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Abstract

Cultured cells of Thuja dolabrata var. hondai, which were able to produce b-thujaplicin in high yield, were induced and
selected. The effective production and extraction of b-thujaplicin has been achieved using the cultured cells in a
semi-continuous culture system. This system needs only the whole cells without immobilizing them and the flesh medium in
each batch production. The productive efficiency did not decrease during repetitive batch production. q 2000 Elsevier
Science B.V. All rights reserved.
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Ž .b-Thujaplicin hinokitiol , a naturally occurring
tropolone derivative, has been widely used in Japan
as a medicine, food ingredient and cosmetic due to
its strong antibacterial activities. b-Thujaplicin is
extracted from the heartwood sawdust of Thuja

Ždolabrata var. hondai Japanese name: hiba or ao-
.mori-hiba . Recently, the demand for b-thujaplicin is

increasing, however, the supply of b-thujaplicin is
quite limited due to regulated deforestation. To date,
the production of b-thujaplicin by the cell suspen-

w xsion culture of T. dolabrata var. hondai 1 , T.
w xoccidentals 2 , and b-thujaplicin-containing related
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w xplants such as Cupressus lusitanica 3,4 and Calo-
w xcedrus formosana 5 , have been investigated, but

satisfactory results have not yet been obtained. We
now reported the high production of b-thujaplicin
using a semi-continuous suspension cultures of T.
dolabrata var. hondai cells.

T. dolabrata var. hondai leaves and seeds were
obtained from Aomori Prefecture, Japan, in 1994.
Calli were induced from the leaves and seedlings on

Ž . w xMurashige and Skoog’s MS medium 6 containing
Ž .3% sucrose, 1 ppm of 1-naphthalene acetic acid N1 ,

Ž .and 0.5% agar adjusted to pH 5.8 . The calli were
subcultured at 4-week intervals on solid MS medium.
A suspension culture was started by transferring the
calli to 100 ml of liquid MS medium containing 3%

Ž .sucrose and N1 MS-N1, pH 5.8 in a 300 ml Erlen-
meyer flask. The suspension culture was agitated on
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Fig. 1. Time course of b-thujaplicin production in T-3 cells.
Ž . Ž .Amount of b-thujaplicin in medium B and cells v .

a rotary shaker at 100 rpm and 258C in the dark, and
subcultured at 2 week intervals in the same freshly
prepared medium. b-Thujaplicin-producing cells
were easily distinguished from the non-producing
ones by the color of the culture medium. Three days
after the transfer into fresh medium, the medium
became reddish-brown due to formation of the b-
thujaplicin-Fe ion complex and an oil film on the
surface was visible. No root and shoot like structures
were found. The cells have been maintained for more
than 5 years on MS-N1 medium. Intracellular b-
thujaplicin was extracted from the fresh cells with 10
volumes of AcOEt after ultrasonic treatment. The
used medium was extracted twice with AcOEt at the
rate of 1–10 of the water volume. The extracts were
concentrated under reduced pressure. The amounts of
b-thujaplicin in the cells and the used medium were

Žmeasured by HPLC Crest Pak C18S Ø 4.6 mm=
.250 mm, 0.1% H PO in CH CN:H Os55:45 . The3 4 3 2

identification of the product was confirmed by 1H-
and 13C-NMR and HPLC analyses on the compari-
son with a commercial available b-thujaplicin.

Ž .Twenty-six cell lines T-1–T-26 were derived
from calli and examined under the regulation of

Žfollowing plant growth hormones: N1 1 ppm of
. Ž1-naphthalene acetic acid , N1K0.1 N1q0.1 ppm

. Žof kinetin , D1 1 ppm of 2,4-dichlorophenoxyacetic
. Ž .acid , D1K0.1 D1q0.1 ppm of kinetin . The cell
Ž .lines each 1 g were suspended into 100 ml of the

Žfour media MS-N1, MS-N1K0.1, MS-D1, and MS-
.D1K0.1 , and then the amounts of b-thujaplicin in

the cell line and the cell growth were measured after

incubation for 3 days. As the best cell line, the T-3
Žcell line regulated by N1K0.1 was selected the

amount of b-thujaplicin in the cell line: 236 mg, the
.cell weight: 1.2 g and used in the following experi-

ments.
The b-thujaplicin production from 1 to 4 weeks

was studied in both T-3 cells and the medium. As
shown in Fig. 1, it was observed that the production
ratio of b-thujaplicin in cells and the used medium is
about 1:3. After 3 weeks, the cell growth ratio was
2.36 times, and the b-thujaplicin content in the total
oils from the cells and in the used medium were 23
and 92%, respectively.

The relationship of inocula size, e.g. 1, 3, and 5 g,
Ž .into the fresh medium 100 ml and the b-thujaplicin

production in the medium was examined as shown in
Fig. 2.

It was found that an inocula size of 1 g in the
Ž .fresh medium 100 ml produced the highest amounts

of b-thujaplicin in the medium.
Repetitive use of the T-3 cell line in a semi-con-

tinuous culture system was investigated. A suspen-
sion culture was started by transferring 1 g of calli to
100 ml of the liquid MS-N1K0.1 medium in a 300 ml
Erlenmeyer flask and cultured for 2–4 week. The
used culture medium was changed to the same freshly

Ž .prepared medium sterilized and continuously sub-
Ž .cultured at 1 or 2 week intervals see Fig. 3 .

The weight of the cells increased about two times
among the first batch production, however, the cell
growth was not observed after the second batch

Fig. 2. Relationship between inocula size and b-thujaplicin pro-
duction. Amount of b-thujaplicin in medium: inocula size, 1 g per

Ž . Ž . Ž .100ml v , 3 g per 100ml ' , 5 g per 100ml B .
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Fig. 3. Schematic diagram of a semi-continuous culture system.

production. The addition of fresh medium did not
show the accumulation of intracellular b-thujaplicin,
while the producing in extracellular b-thujaplicin in
the medium was observed. In two cases, over 28 mg
of b-thujaplicin was obtained after six batch produc-
tions as shown in Table 1.

In repetitive batch use, the T-3 cells maintained
the high productivity after 12 weeks of usage. These
results show that the semi-continuous culture system

Žis better than the normal suspension culture single
.use for effective b-thujaplicin production. Further-

more, this system had an advantage of recovering

Table 1
The production of b-thujaplicin by T. dolabrata var. hondai cells
in a semi-continuous culture systema

bBatch Run 1 Run 2
c d c dŽ . Ž . Ž . Ž .Time week Yield mg Time week Yield mg

1 2 5.16 4 9.39
2 2 6.71 1 5.26
3 2 5.37 1 4.02
4 2 4.57 1 3.35
5 2 3.20 1 3.21
6 2 3.06 1 3.15

Total 12 28.07 9 28.38

a Initial conditions: 1 g of T-3 cell line was added to 100ml of
the fresh MS media containing 1 ppm of 1-naphthalene acetic acid
and 0.1 ppm of kinetin.

b The media was exchanged with a freshly one in each batch
reaction.

c Culture time.
d Ž .Amount of b-thujaplicin in used cultured medium.

b-thujaplicin produced, because the product was ex-
creted into the used medium. Thus, the effective
production of b-thujaplicin has been achieved using
T-3 cells in a semi-continuous culture system. The

Žapplication of this system to a large-scale gram
.scale production production of b-thujaplicin is cur-

rently under investigation and will be reported in a
future paper.
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