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Effects of Media, Culture Peroids, Sucrose and Dextrose on Tropane Alkaloid
Production in Hairy Root Cultures of Hyoscyamus niger L.
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ABSTRACT We have investigated the effect of culture conditions on tropane alkaloids (scopolamine,

hyoscyamine) production in hairy root cultures of Hyoscyamus niger L. induced by Agrobacterium tumefaciens

A4T. SH medium was the best for tropane alkaloids production from the hairy root clones, HN18 and HN57. The

optimum culture peroid was 5 weeks for HN18 clone and 6 weeks for HN57 clone, respectively. The optimum

sucrose and dextrose concentrations in tropane alkaloids productivity were 3% and 2%, respectively. The growth of

both HN18 and HN57 clones increased with as sucrose concentration increase up to 7% sucrose, but tropane

alkaloid contents was significantly decreased. In the HN18 clone, the optimum concentration of sucrose for

alkaloids productivity was 5% and those of dextrose was 2%. The productivity of tropane alkaloids for HN57 clone

under dextrose treatments was quite a low level compared to sucrose treatments.

Key words: Hyoscyamus niger L. tropane alkaloids, hairy roots

N B

Agrobacterium spp.ol| 9|3l FEAFE TAZS o
717k T3] Al g g ME HdE BEFE A5
ZEE A7 Wi NEREEF Ao AE&EHE B
A3 Yot (Manners and Way 1989). 3t of2] H84&
A F718 BAAES A AEAEY B2 o|AAMES

A= AL AU o] AEA large scale produc-
tionol] #3t 71ZQ7F Es] sHI Ut (lonkova et
al. 1994; Merkli et al. 1997; Wyslouzil et al. 1997). &)
S ATHHE olATANE

scyamine, scopolamine)= Z&, 273, 7t28s 2 FEwgt

tropane alkaloids (hyo-
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A7 v B9 858 AU glon, 558 EALZ 0
2ol 998 ol oldy Adute Ead Aasa

s 77t AYET e HIE T shueltt (Aoki et
al. 1997; Hilton and Rhodes 1990; Yang 1997a b). ¢]&]3$}
tropane alkaloids= Datura, Hyoscyamus, Atropa, Duboisia
so) Agolx Hol YHEE 4RO oH7A VYA
2o A tropane alkaloids @] AiAte] &7 9IA] gtk ARG F
Aate] ol ol R A4l Wi @) HEeR HI
o WA AL AT QA AR Ak RS v
Fo oAU S FPar) AlANE AETY 4%
£ 9 tropane alkaloids®] AJ&HAlso] $43 AXFE HA
AMatstedof she, A2 o] i H w7 F2 wAd o
AREE7t 7V 528 40|tk ofF7kA] o2 g
Z3E olE F AT B0l AEHA ot Fikte] tish
okg %3} tropane alkaloids®] thaF AjAlo] @ o2&
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stramonium var. tatula Torr.)?] EAMZOZEE FAZOD

A7 2 tropane alkaloids] AA9] HXu)A)7} SHEIA Y-S
THE v Aok Y S AN E gslE TRl
w2 7ak2el AAET tropane alkaloids®] geko] ThEA
YEldt) (Christen et al. 1992; Dupraz et al. 1993). ¥ ¢
= AEE (Hyoscyamus niger)2HE & 4253
tropane alkaloids A 5E AYL A& AEFE A3
2, 2] digpi ekt tropane alkaloids o] AJ4Hd 3
A% AAS Wil Au Y17 B gage) o

< AL

o dlo

HE o uy
MR U ARET

BAZ FEE A% HEAEE 294 2EQ AHEE
(Hyoscyamus niger L.)¢] §22A & AH-3IAt ARIE 5
AZ 2% sodium hypocholorite £4 02 ¥H A=3 & 3
& ZF5E 33 Ak 1/2MS ZAMA] (1% agar, 3%
sucrose)ol| | F-g WolA o™, oF 370 A F 6~77F9
290 349 fH2AY 4 &71 g 1-2em A2
sl Agrobacterium spp.o] HE AFZR ARLEIYGTE A}

£ FA+= ula Pennsylvania State University 2] Dr.
Flores2 58 A|3¥oth BT A28 A3 A2 45
Agrobacterium tumefaciens A,TZ YEBH|X|ol| A 25C, &
(dark) =AM 110 rpm9] A A7 244170 w3}
on #4 FEZ 10/mIE 298 the, 2EH ] ANL
Agrobacterium v %Mo) A 3}ed Agrobacteriumo] Z+9H

=& gtk

il

DA 20 9l M}

TT- x —c=
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A. tumefaciens A,T7F HER F2]EA HHL White
(1963) T AR o] Xgate] oA 3U7E AAA F,
1,000 mg/L carbenicillin®] H7}¥ Whitev] x| ol A S21 &)
A9 xddl 7R e #FE AANIAS AF 4FE
AAT F2EA DHL 3% sucrose2} 1,000 mg/L carbeni-
cillino] H7}g White ZAM=]o) £A 25T, el 22
A 4F7F wlekElth #& FEE 14¢ A ¥ frEE
B3 Ad F9E 1-15cm 7|2 Fdsle £
White ZAW|RINA 25 7HH 22 3~43] Athujdas 1
A AEFE At o, Fde AAE o5 = Petit
S (1983)9] mannopine A% Y-S AH-HATH

A B2 SH XA QA R)olA] 25°C, A
BE ZHzt 3~4F ZHAOF Aueldsidch ZAE AlEF
AYE 120 mle] SH YAIAIE W2 250 ml 412t flask o]

B2 AAF 02 g (13 mg dry wt)S FEdH] Alchu k=t
AollA 457F vjkstgich wiede] 58 BT
FTAAZIRALH, AFXAEE AXFH (dry
2% o 10CE fAEe WAye Basid
A EAE AIRE ol &St EAdZ A%, tropane
alkaloids §H8F 2 AJAFA (productivity) 3= AF% (dry
weight)2 7|50 2 ALFsIATH

22 i

st BAE A XF HNI18F HN57-2 SHY A ujA] ol A
25C, 42 74z} 3~43F 71422 gyratory shakerol 4]
100 rpm 2702 WsRA, Ml F 3458 Ty2E 4
HARRE AHLSIYE B8 AdolM B Wik 120 m!
o] AAAE B 250 ml A2 flaskel] BT AJAF 0.2
g (13 mg dry wt)& HEdA, IHE 457 vt o,
wjeF71 7ol €lgt BAEe] AAHE 9 tropane alkaloids A3 A
o M AAAE 8577 vtk AaklA] A A3
AME 5 £F9 7]Eux]¢] White (White 1963), MS
(Murashige and Skoog 1962), B5 (Gamborg et al. 1968),
SH (Schenk and Hildebrandt 1972), Heller (Heller 1953) vj
A9t BsHiA| 9] FEE NEe® £21 1/2X B; ¥ HellerwiA]
9 =T E 28)F 3} 2 X Hellerof A& AR T} Sucrose
9 dextrosed] HF TR E FAS] 93+ sucrose (1~9%)
= HAARES T3t FHFEA L, dextrose (1~5%)E
I A 35 o] % salts9} whE-8te] dextrosed] A}
7 AsE 87t o] HEER 33 S2HF IEEE =9
2] Aste AHrstdch

ST N KN

Figure 1. Hairy roots induced from leaf segment (A,B) of H. niger
L. by Agrobacterium tumefaciens A,T. Paper electrophoretic
analysis (C) was performed with extracts from hairy root and
normal root. ST: standard mannopine (M). N; normal roots, H: hairy
roots.



Tropane alkaloids & 4! 2

Tropane alkaloids &2 Mano 5 (1986)2] W] £}
4t Hyoscyamined} scopolamine?] AFEAL UV
detector7} #2tE Perkin-Elmer Series 3B HPLC (Perkin-
Elmer Corp. USA)E o]&3}¢t} Column TSK gel
ODS-120T (Toyo Soda Co.)Z4 5 um, 4.6 mm ID*15 cm
long®] A& AHE3F L, eluents= methanol : 10 mM
sodium-1-heptanesulfonateZ 48 : 52 (v/v)E &3t
acetic acid2 pHE 42 ZA sl AlME&}gth Flow rate:
81} | ml, absorbancex 215 nm, column €%+ 25T,
injection&2 20 plZ & 21, hyoscyamine 3} scopo-
lamine A#S FFZ3} thu]dte] chromatogram®] peak
height2 A)4H}A -
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Al ZE AHl| AgrobacteriumS HES T ok 237 A
A RE 2ol FEENeH (Figure 1A, 1B), #5258 24
<& A7 A7HE White ZAWIA] (sucrose - 7Pl &
A 3~44 wjekl &, 3% sucrose’} X &E White T AR
o FAYAE H7tete AhulgslHA e AR E Ada}
o 3~43] Adujds B3t HE 37 AAE EYEE
Awatdct 749 BARLE White 7AHA] (3% sucrose)
A 3~43] Al FatHA Aol gty A= Al
FF 40 cloneS AE5l3 o™, clone HE+ line HE9 &
U3HA Rttt AidE BT ARG J5E gels
7] 9]8l 4] paper electrophoresis& ©]&-5ted B3 A A
A e F4sHA ¥ mannopine©] HEH O]
Agrobacterium®l| 9J&] FAANGTH FAZLS Yt
(Figure 1C).

—

n

T HEF Mgt

A T clone 9|4 tropane alkaloids®] &3F %
Arbdel AiA o2 oA Vet 870 clones A1U3HS

oo, clone?] AAEL HN32 cloneo] 7} =4t} (Figure
2). AFXZEZF tropane alkaloids 32E HNS7 clone©]
0.45% dry wtZ 7} #=to 1, HNI8H clone©] 0.40% dry
wt2 =2 22 el ot (Figure 2). HN57 clone 9]
0.47% dry wt scopolamine &3 X F7tA HI4H
Hyoscyamus spp. BAAZ FollA 7 & 7oz 43
M EZFoltk | L tropane alkaloids A§ 432~ HN18 cloneo]
1.36 mg/L. dayE 7F& &952 ™, HN57 clone 1.28 mg/L

day® & FE0lAH (Figure 2). Figure 20418} ko] A
vy BE ALEE BAZY tropane alkaloids A&
hyoscyamine U= 2 scopolamine-& YATS &2ldH
S, HN183 HNS7 cloneo| 4] scopolamine/hyoscymine 2]
H&2 7tzh oF 8.8 3 B FEEA F& HE&S VeIt
o]2]8t ¥ scopolamine/hyoscymine®] H]&-2 scopo-
lamines] QRS ¥ & Y= 949 ATFDT Bk

.

16
—
B 12
N.
W vime
>08 =
©
2
e
§0.4
Ame
S
00 I T Iz = 3
X X
& 8 £ £ § 3
0.6
b3
>
)
b=
80'4 —
s .
3 =
°
«
=
« 0.2H -
g
o
o l l
}-
0.0 :1[ :;: I - - : . c
: 3 £ £ £ £ % 2
16
_ L Scop
> L] Hyos
- 124
-
=
o
E os}
-
=
=
S 04l
2
0.
0o x ; x :1: x x x
= 2 £ z £ § 3 ¢2
Clones

Figure 2. Growth, tropane alkaloid contents, and productivity of the
hairy root clones selected from H. niger L. The hairy root clones
were cultured for 4 weeks at 25°C in the dark in 120 ml SH liquid
medium. The data represent the mean+ SE of triplicates measured
after 4 weeks of culture. The initial inoculum was 0.2 g fresh wt
(0.13 mg dry wt) per treatment.
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BAZ AEF ZoA] scopolamine ] Az g884
o] tHZ o2 waxl= HN183 HN57 clone®] FHAu|AE
ZARIAT A ZAMGA 71 2eAR e ol &5 3l
T S7A¢] 718 A ¢k 27X o] MFuiAE EF sl F 77F
2 ufxel} i3k HN183 HNS57 clone?] A7 2 tropane
alkaloids &3S 2ALSH Ax} figure 37 74t} HNIS clone
o] MAEL SHujRIOIA 0.999 g dry wi/flaskZA 0.338 g
dry wt/flask 2] AA-E2 Yebd Gamborg’s B; MlZ] B THE 3
vl A% =9tk 2% $%F tropane alkaloids 32k SHH)
Ao A 0.43% dry wtZ 7} =0} HNIS cloned] Z2] o
A A 25 SHENA7E 23 & 5 ASlth HNST clone
< SH vix|olA] 0.626 g dry wt/flaskZ 7} %358 AAE
< YeESZ HNI18 cloneBth= it} (Figure 3). A%
Z %} tropane alkaloids 3R SHujA]ol| A 0.32% dry wt,
Hellerv z] 9l A 0.31% dry wt2 WEl} tropane alkaloids &
FHAXNE HA] SHHA7F 7HF 48 202 Yelgt
(Figure 3).

Tropane alkaloids A4HA4Jol]l lejA HNIS8 clonee] 7%
Bsulx]9] 0.385 mg/L dayR.t} SHelR|o] A 1.191 mg/L day
2 3.1 2 NS Btk HNST cloned) AL upzt
7HAZ SHej A7 71 & A4S HHot (Figure 3). 1
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Figure 3 Effects of media on the growth, tropane alkaloid contents
and productivity of hairy root clones, HN18 and HN57. The cuiture
conditions were the same as figure 2.

2]2 SHujA|o| A HNI183 HNS57 cloned ®lwd £ o
HN57 clone 2] 0.528 mg/L. day 2.t} HN18 clonee] 2.38) =
< tropane alkaloid A4H3& R & tropane alkaloids T 248
A 913 M ZFE HNI8 cloneo] 71 AT 7107 Azt
He} XN E §-F=+E tropane alkaloids?] 8Hekg ujzo]
wek & Aol JEehlA fken, 23 AlREUY
alkaloids &#¢] F&4E HiAUZ §&5H = alkaloids9)
Y= B Aloq Yt (A mAAD. 2y AR
2 ANE f29E alkaloids®] & vl$- Akl B3}
%At} ™EbA tropane alkaloids©] o EIARS 3 3 Z )]
= A7E, tropane alkaloids $tF Z AfAbAJo] RE Q=31
SHuj A7} A4 g w22 1= At

HiL7|2te| Hat

HN183} HN57 clone®} =4 % tropane alkaloids A Ah
A& AdE SHujA| oA 857k wicksldA g w3}
2 Az Z8Fd alkaloids $3F8 FA}3I% Tk HNIS cloned
g 27 22 AZES YEMSIT 45 o] 7E AHE
o] E3}%7] A&t 5~6F Alojoll= g Ao W3yt
A7t 65 ool thr] AgEo] Frkeke §A4E e
t} (Figure 4). HN57 clone2 HNI8 clone Rth= Al AF 0]
A A e 4~6F Aol thh ¥ AAES H
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Figure 4. Effects of cuiture peroids on the growth, tropane alkaloid
contents and productivity from hairy root clones, HN18 and HN57.
The culture conditions were the same as figure 2.
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Figure 5. Effects of sucrose on the growth, tropane alkaloid
contents and productivity from hairy root clones, HN18 and HN57.
The culture conditions were the same as figure 2.

ol HOZ UEhstor} Faiat lag phasels LEREA] 9%k
t} (Figure 4). ¥ik7]17ke] w2 AZX ZF8F tropane alka-
loids 322 HNI18 cloned) 73-9- figure 49} 7lo] wjokr|7t
o] AA&4E tropane alkaloidse] Fe Al&FHoE 27}
= AgelRom AY FAY) %l B3] 5-6F Atolo]
Tug 3% 2/} e, oldd QM H. albus
(Shimomura et al. 1991; Christen et al. 1992), Scopolia spp.
(Mano et al. 1986), Datura spp. (Payne et al. 1987,
Maldonado-Mendosza et al. 1993) £¢] Ay} AX]3Hch
Tropane alkaloids 94 scopolamine ] 3}z A|&H 0
Z7}8l=d) W3l hyoscyamined] $HEE o] A3 4
S fA52 Ae AoZE uehgdch HNST cloned] 7
figure 42} 7+o] Wl Z 7)o+ tropane alkaloids &3Fo
7¥atd ot wigr|Zko] A stel| wet tha 7HAdhe
(e 2, 3% A 0.50% dry wt, 85 & 0.27% dry wt)S Ko
HN18 clone &= t) &3 o) th HN57 clone-2 203] o4 ¢
e ZAalA W Wl BT 4T Aol
scopolamine/hyoscyamine7t 4 74.2% A 96% & 72
3l glom, 65 o]t wokr]o)= hyoscyamine2 ZHEEX
kT, 100% scopolamine?t ZAEZEHth 1 LE AJ4HA
HN18 clone®] 5~63=, HN57 clone 4~53 A}o]of] 7}AF &2
2718 B 217} 6% W 5% WY T RATS 48

ol 33t 7o % Tk HNIB clone 65 o|Fok

ook oy I EN
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T
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Figure 6. Effects of dextrose on the growth, tropane alkaloid
contents and productivity from hairy root clones, HN18 and HN57.
The culture conditions were the same as figure 2.

g 4 A8 % St W YA St ddE o
R AbA] 8 o) AVIZte] Wik YR 2F T4 A
-4 ek 17t diFAn] 88 SHAA HEEHo|BR
47 ool Hu) M-S AEss Wete] SHT) o] 4e]
A#}E 78] 2 o, HN18 cloneo] HN57 clone .t} A=}
2 1L Aol tha ¥5d 548 7H cloneo|w
WE T clone AEl3F Aol7t e cloneEUE ¢ F
A

39 x mu

T

Sucrose 2} dextrose2| 4sf

SHu AW e %7] sucrose TE55 1%, 3%, 5%, 1%, 9% %2
5] HN1834 HN57 clone g 437} voksld AAES XA}
3t A3 figure 594 7} F clone 33] SHuiR|S] Z7]
sucrose F7F 7% W EAEe] AAo| g g3
™, HN18 clone 1.249 g dry wt/flaskZ 1[.229 g dry
wt/flask®] HN57H} thh ks3tdet A% £33 tropane
alkaloids 22 wiR| W sucrosed] L7} FES4E Z7)3}
o] 1% sucroseo A 0.71% dry wt2] =2 tropane alkaloids
g Yot (Figure 5). 184 sucrose F&7F &7}
&2 tropane alkaloids go] G73] 7+Asdled 9%
sucrose ## oAM= HNI8 M EF7) 0.124% dry wt, HN57
2 (0.048% dry wtE UERCE Sucrose ko] wWE | LY
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AL F clone BF 3% sucrose A 2]FolA 7HE $-53}
A=, HN579) 0.60 mg/l. dayRth HN18: 0.91 mg/L -
dayZ & A4S et (Figure 5). SHEjRJoll A =
7] dextrose FE7F T cloneg] g vz FJIS
figure 63 7+ch HNIS clone2 dextrose?] o] &4
£ AAF0] 7}l 5% dextrosed)A 1.098 g dry wt/flask
o] AZES YeMATE HN579] 79 3% dextrose ol A]
k53 AAE 0.139 g dry wi/flaskE UERI 24 sucrosedl
Zloll vl#} dextrosed Aol A& AFEC] w¢- AZRIIAL,
sucroseB] x| oA ¢] AAFo] dextroseP] XA AHT}F 2k 7wl
A% A JeFt} (Figure 6). ©]+= HNS57 clone©| dextrose
U A BTz sucrose MiAOA FH 3= Aol uigH stk
Ag AAE 33 2ok HN18 cloned] A% F%% tropane
alkaloids ¥2k& Wiz Z7] dextrosed &7} @& +£F
=7 Jelh} 1% dextrosedl A 0.593% dry wte] T2
tropane alkaloids 22 vlehldt}t (Figure 6). HN18
cloned] 1 L% AAA L 2% dextrose WA NA 713 52 74
32 Ho] F9on (Figure 6), HN57 clone2 W2 AAE
2 ¢1&te] mj$- & tropane alkaloids A4S YR

ojA+e) Ao A HN187 HN57 clone2 HiX|e) T =&,
o we} 45 2 tropane alkaloids 3] FA DERA=
Ao 7 JEsith 3% sucrose7} A7 SHujA| A AR
T %537 alkaloids EFE YubEoE ARHE OE 7)
oA (sfAE APl AREE 67 i)l B EA4] Vel
o} 1 ol A% BT AR Qlsted wiAM ] 7
=7t B8 725 Ho) 2FAE SR tropane alkaloids 3
o] £/ vehd 2o E AZHHETh IFE sucrose HjA oA
W FE cloned] EATE AEolA wjde RAIEG 2
Aol Foo wjAU ol casein hydrolysate S 7131952 A ¢
w7t @23 vdiEE 2A2E vttt (23 vAA). o
2 AEld F T solW e ZA A% £
22 dto] M, o]z @xfo] wopane alkaloidse] A
4 AAFA= FYsE= FAo)olA tropane alkaloids 3
o] =3 YEehd Zo| ohdrt Azt 11 o]#+ figure
40| Ueld RAY HNI18 clone©] 5~63= Alelel| lag phase
2 YelgdEd o] A7) tropane alkaloids®] ko] & s}
A F7FItE Aol A= B 23U 3o
g A% EZo] wixu] F¢] ZFOE A5 5t
& 5o] thALzEo| o] 22 u) tropane alkaloids®] T
7k Aol old7t AlE T

olide] AAE T, g AlRlE AT cloned
hyoscyamine .t} scopolamines F2 A4Fsim, th A
S 93 A 7B A= ZAEY A, ropane alkaloids 2]
ek 2 A o] B 9473 SHull RS 8ol o]y
o SAL o A 19 sYC 25 scopolamineAY 2t
o] 7kt A ghako] ZHzt M3 thE Ad 9] ujA|olA

%]

dHEE Aol vste fFElst Aol Utk X sucrose

oM Mz 3o

Fxo w2k A AR T AR Aot 3 T
AAld meEtxe S G FH2 AFES dEe 2AT

27 AAEAL AAT 5 9L RO A48

A

H 2

Agrobacterium tumefaciens ATl 28] FZAASH Al
£ (Hyoscyamus niger L)¢] EA0 ZRH tropane alka-
loids (scopolamine, hyoscyamine)2] A4 S8 €31 3
Huf A, w717 2 @rstE ] Y3 ZAFSIATE Tropane
alkaloids 9] AJatido] -3 R4 (HNI8, HN57)9] 3%
HiX]= SHuj|o)m, BARZSe] A4, tropane alkaloids §3k
g2 Apabgel Al A 6714 WA ETE #A JEbkth Tro-
pane alkaloids A 93 3 w717k HNIS cloneo]
65, HN57 clone 552 uetgon, sjgr)1zke] met
scopolamine 2] L AHHO R Z7t3l=d HIElo
hyoscyamine®] #&& 44 #F& A3 A2E YERt
t} ¥ AEFE sucrose L7t 197 F7H84E A4E
o] Z7}sh= uhH, tropane alkaloids $&2 7443 P o,
tropane alkaloids AL 3% sucrose XA 7MY =
Al VUEstth HNIS clone®] 739 #3A sucrose (3%) & dex-
trose (2%)o)\ A A}t tropane alkaloids A4S YR RL
t}. A2t HNS7 clone2 sucrosex 2] Lol H]&}e] dextrose
el A ol W2 tropane alkaloids A4S VFERA
=3

AZE
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