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A transformed root culture of Hyoscyamus albus L. induced by Agrobacterium rhizogemes strain A4 was
employed to investigate the tropane alkaloid producition and some characteristics of light-grown roots. Modified
Woody Plant liquid media which consisted of half strength inorganic elements containing 25-40 mM KNO,
effectively enhanced the alkaloid yields. The hairy roots turned palegreen when cultured in half-strength
Murashige and Skoog liquid medium under 16 h/d light at 25°C. Chlorophyll contents of hairy roots in Gamborg
B5 medium containing an additional 4 mM (NH,),SO, was comparable to that of the roots in half-strength
Murashige and Skoog medium although the hairy root in the modified Gamborg B5 medium showed slow growth.
Ammonium ion may be one of the factors which control chlorophyll content. Electron microscopy revealed that
the green hairy roots contained two types of plastids, immature chloroplasts and amyloplast-like ones which had
both large granules and some thylakoid.

Introduction

Root cultures are expected to be advantageous to obtain secondary metabolites normally synthe-
sized in the roots of plants. Those established by transformation with Agrobacterium rhizogenes,
widely known as hairy roots, are particularly useful materials because of their rapid growth in
culture media without phytohormones.

Hairy roots of several solanaceous plants including Afropa, Datura, Duboisia, Hyoscyamus, and
Scopolia have been established and their tropane alkaloid production investigated”. Non-trans-
formed adventitious root cultures and hairy root cultures of Hyoscyamus albus have been established
and studied to determine the production of tropane alkaloids using A. 7hizogenes strain 15834,
MAFF 03-01724 and A4%®. In this report, we describe further investigations with hairy roots
transformed with A. rhizogenes Ad.

Among the root cultures of H. albus mentioned above, the only one which was transformed with
strain A4 turned pale green in colour when cultured in the light. Greening of hairy roots has been
reported for Bidens sulphureus, Tuagetes patula™, Digitalis purpurea®, D. lanata®®, Lippia dulcis',
and Amsonia elliptica’®. Some green hairy roots yielded remarkably higher amounts of the secon-
dary metabolites than those cultured in the dark®~'?, We also report the characteristics of the green
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hairy roots of H. albus.
Materials and Methods

Hairy root culture.

Establishment of the hairy root culture was described previously®. Hyoscyamus albus L. was
infected with Agrobacterium rhizogenes harbouring the Ri plasmid (pRiA4) by the leaf-disc method
and the induced hairy roots were cultured on Murashige and Skoog (MS) solid medium*® contaihing
0.5 g/ Claforan (Hoechst Japan Ltd.) to eliminate bacteria. The transformation was proved by an
opine assay with paper electrophoresis'®. ’

For every experiment, hairy roots were pre-cultured in 50 m/ (100 m/ Erlenmeyer flask) of culture
medium supplemented with 3% sucrose at 25°C on a rotary shaker at 100 rpm for 3 weeks. Two root
tipe (about 20 mg fresh weight) from the conditioned hairy roots were inoculated into the same fresh
medium and cultured under the same conditions.

Determination of tropane alkaloids.

Hairy roots were harvested 19 days after inoculation and the fresh weight (fw), and the dry weight
(dw) after lyophilization, were determined individually. About 50 mg (dw) of each sample were
extracted with 5 m/ CHCl,-MeOH-28% NH,OH (15:5:1, w/w/w) as described by Kamada et
al.*®. The alkaloid fraction dissolved in MeOH was injected into ODS 120A column (4. 6 X 250 mm,
TOSOH, Japan) and eluted with MeCN-10 mM SDS solution (adjusted to pH 3. 3 with phosphoric
acid) (2 : 3)». For quantitative analysis, authentic samples were used as the external standards. 78
-Hydroxyhyoscyamine was isolated previously from H. albus hairy roots®. 68-Hydroxyhyos-
cyamine, scopolamine, and hyoscyamine were purchased from Sigma Chemical Co., USA. Littorine
was synthesized from tropine and phenyllacetic acid by the same procedure described for
atropine!®.

Chlorophyll determination.

Chlorophylls (Chis) were extracted with acetone-2. 5 mM potassium phosphate (pH 7. 8) (4 : 1) and
determined with spectrophotometer as described Porra ef al.'”.
Observation of ultrastructure

Green hairy roots were excised into small segments (2 mm length), and fixed with 2. 5% glutar-
aldehyde in 50 mM phosphate buffer (pH 7. 5) for two hours at room temperature. After rinse in the
same buffer, samples were post-fixed with 1% OsO, in the same buffer for one hour at 4°C,
dehydrated in a graded ethanol series and embedded in Spurr’s resin. Ultrathin sections were made
by ultramicrotome (Sorval MT-1), stained with uranyl acetate and lead citrate successively, and
examined with an electron microscope (JEOL, JEM2000EX).

Results and Discussion

Effects of potassium nitrate addition on tropane alkaloid production

Sauerwein and Shimomura® demonstrated that hairy roots of H. albus transformed with A.
rhizogenes MAFF 03-01724 exhibited remarkable growth and high productivity of tropane alkaloids
in McCown’s Woody Plant (WP) medium'® supplemented with 15 mM KNO;. On the other hand,
Christen et al.? showed that alkaloid productivity in hairy roots transformed with another strain,
A. rhizogenes A4 were not affected by addition of KNO; to WP medium. They also investigated the
effects of several metal ions and reported that the growth and alkaloid production depended on the
concentrations of Ca?*, Zn?* and Cu?*. Their result implies that the growth and alkaloid production
were the best when the concentrations of these three cations in WP medium were about a half. Fig.
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Fig. 1 Alkaloid production in H. albus hairy roots cultured in half-strength WP liquid medium with 3%
sucrose and additional KNO; for 19 days.
WP medium originally contains 10 mM NO,~. Numbers in brackets show the fresh weight (g) per
litre medium- Vertical bars denote the standard error (z=3).* p<0. 05,** »<0. 01

1 shows the effcets of the addition of KNO, to a modified WP medium which consisted of half
strength inorganic elements (1/2 WP) on the growth and the tropane alkaloid production of the hairy
roots. The modified media containing 25 and 40 mM nitrate significantly enhanced the alkaloid yield.
These results and those reported previously® suggested that a high concentration of nitrate with
appropriate concentrations of inorganic elements was effective for promoting growth and alkaloid
prodution. The inorganic elements might have some effect on the uptake and/or the metabolism of
nitrate.
Effects of culture media on chlorophyll contents in the green hairy roots

Culturing in the light can make some kinds of hairy roots green and, in some cases, enhance the
production of secondary metabolites as described in the introduction. The detailed characteristics
of green hairy roots have not been reported in spite of their importance. We determined chlorophylls
a and b in the green hairy roots cultured in various media. Christen et al.? reported that in the light
H. albus hairy roots, which were also used in this study, showed a high yield of tropane alkaloids
in Gamborg B5 (B5) medium'®. However, the chlorophyll contents of the green hairy roots cultured
in the medium were very low while culturing in 1/2 MS medium gave relatively high chlorophyll
contents as shown in Fig. 2. We added ammonium salts to B5 medium, which originally contains 2
mM NH,*, to make the concentration of NH,* equal to that of 1/2 MS medium (10 mM).
Supplementation with (NH,),SO, remarkably enhanced the chlorophyll contents while NH,NO,
was less effective (Fig. 2). It is unlikely that SO,*~ increased the amount chlorophyll because B5
medium contains more SO,?~ (2 mM) than 1/2 MS medium (1. 6 mM). We presume that NH,* might
have been the significant element which enhanced the chlorophyll contents. Nitrate ion might have
some inhibitory effect on the chlorophyll contents. However, the growth of hairy roots in modified
B5 media (B5+(NH,),SO, or NH,NQ;) was significantly lower than those cultured in 1/2 MS or B5
medium. Although relatively high chlorophyll content was observed with 1/2 MS medium, this
phenomenon can not be explained by the high concentration of NH,* alone.

Growth and alkaloid production of the green hairy in 1/2 MS medium were not significantly
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Fig. 2 Effect of culture media on chlorophyll content in H. albus hairy roots.

.The culture media tested were Gamborg B5 medium (B5), B5 medium supplemented with 8 mM
ammonium nitrate (B5+AN) or 4 mM ammonium sulfate (B5+AS), and 1/2 MS medium. Vertical
bars denote the standard error (z=3-5).* p<0. 05, ** p<0. 01, *** »<0.001

different from those of dark-grown hairy roots in the same medium (data not shown).
Ultrastructure of plastids in the green hairy roots

Observation by an optical microscope previously suggested that hairy roots of Bidens sulphureus
and Tuagetes patula cultured in the light had chloroplasts, although the activity of photosynthesis was
not proved”. Generally the function of a plastid correlates with the ultrastructure. Normal chloro-
plasts in green photosynthetic tissues are characterized by the developed thylakoid membrane and

Fig. 3 Ultrastructure of different types of plastids in the light-grown hairy roots of H. albus.
Scale bars represent 1 zm. A: An immature chloroplast-like plastid containing poorly developed
grana stack (arrow heads). B: An amyloplast-like plastid with some thylakoid in the marginal part
(arrow heads).

'
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the stacking of grana thylakoid. On the other hand, dark-adapted roots often contain leucoplasts,
proteoplasts or amyloplasts, which have few thylakoid.

We observed the ultrastructure of H. albus green hairy roots. Fig. 3 shows the different types of
plastids observed by electron microscopy. The chloroplast-like structure shown in Fig. 3-A implied
somewhat photosynthetic activity although the plastids had poor thylakoid and grana stack
compared with normal chloroplasts in light-grown leaves. The other type of plastids shown in Fig.
3-B have large granules, which are generally observed in amyloplasts, and some thylakoid in the
marginal area of the plastid. The plastids of this type were 3-5 times as large as those of the
chloroplast-type. A single cell contained the same type of plastids even though the different types
were observed in the green hairy roots as shown in Fig. 3. The ultratructures suggest that these
plastids have different functions from those in underground roots or chloroplasts in normal green
leaves. Further study is required to clarify the significance of greening and the physiological role of
plastids in hairy roots.
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