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Effect of Nitrogen, Phosphate and Cell Immobilization on
Taxol Production from Cell Cultures of Taxus cuspidata
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Abstract . The effects of nitrogen, phosphate in modified B5 medium and cell immobilization on cell growth
and taxol production were investigated using cell cultures of Taxus cuspidata. The ratio of nitrate to ammonium
was found to be an important parameter. The ratio of 1 increased taxol production 10-fold, compared to
the original ratio of 20 in modified B5 medium. Reducing phosphate concentration inhibited cell growth, but
increased taxol production noticeably. Immobilized cells produced a taxol concentration of ~120 g/l(Received

July 12, 1995; accepted April 30, 1995)

Introduction

Taxol, a diterpene amide originally isolated from the
bark of the yew tree, has been recently approved for
the treatment of ovarian cancer and breast cancer.!™
It is also presently in clinical trials for use in the treat-
ment of other cancers.? Despite the increasing demand,
the supply of taxol relies on the bark of slow growing
trees. Total chemical synthesis of the taxol is reported,
but mass production by this method is still difficult due
to the complex chemical structure of the compound.>®
Thus, cell suspension culture of Taxus spp. can be a
viable alternative for the production of taxol.

Some efforts have been made to produce taxol in cal-
lus or cell suspension culture of 7. brevifolia or T. cuspi-
data and the effects of medium and culture conditions
on cell growth and taxol formation have been investiga-
ted.” ¥ However, little information is available on the
effect of medium composition and cell immobilization
on taxol formation in cell cultures of Taxus cuspidata.
Therefore, it appears that these parameters are needed
to be studied to optimize taxol production from in vitro
culture of Taxus spp. In this study, the effects of concen-
trations of nitrate, ammonium and phosphate, and cell
immobilization on cell growth and taxol production were
investigated in cell cultures of Taxus cuspidata.

Materials and Methods
Plant material

Callus was induced from T. cuspidata trees growing
at Suwon, Korea. Explants of young stem were cutted
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into about 1 cm long, surface-sterilized and rinsed with
sterile distilled water. The stem segments were plated
onto modified B5 medium containing 5 mg 1-naphthyla-
cetic acid (NAA), 2 g casein hydrolysate, 15 g polyvinyl-
polypyrrc)lidohe, 30 g sucrose, 7.2 g agar per liter. After
cultivations under darkness at 26C for 2~3 weeks, acti-
vely growing calli were collected and sieved with 80~
100 mesh. Suspension cultures were established from
collected calli and maintained at 100 rpm in 250 m/
shake flasks containing 50 m/ of the same medium above
except that it contained 2 mg NAA and 0 g agar per
liter. The cells were subcultured under darkness at 26C
every 3 weeks.

Cell immobilization

Sodium alginate was used for immobilization of cells.
The cells at an exponential phase were mixed with 50
ml of 25% sodium-alginate solution. This mixture was
added dropwise with a peristaltic pump in modified B5
medium supplemented with 20 mM of CaCl,. After 30
min in this solution, the beads were rinsed 3 times with
modified B5 medium and transferred to 50 m/ of modi-
fied B5 medium.

1)

Culture medium and incubation conditions

For cell maintenance, modified B5 medium containing
2 mg NAA, 2 g casein hydrolysate, 15 g polyvinylpolypy-
rrolidone and 30 g sucrose per liter was used. For sus-
pended and immobilized cell cultures, the medium desc-
ribed above was modified appropriately. For analysis of
nitrogen effects, each of the following formulations was
added to the modified B5 medium without potassium
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nitrate and ammonium sulfate: potassium nitrate conce-
ntrations (3.125, 6.25, 12.5, 25, 50 mM), ammonium sul-
fate concentration (0.3, 0.6, 1.2, 24 mM), or ratio of nit-
rate to ammonium (1, 5, 10, 20, 30) at a constant nitro-
gen level of 262 mM. For analysis of phosphate effects,
the phosphate was added at concentrations of 0, 0.25,
0.5, 1, 2 mM to the modified B5 medium without sodium
phosphate. Levels of phosphate were adjusted by adding
potassium dihydrogen phosphate and initial sodium ion
content was kept at the same level with 2 mM sodium
chloride. For analysis of immobilization effects, the me-
dium was modified B5 medium described above except
that it contained 0.15 g or 29 g CaCl, per liter. Cell
cultures were maintained in 250 m/ Erlenmeyer flask

with 50 m/ medium at 100 rpm and under darkness
at 26C for 30 days.

Analytical methods The cell and medium were se-
parated by centrifugation at 1100 g for 20 min. The per-
centage of cell volume after centrifugation was conside-
red as the packed cell volume (% PCV). A growth index
(GD) was calculated as'®

Final PCV-initial PCV
Initial PCVXculture time (day)

The cells recovered from Ca-alginate beads were dis-
solved in 10 % (W/V) sodium triphosphate. Then cells
were centrifuged, and washed twice with distilled water,
and dried overnight at 80C for dry cell weight (DCW)
determination.

The culture broth was extracted with supelclean LC-
18 (Supelco, USA). Taxol content was determined by
HPLC (TOSOH, Japan) with a UV/VIS detecter and Cu-
rosil-B column (Phenomenex, USA). The mobile phase
for isocratic elution constisted of 10 mM ammonium ace-
tate and acetonitrile (55:45 by volume). Flow rate was
09 ml/min and measuring UV wavelength was 228 nm.
Taxol identification was done by retention time at ~15
min with an authentic standard (Sigma, USA).

Results and Discussion

Effect of Nitrogen

There are two inorganic nitrogen sources such as po-
tassium nitrate and ammonium sulfate in modified B5
medium. Several runs were made to examine the sole
effect of potassium nitrate or ammonium sulfate on cell
growth and taxol production. When nitrate (in potassium
nitrate) was used as the only nitrogen source, cell gro-
wth was relatively high in all cases. Cell growth index
reached a maximum of 0.032 day ! at 125 mM (Fig.
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Fig. 1. Effect of nitrate concentration on cell growth and taxol
production. Initial cell concentration, 13% PCV; culture periods,
30 days.
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Fig. 2. Effect of ammonium concentration on cell growth and
taxol production. Initial cell concentration, 11% PCV; culture pe-
riods, 30 days.

1). In contrast, taxol production was below 20 ug/ in
all runs. This result agrees with the contradictory rela-
tionship between cell growth and secondary metabolite
accumulation in plant cell culture.®®

When ammonium sulfate was used as the sole nitro-
gen source, the cell growth was inhibited (Fig. 2), but
taxol production was better, compared to potassium nit-
rate (Fig. 1). The maximun taxol production was 60 pg//
at 0.3 mM of ammonium sulfate. The reduced growth
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Fig. 3. Effect of nitrate/ammonium ratio on cell growth and taxol
production. Initial cell concentration, 10% PCV; culture periods,
30 days.

of T. cuspidata cells at higher concentrations of ammo-
nium sulfate is presumed due to pH reduction and toxi-
city of ammonium.

When both potasium nitrate and ammonium sulfate
was used, the ratio of nitrate to ammonium at a constant
level of total nitrogen (262 mM) had a significant effect
on cell growth and taxol production. As shown in Fig.
3, increasing the ratio of nitrate to ammonium from 1
to 30 was favorable for cell growth, but had an adverse
effect on taxol production. The taxol production of 80
ug/l was the best at the ratio of 1. It should be noticed
that the ratio of 1 increased taxol production 10-fold,
compared to the ratio of 20, a value corresponding to
the original ratio in modified B5 medium. Since nitrate
is a more oxidized form of nitrogen source, it appears
that the redox form of the nitrogen source in culture
media may play an important role, but this has to be
studied further.

Effect of Phosphate

The effect of initial phosphate levels on cell growth
and taxol production was studied at phosphate level of
0~2 mM. Shown in Fig. 4, the cell growth was the
best at 2 mM of phosphate. The cell growth increased
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Fig. 4. Effect of phosphate concentration on cell growth and
taxol production. Initial cell concentration, 12% PCV; culture pe-
riods, 30 days.

in proportion to the phosphate concentration; however,
the taxol content markedly decreased. It is interesting
to note that taxol production was the best at 0 mM
phosphate. This result indicates that phosphate-limited
cells are more metabolically active for the production
of taxol. This is consistent with earlier finding on secon-
dary metabolites in other plant cell lines.*™ It is presu-
med that phosphate-limited cells are not effective in pri-
mary metabolism, but expose nutritional stress to acti-
vate secondary metabolism like taxol formation.

Effect of Immobilization

Immobilization of plant cells are believed to provide
the conditions that promote cell differentiation and also
increase production of high yields of secondary metaboli-
tes.®® As shown in Table 1, immobilized cells produced
a taxol concentration of ~120 pg/l. This value was 3.3
times higher than that of suspension culture at the same
level of CaCl,. This result is in agreement with that
of immobilized T. cuspidata cells in glass fiber mats?
Our result shows that improvement in product yield was
solely due to immobilization effect rather than due to
CaCl, effect as suggested by Humprey e¢f al'”

It should be pointed out that maximum taxol concent-

Table 1. Effect of cell immobilization on cell growth and taxol production.

Treatment Initial DCW (g/flask) Final DCW (g/flask)  Taxol conc. (ug/l)  Volumetricproductivity (ug/!/-day)
Free cells with 0001 M CaCl, 043 29.7 099
Free cells with 002 M CaCl, 046 36.2 121
Immobilized cells 044 119.7 399
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ration of ~120 pg/l obtained from our study is conside-
rably lower than that of 0.15 mg/! reported for the shake
flask culture® Although it is necessary to investigate
further the improvement of cell line and optimization
of culture conditions, our preliminary results are some-
what encouraging. We have demonstrated that manipula-
tions of medium composition and cell immobilization can
improve cell growth and taxol production in cell cultures
of T. cuspidata.
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TR (Taxus cuspidata) NEuiol|lA] ALY, Q1A MEDHSIT} Taxol Akl o|xlE HEt
gl At (Fadistn f4E dv4 2 fAFE

X222 (Tavus cuspidata) A EMFE ©]L3td modified B5 WjRFe A4, 2k a8a AX 247} A
EAT taxol Aake] wlX & G AHEIT Nitrated} ammoniume] ¥ A EHZ 3 taxol A4kel 1o F8%
ALY E &5 YA HFke] 1 F9-E modified B5 wWiA 24F A& Bz 2091 ]3] taxol A4S 1080t
TTHIZTE A4 FEE F2AD B AEAYFLS ASEHAA G taxol F4He @A FreAH 2 EE
~120 g9 taxole AAFSHHTH
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