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Fikie] vl ok} Tropane Alkaloid®] Bisell #3F BF5E
FHEX WA

The Study of Growth and Tropane Alkaloids of Atropa
belladonna Hairy Root Induced by Agrbacterium rhizogenes

In-Ok Heo*, Tae-Wan Han**

Summary

The study was aimed to confirm transformalion, tropane alkaloid production and growth rate of hairy
roots.

Hairy roots were induced by inoculation of stem of sterile plants of Atropa belladonna with Agrobacterium
rhizogenes strain 15834, A4, R1000.

Agropine and Mannopine were detected in the hairy roots.

The growth rate of hairy roots according to medium and sucrose concentralion was higher in hairy
roots induced by strain 15834 than other strains. especially, the hairy roots induced by strain 15834
produced 113.5¢ ger 1 in NN 30 liquid medium cultured for 40 days.

Besides, the production of tropane alkaloid was 0. 086%~0. 628% per dry weight according to sirain

and produced 0.628% in hairy roots induced by R1000.

Townsend, 1907) o EMHRE FER3le 4 rhizogenes

F? i {Riker et al 1930) 7} #ids=lel Q.
Agrobacterium ol &= =71oll o2} 3FF< plasmid 7t
Rhizobiaceaeo]| £ 3}+= Agrobacterium & gram &4 Qlond, 1 F 180~240kbe] plasmidwl vir Filfel
o] tEifEo A EAe) Tatol S w=t A acetosyringonz} 2E {EHT el A B
b, WHdol = A radiobacter, crown galla} o] T-DNA #¢1& 429 genomeol FEAAI7+ 2
teratoma® Susl: A tmefacens(Smith and 22 d@ixlar glch(Eckes et o) 1987). Plasmid+

% 2ol 2} &tef & 4 24 5} (Dept. of Biology. Cheju Univ., Cheju-do. 690-756, Korea)
xok o &t A g et (A ah)
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Agrobactenium 2] FF-ol e} tumor-inducing (Ti)
plasmid®} root-inducing (Ri) plasmid® F&¥c}
(Van Larebeke et o 1974; Watson et al 1975;
Moore et a1979; White and Nester, 1980). o] &
plasmidel+ T-DNA ol 2zte| Agrobacterium v} o)
ol 43+ S+ olu] x4l opined) Sl Tod s}
© HRfr (Petit er af 1983) 2} auxinz} cytokinin® &
el Bodsh: $B(r & 713 22 M (Cardarelli et ol ,
1987) Agrobacterium o] Ztod® A -Bao) WALE ey
A gk 2 F, A rhiogenes = T-DNA 2] opine &

FA2} FF-ol 2} mannopine®, agropineXl
W cucumopinefl ez L5 3}z gl o] (Petit e al,
1983), =% NIEAES 1724 strainol 4] mikimopine &
ol Hat vasln YoM, 1989). ez olai
opine &K #FAA] ol YASE opinel
Agrobacterium 2| BHEIF, MFEF oz o)fszm gy}
(Petit et al 1983).

W, HE ARBEHTE HAAFE syos
A YA BE& = DNA virus, RNA virus o
Califlower-mosaic virus 5-o] 9] vectorg 4 25
sl 1oy (Murphy and Thompson, 1988), = 4
TEo) Fu PR AY ols} g Boloh 2}
2|2 Agrobacterim & o] &3t Hsk BETF =oluldyol
Laso] ARGRET £ H9s) an, =¢ A&
o] g Aoz ¥ a3t olel (White and Nester,
1980), Ti plasmid®} Ri plasmid& o] &3} crown
gallst FRIRS) £58-S fikel BB, Hizett o 4
Rl B3 A3 ol o] %52 9o} (Rugini and
1986). 28l A rhizogenes & 4] 5 o qZ
3ol =8 FREE ol &slo] WHERS Filo
antraquinone, alkaloid, ginsencside 2} 7t& 23}
HAHE S BgAog Jdux sl Ales} o] Bof
Az glch

ERE 2 23 Ao kol e Q4
ginsenoside®] A A4 &
(Yosikawa and Furuya, 1987; =, 1990), i (Beta
vulgaris) 2} Nicotiana rustica 440l 4] A 4 9} alkaloid
o ERE ZAsY 2 (Hamil e ol , 1986),
alkaloid 44L& clokdt 418 FE9) callus culture
A A7t 52 glovk, UPAAL TE S04
AFHelx] Rt ®wnslw 9|} (Hiraoka and

Wang,

(Panax  ginseng ) of] 4

tropane

Tabata, 1974; 1983
Gizella, 1988). =4, (1988 & ¥H 7hAl
Bt A 2olA), Hirosh § (1986) & Atropa belladonna ol
Al FRHEE 7}z tropane alkaloido] el M
Qe olutel, Ale)E (Hpospamus  niger),
Datura candida, Duboisia lecichhardtil 5-ol| 4] 2z} o)A} A}
=9 Fptgic =AY §44sA deldoln »

2 Qlch(Yamada et o 1982; Yasuyuki and
Tsuyoshi, 1984: Christen et. al 1989).

Atropa belladonna L. = 7}21B Al & 24 ¢33} 4o}
Alopel Az ool L Lslz glom, Fitol ofF
Mt ol 2 e BErE A de] AR s]o] g} &
YR+ alkaloid, &
scopolamine, hoysciamine, norhoysciamine <o)
S sted, FMN, HUE. RIEEo=A o] $5w glo
o, fotd " g, $agad dAdz A4egn

Hasimoto and Yamada,

Knop

sl

tropane atropine,

UCHUM 5, 1989: & 5, 198%).
<+ @Es Ri plasmiddl 8 & %?43}011 A.
belladonna ol A FHKIE S F=sln, $58 FHifl =
£ %}1

ol 4] tropane alkaloid2] Al&t4o] Z o
A, A FPHRL LREES 243

alkaloide] AgAbapg
(TLC),
(HPLC) & ol &3slod &M, FERSHT3I% b

}5r tropane
thin layer chromatography

high performance liquid chromatography

RS B AR S

1. EF8YF

BLR BB g4 2ok w2 A belladonna F
AL FAMAMA 1587 Aar 70% ol B ol 4] (02

b #iEAIZ obg, tween 200) 2~39w g A bR 1%
sodium hypochlorite ool 4 1587} £ 55lod ¥
WAZ 38 WtEsiod gffsleich 25 Il B

H F2E 3% sucroseE g3 MS(MS30) =)
of ol43ln 25Col4 ==& 6,000 lux® 3hw, T
F712 164]17be] = sholl 4 MEEHFEEA 7 ok

2. BHRSY R
HobAz) GEH E710) FHMos guEE )
o A rhizogenes & 2 A FGAA EREL F=319
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Agrobacterium rhizogenesol| |8} $ S ¥ Atropa belladonna EYRIR 2] vl ot 3t Tropane Alkaloid®] ER5rod ¥ #HR

t}. A rhizogenes 15834, A4, R1000-2 YEB wfz|
(Bacto beef extracts 0.5%, Bacto yeast extracts
0.1%, peptone 0.5%, sucrose (.5%, magnesium
sulfate 0.024%, agar 1.5%: pH 7.2)l4 25C2| &
Eek sloll Al 32 BpEIER A1 ¥ AbgEislch

3. Callus t&3%

wobal 7l shidityel EE A aviz A=) 1%
NAA 1mg=} BA 1mge] A7hg MS30 wh=iell 243}
of 25Col A 2= & 6,000 luxZ 33 16417 BB T
ol 4] 307+ BEfg3lo] callusE F=3hgch

4. FE#EBRe el

A rhizogenesol] o8l S EE FEURMBo] FAHHL
opine £ of Yof ujz} elslgl omd, opinef TS
Petit (1983) o} Jjzk& w3 slo] A1&3lgich BB
4048 100mE 0. IN HCl 100pmfol A ¥}Ed %,
20, 000xgel 4 1047+ 4 ¥ejsta AAAE BR
kB R 2 AHgstgch BERKES Ayds ¥

Table 1. Composition of medium for culture of hairy root

opine& 3MM Whatman o &}t=ale] 2-10pu¢ A A3
%, methylene blue§ makera 3l 600 voltel| 4] 2
AlZb AlAlstgdn AFz 943 $4L 3% formic
acid-6% acetic acid 48 pH 2.88 z=A 3o 4}
£3tgich. ERkET Whatman of=xle] R
0.2% silver nitrate &40l 14, 2% NaOHE %%
3k+= 90% ethanol £°ell4 1057, 28z 10%
sodium thiosulfate £, 1.5% sodium dime-
tasulfate §Nofl 4] 2087 HfEF ¥, Zes R
ZeE skl o,

5. EHRY BEY £RE 5T

A58 EtRtol 2~5cm PR T, A rhizogenes &
szl #isl EREE Aebdo] #4:H Claforan
o ¢= 300~400mg& E ¥ a}= MS30 wizlef o] 43}
of 13 2hA oz 2@ #REER I Agrobacterium o]
S48l BpEE ERIEE T220 v MS30 88
gEh o} [HIEEKEHhol MERIStol 25C, MitRfFol M ##
feRs#sled Qb st A1zglch

Compound MS30 MS30 H

Basal medium MS MS
Sucrose (g/¢) 30 30
Hormone - IBA 2
(mg/2) Kinetin 0. 1

Medium
NN30 NN30 H NNZ0 MS10 NNO
NN NN NN MS NN
30 30 20 i0 0
- IBA 2 - - -

Kinetin 0.1

MS : Murashige and Skoog medium, NN : Nitsch and Nitsch medium

Table 2. The operational condition for HPLC analysis of alkaloids

Instrument

Column

Solvent

Flow rate
Injected volume

Wave length

Waters Associates Model 441
Injector : Model UK

Pump : Model 590

Detector : Mode! 441

¢-Bonda pak C,s(30em X 3. 9an)

10mM Sodium glycolate : MeOH (6 : 4)
1. Om¢/min

10p¢

254nm
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Lt 3 A1 ERBE el FF, sucrose &
o 52 e @elsled (Table 1) MEKSRSA &
BERL o, 109 724422 3@ WEsled 4
338 ZA31% o} (Yoshikawa, 1987).

6. Tropane alkaloid® pE4>
HPLC &-#r

ERE A ol A 55%Y EMylls 547
ZAA AA= 2 19 FAE AN F 2255
(Hiroshi e al1986). 418+ 3&&d
(chloroform : MeOH : NH,OH=15:5: 1) ¥ 7}3}o
12412 A ¥, o }sted 45Tl A HEEBRE 3
t}. o 7ol chloroform=} IN H,S50.& 2:12 7}
st EYS ¥, ASE <4 28% NHOH=Z pH 10
o8 zAstgch }4] chloroform& 7}sle] 3 b
& 2Fsldoh oS MERME A1 F, 1w We
€2 #MAA, silica gel TLC plate (Merck
60 F254)o HHzled HrEef
(chloroform : acetone : MeOH : 28% NH,OH=75:
10:15:2) 2 AANsgen], BE HPoz:
Dragendorff's A]°}(Stahl, 1966) & A}&3}gich

HPLCell 9% alkaloide] ¥4& 10mM
sodiumglycolate (pH 4.0) 2t MeOHE 6 : 42 E¢¢
£l & »Bondapak C,; Columnel &t 1w &4
Bhod 254nmell 4] 7 &3lgi <} (Table 2).

Bolnt

Kiesligel

R H FE

I E£IR 7 ¥ EEES &l

A belladonna o] f =+ T BES FTAE 25T,
Z X+ 6,000lux, F F71+ 16413 B8 FolA 33
T EEES] GHYRE I m dold MY E 5
F OIERY ¥, YEB wiAlolM 3Y7 EEH/Y A
rhizogenes 15834, A4, R1000%& 27 bt ol R
frol REFA1A KEEH Tl mERsiddch 2 A
TE A3 BSirol 4 tumorififiol Y4sln 7
He] 3~4F Foll £l F=Pch(Fig. 1),

F=d EREANY PHEE & ¥4dsr) ¢
Bted A belladonna &} EHRE L& BEKES 4
A3t (Fig.2). 2 A3, FEgpRdde

Fig. 1. Hairy root induced form A. belladonna after
infection of 4. rhizogenes.
A ! strain 15834, B :strain A4, C : strain
R1000
HR : hairy root

agropine2 mannopinec] #HAs= gto, 4,
rhizogenes strain 15834, A4, R1000€ 3|2]sled $=

~-/{00-



Agrobacterium rhizogenesoll 2| ¥l § =¥ Awopa belladonna WK ! w) = Tropane Alkaloidel Aol T3t BT

H3 ST

NP H1 H2

Detection of agropine and mannopine in
the extracts of hairy root.
A : agropine, M : mannopine,

Fig. 2.

ST:
standard markers

NP : normal plant, H1:R1000, H2: A4,

H3 : 15834
® EH#l 4= mannopines} agropined spotE
g + ggich

2. EHkiR HEEY £R% 5H

Fo® ERE JUEREStel A 15 A 2R 20
B stol, A rhizogenes & BRE St BRERIECIA
337 Ao 6@ MRS A LR
FREBE 2 ch(Fig. 3). dojd EREL o=, =

9 sucrose $EF dEsled AF}EE &

Fig.3. Culture of A belladonna hairy root induced

by A rhizogenes in solid(A) and liquid(B)
medium,

I :strain 15834, 1 : strain A4, W :strain
R1000

Table 3. Culture of A belladonna hairy root(15834) on solid medium (g, fr. wt.)
medium days sucrose concentration (¢/¢)

0 10 20 30 30*

10 - - 0.24%0.021 0.27%0.020 -

MS 20 - - 0.34%0.010 0.63%0. 031 -
30 - - 0.42+0.017 1.24£0.010 -

40 - - 0.95+0.010 2.01%0.075 -

10 - - 0.22%0.010 0.32£0.015 -

NN 20 - - 0.39+0.030 0.95+0. 021 -
30 - - 0.61%0. 043 1.96£0. 020 -

40 - - 1.54+0. 041 3.41%0.030 -

¥ : medium supplemented with hormone (IBA 2mg/?,

- : none growth

Kinetin 0.2mg/¢)

-/0/-
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(1) Strain 158340l ojs] §=¥® FiRiE
MS siz] o} NN s =] 9 sucrose &5 2 FIR
€ 409 &< BEsEH sl o (Table 3, Fig.4). MS
ehzl2t NN wixlol A A4gg wlas] e, MS30
siAlofl wjz] NN30 wj=|efir] Ezfe~| 7ol TAIglo]
RiFsiA AR, 53] 409 5#%el9) MS30
wl Alo] A 2000 o 4 FeRol] u] & 5ped NN3O wj =)o)
Ae of MUz e AERE 24

Fig. 4. Culture of A belladonna hairy root(15834) on
solid medium for 40 days.
A:TMS 20, B:NN 20, C:MS 30. D: NN
30

£ iAol 4 sucrose ¥eHe] o) KRS

2
@& sucrose = 03 1%Uu= WAo] x| oig)

20, 2%9 3%l A= vty ol BAglo] Ao
53 sucrose =7} 3%Ywio] = At
ol thtd] ki slgdcl ulzlpq9 sucrose Wil o}
€ MS30 v 212} NN30 whxof 4] 4R NN3) i
Ao 4] MS30 wHxI 8o} 1415713 ¥ ARERE 1
ot T2 Zo| H7lE NS uixje} NN siz] ¥ 5o
A Lfo] o] FolxlA] gigtet

¥ EREE MS #ix)9} NN el zjofl 4 Eigtnn
3ttt (Table 4)," ozl W2+ 408U g
MS30 #i=]7} 11eh e} £ EHRE vgda, NN 30 x|
7h 45009 LR E oy MS30 wiAuc) = LR
$£E v

223 sucrose FEolAE 02 1% Al A Ao
o] Fo] A= ghgtend, 2%2 3% U QAo g
shglot. ae|w BN EBERD BRAe
T2ZE Ao wHol A callus{k E& Ao o
AsE F o] vetgton], kol L2 3|y
Auck F2Zo] G sl L LERS el
Haloh 609 of4k s 2w+ EURMEol callussh
o iERE o R ofatsle Aag wgich

A L e

(2) Strain A40l 2|3 STH Eyx4p

A rthizogenes strain A4E S =¥ BIREL MS vz
o NN #f 2] 5l sucrose ¥so wha} 409 E9 g3
B MS30 vl Ao 4] = 40 el ofell A <k 13

Table 4. Culture of A belladonna hairy root (15834) on liquid medium (g fr. wt)
medium days sucrose concentration{(g/¢)

0 10 20 30 30*

10 - - 0.27%0.025 0.55%0.020 -

Ms 20 - - 0.30%0.026 0.76+0.045 -
30 - - 0.39+0.097 0.94%0.043 -

40 - - 0.560. 067 1.16%0.038 -

10 - - 0.39+0.032 1.21%0. 026 -

NN 20 - - 0.45+0.021 1.34%0.012 -
30 - - 0.63+0.075 1.92+0. 033 -

40 - 4.54%0, 027 -

- 1. 75%0. 054

* ! medium supplemented with hormone (IBA 2mg/¢, Kinetin 0.2mg/¢)

- :none growth
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Agrobacterium thizogenesof e\ 8l & =¥ Airopa beliadonna F K1) wiets: Tropane Alkaloid®] RU7ol T O7

viel L ERE wolul whsl NN30 wialolxw o 2]
wiel 4 ERE ngich zelx sucrose FE7F0.1%
Quj= Aol Hal ol FeixAl gbgtord, 2% i
Aol AL A EdRo] oF 0. 7vR 2 4] 3% Aol &
o g Fo] dobzith(Table 5).
158349 EfkiR WA p e ths Welx/#jgl strain
Adel A2 s MS sizigtE NN uff zjof 2] A #}o]
ok ¥ 3lgl ., sucrose FEHEE I%Uwl st Aol
piFsigd oo, Zz2ol aztd wizleldE Aol

o] 7 & strain

o] Fol A=Al ¥gtet.

g19] MS w9} NN wiz] 3 sucroses ol o
FHREL 409 F EpEgsieich(Table 6
Fig.5). 409 £ wlokgt A FERS MS30 wh=lel
= o} 16uhe] A FEHE vebllz, NN30 sixlelsis
o 26uhe] LKL vebllch 229 A7t HiA
ol 4= Alzbo] AT o] ofFof Al Wk
sucrose =7t 0%, 1% Aoz Aol o] e
22 ggton, Te o] Hrig wixjhMe Aol

Table 5. Culture of A. belladonna hairy root(A4) in solid medium (g, fr. wt.)
medium days sucrose concentration (¢/#8)
0 10 20 30 30*
10 - - 0.1210.008 0.39+0. 016 -
MS 20 - - 0.16%0.018 0.57%0.014 -
30 - - 0.22+0.013 0.65+0. 024 -
40 - - 0.32%0.020 1.35+0.016 -
10 - - 0.21+0.029 1.52+0. 029 -
NN 20 - - 0.28+0.025 1.87%0.045 -
30 - - 0.32%0. 021 1.23+0. 026 .-
40 - - 0.57%0.027 2.12%0. 046 -
% : medium supplemented with hormone (IBA 2mg/{. Kinetin 0.2mg/¢)
- none growth
Table 6. Culture of A. belladonna hairy root(A4) in liquid medium (g. fr. wt.)
medium days sucrose concentration (¢/¢)
0 10 20 30 30*
10 - - 0.17%£0.016 0.43+0.014 -
MS 20 - - 0.23+0.014 0.67x0.014 -
30 - - 0.32+0.017 0.75+0.018 -
40 - - 0.55%0.040 1.69+0. 028 -
10 - - 0.25+0.016 1.6310.025 -
NN 20 - - 0.32+0.018 1.00+0. 020 -
30 s - 0.38+0.033 1.84+0.054 -

- 1.68%(. 020 2.61%+0.029 -

% : medium supplemented with hormone (IBA 2mg: ¢, Kinetin 0. 2mg/ )

- : none growth

~703~
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Fig.5. Culture of A belladonna hairy root(A4) on
liquid medium for 40 days.
A:MS 20, B:NN 20, C:MS 30, D:NN
30

SER PR

(3) Strain R10000§ 3l B Fik4R

Strain R10004 <3 =¥ FHEE 15834, A4
o} opabshx| 2 eiA 4, sucrose FEHE 409 $9
MEER S sigich(Table 7)) MS30 shxlof A& wj
o} 40 Foll %2200 A= AAzielon], NN3O

Aol = oF 28eK 7}ak A Abo] Zrhsld ol Sucrose
FEH d2 A48 2 sucrose FE7 3%y w ok
Zajglen], Sefo] Hrte MS wixel NN iz
AHE #9] straind FUsA Aol o]Foixx
AU callusshsl = dako] byt

Strain R1000°] oj& # =¥ FHRE L MS v x|}
NN wi=lef 4] sucrose ¥=§ delsted 409 £
HRBEEREI o (Table 8). whok 409 < MS30 ol
Z ok NN30 s <ol 419 4EHE MSI) vhxlof 4] &
2 29u), NN30 whzloll 41+ 35002 £ & AERE o}
ehyit}h sucrose ¥E7F 3% Wzl 47} 0, 1%, 2
% Yo 2o} Aol Eslgich sucrose $E7} 0,
1%Ydl & A &oll F7lsle % 3lc}s} 4 ao] o] 2of
A2 gdglon], il T2 ol Ay whalo A= 4
ol o] Fojx=] ghgtel,

3. Tropane alkaloid g4}

TR FHYs 2 942804 $59 callus
€ tropane alkaloid filligko]l 28 223}
tropane alkaloid patlerng TLCZ vwlag A=}
(Fig.6), atropine® scopolamine® Rix¥& =z}
0.677 0.882o2 Fhitr#et 15834, A4, R10000l 4
FR5rQ) atropines} scopolamineg #Q1% 47} 9]
9o}, callusel 4+ atropine gho] Fu|gtog &
A spgi ol

Table 7. Culture of A bellzdonna hairy root(R1000) on solid medium (g, fr. wt.)
medium days sucrose concentration{g/#)

0 10 20 30 30*

10 - - 0.21£0.016 0.28+0.033 -

MS 20 - - 0.32+0.016 0.7010. 048 -
30 - - 0.38+0. 024 1.1240.021 -

40 - - 0.51%0.025 2.24+0.036 -

10 - - 0.27+0.024 0.31+0.016 -

NN 20 - - 0.38+0. 025 0.83+0.020 -
30 - - 0.51+0.034 1.54+0.039 -

40 - - 0.72+0.015 2.85+0.073 -

* [ medium supplemented with hormone (IBA 2mg/¢, Kinetin 0. 2mg/ 0}

- :none growth

-/04-~



Agrobacteriom rhizogenesol|l o180 & =¥ Awopa beladonna ERIE ) Wik Tropane Alkaloide] Arel T W7

Table 8. Culture of A belladonna hairy root(R1000) in liquid medium (g fr. wi.)
medium days sucrose concentration (g/¢)

0 10 20 30 30*

10 - - 0.23%0.021 0.42+0.020 -

MS 20 - - 0.37+0.010 0.91+0.031 -
30 - - 0.57+0.017 1.98+0. 010 -

40 - - 0.76+0.010 2.95+0. 075 -

10 - - 0.23%0.010 0.84%x0.015 -

NN 20 - - 0.39%0. 008 1.53+0. 021 -
30 - - 0.68%0.043 2.84+0.020 -

40 - - 0.89+0. 041 3.51%0.030 -

* : medium supplemented with hormone (IBA 2mg/¢,

- . none growth

H2 H3 C

A S NP HI

Fig.6. TLC pattern of the tropane alkaloid
fraction.
A : atropine, S :scopolamine, NP:
normal plant, H1:R1000 H: A4, H3:

15834, C: callus

o]l 5 REsrel AmE ¥437] 918 ZF atropine,
scopolamine® 7+ 4|&& HPLCZ ¥elsie

chromatogramg ®l¥ 73}, retention timeo]

Kinetin 0.2mg/¢)

7.2%,
(Fig. 7).

NN30 AajefAlef s 40 T2+ HXY £k
alkaloid ¥ag oty #sl Az MY 1¢%
alkaloid & &8 oHrst A2 (Table 9), A belladonna
2] EM5 el atropine2] ¥ 3-8 strain R1000o) A 2
A 2 19w atropine & #fo] 0. 568%2 strain Adell A
£ 0.076%c°} 1, strain 15834ol 4+ 0.104%2 }e}
wob B ok 0.018% ¥3E el ond,
R10002 FHiWE Lt S0v]ted shedol 4] xbo]r}
weoo], ¥ape] o4 "Helxzlgk Ad4e 7w, 15834
o4& 10ehel ¥FiE ngcd 2w
scopolamine& R1000oi 4] 0.06%2 %A velgte
o, A49} 158347} zb2+ 0,010%, 0.017%2 & =9l
ct, 2y, H4AEAN FE®  callusellA
atropinee Fojgto g H&s5gl5, scopolamine-
o] sl YUt

Atropine 3} scopolamine®] total alkaloid ¥%-&
R1000o1 2lsf %= ® FiKiRolA 0.628%2 ielbxt
o], FRRIBO AL strain 158340 &) Fed
EHRIB-E NN30 el zloll A 40 5 iyt A
2} ¢4 113.5¢% d& F#7F A

A belladonna thHi% B8l A rhizogenes 15834, Ad,
R1000& #2414 EHKHE f=3idedd, =8
Eikiol opine AL UAFH ) ol KWl

588 BES FUsbd wIssio

~/05-
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~
H
HPLC condlitlon : H
-00C—~
Column ¢ u-Bondapak Cie (30cs X 3.9an) @ C_O
Detection: UY 254nm ; CH,0H
Flow rate: 1.0sl/wln H
Solvent : 10mX sodlum gl:colatc M«:)Il scopolamine
H
: H
oot
: CH,0H
S A H
// S atropine
; 6 10 12(mal 2 ] 10 14 18imial

Relention time Retentlon lime

A B

Fig.7. Comparison of HPLC chromatogram of standard tropane alkaloid and crude extract from
Atropa belladonna hairy roots.

A : standard tropane alkaloid, B : hairy roots (strain 15834)

Table 9. Comparison of tropane alkaloid content and biomass among normal plant, callus and
hairy root induced by A. rhizogenes R1000, A4 and 15834

total alkaloid atropine scopolamine biomass
(A+S) (%/D. W) (g, fr. wt./0)*
N.P 0.018 0.018 trace
Callus trace trace N.D
R1000 0.628 0.568 0. 060 87.75
A4 0. 086 0.076 0.010 65.25
15834 0.121 0. 104 0.017 113.50

N.P : normal plant, N.D : none detected
* : hairy root cultured during 40 days in NN 30 liquid medium.

H# A ¥+ olnlx4l, & opineo| Ri plasmidel A2 f2d ERIEE i, sucrose BE. ®
o8 BEMSEY ERBIA dEsE Aozl 4 22 BEel g LRRE frEsid e Wl 4
*:BMF, & Ri plasmide] T-DNA7} A slo) 2 RRE vlas) & wf, A rhizogenes 15834, A4, R1000
HHEE BN A ¢ 4 5 et Petit ¢ o] 255} MS sf o) 4] Bt NN shajofl &), $5E855%%
1983). olAl Lo} I\HERAA Lol BiFsidch FHE
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£ MS30 uh =) 2} NN30 i zlel 4 4097} apiss =t
S A5, MS30 wizlelM & strain 2% 10
~30ule) 4 FE vy oo, NN30 wzlelsde 20
~40vl S L EEL ugch E3 strain 1583400 2}
3 S=¥ FIREL NN30 oA RBERT &
B 4509 5o AERE 2 oHY AR A=
= el4tel 4] 3wl (Yoshikawa and Furuya, 1987), =
2 (Daucus carote) o 4} 10wk (Hwang et. af1989), 2
9} Nicotian rusticac} 4} 20%) (Hamill er. ol 1986), ag
i 7hupE (Solanum migrum) ol 4] 52vR (Yang et ol
1991) S AERE vzs) £ strain AdeliA F
=8 FERIBE vl Lol 2690, strain R1000 4
3540, strain 15834l <J3f f=¥ FREE NI
eu) EEg] 502 FF P LR Az E L
o gk a8y FE¥ ARRE EREFRIA
60 o4k R HeuE EMRIE callusst A
Fabsbe AgE ol RiBEFAI A= 509 ol
ofo] Hitslctm ALE®ch

sucrose ¥ =gel @2 EIRBS EREL FAT
73 (Table 3-8), sucrosezt Sol3l=l o4& wizle}
sucrose= % 1%Ywlol = Eiie] AAshA @t
c}. olagt Zute cebals} AupEe FRE el
A sucrosezt H7lsElAl 2 shziol A ERHol
B gex] ekevke Aol dAsEKim e al
1990: Yang et a1991). olzig #gAe] £7t5d
wa] R AL BN g Yoz 3] a ol ’L
ol Rajel ol A odxe Aoz ARG
(Bhojwani et dl,1983).

A rhizogenes 15834, A4, R100000 fs fr=% EHK
He s2fol A wixeld LHERE vaWUE
2% calluss} st Aol ol el gk
o] el 7498} Qlakel FE ikl o
Za 20 IBAS} kineting A7t &o) AAel &
ISt A obe) o 82 9o (Yoshikawa and
Furuya, 1987: Hwang et af1989), % (1989) 7} !
Abe] EHRIBL T2 o] gl wiRlolA A ¥ 5}e
ARsche AR & 51990 9 % &} =} ( Platycodon
grandiflorum DC. ) ol 4] 2 20| H71abx] gb2 ef o
A Aol orisigien], ¥ odFol4 kinetind
NAAE A7t gul Aol ol FoixA stcke A
He} Az steic) el YutA o2 A rhiogenes

g 2

P2

T-DNAo| o3 HEEHEY =4& T-DNAAZY
auxin?} cytokinin f4ol eddle L FAHAY
Yo wixlo] ol F2Ro] FFHelE AFE
244 4 9o A4 (Knopp e al 1988: Parr et
al, 1988) = U 5ot

o3 % FURHE whokel lolA HA=A (MRAKS,
sucrose #fF) o] ¥yo] FRP] o3 HR P F&
3 HEL TEmes Jvd KRBT sz B
e

2t straino| 2j3) S =¥ ERRE S tropane alka-
loid ¥eke @REEY 0.086%~0.628%% 2, R1000
o2 $58 ERIBNA 0.628%) LERE £t
o] 7 & Hiroshi % (1986) 2] A rhizogenes strain 15834
£ Ael3ed atropine FFe] M 0.371%<
o] ks 2 of Fofl A& atropine ¥ako] 0.568% % °F
e ¥FL JE £ UM 23 scopol-
amine?) ¥ate A= 0.060%2 M FMMEE
15834, A4 Sol & ZFu)3a} 0.017%, 0.010%2 3
290 Wkl R1000o 4= B2 2] scopolamined
g b Ydch
R100001 4] 0.060%2 callus®} cell line wf kel &
2 scopolamine Xt} o 60si} B SRS LEY
47} 9lqdch(Yasuyuki and Takashi, 1982). zelv
o]® cell line 2 ol 3t whaf dipgol = H-&3hA1gt
Mg e ASy4+S ittt dojaldan 8n3)
2 9lch(Szoke et af 1982 Yasuyuki and Tsuyoshi,
1984). 223 Hiroshi £ (1986) & [ajHi%ni@el 1
oF gt EHRRNA] 0.024%2) SRS 2ol W) oF 2
f& sbak abel& molmd. Jung 5 (1987)elA
scopolamine ol 0.07~0.00%e1 A= 4%
ol & B9l

ZA2E 29 2o, 7 strainol A 28 FRE
o} E&e MS30 uizl 2ok NN30 vl zjofj A 4:fke]
BiFsig on, HEERLE REERAM AEE
o] ok stait} sucrose BEEHol wWE ARRL
sucrose BE 7t F/184E LRRs Frhsigded,
E 3| sucrose REF7F %Y £ Lol ol F REF3]
ot T2 o] Arhy sl (IBA 2mg/¢, kinetin 0. 1]
mg/ ) ol A= kol 51A A Y callusit sle Ak
o] Uebstou], A rhiogenes 15834, A4, R100001 A
$5¥€ BHRIE-E NN30 wi=lol A 40 T KBS

scopolamine ¥%-& strain
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R A AA 109 113.50, 65259, 877599
BMFE F4Y £ gleol £3), strain 158345 A
B3l Fe® EREE NN 3080 2ol 4] v o3 gy
BAF 113.50¢ A48 5 At 2@ 23 K
432l tropane alkaloid 4¥ 42 strain R1000€ 2
%24 atropine} scopolamine & o] 27} &b
% 0.568%, 0.060%= Fityiencls 60w 2} 160
A 2 LEMEE 9€ 471 A2, strain 15834
%} A49) tropane alkaloid %32 s}z |, 121%2}
0.086% =24 ¥rapo] tch ahabad, R10000) s
+=49 EfRiRo| tropane alkloid 4:@Mo] ¥ 7
L2 Mol FoY MYMS WY wrix oz o
PR LBtz A do

1 =

Atopa belladonna 2] T & Wi 2 BEAD i
H¥oll Agrobacterium rhizogenes 158349} A4 % R10002
2 Direct infection #oll ojal F4HiR L G 3},

s, sucrose FEHol W E¥ K4
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