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Suspension cells of Thujopsis dolabrata var. hondai Makino were used as the material for studying the culture
conditions by a two-step culture method (cell growth step and secondary metabolite production step) for the
production of hinokitiol (3-thujaplicin). Murashige and Skoog’s(MS) medium containing NO;-N and NH,-N
in the ratio 3~5 : 1 (total nitrogen 30~75 mM) with 1. 0 mg// NAA and 0. 2 mg/! TDZ was most desirable for cell
growth (MS-O medium). The growth showed 14-fold increase after 30 days of culture in this medium. A
higher ratio of NH,-N to total nitrogen resulted in hinokitiol accumulation in the cells. When the cells were
transferred to the modified MS-O medium with the ratio of NO;-N : NH,-N changed to 1: 2(MS-PC medium),
an increase of hinokitiol level was observed. Also feeding acetates to the medium enhanced hinokitiol accumula-
tion considerably. The highest hinokitiol content of 422 pg/g FW was obtained when the cells were cultured in
MS-0 medium supplemented with 4. 3 mM acetic acid.

Introduction

An irregular monoterpene hinokitiol (8-thujaplicin) ‘is widely present in the heartwood of the
families Cupressaceae’. Hinokitiol has antimicrobial properties, and recently it has been indicated
that hinokitiol suppresses ethylene synthesis and respiration of some fruits and vegetables. For
this reason, hinokitiol is used for preserving foods, and the demand for hinokitiol is now increasing®.

Witte ef al.? found various monoterpens including hinokitiol and diterpens in suspension culture
of Thuja occidentalis. They also pointed out that hinokitiol was detected mainly in the cell extract,
but the cell growth was poor and the yield of hinokitiol was rather low?. Still the understanding
of the biosynthetic pathway of hinokitiol remains rudimentary®®,

In Japan, Thujopsis dolabrata is the most common source for hinokitiol extraction, although, the
heartwood contains hinokitiol no more than 0.06% of dry weight”. We therefore attempted to
produce hinokitiol by means of suspension culture. Improving cell growth and synthesis of secon-
dary metabolites is nepéssary to obtain a high yield of metabolites. The objective of the present
study is to apply the two-step culture method® for the production of hinokitiol in suspension cells
of Thujopsis dolc\zbmta. We also report that the addition of acetates is an effective means of
hinokitiol accumulation.

Materials and Methods

1. Suspension cells and culture method
Suspension cells(cell line 92-910H)were derived from hypocotyl of Thujopsis dolabrata var.
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hondai Makino, which were maintained at 25°C in the dark on a rotary shaker (80 rpm) in MS liquid
medium® containing 1. 0 mg// naphthaleneacetic acid(NAA) and 30 g/! sucrose(MS-IN medium)
which was changed every 2 weeks. Cells(ca.0.5g) were transferred to plastic petri-dishes(¢9
cm) containing 20 m/ of liquid medium.
2. Nitrogen nutrition

The ratio of NO,;-N to NH,-N was controlled by the amount of KNO; and NH,CI, respectively.
3. Plant hormones

Auxins(NAA, 2, 4-dichlorophenoxyacetic acid, picloram, 3-indoleacetic acid and 3-indolebutyric
acid)and cytokinins (2-isopentenyladenine, kinetin, 6-benzylaminopurine, zeatin and thidiazuron
(TDZ)) were used for the study of cell growth.
4. Addition of acetates

Acetic acid, potassium acetate, sodium acetate, ammonium acetate and magnesium acetate were
added to MS-1N medium, respectively and pH was adjusted to 5.8 with NaOH or HCI before
autoclaving.
5. Extraction and HPLC conditions

Fresh cells were extracted with 1% (v/v) methanolic HCI in an ultrasonic bath. The extract was
analyzed by HPLC on Wakosil-1I 5¢ 18 HG column (4. 6 X 250 mm, Wako pure chemical) with 60%
(v/v) MeOH containing 0. 1% (v/v) H;PO, and 0. 025% (w/v) Na,EDTA as eluent with a flow rate of
1.0m{/min. The detection was carried out at 254 nm.
6. Identification of hinokitiol

The gas chromatograph coupled with a mass spectrometer (Jeol JMS-DX303HF)was used.
Spectra were recorded at an electron energy of 20 eV.

Results and Discussion

1. Cell growth step

Owing to the fact that the suspension cells cultured in MS-1N medium grew about 7 times at most
after 30 days of culture, the effects of nitrogen nutrition and plant hormones on cell growth were
investigated. It has been shown that the ratio of NO;-N to NH,-N and plant hormones play an
important role in the growth of suspension cells*®'?. The cell growth of Thujopsis dolabrata was

Fresh weight (g/petri-dish)

~

NO3-N : NHsa-N (molar ratio)
Fig.1 Effect of the ratio of NO;-N to NH,-N on growth of T. dolabrata var. hondai suspen-
sion cells after 30 days of culture.
MS-1IN (1 mg/! NAA and 30g/! sucrose) with the varied ratio of NO;-N to NH,-N.
KNO; and NH,Cl were used as sources of nitrate and ammonium respectively, without
changing total nitrogen concentration at 60 mM. The cells were transferred once to
fresh medium during the treatment.
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Fig. 2 Effect of the combination of NAA and TDZ on growth of 7. dolabrata var. hondai
suspension cells after 30 days of culture.

affected by the ratio of NO;-N to NH,-N. The maximum fresh weight was found in the ratio
between 5: 1 and 3:1, leading to the conclusion that the ratio of 3~5:1 is desirable for growth of
suspension cells(Fig.1). This NO;-N ratio was lower than that of Gamborg-B5(B5)medium
(12.5:1), and higher than that of MS basal medium(2:1). The concentration of total nitrogen
was then changed keeping the ratio of NO;-N to NH,-N to 4:1, cell growth remained stable with
30~75 mM (data not shown).

In the preliminary experiments, addition of NAA as auxin or TDZ as cytokinin to MS basal
medium showed successful cell growth. Huetteman and Preece'® showed that exposure to TDZ
enhanced in vitro establishment and the proliferation of woody plants. The combination effect of
NAA and TDZ were then examined (Fig. 2). The cells cultured in MS basal medium supplemented
with 1.0 mg// NAA and 0.2 mg// TDZ showed the highest growth rate (14 times).

Based on these results, MS medium containing NO;-N and NH,-N in the ratio 4:1 of total
nitrogen at 30 mM with 1. 0 mg// NAA, 0.2 mg// TDZ and 30 g/! sucrose was adopted as a basal
growth medium (MS-0).

2. Hinokitiol production step

The HPLC peak was identified by means of GC-MS as hinokitiol (data not shown).

There are some studies that secondary metabolite production was affected by the form of
nitrogen source used in the medium'~'®. Hinokitiol production was examined by varying the ratio
of NO;-N and NH,-N. Culture in modified MS-1IN medium did not enhance hinokitiol content
(less than 12. 1 ug/g FW). On the other hand, hinokitiol production was stimulated when the cells
were cultured in modified MS-O medium of which more than half of total nitrogen was supplied as
NH,-N (Fig. 3).

Consequently, modified MS-O medium with the ratio of NO;-N : NH,-N changed to 1 : 2 was the
most suitable for hinokitiol production (IMS-PC medium).

The time courses of hinokitioi accumulation and cell growth in four kinds of media were then
examined(Fig. 4). Hinokitiol content was high when the medium was not suitable for cell growth.
In MS-PC medium, hinokitiol content of the cells was increased substantially during the first 14
days in spite of low growth, reaching a peak of 227 ug/g FW followed by a gradual decrease.

In the hinokitiol production step, the suspension cells that showed vigorous hinokitiol accumula-
tion doubled at most after 30 days of culture. Such an inverse relationship between growth and
secondary metabolite production has been reported in other plant cell cultures'®'?.

The growth rate doubled when the suspension cells were cultured in MS-O medium. When these
cells were then transferred to the medium for production (MS-PC medium), hinokitiol accumulation
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Hinokitiol content (. g/g FW)

NO3-N:NH4-N (molar ratio )
Fig.3 Effect of the ratio of NOs;-N to NH,-N on hinokitiol accumulation in suspension cells
of T. dolabrata var hondai after 7 days of treatment.
The cells cultured in MS-O (8) or MS-1N (§)medium were used and the ratio of NO,-
N to NH,-N of the medium was changed. KNO; and NH,Cl were used as sources of
nitrate and ammonium without changing total nitrogen concentration at 60 mM (MS-
IN)and 30 mM(MS-0). MS-0 medium: 1 mg/! NAA, 0.2mg/! TDZ, NO;-N : NH,-
N=4:1
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Fig.4 Time course of hinckitiol accumulation(A)and growth(B)of 7. dolabrata var. hondai
suspension cells cultured in various media. '
The cell cultured in MS-O were used. A, MS-1IN; [, B5(with 0. 5 mg/! NAA); O, MS-
O(NO,-N:NH,-N=4:1, 1mg/l NAA, 0.2mg/l TDZ); @, MS-PC(NO,-N: NH,-
N=1:2, 1mg/l NAA, 0.2 mg/{ TDZ)

was found to increase considerably in 14 days of culture. In this way we established the two-step
culture method.
3. Feeding of acetates

The increase of hinokitiol content in cells was observed when acetic acid was added to liquid
medium. The results suggested that acetic acid was the basic precursor for the synthesis of
hinokitiol via acetate-mevalonate pathway. A few experiments were conducted to clarify the
acetic acid effect on hinokitiol production. Hinokitiol contents were proportional to the change of
acetic acid concentration less than 8.6 mM, and addition of acetic acid at 4.3mM gave the
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Fig.5 Effect of various concentrations of acetic acid feeding to MS-1IN medium on hinokitiol
accumulation in suspension cells of 7. dolabrata var. hondai.
The cells cultured in MS-O medium were used. The cells were harvested after 9 days
of treatment.
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Fig.6 Effect of the addition of various acetates at 4.3 mM on hinokitiol accumulation in
suspension cells of 7. dolabrata var. hondai.
The cells cultured in MS-O medium were used. The cells were harvested after 9 days
of culture.

Hinokitiol content ( « g/g FW)

maximum content of 223 pg/g FW (Fig.5). Acetic acid addition showed marked reduction of cell
growth, however (data not shown). The addition of four other kinds of acetates also increased the
hinokitiol content of the cells(Fig. 6). Added form of acetates caused differences in the final
gylture pHs from 4. 0 to 5. 4, while the ce11§ gultured in the medium with added acetic acid and wit@
an unadjusted pH(3.7) did not accumula,‘tp?hinokitiol (data not shown). The variations in hino-
kitiol content probably.depends on the cggnge in the medium pH. Also the kind of medium
markedly effected the hinokitiol accumlation. The suspension cells cultured in MS-1N, MS-0 and
MS-PC media were transferred to the respective medium supplemented with acetic acid at 4. 3 mM.
Noticing, however, that the cells could not be maintained in MS-PC medium, part of the cells
cultured in MS-O medjum was transferred to MS-PC medium seven days before the addition of
acetic acid. The highest hinokitiol content of 422 ug/g FW was obwitg;ined when cells cultured in MS-
0O medium were transferred to MS-O medium supplemented with acetic acid.  On the other hand,
the cells cultured in MS-PC medium did not respond to acetic acid addition (Fig.7). Transfer of
suspension cells to MS-PC medium repressed cell growth with a gradual change of cell color from
yellowish white to brown. It was hence inferred that the ability of the cells to absorb or trans-
locate added acetic acid was reduced, and as a result, the cells cultured in MS-PC medium
accumulated only a small amount of hinokitiol. Consequently, feeding acetates was an effective
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Hinokitiol content

Fig.7 Effect of media on hinokitiol accumulation in suspension cells of 7. dolabrata var.
hondai.
Acetic acid was added to the media at 4. 3 mM.
The cells cultured in MS-1N or MS-O medium were used. The cells were harvested
after 7 days of addition. *Part of cells cultured in MS-O medium were transferred to
MS-PC medium for 7 days before addition.

means for hinokitiol formation. Further work with *C tracers is necessary to determine hinokitiol
biosynthesis from acetic acid.

The addition of weak alkaline acetate such as potassium acetate can adjust the medium pH which
tends to decrease during the culture. In practice, this method is convenient because it does not
require the transfer of cells from growth medium to production medium, making it useful in the
commercial hinokitiol production.

We found that the suspension cells induced from other species of Cupressaceae family produced
hinokitiol and grew faster than the cell line used in this study. It is expected that further selection
of cells will contribute to the development of more efficient hinokitiol production methods.
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