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Summary

The study aimed to confirm transformation, morphology.
steroid alkaloidal TLC pattern and growth rate of hairy
roots.

The Solanum nigrum plantlets were inoculated with
Agrobacterium rhizogenes strain 15834. Hairy roots were
induced by plasmid. Agropine and mannopine were detected in
the hairy roots. The organization of hairy roots on the
transcctional morphology was undifferentiated.

Culturec on the medium containing hormonc(IBA 2,Kinetin
0.1 mg/l) altered hairy roots into callus. The growth ratc of
hairy roots on the NN30 liquid medium was 52 times heavier
than in the original state and this was higher than on the
other media. The results of TLC analysis indicated that the
hairy roots produced steroidal alkaloids reseabling those of

normal roots.
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Rhizobiaccae o} <3t Adgrobacterium grams 4 ° + 8§
#Hiwe 29 S0 FHEed BEES U= 4 rubi. BgEto) U=
A. radiobacter. crown gall(Smith and Townscnd, 1907) 2}
teratoma s FE st A tumcofacicns B FE W (Riker et al.,
1930) % FEst 4. rhizogenes7t gl o4 Q).

Agrobacterium-2- 7 vlof obe} 3 fiigel plasmid® vy,
> of 180-240kb2] piasmidi§ Virgfbol acctosyringonzt 7+ 2 K&
o f BHA s dri{bslol T-DNAS #i®r2l genomcod §§ A 4] 7)
= Aoz gzl glch(Eckes et al., 1987).

Plasmidiz dgrobacteriume] fiffiodl «} et Ti(tumour inducing)
plasmid®} Ri(root inducing) plaseids & 55 2(White and
Nester, 1980; Moore et al., 1979; VYan Larebeke et al., 1974 ;
Watson et al., 1975), Wi¥ 2] genomco] # A £+ plasmidH o
T-DNA |- of - 77} ©) derobacicriumSto]l FK|R s}~ opineo]2} &2
-+ agropine? mannopine?] Hikol HBEst:= XML (Petit et
al.,1983)2 auxinz cytokinin®l &pakol WEst:= (L7t 1
gt ©. % A (Cardarclli ot al., 1987) Agrobacterium?te] #H i S v}
Eprh A gl

8+ 4. rhicogenes¥= T-DNA [ 2] opine & B gcneol 2 s)
mannopiney, agropinck! % cucumopinc e g 4HistT glon

(Petit et al.,1983) =3 it NIEAES 1724 strain mikimopincy



ol SR HES T ich(HHE, 1989). ol ¥ opine2] HEK
Agrobacterium?] HRIE . KREK 22 HHD ch(Petit et al.,1983).
BifE7tz] Mol AXEE ST BAAZIS Hkoza 53
A M &2 DNA virus, RNA virus % CaMVG o] # A vector3 A #
4 €] 2 (Murphy and Thompson, 1988) 3! 2 m, Agrobacterimo] # %k
Bl MA vector®= A it TH(Riker et al.,1930)% o]
2, Ti plasmid®} Ri plasmid® K% crown gallz F iKMWl £
e B A R, WEY U ERE#EA FAS 2(Rugini and
wang, 1986) 9lctl. 2] Ri plasmidof 23] FEsx)l= HFUMR B
> clone?] BYiol BEstM, 2R#EY L EMHE ¥
# %7 9ith(sSaito et al., 1989 ; Christen et al., 1989).
8+H ., Solanum nigrum2l FRE BEEA WY S wei
(1986) 5-o] Co-Culturcgiol 2Js) Hik#Rol FEx g o HIKM 2
Wl B S ol WY B RBstd K B AA = Ri plaseid
A KA RS FHsbe, EHE] BB R MSE Mo
NNEE ol 4 sucrosc@@iEel £2F Mmool o & LR ERkS &
ste 24 MM, F B (Rejko et al., 1982) U F L M(Genjiro
et al., 1987)% A& %]+ S. nigrum?® steroidal alkaloid?] X

B k#EA ERENE stz spgic.
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S. nigrum [ 5 bbb s fol 5-105 8 ® 2, tween 200] 2-3
g kMY 1% sodium hypochlorite ol A 1550 H&sr 3,
Mo K w slglch. 1x MY M 70X ot 2ol A 15501 Bk
AT, B AKE 30 R@Estd g3 BEstd BHs ki
FPesy Mt % MS 30(30g sucrose/l, Murashige and Skook
scdium, 1962) Eijhol M Wist 2 25° C, 6,000lux, 16h light/ 8h

dark2] REfFsiol A M E Y 213 o,

2) G Fg

FHAL DEW Z7dd Ao HRE Jol, HE
i/ of YEBEfMh(Table 1), 25° C, BEMEfEol M 30IMH SREHE A
A.rhizogenes 158345 217 P r 2 FHRE S FEMstA .

3 BHEmK #EX

Opinesr 7 & Petit(1983)2] Jigk S Wl sto] ApRspdcl. B
&3 £ALH 100mg% 0.IN HCI 100ul & cffendorfZof 23} 7 &
BB T, 20.000xgod M WA ¥l AN BEKE HH=
instgict. BMEXM2 AA o3l standard opine 3MM  Whatman
B  2-10ul spotst #, formic acid : acetic acid : H0

(30 : 60 @ 910) 4 pH 2.85% JH¥stol BEW# .3 37 methylenc



blue & maker® &}o] 400voltod A HhR3IL 2 32 L& Hg
of 2fs) @Pestsglict.

{1) 0.5g AgNO3 & 0.5m] B o] o 250ml acetonod § & gHct.

(2) 20% NaOH 50m) 2} of&t g 450ml S (FH Mol BEIC.

(3) 10X sodium thiosulfate2} 1.5% sodium dimetasulfatc s K &
. BRXIY vhatmanfAK = 12 D, 2), 3)2 M2x 1
7, 109, 209 7o Pstgici(Fig.1 ).

Table 1. Composition of YEB medium

Composition Concentration ( g/l )

Bacto beef extracts 5
Bacto yeast extracts 1
Peptone 5
Sucrose 5
MgSo4 0.24
Agar 15
pH 7.2

DERRS BK Tl B 8%

ERES EY Telgt —mTelodAd AHY A EF freezing
microtomesod ] 25um T AZ KBEe HFVE A3, LA
1002 ZaAspdy FRW] ABEES sl Vo) samlz PR

st ch(Fig. 2).



5) GHR &Y Ltk WMC

A Blk#ol 2-5cm MR T, 4 rhizogenesEF KR K5t
elsbod HAMM - el B’k M Claforan 300mg/1-% 14 s}
MS 30 fithol BWistol 14 Mo 2 20 MR Rshict.

dgrobateriumo] i3] BEY FURE T = Eo < MS
30 MR, 257 C. BEA oY @A /st Lk A 3.

E EC RS LAl ERWT- Kol MM Sucrose 9
hormone %! 7t Yoshikawa, 1987)of ot} BEEHL K&K & (90
Strokcs/min) & sio| EpE2A H#stod ER8S Muast .

Table 2. Composition of hairy roots culture medium

Medium MS30 MS30 H NN30O NN30O H NN15 NNO
Compound
Basal medium MS MS NN NN NN NN
Sucrose(g/1) 30 30 30 30 15 0
Hormone - {BA 2 - IBA 2 - -
(mg/l) Kinetin 0.1 Kinetin 0.1

6) Steroidal alkaloid? mEk 49
EREBES kY Tzt —MTele ey zhzk 582 IN HCI
50ml % 3AI 7Y 7t R YV, EEREREFOR 28 e S&sbgl

v} (Chandler and Dodds, 1983). Z 332X &2 32 8 5o



M2 2, silica gel TLC(Merck Kieslgel 60

70 & vl (Ethylacetate : Benzen=1:1) %2 2 7) 3}



L ERY 5%

S. nigrum?] HHUMR FHE: KkEREY mfrs 25°C,
6,000lux, 16h light/ 8h dark ##Fol M 2 KEst] KPR
O, #EFY YHwms 498 R YEBR: dthod A 31 ]
K& 2! 4. rhizogenes 158345 kil MEBHAI ol KA %
BEPE Fod A Si& A 38 Mg RSNl tumorill ol
L e 38 thol Bl FMsgch. o) A EAM
o) FERM b= T-DNAZl %2 % &Kol 24 HEl 1ol
°fsh A 'ERK¥  auxins} cytokinin® fF M (Cardarelli et al.,
1987) 0 et 0 HE jE %) of % vh.

HEX TRRES HikmEiddd 18 Mo s 20 EEER
stol 4. rhizorcnes S Mrkstp, 38 WO 2 6l HE L E st
wskA ERsts BB S Ao

FrHEm s WAsts] st S nicrume] HERE MBS B
Bixghst & UW, Fig.12 7o) Mannopine® Agropinc®] SpotE §F
sath & gvh. ol ¥ R W¥ol EEsHz Y ofn) x 4bo)
Ri Plasmidod 23] EEHEEHEY EURAN FLES =R oA
(Petit ct al.,1983) S % @M £, = Ri Plasmide] T-DNA 7} #& A
ol 2 BHS g8 -71 L 32 ¥ 5+ dsic.

RS BT T —-gTele BES way dy
(Fig.2) dArPelol wsl FRRS £ Aol LAdsin 7) 3232

e 5] o Fofxlzl etk oleft Zale) el &Z(1986)°)



- Origin

Fig. 1. Detection of agropine and mannopine in the
extracts of callus(C) and hairy roots(H).

Asagropine, Mimannopine, Sistandard marker



Fig. 2. Photographs of hairy root(4,C) and normal root(B,D).

( A,B : Transverse section, C,D: Outer wmorphology,

TE: Tracheary element, X: Xylem, Scale: 100um)
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S BIRA M B AR ool S A

v g nimol sfb¥lel ¥R zEaY QAANC: A i s

ol
f 10

38

ct.

MeHdmy  HUM O e Ml SucroseBE P T2
&imey obet FEESY EGEERY RAKH S RESH?) Hsto
ERR EREE B B+ Fig. 32 Zo] HFHWE £ =
TE &y KoM callusfbst =% A @@ F7h7F &0
stolok. e e m o]l QU EKiMhed A BB EES HR
b CEhestlcl. HEREY SEBERFA, =T kmalzyc
v ol gl oz ¥ AR E EFU £5(1989) 2
Panax ginscng?] EMH S T = Fo]l g B A g Eshy
Eleateby: RARRE dAastgde. 22 AHzE sizlodd ELRS
callus2l 3= HERBA HWAY 2E 28 BME ol sl Haks= -
auxin?} cytokinin(Cardarelli et al., 1987)o] FHFmE 3 =23
HEEMA 71 b2 A8 o},

MS 304) z) 2} NN 30Ml x| %! sucrose¥ 5o utE HHR#E PHE
B 48 71 2E(Table 3) MS 30wl zjof nu] 3} NN 30K iiodl A w7 7ol
HBAY B A fikstgle 53 40 uwi<tol A MS 30u) 2] of
A 32980 ‘L je ol Ml 2 sbol NN 30uhzjod M = of 43mjER ¥
% 23ich. £ NNHixiodM 200 ERY KRR, BA
sucrosc @Bl ol af 2 4 RS NN 158 ol A NN 300k x| 8t} 242
7t w EKREE LY 30932 409 wldol A= NN 3047

oM zhzr ozewl, 43WlE ¥ e ERXS wicth olHY A=
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Fig, 3, Petridish culture of §. nigrum hairy roots
for 20days. A: MS30, B: NN30, C: NN15, Dt NNO
E:NSH, F:NNH

12



Table 3. Petridish culture of S. nigrum hairy roots

Medium  MS30 NN30 NN15 NNO MS30 H NN30 H
Days Fresh Weight(g)
0 0.05 0.05 0.05 0.05 0.05 0.05

10 0.10+0.027 0.11+0.013 0.13+0.012 inhibition callus callus
20 0.18+0.021 0.33+0.048 0.59+0,044
30 0.45+40.024 1.30+0.295 0.99+0.081
40 1.60+40.110 2.17+0.075 1.41+0.023

Rob THS MR 200 Aoz SREREY 2SN 15wz
AM, 3042 40Y AR WREEY Aol NN 308z 7 A
datek Absglch. 2] 2 sucrosert Hol izl e NN Omlz|of
M Bl ERstx) gt ol FHE RARKo Kalg
B TE BRAME REKES BB sl7) dFol REBRS R
of 2% 4 R WP H(Bhojwani et al.,1983)% R o 3 HEK U},
EHRB - MS 30 EEMiel NN 30 Eiidld EHEET ED
(Table 4; Fig. 4), 40H B ol MS 308 M 40ff°) HEX S
¥ 3L, NN 30E:Mi: 52f%°) 4 RKRKS ol MS 30E v o} x* <
ERES ¥k, Teju 50 ol EES Fig. 5 %} 7ol Fik
#Rol callus2el HWHBEoZ st A8 vol EHRERAA
409 o)y whoto] Myystct A b, wretA, EREY B
GEEES NN 30ul 2ol wlz] 1 L o 4§81 104 g(Table 4) &

At 4 glo] b S EsbA A Arsc.
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Fig. 4. Liquid culture of S. nigrum hairy roots for
20 days. A+ X530, B: NN30, C: NSH, D: NNH
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Fig, 5. Liquid culture of S. nigrum hairy roots
for 50days. A: MS30, B: NN30
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Table 4. Liquid culture of S. nigrum hairy roots

Medium MS30 NN30 MS30 H NN30 H
Days Fresh Weight (g)
0 0.10 0.10 0.10 0.10
10 0.96+0.034 1.28+0.170 callus callus
20 1.75+0.032 3.29+0.015
30 3.13+0.110 4.75+0.041
410 4.05+0.046 5.19+0.055

& FiH 2 - # "™ 2] 2 steroidal alkaloid M g of 2 5l

Towstol TLCE s W2 (Fig.6) AW Ty FMHBoz ¥

ol

o 3= WA Rf 0.162) S12} Rf 0.272 S25 FREAAM = s2wrmor
of FA¥eT BANP oW MEAEoT vol: PHAMNE o
4 AE woluh MM ® FaAshA ebytch ol v Aws ¥

Mol dstels T3 MY FEs glojop & Reow wc
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Fig, 6. TLC pattern of the steroidal
alkaloid fraction, A: Hairy

roots, B : Normal roots, Si:
Rf=0.16, S2:Rf=0,27
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Solanum rigrum?| M & MEM 2 FH AL Yo 4
rhizogenes 1583445 MyAl BERR: FHHste, EARY BH
@, B, steroidal alkaloid HM % HEEREH S Bistdo.

S. nigrum®| R/ HiH ¥ol Al Mannopine? Agropineo] &
Hislol FEESBRSE @AY & A2, EREA BEES T2
g el FEHET KRMstch. =¥ FHRMY FREST BHY
&3 % =Z(IBA 2,Kinetin O.1mg/1)o] FSHE o Sl HiholA
EhHEHEY BEERAAN 25 callusfbst: s 2lev %=
Z¥ol FHsz UL B kol REfstd NN 304 2| of
A 30U KBRSt ¥ 52182 RS FEY 5+ AR«
3y EHEB2 — M T )8 steroidal alkaloid fyHigzol 2 sl Hhi:
sto TLCE XY ®E dAaHoz HOstA vepytcl.

H
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