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ABSTRACT

Shikonin derivatives were produced from cell sus-
pension cultures of Lithospermum erythrorhizon for the
first time. The results of studies on various culture
media showed that the type of nitrogen source in the
medium greatly influenced the production of these
derivatives. When nitrate was the nitrogen source,
stable production of shikonin derivatives by the cell
suspension culture took place. We also found that
ammonium as the nitrogen source conspicuously inhibited
the production of shikonin derivatives.

INTRODUCTION

Shikonin derivatives from the roots of Lithospermun
erythrorhizon Sieb. et Zucc. (Boraginaceae) possess
antibacterial activity and stimulate the formation of
granulation tissue, thus, these derivatives have been
used as topical medications for wounds, burns, hemor-
rhoids, etc.

Tabata et al. (1974) found that callus tissue of L.
erythrorhizon produced shikonin derivatives on
Linsmaier-Skoog agar medium. Mizukami et al. (1977,
1978) investigated the conditions under which these
derivatives are produced by callus cultures.

We tried to produce shikonin derivatives from cell

suspension cultures grown in the Linsmaier-Skoog medium.

Unexpectedly, none were produced, although the cells
grew well. Therefore, we investigated the effect of
the composition of the media on shikonin production.
Cell suspensions of L. erythrorhizon were cultured in
five widely used media; White's (1954), Linsmaier-Skoog
(1965) , Blaydes' (1966), Gamborg et al.'s B-5 (1968),
and Nitsch and Nitsch's (1969) medium. We here discuss
the relation between productivity and the medium.

MATERIALS AND METHODS

Cultural Methods. A L. erythrorhizon cell line,
M-18 (Mizukami et al., 1978), obtained from Prof.
M. Tabata, Faculty of Pharmaceutical Science, Kyoto
University, was used. This cell line was subcultured
on Linsmaier-Skoog agar medium supplemented with 1076 M
3-indoleacetic acid and 10-> M kinetin. The cells
then were transferred to Linsmaier-Skoog ligquid medium
and subcultured every 14 days. Cells harvested 8-10
days after subculture, which were in the late logarith-
mic growth-phase, were used for an experiment on the
production of shikonin derivatives.

These cells were separated from the medium by f£il-
tering them through a stainless steel sieve with a
pore size of 40 p, after which they were inoculated

into the various media. The effect of a given medium
on shikonin productivity was investigated. All the
media were supplemented with 1076 M 3-indoleacetic
acid and 107° M kinetin. The inoculum consisted of
0.5 g fresh wt. of tissue per 27 ml medium in a 100 ml
flask.

All cultures were carried out at 25°C in the dark.
The cell suspensions were agitated on a rotary shaker
at a rotation speed of 100 rpm with an agitation diam-
eter of 25 mm.

Determination of Shikonin Derivatives. When the
culture period of 14 days had ended, the cells were
harvested, and dried at 35°C for 24 h. Shikonin deriv-
atives were extracted by ethanol and were determined
by the methods described by Mizukami et al. (1977).

RESULTS AND DISCUSSION

Cell line M-18 could produce shikonin derivatives
on the Linsmaier-Skoog agar medium, but not in their
liquid medium, although these cells grew well even in
the liquid medium. We compared cell-growth and the
yield of shikonin derivatives by culturing cell samples
in five media; White's(1954), Linsmaier-Skoog (1965),
Blaydes' (1966), Gamborg et al.'s B-5 (1968), and
Nitsch and Nitsch's (1969) medium. The Linsmaier-Skoog
medium was best for cell-growth and Gamborg et al.'s
B-5 medium was next best (Table 1). The other media
did not produce good cell-growth. Interestingly, of
the five media, shikonin derivatives were produced
only in White's medium. Thus, differences in the yield
of shikonin derivatives as well as cell-growth depended
on the type of medium used.

Table 1. Effects of the Type of Media on Cell-Growth
and on the Production of Shikonin Derivatives.
Cell Shikonin
Medium yield derivatives
(g-DW/1) formed (mg/1)
White (1954) 6.8 130
Linsmaier & Skoog (1965) 16.8 o]
Blaydes (1966) 4.0 0
Gamborg et al. B-5 (1968) 12.2 0
Nitsch & Nitsch (1969) 4.6 0

White's medium differed from the other media in
respect to the nitrogen source. It contained only
nitrate, whereas the other media contained nitrate and
ammonium. The difference in productivity seemed to be
due to the nitrogen source used.

We examined the relation between the nitrogen source
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and productivity with White's medium and the Linsmaier-
Skoog medium by varying the contents of nitrate and
ammonium. Regardless of the basal medium, no shikonin
derivative was produced when the nitrogen source in-
cluded ammonium (1.1 mM), but derivatives were produced
when it consisted of nitrate only (Table 2). However,
there was difference in productivity between the basal
media. With 3.3 mM nitrate, the yield increased when
White's medium was used. In contrast, cells grew bet-
ter in the Linsmaier-Skoog medium than in White's
medium.

Table 2, Influence of the Nitrogen Source on Cell-
Growth and on the Production of Shikonin
Derivatives.

NH4Jr NO5” Basal Cell Shikonin
conc. cone. medium yield derivatives
(mM) (mM) (g-DW/1) formed (mg/1)
0 0 W 1.8 0

1.1 2.2 W 2.1 0

1.1 2.2 s P 2.8 0

0 3.3 W 3.8 100

0 3.3 LS 5.5 50

a White's medium without nitrogen
b Linsmaier-Skoog medium without nitrogen

As described above, the nitrogen source in the me-
dium has a great influence on the production of shikonin
derivatives; ammonium inhibits their production. To
determine whether ammonium really did inhibit the pro-
duction of shikonin derivatives, we changed the mole
ratio of nitrate to ammonium under a constant concen-—
tration of the nitrogen source (NO;3~ +NH4+ =3.3 mM) in

Table 3. Relation of NH4+ Content to Cell-Growth and
to the Production of Shikonin Derivatives.
e, Cell Shikonin
content yvield derivatives
(%) (g*DW/1) formed (mg/1)
0 5.6 130
1 5.7 60
3 5.5 0
5 5.4 ¢]
10 5.6 0
30 2.6 0
50 2.1 0

White's medium. As shown in Table 3, production was
inhibited completely even with only 3% ammonium in the
nitrogen source. Cell-growth was decreased at more
than 10% ammonium.

Examples of the influence of various nitrogen sources
on cell-growth is well documented (Riker and Gutsch,
1948; Nitsch and Nitsch, 1956), but little is known
about their influence on the production of metabolites.
One case of the influence of the type of nitrogen source
on metabolite production has been reported (Ikeda et al.,
1977) in cell suspension cultures of tobacco that pro-
duce ubiquinone. In this instance, an ammonium addition
is described as the nitrogen source rather than nitrate
only in order to increase the yield. But, for the pro-
duction of shikonin derivatives, we found that the yield
was higher when only nitrate was used than when nitrate
and ammonium were used. We consider the inhibition by
ammonium an interesting phenomenon and are making
further studies of this phenomenon.
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