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Effects of pH, Sucrose and Vitamins on the Growth and Tropane Alkaloid
Production of Hairy Roots of Datura stramonium var. tatula Torr.
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The optimum concentrations of pH, sucrose and vitamins for the growth and tropane alkaloid production of hairy root
clone DTLA9 (best growth line) were investigated. The optimum pH in growth and tropane alkaliod production of DTLA9
clone in SH (Schenk and Hildebrandt, 1972) basal medium without growth regulator were pH 6.3 and 6.5, respectively.
Also, the optimum sucrose concentration in growth and tropane alkaliod production in the same medium were 3.0 and
2.8%, respectively. The optimum concentrations of ascorbic acid, D-pantothenate, nicotinic acid, pyridoxine, riboflavin, and
thiamine on the growth of DTLA9 clone in SH basal medium without vitamins were 0.1 mM, 0.003 mM, 0.07 mM, 0.002
mM, 0.025 mM, and 0.01 mM, respectively. In particular, supplement of 0.1 mM ascorbic acid to SH basal medium without

vitamins stimulated the tropane alkaloid production.
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Agrobacterium spp.o]] 2]8e] HAMSE RAIT wgo2
FE 22 AR Y] A EAECA EY B 9 Ee]
(Christen et al, 1989: Granicher et al, 1992), ZAFZ L o] &
g} tropane alkaloids *§AJell #3&+ IF7} Datura£®] D.
stramonium (Payne et al, 1987), D. innoxia (Ionkova et al,
1994), D. candida hybrid (Christen et al, 1990), D.
quercifolia (Dupraz et al, 1994)%9] Al ZoA 3=k
g BAE 2 2 Y e 113ek9] tropane alkaloidsZ A A5}
7] faiM e HAMAL 27, F wjRd H7MEE o8 7}
2 ARe] FgeF To] FuFo]o} st Maldonado-Mendoza
et al, 1993). Yang = (1997)% E2E(Datura stramonium
var. tatula Torr.)e] RAZCzHE nAZe AA 7
tropane alkaloids®] Aol glejr] ZFHAHwixx= 747 SH
(Schenk and Hildebrandt, 1972)¢} GD (Gresshoff and Doy,
1972) A d& FEE B ek 2Ed FYE A M =
w] 2 2] pH (Payne et al, 1987) ¥ A5 =(Christen et al,

1992: Dupraz et al, 1993)o] uje} mAE AAF=
tropane alkaloids®] ¥ &L =24 yYeludog. E=3
Lithospermum  erythrorhizon®] wjoFM £ 2 5€] shikoninA§ AJ
£ iR A7 EE v Fiel g3 JAHN = g
(Fujita et al, 1981). welr] 2 AF= EWE(Datura
stramonium var. tatula Torr.)5AFES] AA 9 tropane
alkaloids AJ43ell 9lel #A pH, M7 2 wlgHle] =&
7 a3 A £S5

A dA 2R EwE(Datura stramonium var. tatula
Torr) 2] §A]E2] Yol Agrobacterium tumefaciens ATE %
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Z3lo] AL FE89H Yang et al, 1997).

2 1,000 mg/L carbenicillino] 751 AEAA;zAEA o]
A7 A e MS (Murashige and Skoog, 19%2) 7]E-ulj#|
(LA 2] ol wheFatoict. wjA]= MS7]Eujz]o] 30 g/L
sucrose, 8 g/L agarE A 7}ste] pHE 582 2A sk, 120°0C
ol Al ot Fated AHESIAY. F& FESL 7-10¢ A
3l Fo Fr¥ TATE 1,000 mg/Le] carbenicilline] A7}
Ha AEAAEEEA ] HrkEA % SH (Schenk and
Hildebrandt, 1972) 7] 2uj=]ol] o]Alsted F-& A AZ F, of
S A Y AENAREEA ] AUEHA 42 dAuiR|
ol SH7|Eujzlel] oA te] 25°C, H/delle] ZZ1s}ell A uf
efatdet. el A4 9 tropane alkaloids§ A3l w} x|+
pH, A% zelx wletmle] ofgks F9H37] $3te, pH
(53-65) 9} M (24-36%)& 7Zt2t s EHE SH7|EujA]of
Helste] 25947F dehufoFstodch 6% 52l ulElRl(ascorbic
acid, D-pantothenate, nicotinic acid, pyridoxine, riboflavin,
thiamine) & 7tz =4 (0.001-05 mM)E o 2791 SHeYR)|
vl X (SH7} Ewul 2] 4] 5 mg/L nicotinic acid, 0.5 mg/L
pyridoxin 28] 31 5 mg/L thiamineg H7}81A] b2 wiA])ef
el ste] 2547k v st

Agrobacterium tumefaciens AT7} AE% ELE9 9AH

ZAEO| MY 3l tropane alkaloid?| F=

~—

AEA e oA fFrEE RAZY ME-2 Yang E(1997
o) "ol uwhel ste]om, tropane alkaloid®] F&-
Mano 5 (1986) 9] whwell Eabdct

Tropane alkaloid2| & 2HEA

Tropane alkaloids®] #A& UV detector’} 25 HPLC
(Pharmacia LKB, Sweden)E o]-£3%}¢i}. Column-2- Shim-
pack CLC-ODS (Shimadzu Co., Japan, 5 pm, 46 x 250
nm)< Ab&3le) om, eluents™ methanol®} 10 mM2]
sodium-1-heptane sulfonated 48:52(v/v)E E8s}ed acetic
acid®. pHE 4022 ZAsle] A}L319c)h Injectiongf2 20
dLE 897 flow ratex= B 1 mLE 3¢ 215 nmo|A] @
o]& chromatogram®| peak heightS ¥ FF 3} v Z3}o]
trpopane alkaloidsZ A 2F&}9] o}

pHe| J

SH 718w xefjA] AL (DTLA9 clone)®) A# =2
tropane alkaloids®] &l w|X|:= pHe| °dd-& zAlst 2
3 M =& AAEE pHYE 599 A (19 SHY) 2
vl X))ol A B} pH 632 ] FellA] 1916 mg dr wt /flask
2 vepten, pH 65X 8] FelH = gl dAsA 7
2% 9cHFig. 1). 89, hyoscyamine} scopolamines] F &
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Figure 1. Effects of pH on the growth of hairy root (DTLA9 clone)
of Datura stramonium var. tatula Torr. Data indicate the mean +
SE of triplicates, were measured after 25 days of culture in SH basal
liquid medium.
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Figure 2. Effects of pH on the tropane alkaloid production of hairy
root. Data were measured after 25 days of culture in SH basal
liquid medium.



9] tropane alkaloids7} FAFE 9 wiz|el A HE=Hg]d
= Z329) tropane alkaloids®] &3k g AT 2 vl x| o] A]
%R o)< BE pHARFA wiAlelA Heh BARe|
Mool A debdth. 2ATel A hyoscyamine®] gk
scopolamine ¥.¢} pHell AFghgle] #A 8] 2 Jehie A
ojoich ZAFE 1l wix|olA] 7Z&¥ tropane alkaloids®] A
Aeers wiasie] B, AAEe] 7MY Y™ pH 653
Foll Al 0665 mg/g dr wt2 7}3F v pH 53¢] 22| (0209
mg/g dr wi)oll B]3}ed <k 32u) =A oK Fig. 2).

T A Al \']% Mo dgFs zAME Ak
S F2L 1866 mg dr wt/flask® o} A
o 1 2V 0 el 2, A B
. wFo 089 el et 3%HET 2 =2 32%
Ao e 3%e Aol ro 2 xs}
dcH(Fig. 3). Tropane alkaloids &tekel] ©w|x= r{gte] ofdf
& zAfE A, 28%2 AMurA e FelAa 2 gEEd 019’%
mg/g dr wt2 JAEo] 7 FUW 30% A7 Tolxe] §
21182 mg/g dr wt)el| ¥]sted Thd =4 YebgHFig. 4).
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Figure 3. Effects of sucrose on the growth of hairy root. Data
indicate the mean + SE of triplicates, were measured after 25 days
of culture in SH basal liquid medium.
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Figure 4. Effects of sucrose on the tropane alkaloid production of
hairy root. Data were measured after 25 days of culture in SH
basal liquid medium.
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Figure 5. Effects of vitamins on the growth of hairy root. Data
were measured after 25 days of culture in SH basal liquid medium.,
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Figure 6. Effects of vitamins on the tropane alkaloid production of
hairy root. Data were measured after 25 days of culture In SH
liquid medium.

b o), 05 mMe] e Fol M AAgel FaEdch
E3) AAEL 01 mM 2] FollA 919 mg dr wt/flask®
o 27386 mg dr wt/flask) o]l w]shed oF 24w A ept
oH(Fig. 5). 7} MAFo] 22 01 mMelAM¢ tropane
alkaloids #&eFS FAlgl A3, & &2F0576 mg/g dr wt) S
o) 270478 mg/g dr wt)ol} B]3}e] =A Jebgoh(Fig. 6).
D-pantothenate] 2] 2] 7%, A2 AAE-2 0.002-0.006
M2l AA Hel ol Ae o 2F-(vitamin-free7-) of] H] 3o
'5‘7]'5]‘11‘4- 53] A5 0003 mMA 2Tl A 909 mg dr
wt/flaskE 7} =4 Jepgton, df272 386 mg dr
wt/flask o} oF 23w) A E 2 AAEL vehdon(Fig
5), o] i{al—?—ﬂ]’ﬂ tropane alkaloids®] 3eF(0.05% mg/g dr
wt)-& ) 270478 mg/g dr wt)ellA] B o AA eyt
}(Fig. 6).
Nicotinic acidd2le] 7%, TAHZS AAEFL 0(4-007
Mo A A el A qi*'?‘(VItamm-ﬁﬁee:lLM] ulste] ¥
71] vhebtel 53] 007 mMe| Aol ZAEe] 7H
o JAFUIT mg dr wi/flask) S vehfe] 2386
mg dr wt/flask)ol] ®)s}ed oF 12d] AE =9k2w(Fig. 5),
o] x&]Fo A tropane alkaloids®] (035 mg/g dr wt)
2 o) 270478 mg/g dr wt)ol| B]8}e] #5191} Fig. 6).
Pyridoxinex1 2] 9] 7%, ZAMZS] AAE2 0.001-0003 mM
o] AA Hz|FolM o ZF(vitamin-freeT-) ol H]}e] FA
vebydel £3) 22 M w2 AAES 002 mM A
27917 mg dr wt/flask)e| A Vel en], o) 27(386 mg
dr wt/flask)el] v}dled < 24w} =7 JehydoHFig 5). AR
Fo| 712 99 0002 mM A 2} Foll A= tropane alkaloids
7} AEHR) A dEFerE 0478 mg/g dr wto

OW

tropane alkaloids7} 73 &= ¢ oH(Fig. 6

Riboflavind 2} 8] 79 A 9] 5 J%& 001-003 mM
riboflavin®] A ) XJEJ—T’-O}]H o} 2 F(vitamin-free ) °ﬂ u} s}
o g/ vebdeh 53], 2428 7MY B2 AR EL 005
mM %2 F(2228 mg dr wt/flask)el} A el ‘HJ—%"(S&B
mg dr wt/flask)ell ®]sled of 58w A= ¥A JEelxod
(Fig. 5), o] A& Fo|A tropane alkaloids®] Z&-2k0.256
mg/g dr wt)-& t} 20478 mg/g dr wt)ol| w}sled A v}
ebsteh(Fig. 6).

Thiaminex 2] 74, 2AZ AZEL 0005-002 mM
thiamine®] A 2] oAl & ZF-(vitamin-free 7)ol ¥] 3}
o A Jehden, 1E=e] M27(00025 mM)dlA= 7t
2895 53 22 M w2 AAEL 00l mM A
(754 mg dr wt/flask)o| A e, HFT(RB6 mg dr
wt/ flask)el] wlsle] ok 2u) A E =4 Yehdorn (Fig 5),
o] z]2]Fo] Al tropane alkaloids®] Z3eF& (005 mg/g dr
wtZ o 270478 mg/g dr wt)o| H]5}od Hxi8) Wl Ul
woHFig. 6).

%

S4E A AAEL ofAA o SH7Euf =] (pH 5.9)
oA B} pH 61-63 Me]F wix|elA 7b oot 2evt
Fao] 2] Fivl ga o] ¥ pH 653 Fell M B4
o] AA-Fo] #xs & vl tropane alkaloids®] &aF

23] pH 63X 8] F29 A Jebgoh olgs e
B2 4AF tropane alkaloids®] FeFzbel] o] Abatat
Al (negative correlation)7} -5 A]AFsl=d (Lindsey and
Yeoman, 1983: Yang et al, 1997), pH7} 50 of ZAFE A
A5} tropane alkaloids®] #3Fe| 7}4 oF5&}dwl Datura
stramonium RAFZ = Aboldt Aslolt}(Payne et al,
1987). olejgt o] EARZES FHe AHER TF
(Agrobacterium spp.) 18] 3 Ri-plasmid®] F-2H¢]& el A4
of W& BAztel2 epd 4 Aot Az oH(Payne et
al, 1987: Taya et al, 1992).

g, e oM w)eFst 51*0}‘39} AREE AT
3% gt 7ol b A Hebd ubd
2 A2 H32% NEAY T ANE BA ]"E’—o’} aFe] o}
Hzsle], BAT Al o Mol o3 AbRst
nzsiA odEs nixE AE Ad £ Unk ol
Hyoscyamus albus A A Masts Azt
FA o 7 $(Chrsten et al, 1992) 9= Alolst 71L& o
T U 5‘—1} AAEAT WMge & °3_ oA Yang &
(19%)2 2AHEe] Aol light)e] §-F-o wheb Ao
HAx s 24 Jehs AL gl sy & 924
7 EAF AT A A dA3] B2 xR A

r\o ru



"’}ﬂ‘ﬂ?“ﬂ]’q GAZ AL e A2E Yey adebA
2 dTelMe g TN AFES 2RI RE, ?&
°i A A gle] #AP S} M FERAE T
g Pyt ooy AaEs 2 AFoA] tropane alka101ds
- 28%20 AMgHeFelA A Jed, 2T 4%
5} tropane alkaloids®] AJAd7tell oA] o] a4 7} 9l&
< o 7 vk BAZ 4AEFH tropane alkaloidsghEFel] 9l
oi 2 AFAane] A Mgdi:EE= Datura stramonium %
Foll A 9] 529 10%4] 7 -$(Payne et al, 1987)¢] u]8}ed
‘;}%"’ of 4 )tk =3} Datura quercifolia RAFLS) 73 -9-0]
23] 5%0]9 2.2 Z (Dupraz et al, 1993), & :;L°{|/\1 A}
& EUE(D. stramonium var. tatula)o]]A] A& Az}9}
HAEE7 G5 o4 £ 9o =g thhospermum
erythrorhizon®] Wi Fol M = M FE2] AL 6%2] sucrose
A2l TFol A, shikonin®] AL 3%2 AMFAHe Tl zHzt
ozt Bl 9l =2 (Fujita et al, 1981), 2x}c) A}
AR S o7l A E BAS AEF oE 3
& "1‘”’”“*5"] 79 o 'ﬂ—)r\';ﬂc’d' 740; ‘“45‘4

o‘:o rir

4752 SH 7]2&w4] ) 1231 315}”1 = 27 3131 & -2
£ A% ) Az £o2 A et 3T AA
H?E}“JOI STHE & 7 AN Tropane alkaloids®] &3

2 01 mM¢] ascorbic acid @5 g3 > dF2F ) 007
mM°l nicotinic acid % g]¢ ) SH7]Ru|x|e] £o08
vehtom 53] (01 mM2| ascorbic acid ©% & g]F-oll A
7V A vebgoh olist A Whitend %) of A
Lithospermum erythrorhizon2] wi of4) £22E] shikonin®] #J
WA dERRS] A EHE b Ak gEAe A4
ojch(Fujita et al, 1981). SH7| 2ujA| &= ¥ <Fo| el
WS Ao me, B AT 232 u%e] B 01 mM
2] ascorbic acid ¢ 0.07 mM¢] nicotinic acidE w5 =] 517
o, = el A HrpsiAl ding A7 SH7 2w
Z] B} o tropane alkaloids A AJell Eap4(AAH)YL &
a9k

£ AFARE FEstd Bd, 24T ‘370“3% SH7)
BufAlel| A Mg 30%, pHE 6323— ZAste] wjoksidd
Y 4 9low, vidol tropane alkaloids®] &heke a{tto
28%, pH¥ 65% ZA3led wjokstd o 4 glz, E
vitamine-free2] SH7|E-ulz]¢]] 0.1 mMe] ascorbic acidE o+
Exjejsto] Worshe o] EHYS Hel sl

g9, H od o A] hyoscyamine#} scopolamine 5 Z&2)
tropane alkaloids7} BAFZA| Eo| A vFEE o] wiA|ojA = Z
250t ol2ddt 22 HAREES A E oo HhEe] o
8t A7} Duboisia leichhardtii®] R A2 (Muranaka et al,
1993) 2 red beet®] ®A}(Taya et al, 1992)e]|A] S35 ¢
o} 907 EmEo] mARE wjoko 2 Y E| tropane alkaloids
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EgAoE s YslAlE tropane alkaloids H}EA|
o] A o wkE7)ztel gk Aot HRsign A7

)

2429 A4 9 tropane alkaloids®] AJ4Jell W)X pH,
A, vlebule] ojsks Fsly] $lste, SHE(Datura
stramonium var. tatula Torr.)¢] el Agrobacterium
tumefaciens A/TE HE3te] TALEL F58}dd). Fxd
E_"J{L Z X AFE-o] k33 clone (DTLAY)-S Altala, o]
, A%, vlgEls 47 o8 yxE s SH
(Sc enk and Hildebrandt, 1972) 7]2-vfx]e]] wjckslaich =
A28 A7l slel A pHy 630912w, 3 N5
= 3.0%¢9]¢lth. Tropane alkaloids®] &hefo] glo] %A pH:
65e]3lem, HAH MuyEe 28%°[%d g, nlgtle]
A AF SH7]HEujx]o] ascorbic acid, D-pantothenate,
nicotinic acid, pyridoxine, riboflavin, 28] 1 thiamine& 7z}z}
TEHE AUiste] wokat ASol, TAZS Al 9l
vlelnle] A =z zb7k 01, 0003, 007, 0.002, 0.025, 001
mMo] ¢t Tropane alkaloids®] 8k (01 mM2| ascorbic
acid S5 2] Fo) A o) 2 vitamin-free7) % SH7)Enj =)
ojAl2] 7-f¢l) Blste] 71 FA b
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