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Sunzary

The study was aimed to confirm transformation of Atropa
belladonna by Agrobacterium rhizogenes and investigate tropane
alkaloid production and growth of hairy roots.

Hairy roots were induced from stem of sterile plants of 4.
belladonna by 4. rhizogenes strain 15834, A4 and R1000. Agropine
and Mannopine were detected in the hairy roots.

The growth rate of hairy roots was measured according to medium,
sucrose concentration and hormone. Growth of hairy roots was
highest in 3% sucrose concentration. Hairy roots was altered into
callus on the medium containing hormone(IBA 2, Kinmetin 0.1 mg/l).
The production of hairy roots was higher in hairy roots induced by
strain 15834 than other strains. Especially, the hairy roots induced
by strain 15834 produced 113.5 g per | in NN 30 liquid medium
cultured for 40 days. The tropane alkaloid was 0.086X-0.628% per
dry weight according to strain and produced 0.628% in hairy roots
induced by R1000.



L # &

Rhizobiaceae of 48}i= Agrobacleriume gram §4°] +HMEE°
2M Je ®HE MBS g=L 4 ruwi, g¥do] - 4.
radiobacter, crown gall?} teratoma§ §-'U3l: 4. tumefaciens(Smith
and Townsend, 1907) W EREE JER= 4 rhizogenes(Riker et
al., 1930)7} ®rsjo] glich.

Agrobacteriumol = 7)o ute} 3 $£HF o] plasmid?}t glon, 1
180-240 kb2 plasmid Y vir #filkol acetosyringonz} & » &x} 7
of 2it] ¥¥shelo] T-DNA 2518 4 E2] genomeof 418)2]5]& zioe o
2 x]l1 3irh(Eckes et al., 1987). Plasmid: Agrobacterium2| $5of u}
2} tumour-inducing(Ti) plasmid®} root-inducing(Ri) plasmid€ ¥
t}(Yan Larebeke et al., 1974; Watson e! al., 1975; Moore ef al.,
1979; Vhite and Nester, 1980). ©o]& plasmidol= T-DNA |of z}z}e)
dgrobacteriumto] o] g3} H 424k otw|x4tel opine®] §Hdof Tofs}
= 9 (Petit ef al.,1983)2} auxinZ} cytokinin®] A kol Bojsty
$i& 7t3 228 (Cardarelli et al., 1987) dgrobacteriume] FPH 4
Mol 84& UehdA @, 1 F, 4 rhizogenest: T-DNA L2
opine 14 RHate] FFol ulel mannopine®, agropine® o
cucumopine®d 2.8 FH8t Yovf(Petit et al., 1983), EJ NIEAES
1724 strainodM &  mikimopine®o] #e] E|gich(im, 1989). ejx
°l2{3t opine §14 Faatol 23l Y| opined Aderobacteriume|
RE2 REEo2 o] &5 slth(Petit ef al.,1983).



e, HEol AXKRETE A2l Yo BEER BAD
DNA virus, RNA virus % califlower-mosaic virus$o| NJA vectore
M 2a¥a o (Murphy and Thompson, 1988), 1 4-Z-&o] Wi st
M AY A7t g Told. &y M2 erobacteriag ol £ AkAM
T WAT ko]l Raslo] AKBRMT WA= U7t 20§, =8 220
ekt Zlog wygk olzf(vhite and Nester, 1980), Ti plasmid®} Ri
plasmidg ©]-84%} crown galis} HRE) wIT S HA= BE, ¥EM U
ERMRHEA B AF Sof o] 2582 3lth(Rugini and Wang, 1986). 12|
al A rhizogenes§ AHEAMA APt R ERME ol &3l B
K% & Eslo] antraquinone, alkaloid, ginsenoside $2} S 23 &M
EWE L8N oe daat st AE2} o] Fof Al ik, ERES 2%
drtitEel B4to] st & 4 (Panax ginseng)of A ginsenoside2] %
Bt (Yosikawa and Furuya, 1987; Ko, 1990), ti(Beta vulgaris) %}
Nicotiana rustica FEREAM A2} alkaloide] YFg NS
(Hamil et al., 1986), tropane alkaloid H4t2 c}Pet 2B 5o
callus culture of4 W37t ¥la gtoy, PR DE ZHoofM 4
3¥olx] ®sjb Ba¥]a lth( Hiraoka and Tabata, 1974 ; Hasimoto
and Yamada, 1983; Gizella, 1988 ). %8}, Knop $(1988)2 ST 7}x)
B 2 EolM, Hirosh $(1986)-2 Atropa belladonnaofM ERWZ 7}l
2 tropane alkaloide]l tuis] ®asta 3lon, ojytof 2z} F
(#yoscyamus niger), Datura candida, Duboisia lecichhardiil Sofr 2
2 Rt #Wol HMYNREY ¥AY FASEA debdoa 2asia iy
(Yamada ef al., 1982; Yasuyuki and Tsuyoshi, 1984; Christen e! al. ,
1989) .

Atropa belladonna L. 7432} 4 E24 F Molr|ope] et



Aol EXsta on, Kgdo] el o2 FreM de| A&y
o] stct. AHFPWHEL: tropane alkaloid, § atropine, scopolamine
hoysciamine, norhoysciamine $o] Exfslod, %, R, BREo s M
olg¥ a2 slon, YolMUFUAM, PLIUUNZ AMML AgEa Sl
(S ¥ 5, 1989; @ 5, 19838).

& A7 Ri plasaide] $H5 & Yelsto] 4 belladonna odM ERHE
+ wESHL, F5H ERE FolA tropane alkaloide] BAt4do] 2
Fu daxh, wizd ERE] £RXE 5734t tropane alkaloide] 4
42 E thin layer chromatography(TLC), high performance liquid
chromatography(HPLC) & o] &3} Etf, ER| I sH3ict.
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1) gy

Al BHMEPEAMY £ 22 4 belladonna $xg F2HMAMA 15
7t AN 702 ofgk-golM 10 £ Ml o, tween 200] 2-3 g
M7t 1Z sodium hypochlorite -Z<jofx 15 7t A %8l PHF4 e 3
o] wbRsto] MMaigict. fds] W AEH FxF 3% sucrosed i
8} MS(MS30) uixlof oj4lst 25ColM F F7)& 16 A2 g 6,000
lux2] 2 spolr MEPHF A R},

2) ERH] BN

HtobAlzl ghdPel &7l 9 og AMF ol 4 rhizogenesE 7
A HAAAH EFRERES =8k, 4 rhizogenes 15834, A4, R1000
YEB Hlz](Bacto beef extracts 0.5%, Bacto yeast extracts O0.1%,
peptone 0.5Z, sucrose 0.5%, magnesium sulfate 0.024X, agar 1.5%; pH

7.2) of4 25T2) BSEEM stolM 3 o7 PEEEAY ¥ A2shsc

3) Callus K%

wolrlxl el U= YWY 3712 el 1| 9 NAA 1mgZ BA Img
o] d7by MS30 ujajof 2| 4tstod 25CodM ZEF 6,000 luxE 8}a 16
Al =73 stofM 30 Yzt st} callus & &3l

4) HENMm] #32
A. rhizogeneso| 23] 52U EWil FHEME opine &2 of fLof



wiel ¥ stlon, opineFHi Petit(1983)2 WH & WYt 2%
skgich. wiorgt EARR 100mgS 0.1 N HCl 100ulofA  H-48k ¥, 20,000
xgolA 10 €31 A4 dejsta FYAE MEKD B AHgsisic.
BEAKBE YAz 3 F opined 3MM whatman of Z}xjol 2-10p1
X gt ¥, methylene blue§ makerE st 600 voltofA] 2x)zF A A|spgiz
MR 9% &2 3% formic acid ~ 6% acetic acid 45 pH 2.8%2
2t} Apgsigict. MAKEY Vhatman ofZhx]e] P 0.2X silver
nitrate §4olA 1 ¥, 2% NaOHE Hf8h 90X ofgh& SodofM 10,
2] 10% sodium thiosulfate £, 1.5 Z sodium dimetasulfate &<}
oM 20 7 Ryt ¥, 32 Fe MM},

5) EUM=] KRA £ER WE

FEY HRWo| 2-5ca AW F, 4 rhizogenas§ MAS7] g8l £
R#tE Aehdol  P4EM Claforano] 1 % 300-400mg& E Y8t MS30
Hixlof o]4jsfo] 15 Ao g 28] WARKERIIIILE. Aerobateriumo| o
e MY BERET 2280 sl MS30 FEMEEGe) WK Gl 25°
C, RifEfFoAM MR Ay 2135t

LA A7) EREE wlxl2) FF, sucrose ¥E Y $E2E pe g
gelstoi( Table 1) BREERE BREERET stziony, 109 HAog 3
8} wt¥isto] BYPF &4 slsich(Yoshikawa, 1987).

6) Tropane alkaloid®] Wi+ §EEZ HPLC

ERE vz oM wFH REWRET S48 A4 ERR 2
lgg <Y A0 F F8st3c)(Hiroshi el al., 1986). HHE= 3
S ul(chlorofors : NeOH : NH4OM = 15 : 5 : 1)§ 7}s}o] 1227} zie}el



Table 1. Composition of medium for culture of hairy root

Medium
MS30 MS30H NN30 NN3OH NN20 MS10 NNO
Coapound
Basal medium MS MS NN NN NN NS NN
Sucrose(g/1) 30 30 30 30 20 10 0
Hormone - IBA 2 - 1BA 2 - - -
(ng/1) Kinetin 0.1 Kinetin 0.1

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

¥, osto] 45CoAA HERSE s3lth. oj7]od chloroform 2} 1 N
H2S04 & 2:15 M7}slo} EqIsh ¥, A2.3 whr 28X NHOHE pH 1002
z74stgich. thr] chlorofors& 7ttt 3¢ Wt & F83igict. o]ARE W
ER®E 217 ¥, 1al fgtgs EsiA|x), silica gel TLC plate(Merck
Kieslgel 60 F254)0) M s}o 2 7}-2ul(chloroform : acetone : MeOH :
28X NHeOH = 75 : 10 : 15 : 2)8 7isigico], e HEo.2 =
Dragendorff’s 2} <}(Stahl, 1966)-& A}2s}sitct.

HPLCoY 2)%} alkaloid2] 4#7> 10mM sodiumglycolate(pH 4.0) £}
McOH & 6:4€ X312} A S u -Bondapak Cis Columnof ¥ 1al %! &
2sto] 254nm oM 3 Est3}(Table 2).



Table 2. The operational condition for HPLC analysis of alkaloids

Instrument Waters Associates Model 441
Injector: Model U6K
Pump : Model 590
Detector: Model 441

Column #4-Bonda pak Cig (30 ca X 3.9 mm)
Solvent 10 mM Sodium glycolate : MeOH (6:4)
Flow rate 1.0 al/min

Injected volume 10 ui

Wave length 254 nm




m. § %

1. EXHR Z9 Y BHNER §F

A. belladonna2} ERH T2 W Hzd Fa§ 25°C, 25:=
6,000 lux, ¥ F7l 16 Ajzt 2 stefM 33 2 w3t HHEWRE
A, YPold ghMWE 55 Wit ¥, YEB uixlofr 3% 2t widgh
4. rhizogenes 15834, A4, R1000E& 21z} fhi¥pel A H-slol ERAIH
XES stolM widsigict. 1 Ha, & MFY EREMAA tumoril
Ro] HAdEla FNe] 34F Fof FUHol FxEUT(Fig. 1).

TEY ERRAMY BHEER o8 Hstr] $isto] 4. belladonnas)
ENRE MmHiges WEKXGE HA sidd(Fig. 2). 1 A, EMWR
of4 = agropine 2} mannopineo] #<Uxlx] gstor}, 4 rhizogenes
strain 15834, A4, R1000Z Ae|sle] F5¥€ FiHRolM = mannopinez
agropine2| spot& ¥U% 4 sigict.

2. ERH BRA LR 573
wEH BERRZ HAEMET daete BilcdA 153 4o 23] MRE
#slod, A rhizogenes§ MA s} (Fig. 3) MBEEt HREEAAN 3
F Ao s 63 MR GYetA AUt EREE Aslch(Fie.
4). doj3l ERIWE vwiz]l, 22E $5Y sucrose FEF Gelsto] 4%
+& 33
(1) Strain 15834 of 2|3} FEWS LYK
NS uz]2} NN v§x]H sucrose FEHE FREE 409 £ BEE
®st3ith(Table 3., Fig. 5). MS uix]2} NN uixlofs B4 &g vlas] &

-9-



Fig.1. Hairy root induced from A. belladonna after infection of A. rhizogenes.
A; strain 15834, B; strain A4, C.; strain R1000

HR; hairy root
-10-



NP H1 H2 H3 ST

Fig.2. Detection of agropine and mannopine in the extracts of hairy

root .
A; agropine, M; mannopine, ST; standard markers
NP; normal plant, H1; R1000, H2: A4, H3; 15834
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Fig.3. Hairy root culture on the MS medium containing 300-400mg/I
Claforan.

A strain 15834, B; strain A4, C; strain R1000
_12_



Fig 4. Culture of A. belladonna hairy root induced by A. rhizogenes in solid (A)

and liquid (B) medium.
I . strain 15834, I : strain A4, II; strain R1000

_13_
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Fig.5. Culture of A belladonna hairy root(15834) on solid medium for 40

days.

A; MS 20, B; NN 20, C; MS 30, D: NN 30

—14-



oi, MS30 ulx]of uls] NN30 ufx|ofr <dzsiA B, Fs) 40Y
ujofof e} MS30 wizxjofA 20 uje} A REof u]Ld}o] NN3O uiz]ofM =
34 e ¥ EFRXE 2.

Table 3. Culture of 4. belladonna hairy root(15834) on solid

medium
(g, fr. wt.)
medium  days sucrose concentration(g/1)
0 10 20 30 30*
10 - - 0.24+0.021 0.27+0.020 —
s 20 - - 0.34+0.010 0.631+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 - - 0.611+0.043 1.96+0.020 -
40 - - 1.54+0.041 3.414+0.030 -

%;medius supplemented with hormone(IBA 2mg/1, Kinetin O0.2mg/1})

—-inone growth
¥et  ula]e] sucrose pEdol] uiel wiLS-F @l sucrose FiE 0%%}
12 o= 2ol Eix] ggton, 21} 3xofM = ulYd Fof FASUo)
Aol X%, H8] sucrose B 27} 3%Y wiod= B7Po] duts] @
% sigich. wixj 2] sucrose HEof o} NS30 Mix|2} NN30 wixjoflA 4
REXZ NN30 uix]7} MS30 wix)2ct 1.4 67} 2 ARXREZ ¥
2 2o] H7hE NS(MS30 H) wlxl2} NN(NN3O H) uiz| = @7go] o] Rof x|
Al @ste.

et EREE MS vixigl NN ulx]od M IRBEER stich(Table 4.,
Fig. 6), ulz] 423 40H %< uiret MsS30 wix|7p 11 wi2] A RES

_15_



Fig.6. Culture of A. belladonna hairy root(15834) on liquid medium for 40

days,
A; MS 20, B; NN 20, C; MS 30, D; NN 30

-16-



B3, NN30 vix|7} 45 ule] A RXKE ¥oj MS30 HixlMT w2 AKX
€ ¥tk 22l sucrose BEOAAM 0Xg} 1X dufolz o] o] o

Table 4. Culture of 4. belladonna hairy root(15834) on liquid

medium
(g, fr. wt.)
medius days sucrose concentration(g/1)

0 10 20 30 30

10 - - 0.27+0.025 0.55+0.020 -

MS 20 - - 0.301+0.026 0.761+0.045 -
30 - - 0.39+0.097 0.94+0.043 -

40 - - 0.56+0.067 1.16+0.038 -

10 - - 0.39+0.032 1.214+0.026 -

NN 20 - - 0.45+0.021 1.344+0.012 -
30 - - 0.63+0.075 1.92+0.033 -

40 - - 1.75+0.054 4.54+0.027 -

%;medium supplemented with hormone(IBA 2mg/l, Kinetin 0.2mg/1)
~i;none growth

alx) gskow, 212} 3xYuf: Aol FEsY. ela BERRI
ERERAM EREE T2 2% H7HY wx|odM callusst & 4
AME = o] Jelyton(Fig. 7-1, Fig. 7-2), ERE =28 A7}
izl ok 22 o] A wialodM 2 EREE ebusich. 60Y ol
WIREO: Fig. 8 2 o] FRHo| callustizl KBREE 248t
v A%E 2.

(2) Strain Ado} 2j3] FWY ERHM

A. rezogeres strain AME Y F3lo] FE3t ERKRE NS vz NN
iAW sucrose yREof ute} 40% ¢ BELIY sh3i(Table 5., Fie.
8). MS30 uixjofM = 409 widodA o 13 wis] AREE MY sl

-17-



Fig.7-1. Hairy root culture on the MS medium containing IBA 2mg/1 and
Kinetin 0.2mg/1.

Fig.7-2. Culture of A belladonna hairy root induced by A. rhizogenes 15834 .
A; MS 30 H, B; NN 30 H
_18_



Fig.8. Culture of A. belladonna hairy root induced by A.' rhizogenes 15834 on

the liquid medium for 60 days.
A MS 30, B; NN 30

-19-



Fig.9. Culture of A belladonna hairy root(A4) on solid medium for 40

days.
A; MS 20, B: NN 20, C; MS 30, D; NN 30



NN30 uixlofM = oF 21 ul2) A RXE ¥t 22|3 sucrose B E7} O,
12dul s 2732 MY o] Fof x]z] gkeny, 2% uizjofM i L RXKo| <
0.7 w2 3221 wixjofr xr} 4R Kol Wetrh. o] Z 2 strain 158342)
FUREH ARRYE vha Yola|x|gk strain A4%) P TR NS wialRu =
NN dizjojr /37go] ¢S 3F3IL, sucrose FEH 2 3XYulz} Ego] 2
reision, 2 fo] YUY ualodM s Aol o] Fof xlx] gsirt.

Table 5. Culture of 4. belladonna hairy root(A4) in solid

mediua
(g, fr. wt.)
medium days sucrose concentration(g/1)

(¢] 10 20 30 30*

10 - - 0.12+0.008 0.391+0.016 -

MS 20 - - 0.16+0.018 0.57+0.014 -

30 - - 0.224+0.013 0.65+0.024 -

40 - - 0.32+0.020 1.35+0.016 -

10 - - 0.211+0.029 0.52+0.029 -

NN 20 - ~ 0.28+0.025 0.871+0.045 -

30 - - 0.32+0.021 1.23+0.026 -

40 - - 0.571+0.027 2.12+0.046 -

%*;medium supplemented with hormone(IBA 2mg/l, Kinetin 0.2mg/l)

~inone growth

12 straino) =¥ £RME NS uvix|2} NN vEx] W sucrose ¥F
Sof upe} 409 Ft KEHE stsich(Table 6., Fig. 10). 40y %<t
et ERES MS30 ulalof = o 16 vl AR 2 eI, NN3O
uizjof A= of 26 wi2] £ RXS vebwtuh. 2ol ALY MixjofMd
Al7to} HASE 2o o] Fof xlx] Yk sucrose L7} OX, 12} A
F-ols Aol o] Fo ala] @t

_21_



Fig.10. 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

-22-



Table 6. Culture of 4. belladonna hairy root(A4) in liquid

sedium

(g, fr. wt.)

sedium days

sucrose concentration(g/1)

0 10 20 30

10 - 0.17+0.016 0.43+0.014
s 20 - 0.231+0.014 0.67+0.014

30 - - 0.32+0.017 0.75+0.018

40 - - 0.551+0.040 1.69+0.028

10 - - 0.25+0.016 0.63+0.025 -
NN 20 ~ - 0.32+0.018 1.00+0.020 -

30 - - 0.38+0.033 1.84+0.054 -

40 - - 1.68+0.020 2.61+0.029 -

%;mediun supplemented with hormone(IBA 2mg/1, Kinetin 0.2mg/1)
—;none growth

(3) Strain R1000°f =j3] FEHH ERNK

Strain R10000f 2|3} 5 FERME 15834 , Adz} vpab7}x| & 6lx|
¥, sucrose B% WE 40 ¢ ¢ PHEERE sislvi(Table 7., Fig.
11). MS30 sixjojM = ul 40 Fof o 22 ¥ A= FYsigon,
NN30 uixjofA = o 28 wl 7}® A7go| F7istglct. sucrose Hx='Hof w}
B 47 &2 sucrose w57} 3x Juof Fosisiony, $=Fo] HUIY S
uzj2} NN wlzjofM = $12] strainzt $UsEA FFo] ol Fo xlx] A
1} callus 8} 3t ©4do] vhebyte.

Strain R1000of 2J3f - =28 FHRE-2 MS uix|2} NN wlx]odM sucrose

2w 3 gelsted 40 o 9t EE KL cH(Table 8., Fig. 12).

-23-



Fig.11. Culture of A. belladonna hairy root (R1000) on solid medium for 40
days.
A; MS 20, B: NN 20, C; MS 30, D: NN 30

-24-



Fig.12. Culture of A. belladonna hairy root (R1000) on liquid medium for 40
days,

A; MS 20, B; NN 20, C: MS 30, D;: NN 30

-25-



Table 7. Culture

of 4. belladonna hairy root{R1000) on solid

medium
(g fr. wt.)
medium days sucrose concentration{(g/1)
0 10 20 30 30*
10 - - 0.21+0.016 0.28+0.033 -
MS 20 - - 0.32+0.016 0.70+0.048 -
30 - - 0.38+0.024 1.12+0.021 -
40 - - 0.51+0.025 2.24+0.036 -
10 - - 0.271+0.024 0.31+0.016 -
NN 20 - - 0.38+0.025 0.83+0.020 -
30 - - 0.51140.034 1.54+0.039 -
40 - - 0.721+0.015 2.85+0.073 -

¥;medium supplemented with hormone(IBA 2mg/l, Kinetin O.2mg/1)
-s;none growth

Table 8. Culture of 4. belladonna hairy root(R1000) in liquid

medium
(g, fr. wt.)
mcdium days sucrose concentration(g/1)
0] 10 20 30 30*
10 - - 0.231+0.021 0.42+0.020 -
MS 20 - - 0.371+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 - - 0.231+0.010 0.84+0.015 -
NN 20 - - 0.39+0.030 1.53+0.021 -
30 - - 0.681+0.043 2.84+0.020 -
40 - - 0.891+0.041 3.51+0.030 -

%*;medium supplemented with hormone(1BA 2mg/}, Kinetin 0.2mg/1)

—inone growth
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ul<s 40 o F<l MS30 uix|2} NN3O HixjofM 2] 4 RS NS30 ulx|ofA
 oF 29 Wi, NN30 WixjolM = 35 vle ¥ 3 EREKE JelWr}. sucrose
=7t 3%t wiajofAMzh O, 1%, 22 du} My Aol FEsigT).
sucrose ¥ %7} 0%, 1Zdal= M gol F7hst % oot Jo] o] Fof
A)A) gksteni, 2EPo] MY wialofM = M Aol o] Fof x|x] sk
t}.

3. Tropane alkaloid ##f
EXEA EMPEY ¥AEMAM FE¥ callus§ tropane
alkaloid #H{gEol 2i3] F&38}o] tropane alkaloid pattern & TLCE M)
a8k 72 (Fig. 13), atropine 2} scopolamine 2| Rf2ly: ZZt 0.673
0.88o%2 RKMWwMel 15834, A4, R10000{M FEKA2 atropined}
scopolamine-& #<2¥Y -7} o}, callusod* = atropine o] Suj
2og EAsizict.

olg A2 ¥¥E £As7] $i3l £F atropire, scopolamine %
2t A2F HPLC® ¥-2]s}lod chrosatogram& H] 228t 712, retention
timeo] 7.2%, 5.8%ulx X F2 SUsA HUE Ut (Fig. 14).

NN30 A Nulx|ofrM 40 F< vl ER#el alkaloid L& 2
2st7) sisl A8 MR 1 g % alkaloid P& FHY AA( Table
9), 4. belladonne 2} FHK S atropine 2] Y& strain R100004AM &
& 1 g atropine $%o] 0.568% 2} strain AdofA = 0.076X o},
strain 15834044 = 0.104Z & L }elyict. BEPRS= <o 0.018%2] ¢«
& Jvelloen, R10002 REWREU S 50 w7t $PFofr Ao]7t wo
o, $ero] thA Hoix]xiztk A4 7w, 1583404AM = 10 wie] ¢ErAE
¥sick. 22]3 scopolamined R10000§4 0.06 & ¥ YElyton], A4

Y



A S NP Ht HZ H3 C

Fig.13. TLC pattern of the tropane alkaloid fraction,
A; atropine, S; scopolamine, NP; normal plant, H1; R1000
H2. A4, H3: 15834, C. callus
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|
|
|
|

2 6 10 14 1Bimint 2 6 10 14 18(min)
Retention time Retention time

A B

Fig.14. Comparison of HPLC chromatogram of standard tropane alkaloid (A) and
crude extract(B) from Atropa belladonna hairy root induced by Agrobacterium
rhizogenes 15834 .

A atropine S; scopolamine
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2} 158347} 2z} 0.010%, 0.017% £ % E 3. 22}, WAEAAN
S5 ¥ callusofM atropined Foj®o g &HE9li, scopolamined
EEl x| Sk

Table 9.

Comparison of tropane alkaloid content and biomass
among normal plant, callus and hairy root induced by
4. rezogenes R1000, A4 and 15834

total alkaloid atropine scopolamine biomass
(A+S) ( %/ D.W) (g, fr. wt./1)*
N.P. 0.018 0.018 tarce
Callus trace trace N.D .
R1000 0.628 0.568 0.060 87.75
Ad 0.086 0.076 0.010 65.25
15834 0.121 0.104 0.017 113.50

N.P.inormal plant, N.Dinone detected
%*; hairy root cultured during 40 days in NN 30 liquid medium.

Atropine} scopolamine®] total alkaloid $2 R10000of 2{3f F 5%
EXHAM o.628L8 Liepston], ERE2] 2433 strain 1583404 23
FEHU HERE S N30 AAqux|o{H 40y F2t vt AA | F 113.5¢
% 4+ 47 .
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V. 2 X

4. belladonna WM A 4. rezogenes 15834, A4, R1000-2 U AA|#A
ERERE Festgon, 2 EREA opineo] EAYys HUY & 3
sh(Fig. 2). ole A Eo| AAastx] 4= otvjx4tql opineo] Ri
plasaidel 2|3 BANBRY FEREAM 248 e Aoed AXERNT,
& Ri plasmid2] T-DNAZ} 4lElo] 1 8 g Wste 2& 49U ¢ &
L3l th(Petit et al.,1983).

4. rhizogeneso] 2|3] 2z}t S FERRE wx), sucrose 5, &
2EZ v=od O £REE S¥sdcd dxd £RXE v & o
(Table 3-8), 4. rezogenes 15834, A4, R1000 27} MS wixjojM w i}
NN HizlolM, BRERAM Lu EBEEAAM 2o RiFsisich. £
-5 MS30 w2} NN30 ulzajofr 409 zt PBEEEDN BEHERS A,
MS30 Hjzxjof M= 10 - 30 uf, NN30 uixlofAM & 20 - 40 wl2] 4 EXS
2on, J8| strain 1583404 2]3] F=H FIM2 NN30 uixjof A B
BERSE BTl 45 2] 2 4RXS 29, olzist AY My
£ 4ol 3 uj(Yoshikawa and Furuya,1987), % -Z(Daucus carota)ofr]
10 ul(Hwang et al., 1989), 2t 2} Nicotiana rusticao™ 20 wuj
(Hamill et al., 1986), 12|z Ztu}F(Solanum nigrum)ofA 52 u|(Yang
et al., 1991) 2| £ RX32 njasl g}, strain MofMq FEH ERR
& w2 Eul 26 wl, strain R1000o§A 35 uf, strain 15834044 45 uj
EM o9 Uttt A% Aeg 2o Fod. 28y, FEH ERES &
BERAM 60 o4 vl g W 242 callusst spi} 2 Abst
t 740e 2o EREEAME 509 olu2] widol st AmdY
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(Fig. 8).

Sucrose g =dol u}E FERR2] ERXE ¥ A A (Table 3-8),
sucroseZ} @ol3lxl %2 WA} sucrosen = 129 mols HMel 4%
stz ¢dskrh. olelgt WA= FUdol Brtett Tel A= AW
& O g 37] wfFof gt Pxiof 2t 2% AU Zog Ary
o (Bhojwani et al., 1983), %zix] 2} 7iolEe] FRE uldolA
sucrose?} M7Ex] ¥ wixlodME Bl 2¥stx de de A
2} dxiskgich( Kim ef al., 1990 ; Yang et al., 1991).

A. rezogenes 15834, A4, R1000of 2j8] ¥ EFURE T =28o] A
7hd vlajodM £ RXE v a2 g of(Table 3-8), 25 callus & &}
Y, 7o olFo] alx| gskrr. ol UL HA= 4 rhizogenes 2
T-DNA of 23] BEERE 22o] T-DNA 42| auxin 2} cytokinin §}/dod
st A4 FMal Yo uixjof 2] FEEo] FIFUele AWE
A| &8l ZHoge welri(Knopp et al., 1988; Parr et al., 1988). &)
2 22 RAeet A4 HRR ddold Yy =282 1B 8
kireting H7}9& ol 4o ZHidc: AA Azl Pt
(Yoshikawa and Furuya, 1987; Hwang ef al.,1989). 12ji} <d4fe) £
He 2EEo| gl wizlodM F Exlsted F¥sioi(Ko, 1989), Ee}x]
(Platycodon grandiflorum DC.) ofA % =Fo] HM7ieiz] g ulz|ofA
Ao] FEdtrte AHL(E 5., 1990)2 AAis}gict.

$12t ol 4. belladonna HERE Hidof oM ufx]dE , sucrose
= Mg ¥8lo] ERMY UYL F4 d 2 FHE U
Moe ded 7laxErt gleljet Ae¥o).

7t strainof 2J#] 3 =¥ FEHK#S] tropane alkaloid €§F2> ERE

& 0.086% - 0.628% i1, R10002.2 HEH FR#oAM 0.628%2] Lkl
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& Y.git}(Table 9). ¥&} atropine §$ 52 4. rhizogenes strain 15834
£ AMz|9 2 atropine §%o] EHE ¥ 0.371 12l @s)(Hiroshi et
al., 1986), & AFoJM 0.5681% o7t ¥ UZE & + .
2|3 scopolamine 2} ¥ KERE ¥ 0.060224 REPHRAME 2
o] g, 158342} AdSofM = 2H2} 0.017%, 0.0102 & & ¥ks), R1000
oAM= W 42 scopolamine & AF 57} Y3oh. Scopolamine %
< strain R1000 ofM 0.06028 callus®} cell line H{Fofr¥ A
scopolamine ¥t} °} 60 L} W2 €FE ALY 571 U rh(Yasuyuki
and Takashi, 1982 ). r2jr} o}#& cell line -5 o}]-23}H uvfs;k AB4ilof
€ wEshAT MARERE A4 45§ £EMel Poizida xasta gl
L} (Szoke et al., 1982; Yasuyuki and Tsuyoshi, 1984). 2|3 Hiroshi
5(1986)2] FEMPREAM wlIt ERE oA 0.02412) §I25 wdd 4
81, o 2 f§ 712 Aol & Hol, Jung $(1987)o4 A scopolamine § o)
0.07-0.09%2) Z1Z = 248k 2ol E m3ir}.

2 A7 A, 7 strainodM  FEH EREe ERES NS30
ulz] 2t} NN30 Hiz|ofM o] <Iusigoni, PBHEER 2u:s
EEHERAM L REo) FEsh3th. Sucrose Frgo] T A RXS
sucrose ¥ %27} F7M¢5® L RXE Frtstgled, 53] sucroses 7t
319 e 2] ofF Fmsigitt. T E=2o] MY uix](IBA 2mg/l,
kinetin O.1mg/D)ofM = o] ¥zl g callust} 3f= HAdo)
Lhelst o, 4 rezogenes 15834, A4, R1000o44 5:¥ FRE-S NN3O

ujzlof A 402 E<t RERR il w) wix] 11 2 113.5g, 65.25¢,
87.75g2) AN g AaY 4 gy, [3] strain 158348 Ae|3}o]
FEH FERES NN30 ulxjodlM vigslE of BANLE Yol &
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Asict. 2}, 22 442 tropane alkaloid 442 strain R1000%
Az]& ul atropinez} scopolamine o] 2tz WREE 0.568%,
0.060x% BMEWRYCH:= 60 ulel 16 vlerd 2 AEHSE I8 £7}
USl3L, strain 15834 2} A42] tropane alkaloid ¥%-& zhz} 0.121% 2}
0.086x = uyigtch. wleld, R10000f 28l 5§ FiK#o) tropane
alkloid E@EMo] ¥2 ZHos xol dxzt MpR= x4 oztz
$og o A7t Hasica s,
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A

Atropa belladonna®l Zx& FF2og WokrAl gkl
Agrobacterium rhizogenes 158342} A4 ™ R10002. 2 Direct infection
Hol 2isl EREST wEstn, FRE MHmHWAM  agropine A
mannopineo] & Elo] LAWK S YU thF ulx|'8, sucrose FEHoA
o} & ulo} 2732} tropane alkaloide] g Mkof thsto] ZApsisich.

FWRE] EEX2 MS uial 2Tt NN Blz]odM, sucrose FE7t 3%
o} 713 B stdd. ®sh, T =2(IBA 2, Kinetin 0.1 mg/1)o] H7HH
wjx]of 4= 4. rezogenes 15834, A4, R10000j4 R F callus#}sts
gisle 2o s 280 MrEx] g wlAlAM s Aol FEsisT.
A. rhizogenes 1583404 2Jsl S =¥ FEikiHo] NN30 uix|ofH 403 F<t
EEEEsI 45 vle] £EXS ¥3en, 11 ¥ 113.58 & £EY &
515 -4=

E£3#HZ callus 22)2 EPWHMAA tropane alkaloid& F &3l
TLCZE %®qlg 4 sglglown], HPLCE 4H#rgt tropane alkaloid: 7}
strainol 28] S = FBRE= FHol ot @R T 0.0861 -
0.6281% U< 4 3Uglz, Rioooes FEH FR#EoAM atropinezt
scopolamine & z}z} 0.5681%2} 0.0601% ¥ 4L RS 23}
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£ RYe sSHsted glol RBSitelA e RXIFRA o] =2717t3]
=t !ﬂ% op7)Alx] gl FEE aFHA UM IS KME K3
2o, RYEARS Yob54 &t asd, BER a5dd B2 712
g 34 BAXE 25d, AER 25d, FRE 27Y, SER 25
W, #F 259, &G 2549 EHE KA.

ozl AR ol BE2 #ME obrlAx] Foil GHE AN
A e EME Selen] 2 dYe] BT E 243 4 HHE ERHEY
Hel K ¥F d4dodA FAE E2la 2, MWERERRE o9
FoAA aokEE Adghid.

B4 Agoe Mg nAY 24 LBY, WP FUE, PdsAA P
Ag selen, 3212 2wl 71%kAl oiRe £E&% 74 FuUr
oAA 20}gg o] =Eog dyugct
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