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Production of Podophyllotoxin by Immobilized Cell Cultures of Juniperus chinensis
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Abstract: In the present study immobilized cell cultures of Juniperus chinensis were developed using various
calcium alginate gel concentrations (1.8, 3 and 6% w/v). The podophyllotoxin productivity of immobilized cell

cultures was compared with that for free cell suspension cultures. The free cell suspension cultures accumulate
podophyllotoxin in intracellular compartments, while the immobilized cells with calcium alginate excrete marked

amounts of podophyllotoxin mto the culture media. From the effect of immobilization compenents on free cell
suspension cultures, it was considered that the calcium alginate gel was supposed to be act as an elicitor and
forced the cells to release the product into the culture media. The amount of podophyllotoxin excreted depends

on the alginate gel concentration used: 3% calcium alginate gel promoted podophyllotoxin production through
28 days of cultivation. The podophyllotoxin production by immobilized cell cultures entrapped with the 3%

calcium alginate gel was enhanced to 4 mg g dry weight.
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INTRODUCTION

Podophyllotoxin, an aryltetralin lignan, serves as
semi-synthetic precursor of etoposide and teniposidel.
Podophyllotoxin derivatives like etoposide and teniposide
are used clinically as potent chemotherapeutic agents for
a variety of tumors including small cell lung carcinoma,
testicular cancer and malignant lymphoma. These
compounds are derived from a series of modifications,
which converted podophyllotoxin from an entity that
interacts with tubulin and blocks mitosis to one that
induces a block in late S or early G2 phase by interacting
with topoisomerase 1. We have been conducting
research on the production of podophyllotoxin by tissues
and cell cultures for several years in the wake of the
of this
Podophyllotoxin  is

discovery lignan 1 Podophyilum  sp.
extracted from thizomes of
Podophyllum sp, a species now at risk of extinction and
found  that J contain

podophyllotoxin, providing hope that J. chinensis may be
[3]

chinensis  extractives
an alternative to Podophyllum sp”. However, the
podophyllotoxin was only detected in trace amounts, so
considered a tool to
improve yield Callus cultures and cell suspension

cell cultures have been
cultures of J. chinensis have been shown to be able to

produce this aryltetralin lignan The improvement in

podophyllotoxin production on addition of exogenous
biogenetic precursors and elicitors has mcreased target
compound accumulation in both callus and cell
suspension cultures™®. However, limitations to long-term
production in  both systems found: the

podophyllotoxin content declined from sub-culture to

were

sub-culture in callus cultures and free cell suspensions in
shake flasks show a slow growth rate and cell shearing.

These problems can  be overcome by cell
immobilization™". The major advantages of cell
immobilization are that it provides a high cell

concentration per unit volume of reactor, better cell-cell
condiions for cell
differentiation, resulting m a higher yield of secondary
metabolites. In immobilized cell systems, cells release the

contact and more faverable

target product mto the medium, so it can be removed from

[12-15

the culture while the cells remain'*'"!. Podophyllotoxin

was released mto the medium when J. chinensis cells were
entrapped in an alginate gel in a preliminary study!™®.

This study will describe a method for the
immobilization of J. chinensis cells by entrapment at
various calcium alginate gel concentrations. The ability of
the immobilized cell cultures to produce podophyllotoxin
in beads will be investigated in terms of cell growth, the
pattern of accumulation in cells and compound released
1into the culture medium.
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MATERIALS AND METHODS

Study area: This research project was carried out in the
Faculty of Agriculture, Ehime University, JTapan during
2001-2003 m an effort to produce podophyllotoxin from
immobilized cell cultures of Juniperus chinensis.
Authenite podophyllotoxin was purchased from Sigma
Chemical Company as well as 1solated from the leaves of

J. chinesis'®.

Plant materials: Stems of J. chinensis were used for
callus cultures as described previously™.

Cell suspension cultures and incubation conditions: Cell
suspensions were developed from the callus cultures prior
to immobilization by transferring 20 g of calluses into 100
ml of SH medium supplemented with 3 mg L™ of NAA
and 0.2 mg L™ of kinetin"™. These cell suspensions were
maintained by subculturing at 3-week intervals.

Tmmobilization of cells in calcium alginate beads: For the
immobilization of cells of Juniperus chinensis, 20 g of the
cells was added to 40 ml of SH medium and mixed with
60 ml of 3, 5 and 10% (w/v) sodium alginate made up in the
culture medium. The mixture was added drop-wise to
300 ml of a stured culture medium contamming 0.1 M
calcium chloride, through a 2 mm tip diameter pipette.
Beads formed immediately on contact with the calcium
chloride solution. The beads were shaken for 2 h to
ensure complete fixation. The beads and medium were
poured through a glass filter. Distorted beads and beads
containing trapped air bubbles were removed and washed
twice with 250 ml of the culture medium by shaking
at 120 rpm for 15 min. The medium was drained off.
Amount of cells entrapped in beads were determined,
60 beads contained approximately 1 g of fresh cells. The
60 beads were then resuspended in fresh culture medium
(10ml) mm 50 ml flasks and cultured. Control experiments
were performed by transferred 1 g of fresh cells into 10 ml
of SH medium supplemented with NAA (3 mg L™ ) and
kinetin (0.2 mg L™ ). Additional control experiment was
performed to observe the influence of immobilization
components on free cell suspension cultures by
transferred 1 g of fresh cells into SH medium 10 ml follow
by addition of 0.1 M CaCl, or alginate gel (1 g L.™") at day
seventh after subculture.

Each experiment was repeated independently thrice
and the results shown, are the average of three
measurements, the deviation of each experimental value
being within 12%.

Growth measurements: The fresh weight of free cell
suspension cultures and immobilized cell cultures were
monitored at 7, 14, 21 and 28 days of incubation. The

calcium alginate was dissolved by a sodium citrate
solution (490) and stirred for 30 min at 30 °C. The liberated
cells were rinsed with distilled water and their fresh weight
determined. Dry weights were measured from freeze-dried
cells. Cell viability was determined by fluorescein
diacetate (FDA) staining"?.

Preparation of samples for HPLC analysis: Samples of
beads were removed from the immobilized cell cultures at
7,14, 21 and 28 days and then freeze-dried. These samples
were extracted with methanol and water (1:1). The
methanol  solubles  were  partitioned  between
dichloromethane and water (1:1). The dichloromethane
layers were collected and evaporated to dryness. The
residue was dissolved in methanol. After filtration, the
sample was injected into the HPLC apparatus. For the
detection of podophyllotoxin accumulated in the culture
medium, fresh medium was freeze-dried and extracted with
methanol and the same method performed with the cells.

HPL.C analysis of podophyllotoxin: Reversed-phase HPL.C
was used for the separation of these compounds as
described in previcus work™.

RESULTS

Cell growth of free cell suspension cultures and calcium
alginate immobilized cell cultures: Polysaccharide
matrices generated m gel beads are strongly dependent
on several variables like ionic strength and polymer
concentrations!"**"!. Thus different matrices, cbtained by
varying the amount of alginate gel (1.8, 3 and 6%) were
used to study the influence of gel concentration on the
growth and pattern of release of podophyllotoxin of
J. chinensis cells. The initial amount of cells in each flask
was one-gram fresh weight. The cell growth was measured
in term of dry weight at days 7, 14, 21 and 28. As the
results show in Fig. 1, free cell suspension cultures had a
normal sigmoid growth curve. A slight increase in
biomass was detected on days 7 to 14 and maximum
growth occurred on day-21 (180 mg/flask). Unlike in
control cultures, the growth of immobilized cells in
whatever gel concentration was retarded. The immobilized
cells in 1.8% alginate gel showed better growth than those
of 3 and 6% alginate gel. The maximum cell dry weight
(140 mg/flask) was obtained from immobilized cells in 1.8%
algmmate gel at 21 days of cultivation time. The culture
media of the 3 and 6% gels showed a high viscosity over
the extended of incubation time, these phenomena might
led to the lower biomass of the immobilized beads. The
immobilized beads at all calcium alginate gel
concentrations were dissolved by sodium citrate solution;
the liberated cells were used for measurements of viability.
The cells entrapped in 1.8, 3 and 6% calcium alginate gel
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Table 1: Podophyllotoxin in immobilized cell cultures of J. chinensis at
cultivation time 28 days
Podophy llotoxin (mg g~! dry weight)

Alginate gel (®9) Cells Medium Total  Productrelease (%0
0 0.048 0.0000 0.018 0.00
1.8 0.176 1.2500 1.426 87.60
3 0.130 4.0000 4.130 96.80
6 0.005 0.0525 0.053 99,10

Table 2: Effect of immobilization components on free cell suspension
cultures of J. chinensis at cultivation time 14 (a) and 21 (b) davs
Podophyllotoxin (mg g~ dry weight)

Cells Medium

Components a b a b

Nomal cells 0.05 0.08 0.00 0.00
Addition of CaCl 0.03 0.04 1.11 2.10
Addition of alginate gel  0.07 0.09 1.84 2.55
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Fig. 1: Relative growth rate of J. chinensis cells entrapped
in alginate gel at concentrations of 1.8% (#), 3%
(M), 6% (A) and free cell suspension cultures (@)

retained a viability of about 60, 58 and 10%, respectively
through 28 days.

Accumulation of podophyllotoxin in J. chinensis cells of
immobilized cell cultures and free cell suspension
cultures: Cells of J. chinensis cell suspension cultures
and cells in calcium alginate gel beads were harvested at
7, 14, 21 and 28 days for the determination of
podophyllotoxin levels. The results are given in Fig. 2.
The podophyllotoxin content of free cell suspension
cultures increased slightly from the beginning with a peak
at 28 days (0.05 mg g~ dry weight). Tmmobilized cell
cultures in 1.8% calcium alginate gel showed fluctuations
m the accumulation of podophyllotoxin, the level bemg
5-fold that in the free cell suspension cultures. The cells
entrapped in 3% calcium alginate gel produced
podephyllotexin (0.21-0.25 mg g~ dry weight) at 4-5 folds
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h [ ] h
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Podophyllotoxin (mg g dry weight)
e
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04 T T ‘- 1
7 14 21 28
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Fig. 2: Podophyllotoxin accumulated in J. chinesis cells
entrapped n alginate gel at concentrations of 1.8%
(®), 3% (H), 6% (A) and free cell suspension
cultures (@)

7 14 21 28
Incubaticn time (day)

Fig. 3: Podophyllotoxinreleasedintothecluturemediumby
cell sentrapped in alginate gel at concentrations of
1.8% (#), 3% (W), 6% (A) and free cell suspension
cultures (@)

the control level at cultivation time from 7 to 21 days. The
lowest podophyllotoxin content was found in 6% calcium
alginate gel and small amount of podophyllotoxin was
detected from the cells after 14 days of incubation.

Podophyllotoxin released into the culture medium:
Patterns of release of podophyllotoxmn into cell culture
medium from calcium alginate immobilized cells and free
cell suspension cultures are shown in Fig. 3. Almost no
podophyllotoxin was detected 1 the medium of free cell
suspension  cultures. Excretion  patterns of
podophyllotoxin were observed as a function of time. The
cells entrapped in 1.8% calcium alginate gel exhibited a
maximum release of podophyllotoxin (2.45 mg g~' dry
weight) at 21 days, while those entrapped in 3% alginate

gel showed a peak (4 mg g~ dry weight) at 28 days. A
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calcium alginate gel concentration of 6% caused a definite
loss of podophyllotoxin productivity after 14 days. In the
calcium-alginate immobilized cells, 87-99% of all the
podophyllotoxm production can be released into the
medium (Table 1).

Effect of immobilization components on free cell
suspension cultures of J. chinensis: The role of the
individual components of the immobilization matrix was
examined as results shown in Table 2. Podophyllotoxin
production was enhanced when cells exposure to 0.1 M
CaCl; or uncross linked alginate and the product was
excreted into the culture medium. The cells grown in
medium with uncross linked alginate produced superior
podophyllotoxin content, it was 1-1.4 times over than that
of the control, while cells exposed to CaCl, extubited lower
vield to control. Addition of CaCl, or uncross linked
alginate to the medium of free cell suspension cultures
substantially enhanced the releasing pedophyllotoxin into
the medium. The product recovery from medium was
96-98% of that found in cells and treated cells produced
total product 22-36 times larger than that of the control.

DISCUSSION

The results of this study clearly demonstrated that
the production of podophyllotoxin 1s enhanced 1n cells
and greater amounts released mto the culture medum by
immobilized cell cultures of JJ. chinensis than free cell
suspension cultures. Entrapped cells in calcium alginate
matrix attenuated cell growth in this study the result was
likely to the cell cultures of Solanum chrysotrichum and
S. aviculare!™. The podophyllotoxin production tended
to depend on gel concentration. The concentrations of 1.8
and 3% calcium alginate used for the immobilization led to
mnprove podophyllotoxin  synthesis, algmate gel
concentration 1.8 and 3% gave a maximum yield of
2.45 mg g dry weight and 4 mg g~ dry weight,
respectively. The optimum alginate gel concentration for
immobilization of J. chinensis cells was 3%. The
entrapment by 3% gel was not favorable for increases in
cell growth, but was suitable for the production of
podophyllotoxm. The viability of immobilized beads
entrapped m 3% alginate gel can be preserved for 28 days.
Secretion of the desired product into the culture medium
could be enhanced to 96-98% of total product.
Podophyllotoxin preduction by immobilized cell cultures
with the flask system offered an operation period of one
month while an extended period with a lack of nutrients
occurred.

Matrices, polysaccharides m alginate gel were
supposed to be act as an elicitor in the J. chinensis

immobilization system and force cells to release the
product inte the culture medium as the individual
components of matrix showed that they have the effect on
promote yields in free cell suspension cultures. It has
been reported that uncross linked alginate can act as an
elicitor of secondary metabolite" and also encouraged
product release to culture medium of Lithospermum
ervthrorhizon cell cultures™!
interesting impact of CaCl, on podophyllotoxin synthesis;
it enhanced the podophyllotoxin production to nearly the
same amount as alginate treated cells. Addition of CaCl,
to Plumbago rosea cells promoted plumbagin production
only 2 times to the control®”. The immobilization of

. Present result showed

J. chinensis cells in optimum gel concentration displayed
a secretion of desired metabolite into surrounding medium
superior to 97% of the total podophyllotoxin production.
This property of entrapment offers the opportumity to
increase the production of podophyllotoxin. The results
obtamed m this study, with immobilized J. chinensis cells
in 3% calcium alginate gel will pave the way for the
production of podophyllotoxin by immobilized cell
cultures on a large-scale in a bioreactor.
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