A EFE QSIS X H25d His
Korean J. Plant Tissue Culture
Vol. 25, No. 1, 21~25 (1998)

0| x| Zo|E B oM XA sucrose ST 3 hydroxyapatite & 7}of|
o[t tropane alkaloid AAHM &4t

OHEE" . b2 . YAl - Ex|2 - gl

Agd s gt 2 328 d7AE, Kddsge YEeta,
g gt o)) 3 o wA, SgA g AFA =3

Improvement of Tropane Alkaloid Productivity by Optimization of
Sucrose Concentration and Addition of Hydroxyapatite in Hairy root Cultures of
Scopolia parviflora
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The effects of sucrose concentration and some absorbents on growth and tropane alkaloid production in hairy root
cultures of Scopolia parviflora were investigated. The maximum effect on growth and tropane alkaloid production in hairy
root clone SP11 was obtained for 1/2 B5 medium containing 5% sucrose. The production pattern of tropane alkaloid in
hairy roots was some different from that of rhizome of mother plant, particulary showing high littorine contents, which
was not found in ordinary roots. Among absorbents examined, charcoal 0.01% and XAD-II 1% made a slight growth
promotion effect, whereas the other concentration of charcoal, XAD-II and absorbents (amberlite and chitosan) showed
inhibition or no significant effect. The addition of hydroxyapatite enhanced the production of tropane alkaloids

significantly than control cultures.
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AlEol &5k alkaloid: w4 w2d A o 30 Fol
Azl ez o] £33 gloi(Verpoorte et al, 1993). 1 F
scopolamine®} hyoscyamine>- %153 A& Fo] e 9
FHoR Faodg 8RR sAFH A EQ Atropa,
Datura, Duboisia, Hyoscyamus % Scopolia 5ol el ¥
5o} 9lc}. Tropane alkaloid: ©83te A ZujofE B
L Ayalo] Lo]s}x] ¢kom(Staba and Jindra, 1968: Street
et al, 1969: Yamada and Hashimoto, 1982), ¥2jollA &4
Hol ddog £imr EAe FHqx o (Endo and
Yamada, 1984). =3 7|HolA widEE FeoMxE oF
tropane alklacid®] Ao Ehitsle] FAT = TAL
WFE B3t (A EY Fee vZHE oF B 1 9

Aol AYakol H ¢ tHFlores and Filner, 1985: Knopp et
al,, 1983: Christen et al, 1989: Shimomura et al, 1992). 53]
# o= hyoscyamine 6f-hydroxylase 4212 Z2d5}e]
hyoscyamineE R} ¥-717}317} %2 scopolamine®$] A 3t
o] o]-&3l= E(Yun et al, 1992: Hashimoto et al, 1993)
tropane alkaloid A3§tA2] ol&le} 2 S8 AA3] w27
A= 1 )oK Drager et al, 191: Sauerwein et al, 1993:
Chesters et al,, 1995).

A A} 5L v A Fe)E4 HE F Scopolia japonicast
S. tanctica S} ¥®]R3}e] tropane alkaloid Fafo] ¥
(Konoshima et al, 1972) 3tFEAM]EQl n]A|Fo] E(S.
parviflora) & A BZ BAZ wioks #93l3 FE2719 A
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4 9 tropane alklaoid AJAtel#] zto]E 15—""& vp Qe
(Ahn et al, 1993). w]x]Fo]EoM K=, At mAT 7}
282 9 4 ¢ RS FRAAEY "54*“’1] e
Al 2 EAo] kA2 AT 912w, tropane alklaoid
ekl A AF] 02 ~ 06%9) Datura $9) 24 01
~ 07%39) Hyoscyamus % 2/4<(Knopp et al, 1988)°l] ]
Tahed of 05%6¢] B Lol T ek §3) RAIEAGA
S F3 e e AAG Agel BolakA g
littorineo] gk AAE = H(v]EE x8) & 18T 9
tropane alkaloid ) A}$} tropane alklaoid A) Ak T8 & F-of
g2 A2 2 4 g Ao 47,

et 2 AFo M A, fX1E 2 e vlA Fe] Eel
A vE& BAE SE SP 11 (Ahn et al, 193)& AH4-8}
o] Ao A A 68-hydroxyhyoscyamine, 78-
hydroxyhyoscyamine. scopolamine, hyoscyamine, littorine &
T4 tropane alkaloid®] AJAJ A&l Ale] i spe} FAYAbe] F
A wigzRe €L HHoz wrbA 7 2eA g
sucrose = 3ol wpE AHE FASIY . b iAo
charcoal, chitosan, amberlite, XAD-IT % hydroxyapatite 52
FAAEZ Aslsld S W wAFelE A AFH
tropane alkaloid AAF 5ol »]Ale & ZAMEle] o] F9
QAT 7122182 &gstaat sk

Mz o U

Al
=2

9

M=z

Ao FEQA Hopike u|X|3o[-E(Scopolia parviflora
Nakai)®] A 8}73& B2 Agrobacterium rhizogenes A4
siraing) HEo] o) FE - FYT i mAE FE P
i1 (Ahn et al, 1993)& 2 Aldo] Q@2 Algslgirh

2130 B

gz A g A g Wiz E AASI] $8te
MS (Murashige and Skoog, 1962), B5 (Gamborg et al, 1968),
WPM (Lloyd and McCown, 1981), RCM (White and
Nester, 1930) w}=] 2] macro elementZ 1/2, 1/4% Zt7} 3|4
g A el A (30 mL)E 100 mL Erlenmeyer flaskol] ¥ A
o) FET LATE PATOZYE o 1 an 7hF 43
st} INAE o]Aldt F 45 HALE FY A9 AAW
2o A ek (25°C, 100 rpm)atsich iAW sucrose FXE
of wE 2ATY) AAE dotRr) $i5ke] 1/2 BS 718
Z]ol] sucrose T EE 3%l A 8%71A] W3AIZ t:]-° Baz
INAE oA g F 457 vicksidvh 24 EAEE oA
23] AAZ G5 AFEFE é’éiﬂ"ﬁi‘r\, 3

2 $8s

dABE BT FEAZTEA AFFS 44 s
AZA 8 F Y5 tropane alkaloid®] $-4 o)) A}4-319id).
HUIIX| SEHH|7} tropane alkaloid2] AAMY p|Xl= &2}

v R Yol charcoal, chitosan, amberlite, XAD-II %
hydroxyapatite 52| &4 H7i7} 2AE AAAAE &
olB 7] $)3le] 1/2 B5 ¥)A|(sucrose 5%)°l] 7t F&A)Z
001, 01, 1% =2 A7Hhydroxyapatite®] 73-9-= ¢ 0485
g2) tablet A2])3l2 oF 1 emo 4% WL 0]*13‘} T4
F7 wio(25°C, 100 rpm)3}e] A S AFFE SAEG
onf, FQef ulelr= tropane akaloid®} FHaFS FAbslSd
C]— Hydroxyapatite®] 2% 2] & 2 FAAYH49] F3Fdt
Z #9l3}7] 98led calcium-bis{dihydrogenphopsphate)mon-
ohydrated 10, 50, 100, 1000 pM2] =2 Zeglsl2 25 3
ML olAlgt F 357 wjoksted BAT A nlA:=
33-S A

Tropane alkaloide| £& o 2M

Tropane alkaloid?] F&-& wls® TAT AzEF oF 50
ng-& FEH(CHCB : methanol : NH4OH, 15 7)2] 3}
o 5 mLejl A} 20%-7t sonification A]Z1ohE o A2 o 73}
F AN L A0°CAM 2ot w3 FFY 2 mle
IN H2804 5 mLe} CHCB 1 mL o] pH 3 o]3tZ. A3}
I 383 Aol 9k 8132 CHCh 3& AA% o9& 4
C 3lollA stRyelez pHE oF 122 izéfs}i’— 1 mL9]
CHCBZE 33] &3l 23 £94& A#X=2 o33 o
£ Nz gas 3ollA] SEA2AZS 558 AR YA
b Qs Bashga HPLCS TLC £A4 4] 150-300 pLo)
MeQHol| £3|A)A 214819t HPLC HA & WatersAb
(USA)2] 600 pump I 486 tunable absorbance detector$}
PC 800 integratorZ o] §3}9].2.™, column-2 TSK gel ODS-
120A (46 mm ID X% 25 cm, Toyo Soda Manufacturing Co,,
Ltd. Japan)-& o]£3}9ic) R4 i=(acetonitrile-10 mM
SDS, pH 33)% 11 mL/ming® 4 %&(Kamada et al, 1986)
}gES 2280k A5 250 nmol M F3xE 23
sl ¥FEF 2 78-hydroxyhyoscyamine, 68-hydroxy-
hyoscyamine, scopolamine % hyoscyamine2 Sigma At
(USA) A F938ted 1 Littorine S YR 2w} ofL254
F4-9] Dr. Shimomura 288 FF4to} AF&-59dc)

Az § D

S22 242wl AGY ALAAG 2] Asho]
MS, WP, B5 59 wj#|¢} o] & u}X]2] macro elementE 1/2
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Figure 1. The effect of various culture media containing 3% sucrose
on the growth of hairy roots of S. parviflora for 4 weeks at 25°C
in the dark. Bars represent standard errors,
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Figure 2. High performance liquid chromatogram of tropane
alkaloids extracted from rhizome (1 year old) and S. parviflora
hairy root clone SP 11 cultured in 1/2 B5 liquid media containing
5% sucrose for 4 weeks at 25°C in the dark. S: standard
chemicals, N: rhizome of mother plant, T: hairy roots: 1: 68-
hydroxyhyoscyamine, 2: 78-hydroxyhyoscyamine, 3: scopolamine, 4:
hyoscyamine 5: littoline
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Figure 3. Growth (fresh wt) and tropane alkaloid yields of S
parviflora hairy root clone SP 11 cultured in 1/2 B5 liquid media
containing various sucrose concentration for 4 weeks at 25°C in the
dark. Values in brackets show fresh wt (g per 100ml flask+
standard error). Bars represent standard errors. 68-OH: 68-
hdroxyhyoscymine, Scop.: scopolamine, Hyos.: hyoscyamine, Litto.:
littorine,

3 VAR A7y 3M3 wiA]ol| A 453F wjokste] RAFES
ARES AR 23, 1/2 BS wiAlo| A AFH067 £ 03
g)3 AFF0M + 003 g) BF H1XS Hech(Fig ).

172 BS wl2)(5% sucrose)S 7| EujA 2 wjofd wAE 3
134 A7 2] tropane alldaoid Ak 3E wlzajE 2
7}, 7-hydroxyhyoscyamine>- + 7% EF HAEHA 42>
v A A hyoscyamines] )8 scopolamine®] ol
Aoz G Ao M A FEEA ¢ littorine
9 A e) F=AHFig 2).

1/2 B5 WA ¢ sucroseZ 3%~8%7}A #W3A1A ZAEY
A3} tropane alkaloid A& AR A3}, 5%9] FEol
A AA(3 + 025 g)3} tropane alkaloid A§AH(68-
hydroxyhyoscyamine, 0.18 *+ 0.02 mg/ 100 ml flask:
scopolamine, 0.06 + 001 mg: hyoscyamine, 052 + 0.05 mg:
littorine, 0.48 + 0.13 mg)ol M 7}A Eghod,
littorine/hyoscyamine  Hlof] Qlo} o2 XA (3%, 0.16. 4%,
045: 6%, 0.65)ol A2} v A3}ed w)$ =2 $x]¢] 0928 X
AHFig. 3).

WA FAA7 nlAFelE A2 A% tropane
atkaloid AJAtel] v|A= &E-E FAF & A3}, charcoal 001%
o XAD-IL %614 obzel AREALAE A dsae
charcoal?} amberlite:= 01%2} 1% XA 23]8 AL
s e &3S B on, chitosanst XAD-II9] o}E =%
o] A FolMe FolAel WaE Bolx| skoh(data )R]
Al). ¥hHol hydroxyapatite?] 7-$-(1 tablet Az2])E= HEF
(1/2 B5, 5% sucrose)?] AA (025 + 002 g)3 YAHO6R-
hydroxyhyoscyamine, 0.02 + 0.02 mg/ 100 mL flask:
scopolamine, 0.01 + 0.0l mg: hyoscyamine, 0.50 + 0.05 mg:
littorine, 048 + 0.04 mg)ol] B] st WA(058 + 004 g)ell
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Figure 4. Growth (dry wt) and tropane alkaloid yields of S
parviflora hairy root clone SP 11 cultured in 1/2 B5 liquid media
containing 5% sucrose concentration for 4 weeks at 25°C in the
dark. Values in brackets show dry wt (g per 100ml flask=standard
error). Bars represent standard errors. HAP: hydroxyapatite (0.485
g tablet), 68-OH, 68-hydroxyhyoscyamine, Scop.: scopolamine,
Hyos.: hyoscyamine, Litto.: littorine.

Al 24 wje] E=xF79 7+ troapne alkaloids &) AH68-
hydroxyhyoscyamine, 0.03 + 0.02 mg/ 100 mL flask,
scopolamine, 0.07 £+ 00l mg: hyoscyamine, 110 + 0.08 mg:
littorine, 1.3 + 0.1 mg)ell )l &k 25 o] A EAE Y
ebjg1.2.m, littorine/hyoscyamine B]ol] ¢lej 1165 vpehi ¢
HFig. 4). ol#gt Ael &7 hydroxyapatite®] A o
hydroxyapatite®] 74 Ad-#<¢l Ca?*3} phosphate x}-f- o]&
o BAS AAel dg A% FFE FHasidd wf,
hydroxyapatite’= 2 tablet(1 tablet: <} 05 g) Ao o)
BI0137 + 003 g) 3 vehd.om 3701287 + 02 g), 4
AOIZ5 + 004 )2 Z7}51de AS D) AejTe] Hla
3l foAe F/HE Rolx ¢ ew calcium-
bis(dihydrogenphopsphate)monohydratel: Z.E 2] g]F-¢]| 4]
£3)7] AR EHE Jepl s ol(Fig. 5).

o] el A}, ujxFolF AT FE SP 1l 94 v
BAE ) oF(Granicher et al, 19%2a)ol| A9} uld7)=) 2 7|82
A, e v= 2 F3A Ae §oulk 39 Wiz
off wte}M & tropane alkaloide] A& ¥4U F e AL
2 HUAHAR 53] B4aY9] Fxwshy hydroxyapatite?]
Ao gt A& e} tropane alkaloid®] F=F F7}0t
BlAstT o] MM oA AEFNEEY 23 A-EL
2] Aol wlale sl o (Grénicher et al, 1992b) 8} iz
=ik 172 B5 =), sucrose 5% 2 hydroxyapatite 1 tablet
A7l A M root tip 37§(eF 0006 g)S 30 mL/ 100 mL
Aflaske] o]Al3le] 3F7F s Asp Fo AR
hyoscyamineo] 1L % 47 mg AAE 288 Datura
stramonium R 02 g2 BS WA 9} 3% sucrose 279 50
mL/ 250 100 mL Aflaske] o|As}x 4F 3k k3l
hyoscyaminee] 1L 7 50~100 mg @e1x 2 3(Payne et al,
1987) el WlZH = w2 $2 YA dehloh meiA A
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Figure 5. Growth (dry wt) of S. parviflora hairy root clone SP 11
cultured in 1/2 B5 liquid media(5% sucrose) containing
hydroxyapatite (1~4 tablets) and calcium -bis
(dihydrogenphosphate) monohydrate for 3 weeks at 250°C in the
dark. Bars represent standard errors. Con: control

F7HA GeiA Aol Frlsle] u)X]Fo]E AT wjoke]
gt w29 Fyeste) detMe A2 A
tropane alkaloid FAH3& F8-3] NAAA 4 gk A7
dok 39 2T ZAE ZA A9 tropane alkaloid A)
AoFol M zte], & BAI B M= ZE=A] of= littorine
of BATAME A MAEE A3} sucrose HE=H Wi
2 hydroxyapatite #]2] 2 hyoscyamine/littorine?] &}aFH] o]
HIE Rl A §L littorine?] hyoscyamine A T4 249
Ao =l gt 229 AF(Chesters et al, 196)S B
o AAHeE & 9l F2 A7) 2 £ dE A
22 Alg¥lr}, %38 hydroxyapatite [Cas(PO1)(OH)]7} B
oj BAZS AAFAEAE T hydroxy7lel] 23
Wk E M BH|EE= EA A4 A gAY AEAd F
o mpE EHZ FAF o] F |23t A9 Fa] FA
o] Jlejof & Aoz Bl

)

u| 2) 30| £(Scopolia parvifora Nakai) 24T Mgl s 2
4 B33} tropane alkaloid A Abo]l 3} sucrose FE2} o
B F3AY 3 ARG 2AE §8 SP Ue %
sucrose FEF FH3 1/2 BS wiAlo]A A g3
tropane alkaloid YJAHS: Bolth 2AFZOA] tropane alkaloids
AR FE BAEM 47ty AolE Byw 1 F A
EANN HEHA G littorined] A o] RAZAA F=
HRh 2418 F2A(001% 19%) oA, charcoal 00192}
XAD-IT 19914 <f7ke] AAX2ATAE Bl AL A3l
Iy 2 8 FEv §FFA] (amberite, chitosan) oA ]
3 =& A W3RE Holx gy Himd
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