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Abstract

Hairy root clones of Scopolia japonica were established by selection of a
number of adventitious roots formed on the root segments inoculated with
Agrobacterium rhizogenes strain 15834. Two highly alkaloid-productive clones
S1 and S22 were examined for their growth rate and alkaloid productivity un-
der various cultural conditions. When clone S1 was cultured in each optimum
medium for 4 weeks at 25°C in the dark, the weight of the root tissue was
increased by 79 times and the scopolamine content was 3 times higher than
that of the original rhizome. Similarly, the weight of clone 522 was increased
by 100 times and the hyoscyamine content was 8 times higher than that of the
original rhizome. On two-stage culture method combined with both optimum
media for growth and scopolamine production, clone S1 produced scopolamine
at a level of 560ug per 50 ml culture for 4 weeks.

Keywords: Tropane alkaloids; Agrobacterium rhizogenes; Hairy root culture; Scop-
olamine; Hyoscyamine.

Abbreviations: A, Agropine; Hyos, Hyoscyamine; M, Mannopine; Scop, Scop-
olamine.

1. Introduction

Agrobacterium rhizogenes is the cause of the so-called “hairy Toot” disease
of dicotyledonous plants and induces adventitious roots at the site of infec-
tion. This involves the integration of the root-inducing (Ri) plasmid into
the plant genome (Chilton et al., 1982). Hairy roots can be cultured asep-
tically in phytohormone-free media and subcultured indefinitely (Tanaka et
al., 1985).
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y I Introduction

of dicotyledonoys plants and indyces adventitious roots at the site of infec-

tion. This involves the integration of the root-inducing (Ri) plasmid into

differentiated from the callus tissues (Hashimoto and Yamada 1983). It was
. : 3

reported that hairy root clones of Hyoscyamuys muticus produced about the
selzme amount of alkaloids as normal roots (Flores and Filner, 1985). Mano et
a .d(198§) re;x;rted that hairy root clones of Scopolia japonsica grew rapidly
and produced fairly |5 i ine in i

- Y large amounts of scopolamine and hyoscyamine in liquid
. Here ?ve report on establishment of hairy root clones of 8. japonica after
moculation of the root segments with 4. rhizogenes, and on eXamination of

medium conditions for t ; : )
ey ropane alkaloid production by cultures of hairy root

2. Materials ang Methods
Bacteria and plant materials

A. rhizogenes strain ATCC 15834 was used in the present study. S. japon-

tca Maxim, (about 50 cm in height) was provided by Dr, H. Kimura of
Kanazawa, Umversity, Kanazawa, Japan.

Culture mediq

hairy root clones of S. japonica: i
- Japonica: (W) White, 1963; (H) Heller, 1953: (SH
Schenk—Hlldebrandt, 1872 and (K) Knop, 1965. These basal medi:;. flse(i

were supplemented wi y .
b~ 1oy P with 3% sucrose but no phy tohormones, and adjusted to
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Establishment of hairy root clones

Inoculation of sterilized root segments of S. japonica with A. rhizogenes
and selection of adventitious root formed on the root segments were carried
out essentially as reported previously (Tanaka et al., 1985; Mano et al.,

1985).

Cultures of hair voot clones

About 60 mg fresh weight (ca 4.4 mg dry weight)of each of hairy root
clones was inoculated into 50 ml of a liquid medium in a 100 ml beaker and
incubated in a rotary shaker in the dark (100 rpm at 25°C).

Opine assay

Agropine and mannopine in hairy root clones were analyzed by paper elec-
trophoresis (PE) and cellulose thin-layer chromatograpy (TLC), as reported
previously (Tanaka et al., 1985).

Analysis of tropane alkaloids

Scopolamine and hyoscyamine in hairy root cultures (ca. 50 mg dry weight)
were extracted, essentially according to Yamada et al., 1982, and identi-
fied by field-desorption mass spectrometry. Contents of scopolamine and
hyoscyamine were each analyzed by high pressure liquid chromatography
(HPLC) as reported previously (Mano et al., 1985).

3. Results
Establishment of hairy root clones of S. japonica

When aseptically prepared rhizomes of S. japonica were inoculated with
A. rhizogenes strains 15834, numerous hajry roots emerged from the infection
site after 4 weeks incubation at 25°C in the dark. Tips of hairy roots were
individually excised and subcultured on 1% agar W medium every 4 weeks
for 3 to 4 passages. About 10% of the total hairy roots excised continued to
grow on the phytohormone-free medium. The hairy roots with no bacterial
contaminations were designated as axenic hairy root clones.

Of a number of hairy root clones, two which were rapidly growing and
highly alkaloid-productive were selected. The characteristics of both clones
are listed in Table 1. When clones S1 and S22 were each cultured in H liquid
medium at 25°C in the dark for 4 weeks, both clones grew very rapidly. The
growth index (harvest dry weight per inoculum dry weight at 4 weeks) of
clone S1 and S22 was 26 and 52, respectively. Scopolamine and hyoscyamine,
the major tropane alkaloids of S. Japonica, were produced by both clones.
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Table 1. Characteristics of the selected hairy root clones S1 and S22 of Scopoka japonsica.

Clone Growth Alkaloid Alkaloid Opine
index content productivity production
Scop Hyos Scop Hyos A M
S1 26 0.14 0.45 36 ) L1k = +
S22 56 0.01 0.46 6 258 &l &

Growth index (g harvest / g inoculum) and alkaloid content (% dry weight) were deter-
mined at 4 week cultures of each clone. in H liquid medium. Alkaloid productivity (mg /
g inoculum / 4 weeks) is defined in the text. Scop - scopolamine; Hyos — hyoscyamine; A

— agropine; M ~ mannopine; + positive; - negative.

But the content and the pattern of the produced alkaloids were different
between the two clones. Clone S1 produced a fair amount of scopolamine
and a large amount of hyoscyamine. On the other hand, clone S22 produced
a very large amount of hyoscyamine but a small amount of scopolamine.
Alkaloid productivity was estimated by multiplying the alkaloid content by
the growth index. The highly scopolamine-productive clone S1 produced only
mannopine, and the highly hyoscyamine productive-clone S22 produced both
agropine and mannopine. On subculture of clone S22 in SH-2 medium every
4 weeks, the growth rate, tropane alkaloid production and opine production
of the clone were stably maintained during 6 successive subcultures, as shown
in Fig. 1.

Tropane alkaloid production by cultures of hairy root clones

In order to maximize culture conditions for growth and tropane alkaloid
production, hairy root clones S1 and S22 were each cultured in basal media
under various culture conditions. Optimum temperature (22°C), shaking
speed (100 rpm) and light-irradiation (dark) conditions were established for
both clones in H medium. The optimum basal media for growth were H and
SH for clones S1 and S22, respectively. When H medium was supplemented
with 0.078 mM of FeNaEDTA (ethylenediaminetetraacetic acid sodium iron)
instead of FeCls, the weight of clone S1 was increased 40 fold during 4 weeks,
as indicated with HF in Table 2. On the other hand, when the pH of SH
medium was adjusted to 6.4, the growth index of clone S22 was increased
102 fold, as indicated with SH-1. Removal of NH, + ion from SH-1 medium
(see SH-2), stabilized the rapid growth, with lateral branches, of the hairy
root clones and reduced the callus formation during cultivation, although

v——-——
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Figure 1. Stability of clone S22 in growth and hyoscyamine content during 6 successive
fsubcult.ures. Clone S22 was subcultured every 4 weeks in SH-2 medium. Growth
index and hyoscyamine content were determined at 4 weeks culture.

the growth rate was not remarkably increased. The weight of clones S1 and
522 was increased by 79 times and 100 times, respectively, after 4 weeks
cultivation in SH-2 medium,

Addition of 1% casamino acids to H medium instead of NaNOy increased
the scopolamine content of clone S1 by 3 times as indicated with HC in
Table 2. Also, the optimum PH for scopolamine production of clone S1 in HC
medium was 7.0. The scopolamine content of clone S1 in HC medium reached
a level of 0.5% on a dry weight basis for 4 weeks culture. This content was 3
times higher than that of the original rhizome. For hyoscyamine production
of clone S22, K was optimum among the tested basal media. Although the
effects of nitrogen source, pH and component concentration in K medium
Wwas examined, almost no increment was found in the hyoscyamine content
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Table 2. Medium conditions for growth and tropane alkaloid production of hairy root
clones S1 and S22

Clone Medium Growth Alkaloid Alkaloid
index content productivity
Scop Hyos Scop Hyos
S1 H 26 0.14 0.45 36 LT
HF 41 0.08 0.40 32 164
SH-2 79 0.08 0.55 63 435
HC 3 0.50 0.36 2 I3,
S22 SH 64 = 0.42 = 269
SH-1 102 = 0.45 e 459
SH-2 100 = 0.48 = 480
K 2 - 1.30 - 26

Growth index and alkaloid content were determined at 4 weeks culture of clones S1 and
$22. Contents of scopolamine and hyoscyamine in the original rhizome was 0.1% and
0.16% (dry weight), respectively. — not detected; abbreviations as above.

of clone S22 (data not shown). The hyoscyamine content of clone 522 in
K medium reached a level of 1.3% on a dry weight basis for 4 weeks. This
content was 8 times higher than that found in the original rhizome. In
order to increase scopolamine production in clone S1, a two-stage cultivation
method was examined. After 3 weeks culture of clone S1 in SH-2 medium,
the hairy root was transferred to HC medium and cultured for one more week
(Fig. 2). The scopolamine content in clone S1 reached a level of 560ug per
50 ml culture by the two-stage method. This level was 5 times higher than
that of the 4 weeks culture in SH-2 medium.

4. Discussion

Hairy root clones of S. japonica were established by selection of adven-
titious roots formed on the root segments inoculated with A. rhizogenes
strain 15834. By screening of a number of hairy root clones, the highly
scopolamine-productive clone S1 and the highly hyoscyamine-productive
clone S22 were selected. The characteristics of S. japonica hairy root clones
were stably maintained for at least 6 successive subcultures.

The productivity of the established clones S1 and S22 for scopolamine and
hyoscyamine, respectively, was increased by maximizing medium conditions.
The growth of hairy root clones was significantly increased by addition of
FeNaEDTA and change of pH in the medium. Also, the content of scopo-
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Figure 2. Two-stage cultivation of clone S1. Clone S1 was cultured in SH-2 medium for
3 weeks and then transferred to the fresh HC (o) or SH-2 (A) medium. Total
scopolamine in 50 ml culture was determined after one more week cultivation.
(#); Continuous cultures in SH-2 medium for 4 weeks.

lamine in clone S1 was increased by supplement of H medium with casamino
acids, which may act as precursors of tropane alkaloid synthesis. The growth
of hairy root clones was repressed in the optimum media for tropane alka-
loid production. This suggested that the alkaloid synthesis resumes when
growth slows down. Therefore, the scopolamine productivity of clone S1
was increased by the two-stage cultivation method combined with both opti-
mum media for growth and scopolamine production. These results indicated

that the hairy root culture of S. japonica is useful for production of tropane
alkaloids.
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5. Conclusions

Hairy root clones of S. japonica were established by selection of a number
of hairy roots formed on the root segments inoculated with A. rhizogenes. Of
these clones, two highly alkaloid-productive clones S1 and S22 were selected
and examined for growth and tropane alkaloid productivity under various
medium conditions. The tropane alkaloid production of these clones was
increased by maximizing medium conditions.
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