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Tropane Alkaloid Production in Hairy Roots of Hyoscyamus niger
Transformed with Agrobacterium rhizogenes
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Hairy roots were induced by inoculation with Agrobacterium rhizogenes (strain 15834) on sterile seedlings of
Hyoscyamus niger. The axenic culture of hairy roots, isolated from the seedlings, proliferated 2760 to 3750-fold
based on the initial dry weight after five weeks of culture in Gamborg B5 (B5), Murashige & Skoog (MS) and
Woody Plant (WP) liquid media. Hyoscyamine as the main tropane alkaloid was isolated in a high yield,
together with scopolamine, 68-hydroxyhyoscyamine and 78-hydroxyhyoscyamine from the hairy roots of H.
niger. Rapid growth of the hairy roots was observed in WP medium, but not in B5 medium. On the other hand,
a relatively high content of hyoscyamine was obtained in MS medium, but low in WP medium. B5 medium
showed moderate growth and hyoscyamine production. A change in the concentrations of sucrose and potassium
nitrate in the B5 medium gave improved results in growth and alkaloid production. The highest content (2. 7%,
dry weight) of hyoscyamine was observed in MS liquid medium.

Introduction

Some solanaceous plants have been regarded as rich sources of various alkaloids, and Hyoscyamus
plants such as H. niger, H. muticus, H. albus are important sources of tropane alkaloids such as
hyoscyamine (1), scopolamine (2), 78-hydroxyhyoscyamine® (3) and 648-hydroxyhyoscyamine (4).
Hyoscyamus plants are the medicinally important herbs which produce tropane alkaloids, which 1

R,=R,=H hyoscyamine (1)
R,;,R,=-0- scopolamine (2)
R,=0H, R,=H 78-hydroxyhyoscyamine (3)
R,=H, R,=0H 68-hydroxyhyoscyamine (4)



224

have a stimulant action on the central nervous system and 2 are a parasympatholytic agent.
Production of tropane alkaloids by cultures, such as the cell suspension culture and root culture of
H. niger?, the hairy root of H. muticus® and H.albus*® have been reported.

Agrobacterium vhizogenes® cause the formation of transformed hairy roots by introducing T-
DNA of the Ri plasmid into the genomic DNA of the host plant cells. The hairy roots have the
advantages of increased growth rate without the addition of plant hormones, and an expected
higher production of secondary metabolites. We induced hairy roots in H. niger by the inoculation
of A. rhizogenes (strain 15834). From the hairy roots, tropane alkaloids were isolated and their
structures were elucidated. The growth and tropane alkaloid productivity of the hairy roots are
discussed in this report.

Materials and Methods

1. General procedures

TH-NMR (500 MHz) and **C-NMR (125. 6 MHz) spectra were measured on a JEOL GSX-500 FT-
NMR spectrometer. FAB-MS was recorded on a JEOL JMX-SX 102 mass spectrometer using #-
nitrobenzyl alcohol as a matrix. Optical rotations were recorded on a JASCO DIP-360 Digital
Polarimeter. High performance liquid chromatography (HPLC) was carried out by the ionpair
method on a YMC packed column R-ODS-7 using the solvent system of a solution composed of 48
volumes MeOH and 52 volumes of 10 mM sodium 1-heptanesulfonate in H,O (pH 4. 0 with acetic
acid)?. The chromatogram was monitored by measuring the absorbance at 215 nm.

TLC was carried out on Merck precoated Kieselgel 60F,s, and spots were visualized by spraying
Dragendorff’s reagent and 50%H,S0O,. The developing solvent system was CHCl;-acetone-MeOH-
289% NH,OH (75:10:15:2v/v).

2. Induction and culture of hairy roois

The hairy roots of Hyoscyamus niger were induced by direct inoculation on sterile seedlings with
Agrobacterium rhizogenes strain 15834 harboring the Ri plasmid (pRi 15834). The bacteria in the
generated hairy root tips were eliminated on half-strength MS (1/2 MS) solid medium containing
500 mg/! carbenicillin and 500 mg// vancomycin. The axenic hairy roots thus obtained were sub-
cultured in hormone-free MS, B5 and WP? liquid media. To prove the transformation, the
mannopine and agropine were detected in the hairy roots by paper electrophoresis according to
Tanaka’s method® (the improved Petit’s method). Hairy root cultures were maintained on a rotary
shaker at 85 rpm at 25°C in the light (1, 500 lux) or dark.

3. Extraction and isolation of tropane alkaloids

Dried hairy roots (115 g) of H. niger, which had been cultured in B5 liquid medium (200 m//500
m/ flask, 40 flasks), were extracted with hot methanol. The methanol extract (50 g) was dissolved
in CHCl, and extracted with 0. 25 M sulfuric acid. The aqueous fraction was adjusted to pH 10 with
289 aqueous ammonia and extracted with CHCl;. The CHCI; layer was evaporated to give a crude
alkaloid fraction (2.93 g). The crude alkaloid fraction was chromatographed on a silica gel column
using CHCl;-acetone-MeOH-289% NH,OH (75:10:4.5:1,75:10:7:1,75:10:10:2 and75:10:
16 : 2, successively) to give fractions 1-12. Some of fractions were further purified on preparative ion
pair HPLC with the solvent system, composed of 48 volumes of methanol and 52 volumes of 10 mM
sodium 1-heptanesulfonate in H,O (pH 4.8 adjusted with acetic acid) (IPC solvent) to give hyos-
cyamine (1) (1139 mg), scopolamine (2) (42.9 mg), 73-hydroxyhyoscyamine (3) (12 mg) and 68~
hydroxyhyoscyamine (4) (94 mg).

Hyoscyamine (1) Colorless amorphous solid, [a]p—15.4 (¢=1.0, MeOH). FAB-MS; m/z 290
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[M+H]+, C;;H3,NO;.

Scopolamine (2) Colorless viscous oil, [@]p—15.5 (¢=0.93, MeOH). FAB-MS; m/z 304
[M+H]*, C;;H,;,NO,.

78-Hydroxyhyoscyamine (3) Colorless viscous oil. [a]p+0.36(c=0.48, MeOH). FAB-MS;
m/z 306 [M+H]*, C;;H,NO,.

68-hydroxyhyoscyamine (4) Colorless viscous oil. [a]p—11.7(c=1.0, MeOH). FAB-MS;
m/z 306 [M+H]*, C;;HNO,.
4. HPLC analysis

Twenty mg of the lyophilized hairy roots were extracted with 15 m/ of methanol under reflux for
2 hr. The extract was evaporated under reduced pressure to dryness and dissolved in 300 x/ of
MeOH. After filtration, 3 x/ of the solution was injected onto HPLC using YMC packed column R
-ODS-7 and IPC solvent system as an eluent, and monitored at 215 nm. For quantitative analysis the
system was calibrated with the authentic sample, purchased from Sigma Co. Ltd. Each experiment
was repeated twice.

Results and Discussion

Hyoscyamus niger was efficiently transformed by direct inoculation of A. rhizogenes (strain
15834) on sterile seedlings. After four timed subcultures on hormone-free 1/2 MS agar medium
containing antibiotics (carbenicillin and vancomycin) to remove the bacteria, the axenic hairy roots
were maintained on the B5 agar medium without antibiotics. Transformation of H. niger was
confirmed by the detection of mannopine and agropine by Tanaka’s method®.

The hairy roots were cultured in large scale in B5 liquid medium for four weeks and harvested.
The methanol extract of the hairy roots was purified by silica gel column chromatograph and
preparative HPLC to give four tropane alkaloids. Their structures were elucidate to be hyos-
cyamine (1), scopolamine (2), 78-hydroxyhyoscyamine (3) and 68-hydroxyhyoscyamine (4),
respectively, from the '"H-NMR, *C-NMR and other spectral data. Optical rotation ([a]p—15. 4°)
of 1 showed that optical purity of 1 was relatively high. The isolation yield (dry weight) of 1 was up
to 0. 99%, and the yield of 2, 3 and 4 were 0. 0379, 0. 01095 and 0. 0829, respectively. The yield of 1
(0.999%) is higher than content of hyoscyamine in mother plants (0. 069, analyzed from the aerial
parts of the mother plants). Therefore the contents of hyoscyamine in the hairy roots should be
more than 0. 999 and must be enhanced by the improved culture condition.

The time courses of the growth of the hairy roots and hyoscyamine content of hairy roots
cultured in the three kinds of basal media, MS, B5 and WP liquid media, were examined (Fig. 1).
In all cases, a single root tip (1 cm long) was inoculated in one flask containing 40 m/ of the three
kinds of medium and cultured. Hyoscyamine contents of the hairy roots cultured in MS and B5
media were affected by light, but the growth of the hairy roots were hardly affected by light. In WP
medium, both hyoscyamine content and the hairy root growth were hardly affected by light, and the
growth of the hairy roots reached up to 498 mg/flask (dry weight) in the dark after 5 weeks of
culture. In MS liquid medium, the relatively high growth rate of the hairy roots was obtained in both
light and dark, while in B5 medium the growth rate was low in both of light and dark. The dry
weight of the hairy roots proliferated 3532 fold in MS medium, 2760 fold in B5 medium and 3750 fold
in WP medium. In MS medium, a higher content of hyoscyamine was obtained in the dark (2. 7%
of dry weight at week 4) than in the light (2. 3% at week 5). In contrast, in B5 medium, higher
content was obtained in the light (1. 949 at week 4) than in the dark (1.529% at week 3). In WP
medium, in which the growth of the hairy roots was the fastest, the lowest contents were obtained
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Fig. 2 Growth and hyoscyamine contents of H. niger hairy roots cultured in B5 liquid medium
with 3% sucrose and 5 mM nitrate (A) and 30 mM nitrate (B) in the light.

both in the light (1. 6% at week 5) and in the dark (1. 49 at week 5). As mentioned above, the WP
medium was most suitable for the growth of hairy roots, and the MS medium was most suitable for
hyoscyamine production and the B5S medium was moderate for both of the growth and hyoscyamine
production. The morphology of the hairy roots cultured in different media differed from each other.
In the MS medium, the hairy roots grew as dark, thick roots. while in the B5 medium the hairy roots
grew as white, thin roots. The hairy roots in the WP medium grew like those in B5 medium. We
compared the highest hyoscyamine contents in the each medium with the content of hyoscyamine
in the aerial part of the mother plants, because aerial parts of H. niger are generally used as a
tropane alkaloid source. The content of hyoscyamine in the hairy roots cultured in MS, B5 and WP
media was 44 fold, 32 fold and 29 fold, respectively, thet of the aerial part of the mother plant.

In a further experiment, we examined the influences of concentrations of sucrose (2-149) and
potassium nitrate (0-50 mM) on the hyoscyamine content and the growth of hairy roots in the B5
liquid medium, which showed the moderate growth and the relatively high production of hyos-
cyamine in the light. All increments of sucrose concentration enhanced the growth of the hairy
roots, except for 149%. All these conditions caused decrease of hyoscyamine content. The growth of
the hairy roots cultured with 3% sucrose remarkably increased up to 329.9 mg dry weight/flask
(188. 5 mg dry weight in B5 medium containing 29§ sucrose). On the other hand, 5 mM and 30 mM
concentrations of potassium nitrate gave relatively good growth and high content of hyoscyamine.
Therefore we carried out the time course experiment on the growth of the hairy roots and the
content of hyoscyamine under different conditions of B5 medium, such as containing 39 sucrose and
5 mM potassium nitrate, containing 3% sucrose and 30 mM potassium nitrate and containing 2%
sucrose and 25 mM potassium nitrate (original B5 medium) (Fig. 2). The growth of the hairy roots
cultured in different potassium nitrate concentrations showed few differences, but some differences

in the hyoscyamine contents (Fig. 2). In the B5 medium containing 39 sucrose and 30 mM potas-
sium nitrate, the content of hyoscyamine was increased up to 2. 6395 dry weight compared with that
(1. 83%,) in the original B5 medium (2% sucrose and 25 mM KNO,;) after 5 weeks of culture.

The hairy roots induced from H. niger by the inoculation of A. »hizogenes furnished the high
growth of more than 3000 fold at week 5 and high production of hyoscyamine (2. 7%, dry weight),
which showed a higher content of hyoscyamine than that by H. albus hairy roots'®. Hyoscyamine
was not detected, in the culture media.
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(FNXEKT)

A. vhizogenes DR L > THEE L7283 X (Hyoscyamus niger)
ERBIC L2 buXv T ad NOEE

WH=(E - ZYIEMR - EE 83

B A IR SR IR

Agrobacterium rhizogenes DBHIC X > THEE LIzt I ADEWREH & 4 & L T hyoscyamine %5
I 3% T (58I 3 530.99%) 4> B L, scopolamine, 68 -hydroxyhyoscyamine, 78 - hydroxyhyos-
cyamine & [FFFIZE 7., HEENERD 5% 2 % & hyoscyamine DERBIC L 2EEB I » R D 5L, 5o
e O fEE MS 8247 1% hyoscyamine S B255 <, WP B CIHEENE S B\ I & 2% /-, B55H
TiAHE, hyoscyamine & & bR D BEL wr o728, M, KNO,OBLR Y 2RET A L12LD
hyoscyamine & & % KB E S ¥ 2 2 E k7, kB, MSE#MERE WS Z LT, &b EWhyos
cyamine & 2. 7% (WRER) »ERLI.



