sk (Fig. 32).
w WY EF71EH AA = compressors ©] &5t LA E = 7
£ 39419 membrane filterE& AXH Fw38H, airflow metergE ©] &3]
L5 oo MEEES =9 (Fig. 33).

U F TUE vHE T

facs

Membrane filter y -
y <Qut air

Fig. 32. 5L glass type air-lift bioreactor system used for culture of

adventitious rppts
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Fig. 33. Multi—connection culture by one air compressor for bL glass

type air-lift bioreactor used for culture of adventitious roots.

160

5120 -
5
3 80|
B3
<
& wt
o
O 1 1 1 ]
MS/N1/815 MS/N1/S30 MS/I3N1/S30 MS/11/S30
Treatments

Fig. 34. Effect of various treatment on the growth of adventitious
roots of D. nipponica after 6 weeks culture in 5 L bioreactor (N :

NAA (mg/L), I : IBA (mg/L), S : sucrose (g/L).
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Fig. 35. Adventitious roots cultures of D. nipponica through 5L
bioreactor system. 1: 250 mL seed culture, 2: just after inoculation,

3: 6 weeks culture, 4: harvest of adventitious roots.

Fig. 34+ 5L A&EREE 7oA 6577F wj et FA o] AAFolth 5 L
AEYRS-7] 9 A] sucrose 3%, NAA 1.0 mg/L7}F H7F" wjx|o| A 1329¢g
o7 %7 HEH9 20 g9 66M=2 o AFS wYr) o] Ay &
of dermiF Aol m AR 2 Lot 5 Lo i@ delA e NAA
1.0 mg/L7F E3HE MSHi Al A 71 =& AdS veds Slsidt

R

Fig. 35 5 L 4%wS719 wjFast 65719 ujf ¥ 2 37
L
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mge] dioscin®] AAFE S It (Fig. 36).
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Fig. 36. Productivity of dioscin from adventitious roots using 5L

bioreactor system.
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Fig. 37. 15L air-lift bioreactor with sparger for -culture of

adventitious roots.

Fig. 38. Frame of multi-connection culture system for 15L air-lift

bioreactor.
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Fig. 39. Air distributor for 15L air lLift bioreactor for adventitious

root culture..
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TH] & compressor systemS 702EsiTh (Fig. 40).

Fig. 40. Air supply system. A: compressor, cooler and air dryer, B: air
filters
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(Fig. 41).

Fig. 41. Direct air distributor for multi-connection 15L bioreactors.

pstgom, = 371 ¥R 1F R 479

ok
N
1o
19
|
2

i)



5 15L Hpe]l gy & o] && 2= wige &3t

20218 MF7IE e m v syl s MR AE 4
o SR E o] & A 19 wMiYrd 168 H o wiAE ¥
Aol IAME 18709 wig71(F 27081 H)S AHA S = (Fig. 43, 44), ©]
& AEZF 4D B5 o 129 midS & 5 Aol vl @A 1
S0l A i FEE wigE 4 AT

T7E WFE 108 E)e] 7hsstd diEf 169

el wiA] g owjeFr] FHloh FE|te R Ao wdon, 2703k Hig
o= 1d 53|¢] Fgo] 7hed Aow AlRH

Fig. 44+ 250 mL Azt &et=a v ol A HE 87149 4A4S o
Ebd Zlolth 100mg A= $AT dHE 250 mL Az ekaae] oF 6
20g 7HAl ApebAl vk Atz el
Ho = 22 % 15L bioreactorel

]_

ol

+ 32

il

jis

O

F70 weFsha g

o
)
)
ol
)
2

i)

oA A EAZTE lem AEY
T+ AHEeto] 6573

Fig. 45% 15 L wjF7]e A auxinQl NAASH IAAS] §¥E H|agh
ot} 250 mL Wi ¥olA NAAZE IAAc] ®ls) F-A4o) Aol dAA%
H7F UM A o], 15L vl = F-ALE] biomass Aol
ZtolE H AT NAASH IAAGIA AT RIS &0 pasto e
NAA7Z} 20 2e A8 Jeusd, o] 4e 24209 dioscin & &3}
kA o

jus)

fokshd oF 1.2kgel ¥ A biomassE A4S F

U pol = b

o

o ﬂ, o

Fig. 462 15L w7258 Aad HA 9 biomassES AX
D A A4S A HFHCRE dioscing 53 FAHS JEFRR
151 w7l 6530 F5FH 1.2kge] FAHALoA <F 1.9g2 =4

AE dioscing ¥ 53T

_86_



D 1¥ 1 - Vapp——
| L

. o e M

RNt

{
ki
]I'-.
|.‘

Fig. 43. Mass production of adventitious roots of D. nipponica.
Upper: one set of 15L bioreactors (18 x 15L bioreactor), Lower:
Multi-sets of 18-bioreactors(10 x 18 x 15L bioreactors, 2.7 ton)
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Fig. 44. Culture of adventitious roots from 250 mL seed culture to
harvest. 1: 250 mL seed culture, 2: multi—culture of 15L bioreactor, 3:

six weeks after culture, 4: harvest from bioreactor.
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Fig. 45. Comparison of NAA 1.0 mg/L with IAA 1.0 mg/L for
adventitious root culture in 15L bioreactor. Culture medium: MS basal,
sucrose 3% and pH 5.8.

[250mL]

i weeks
————w
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Me0sH &l b
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Fig. 46. Procedure of adventitious root culture and dioscin purification,

and their productivity. Medium for bioreactor culture :@ MS with
sucrose 3%, NAA 1.0 mg/L, pH 5.8.
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