
β-Thujaplicin (hinokitiol) is a tropolone derivative present in the heartwood of cupressaceous plants and
is used as a medicine, a food additive, and a preservative, and in cosmetics as hair tonic. The cultured
plant cells of Nicotiana tabacum glycosylated β-thujaplicin to two glucosides, 4-isopropyltropolone 2-O-
β-D-glucoside (6%) and 6-isopropyltropolone 2-O-β-D-glucoside (12%), and two gentiobiosides, 4-iso-
propyltropolone 2-O-β-D-gentiobioside (2%) and 6-isopropyltropolone 2-O-β-D-gentiobioside (5%)
after 48 h incubation. The use of immobilized cells of N. tabacum in sodium alginate gel much improved
the yield of the products; the glycosylation of β-thujaplicin with immobilized N. tabacum gave the gly-
coside products, 4-isopropyltropolone 2-O-β-D-glucoside (11%), 4-isopropyltropolone 2-O-β-D-gentio-
bioside (6%), 6-isopropyltropolone 2-O-β-D-glucoside (20%), and 6-isopropyltropolone 2-O-β-D-gen-
tiobioside (10%). On the other hand, 4-isopropyltropolone 2-O-β-D-glucoside (14%), 4-isopropyl-
tropolone 2-O-β-D-gentiobioside (7%), 6-isopropyltropolone 2-O-β-D-glucoside (33%), and 6-iso-
propyltropolone 2-O-β-D-gentiobioside (13%) were obtained through the biotransformation with immo-
bilized cells in the medium without iron ions. In comparison with the case of bioconversion in the nor-
mal medium containing iron ions, removal of iron ions improved the yields of products.

Keywords: Glycosylation – β-thujaplicin – β-glucoside – β-gentiobioside Nicotiana tabacum – immobi-
lized cells

INTRODUCTION

Plant cell suspension culture is an ideal system to investigate the ability of plant cells
to biosynthesize secondary metabolites and to propagate rare plants [1]. In recent
years, such biological potential of plant cell culture to produce specific secondary
metabolites has attracted much attention in organic synthesis, because the cultured
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plant cells are capable of converting exogenously administrated cheap and plentiful
compounds into expensive and useful compounds which are difficult to produce by
chemosynthetic methods. The biotransformation reactions catalyzed by cultured
plant cells include oxidation, reduction, hydroxylation, esterification, hydrolysis,
methylation, glycosylation, and isomerization. It is well known that plant cells accu-
mulate many kinds of glycosides as secondary metabolites such as saponins [2–6].
One-step enzymatic glycosylation by cultured plant cells is useful for preparation of
glycosides rather than chemical glycosylation which requires lengthy protection-
deprotection steps and has been carried out for many exogenous compounds, that is,
digitoxigenin, terpenoids, cineole, steviol, and tropic acid [7–13].

Tropolones are naturally occurring aromatic seven-membered compounds and are
found in the heartwood of cupressaceous plants such as Chamaecyparis obtuse var.
formosana (Taiwan-hinoki), Thuja plicata (Western red cedar), and Thujopsis
dolabrata var. hondai (hinokiasunaro). Thujaplicins are isopropyl-substituted
tropolones and exist in three structural isomers, α-, β-, and γ-thujaplicin. β-Thujap-
licin is the most intensively studied isomer and is well known for its inhibitory
effects on the growth of fungi, bacteria, and insects [14–16]. Additionally, β-thu-
japlicin was found to exhibit anticancer activity [17]. Irrespective of such biological
and pharmacological activities, its use as a food preservative and medicine has been
limited because of its water-insolubility, light decomposition, sublimation, and chela-
tion with iron ion. Glycosylation allows the conversion of water-insoluble and unsta-
ble organic compounds into the corresponding water-soluble and stable ones to
improve their bio- and pharmacological properties, e.g., glycosides of volatile com-
pounds such as aromatic alcohols have been widely used in folk medicines. From the
physiological point of view, glycosylation of β-thujaplicin is of importance to pre-
pare water-soluble and stable glycoside derivatives as food additives, medicines, and
cosmetics. However, little attention has been paid to the enzymatic glycosylation of
β-thujaplicin with cultured plant cells and there are no reports on high production of
β-thujaplicin glycosides by immobilized plant cells. We now report the biotransfor-
mation of β-thujaplicin with a higher water-solubility by the cultured plant cells of
Nicotiana tabacum and by immobilized N. tabacum cells.

MATERIAL AND METHODS

General

β-Thujaplicin used as a substrate was purchased from Aldrich Chemical Co. The 1H
and 13C NMR, H-H COSY, C-H COSY, and HMBC spectra were recorded using a
Varian XL-400 spectrometer in CD3OD solution and the chemical shifts were
expressed in δ (ppm) referring to TMS. The FABMS spectra were measured using a
JEOL MStation JMS-700 spectrometer.



Cell line and culture conditions

The cultured cells of N. tabacum have been cultivated over 20 years in our laborato-
ry and subcultured in 300 ml conical flasks containing Murashige and Skoog’s medi-
um (100 ml, pH 5.7) on a rotary shaker (120 rpm) at 25 °C in the dark for every 3–5
weeks. Part of the callus tissues (fresh weight 30 g) was transplanted to freshly pre-
pared MS medium (100 ml in a 500 ml conical flask, pH 5.7) containing 3% sucrose
and was incubated for 3 weeks prior to use for this work.

Glycosylation of β-thujaplicin
by the cultured cells of N. tabacum

Sixteen mg of β-thujaplicin was administered to the 500 ml flask containing the sus-
pension cultured cells of N. tabacum and the cultures were incubated at 25 °C for
48 h on a rotary shaker (120 rpm) in the dark. After the incubation, the cells and
medium were separated by filtration with suction. The filtered medium was extract-
ed with EtOAc. The medium was further extracted with n-BuOH to give no glyco-
side products. The cells were extracted (x3) by homogenization with MeOH. The
MeOH fraction was concentrated and partitioned between H2O and EtOAc. The
EtOAc fractions were combined and concentrated. The H2O fraction was applied to
a Dianion HP-20 column and the column was washed with H2O followed by elution
with MeOH. The MeOH eluate was subjected to HPLC [column: CAPCELLPAK
R&D C18 column (250 × 30 mm); solvent: MeOH : H2O (9 : 11, v/v); detection: UV
(340 nm); flow rate: 1.0 ml/min] to give products 2 (tR= 6.5 min), 3 (tR= 4.2 min),
4 (tR= 7.6 min), and 5 (tR= 4.8 min). The yield of the products was determined on the
basis of the peak area from HPLC and expressed as a relative percentage to the total
amount of the whole reaction products extracted.

Preparation of immobilized cells of N. tabacum
in sodium alginate gel

Sodium alginate (1, 2, 3, 4, and 5%) was suspended in water (500 ml), which was
autoclaved at 120 °C for 30 min. The cultured cells in the stationary growth phase
have been used for experiments. Cultured cells of N. tabacum (100 g) were added to
this solution and the mixture was stirred for 2 h until it became homogeneous. The
suspension was added dropwise from a dropping funnel with a glass tube into a 5%
CaCl2 solution (1 l) with stirring to form pieces of spherical sodium alginate gel with
5 mm diameter immediately. Washing with water gave immobilized N. tabacum cells
which were used for production of β-thujaplicin glycosides.
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Large-scale synthesis of β-thujaplicin glycosides by immobilized cells
of N. tabacum in sodium alginate gel

Reaction was started by administration of 16 mg substrate to 150 ml of the immobi-
lized N. tabacum cells which included 30 g of N. tabacum cells with 100 ml of MS
medium containing 3% sucrose in a 500 ml conical flask and the flask was stirred at
25 °C for 48 h on a rotary shaker (120 rpm) in the dark. Products were extracted from
the cells and were purified by the same method as described above.

Time course experiments

Thirty g (fresh weight) of the suspension cells of N. tabacum was partitionated to
each of eight flasks containing 100 ml of medium. In the case of the biotransforma-
tion by the immobilized N. tabacum cells, 150 ml of immobilized cells, which
included 30 g of the cells, was partitionated to each flask. Substrate (16 mg) was
administered to each of flasks and the mixtures were incubated on a rotary shaker at
25 °C. At a 6 h interval, one of the flasks was taken out from the rotary shaker, and
the cells and medium were separated by filtration. The extraction and analysis pro-
cedures were same as described above. The yield of the products was determined on
the basis of the peak area from HPLC and expressed as a relative percentage to the
total amount of the whole reaction products extracted.

Effects of iron ion on the glycosylation of β-thujaplicin
by immobilized N. tabacum cells

A cell suspension culture of N. tabacum was transplanted into 500 ml conical flask
containing 100 ml MS minus Fe liquid medium (MS medium without FeS2O4 · 7H2O
and Na2EDTA). After 3 weeks preculture on a rotary shaker (120 rpm) at 25 °C in
the dark, the immobilized cells of N. tabacum were prepared by the same method as
described above. Reaction was carried out by the same transformation system except
of the use of the MS minus Fe liquid medium.

RESULTS

After 48 h incubation of β-thujaplicin (1) with the cultured cells of N. tabacum, prod-
ucts were isolated from the extracts of the cells with MeOH and no products were
observed in the medium. Four major glycoside products 2–5 were detected by HPLC.
No additional conversion products were observed in spite of the careful HPLC analy-
ses. The structures of the products were determined on the basis of their FABMS, 1H
and 13C NMR, H-H COSY, C-H COSY, and HMBC spectra as 4-isopropyltropolone
2-O-β-D-glucoside (2, 6%), 4-isopropyltropolone 2-O-β-D-gentiobioside (3, 2%), 6-



isopropyltropolone 2-O-β-D-glucoside (4, 12%), and 6-isopropyltropolone 2-O-β-D-
gentiobioside (5, 5%) (Fig. 1). To investigate the biotransformation pathway, the time
course in the conversion of 1 was followed. As shown in Fig. 2, 1 was glucosylated
to 2 and 4 at 6 h incubation, whereas the products 3 and 5 were predominantly accu-
mulated in the cells after 12 h incubation. The experiments were repeated twice with
essentially the same result, and one representative data set is shown in Figures 2, 3,
4 and 5.

In order to examine the effect of sodium alginate concentration on the glycosyla-
tion of β-thujaplicin (1), the cells were immobilized with sodium alginate at final
concentrations of 1, 2, 3, 4 and 5%. As shown in Fig. 3, the glycoside formation was
enhanced at 2% sodium alginate concentration. The immobilized N. tabacum cells,
which had been prepared at 2% sodium alginate concentration, were incubated with
β-thujaplicin (1) for 48 h. The glycosylation activity for β-thujaplicin (1) was
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Fig. 1. Chemical structures of the substrate β-thujaplicin (1) and glycosylation products, 4-isopropyl-
tropolone 2-O-β-D-glucoside (2), 4-isopropyltropolone 2-O-β-D-gentiobioside (3), 6-isopropyltropolone

2-O-β-D-glucoside (4), and 6-isopropyltropolone 2-O-β-D-gentiobioside (5)

Fig. 2. Time course of the biotransformation of β-thujaplicin by the cultured cells of N. tabacum. Yields
of β-thujaplicin (1, �), 4-isopropyltropolone 2-O-β-D-glucoside (2, �), 4-isopropyltropolone 2-O-β-D-
gentiobioside (3, �), 6-isopropyltropolone 2-O-β-D-glucoside (4, �), and 6-isopropyltropolone 2-O-β-

D-gentiobioside (5, �) are plotted
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increased and the products, 4-isopropyltropolone 2-O-β-D-glucoside (2, 11%), 4-iso-
propyltropolone 2-O-β-D-gentiobioside (3, 6%), 6-isopropyltropolone 2-O-β-D-glu-
coside (4, 20%), and 6-isopropyltropolone 2-O-β-D-gentiobioside (5, 10%), were
obtained in higher yields in comparison with the case of the biotransformation using
normal cells. Next, the time course of the conversion of β-thujaplicin (1) with immo-
bilized N. tabacum cells was investigated (Fig. 4). The conversion rate of β-thu-
japlicin glycosylation was higher than that in the case of the time course of the bio-
transformation using normal cells.

Fig. 3. Effects of sodium alginate concentration on the glycosylation activity of the immobilized cells of
N. tabacum. Yields of 4-isopropyltropolone 2-O-β-D-glucoside (2, �), 4-isopropyltropolone 2-O-β-D-
gentiobioside (3, �), 6-isopropyltropolone 2-O-β-D-glucoside (4, �), and 6-isopropyltropolone 2-O-β-

-D-gentiobioside (5, �) are plotted

Fig. 4. Time course of the biotransformation of β-thujaplicin by the immobilized cells of N. tabacum.
Yields of β-thujaplicin (1, �), 4-isopropyltropolone 2-O-β-D-glucoside (2, �), 4-isopropyltropolone 2-
O-β-D-gentiobioside (3, �), 6-isopropyltropolone 2-O-β-D-glucoside (4, �), and 6-isopropyltropolone

2-O-β-D-gentiobioside (5, �) are plotted



The effect of iron ions on the glycosylation activity for 1 was examined. The
immobilized N. tabacum cells were incubated with 1 in the medium without iron, i.e.,
MS minus Fe medium. The immobilized cells remained healthy in the medium with-
out iron ion after 48 h incubation. The time course of conversion of 1 is shown in
Fig. 5. The yields of glycoside products which were obtained after 48 h incubation
with 1 were as follows: 4-isopropyltropolone 2-O-β-D-glucoside (2, 14%), 4-iso-
propyltropolone 2-O-β-D-gentiobioside (3, 7%), 6-isopropyltropolone 2-O-β-D-glu-
coside (4, 33%), and 6-isopropyltropolone 2-O-β-D-gentiobioside (5, 13%).

DISCUSSION

The results of this experiment demonstrate that the cultured plant cells of N. tabacum
were able to convert β-thujaplicin into two β-glucosides and two β-gentiobiosides
via a tautomeric mixture of 4-isopropyltropolone and 6-isopropyltropolone. Time
course of biotransformation using normal cells demonstrated that the β-glucosides 2
and 4 were first formed and then β-gentiobiosides 3 and 5 were produced. The yield
of 6-isopropyltropolone glycosides 4 and 5 was higher than that of 4-isopropyl-
tropolone glycosides 2 and 3, indicating that 6-isopropyltropolone was predominant-
ly glycosylated rather than 4-isopropyltropolone by cultured N. tabacum cells. The
use of immobilized cells of N. tabacum in sodium alginate gel much improved the
yield of the products, that is, the total yield of glycoside products was about 1.9-fold
higher than that of products obtained in normal biotransformation experiment. A
similar tendency to normal cells was found, that is, the glycosides of 6-isopropyl-
tropolone were preferentially formed rather than those of 4-isopropyltropolone. To
clarify the mechanism of glycosylation by N. tabacum cells, the effects of iron ions
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Fig. 5. Time course of the biotransformation of β-thujaplicin by the immobilized cells of N. tabacum in
the medium without iron ion. Yields of β-thujaplicin (1, �), 4-isopropyltropolone 2-O-β-D-glucoside
(2, �), 4-isopropyltropolone 2-O-β-D-gentiobioside (3, �), 6-isopropyltropolone 2-O-β-D-glucoside

(4, �), and 6-isopropyltropolone 2-O-β-D-gentiobioside (5, �) are plotted



354 S. KWON et al.

Acta Biologica Hungarica 59, 2008

in the medium were examined. It was found that the yield of glycosides obtained in
the transformation using the medium without iron ions was higher than that of prod-
ucts obtained in the transformation using the medium containing iron ions.
Particularly, the formation of 6-isopropyltropolone 2-O-β-D-glucoside (3) was
markedly enhanced. These results suggest that chelation of iron ions by both 4-iso-
propyltropolone and 6-isopropyltropolone occurred in the medium and that 6-iso-
propyltropolone predominantly chelates iron ion rather than 4-isopropyltropolone.

Thus, the immobilized cells of N. tabacum should be useful for the preparation of
higher water-soluble derivatives of β-thujaplicin. This procedure is a simple opera-
tion and is environment-friendly. This method is useful for practical preparation of
the glycosides as food additives and medicines. Studies of the physiological activi-
ties such as antifungal and antibacterial activities of the glycosides are now in
progress.
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