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Effect of the two-stage operation and cell concentration on indirubin production was investigated using
bioreactor culture of Polygonum tinctorium. Two-stage culture was operated successfully for 110 days
without any adverse effects on continuous indirubin production. Maximum indirubin concentration
was found to be at 80 mg/bioreactor. Initial cell concentration significantly affected indirubin
production, The indirubin production at 29.2% PCV was improved by 845%, compared to that at 5%
PCV. For high-density bioreactor culture of P. tinctorium, a maximum production rate of 10.2 mg
indirubin/L day was obtained. Indirubin recovery for bioreactor operation was also examined using
XAD-2, XAD-4, XAD-7, and solid silicon. XAD-4 was 1.6-fold more effective than that for solid silicon in

indirubin recovery.
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Indirubin and indigo related compounds are of significant
interest both as natural colorants and treatment for chronic
granulocytic leukemia.**'? In vitro production of indirubin
and indigo-related compounds by plant cell culture is
receiving more attention because native plants such as
Indigofera spp., Isatis tinctoria, Polygonum tinctorium, and
Lonchocarpus cyanescens produce only small amounts of
the compounds over one to two years of growing period.”
Maier et al.¥ and Kim et al® studied biotransformation
pathway for indirubin and indigo production from
precursors such as indole and tryptophan using plant cell
culture of P. tinctorium cells. Other investigators reported on
the effects of adding precursor, potassium nitrate,” fungal
elicitation,” and chitosan elicitation® on indirubin
production using plant cell culture of P. tfinctorium cells.
However, indirubin production could be further improved
through optimization on bioreactor culture of P. tinctorium.
Therefore, in this study, we investigated the effects of the
two-stage operation, cell concentration, and adsorbent types
on indirubin production using bioreactor culture of P
tinctorium cells.

Materials and Methods

Cell line, culture medium and precursor preparation.
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Abbreviations: PCV, packed cell volume; vvm, volume per volume
minute.

The calli and the suspension cells of a Korean cultivar of P.
tinctorium were induced and established as described
previously.'” For cell maintenance and suspension culture,
modified BS medium® supplemented with 0.2 mg 2,4-D, 1 g
yeast extract, and 30 g sucrose per liter was used. The initial
pH of the medium was adjusted to 5.7 before autoclaving.
Indole dissolved in ethanol was kept as a stock solution.
Unless otherwise specified, 20 mM indole was added to the
suspension culture medium.

Shake flask and bioreactor operation. Shake flask
experiments were performed in duplicates at 100 rpm and
27°C using 200 ml baffled shake flasks with a working
volume of 50 ml. Reactors used for this study were internal-
loop air-lift bioreactor (Eyela, Japan, 2 1), external-loop air-
lift bioreactor and split-flow air-lift bioreactor, the working
volumes being, 1250, 500, and 200 ml, respectively.
Aeration for all experiments was 0.1 vvm. The medium used
in all experiments was identical to that specified above. For
the analysis of two-stage operation effects, a continuous
system using internal-loop air-lift bioreactors was

- established. The first-stage bioreactor was designed for the

cultivation of P. tinctorium cells and the second-stage
bioreactor was for indirubin production. The working
volume of both the first and the second stage bioreactors was
maintained at 1250 ml. Two-stage bioreactor culture was
operated at 27°C. For the analysis of cell concentration
effects, a cell-recycled bioreactor was used. Cell recycle was
done through natural sedimentation of P. tinctorium cells
within a cell settler placed vertically inside the bioreactor.
The dimensions of the glass settler for air-lift bioreactor
were 2.5 cmx15.0 cm (diameterxheight). Other conditions
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and medium composition were the same as those described
above. For the analysis of adsorbent effects, XAD-2 (Sigma,
U.S.A)), XAD-4 (Sigma, U.S.A.), XAD-7 (Sigma, U.S.A)),
and solid silicon (Korea Ace, Korea) were used.

Analytical methods. The suspension cells were
centrifuged at 1100 g for 20 min in a 15 ml graduated tube.
The percentage of cell volume after centrifugation was
reported as the packed cell volume (% PCV). Indole content
was measured using a gas chromatograph (Carlo Erba, Italy)
equipped with a flame ionized detector. Indirubin content
was determined as follows: for the cellular phase, cells were
separated from the culture broth by filtration, washed with
distilled water, dried, and immersed in CHC], solution for 48
hr in dark condition. For the medium phase, the culture broth
was extracted for 24 hr with CHCI, in dark condition. For the
adsorbent phase, the adsorbent was separated from the
culture broth through centrifugation, extracted with ethanol
for 24 hr, vacuum-evaporated, and immersed in CHCl,
solution. The absorbance was measured at 534 nm (UV-
160A spectrophotometer, Shimadzu, Japan) and converted
into indirubin concentration.

Results and Discussion

Effects of two-stage operation. To determine the
optimum condition for bioreactor operation, several runs
were made by varing the dilution rate from 0.077 to 0.2
day”. Cell concentration was the highest at the dilution rate
of 0.1 day” (Table 1). As such two-stage bioreactor culture

Table 1. Effect of dilution rate on steady-state cell density.
Cell Growth (%PCV)

Dilution Rate (Day')
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Fig. 1. Cell growth and indirubin production in continuous
two-stage culture,

was operated at this dilution rate, which corresponded to a
residence time of 10 days. In principle, cell suspension of the
continuously operated cell growth bioreactor (Stage 1) was
pumped into the second stage bioreactor (Stage 2), and a
second feed stream of indole was added intermittently to the
second-stage bioreactor to keep indole level above 10 mM.
Indirubin production was found to be 80 mg/bioreactor (Fig.
1), which corresponds to a volumetric production rate of 6.4
mg indirubin/l day. Two-stage culture was operated
successfully for 110 days without any adverse effects (Fig.
1). Our results indicate that continuous indirubin production
with P, tinctorium cell culture is possible using the two-stage
operation.

Effects of cell concentration. The effect of initial cell
concentration on indirubin production from P tinctorium
cell culture is shown in Table 2. Indirubin production
increased with initial cell concentration. The indirubin
production at 29.2% PCV was improved by 845%,
compared to that at 5% PCV. For further analysis of cell
concentration effects, cell-recycled bioreactor runs were
made (Table 3). P. tinctorium cells were grown batchwise in
air-lift bioreactors with working volume of 500 ml for 12
days. Thereafter, cell recycle operations were started by
applying various dilution rates of 0.05, 0.1, and 0.2 day™.
The cell growth was highest when the culture was operated
at the dilution rate of 0.05 day”. Cell-recycled continuous
culture attained a quasi-steady state within four residence
times from the start-up of cell-recycle operations. The
indirubin productivities at quasi-steady state were taken as
representative values for each dilution rate (Data not shown).
A maximum production rate of 10.2 mg indirubin/l day was
obtained at the dilution rate of 0.05 day™' (Fig. 2). Our results
proved that a simple increase in cell concentration (high-
density culture) enhanced the volumetric production rate of
indirubin. Similar results on the effect of high cell
concentration on secondary metabolite production were also
reported for Anchusa officinalis.'”

Table 2. Effect of initial cell density on indirubin production.

Initial Cell Density Indirubin Concentration Yiel d*
(%PCV) (mM)
5.0 0.031 -
11.0 0.054 -
16.2 0.103 0.04
235 0.171 0.05
292 0.262 0.06

*Yield was calculated according to the following equation;
production of indirubin(mg)/consumption of indole(mg)

Table 3. Effect of dilution rate on cell growth.
Cell Growth(%PCV)

Dilution Rate(Day™)

0.2 552
0.1 523
0.05 57.1
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Fig. 2. Indirubin production in a cell-recycled bioreactor.
The X-axis values in parenthesis indicate number of days after
indole addition.

Indirubin (mM)

°?°\° g 6\9 $\° g* S g*

g
RPN
& & o«

Adsorbents
Fig. 3. Effect of adsorbent type on indirubin recovery.

Effects of adsorbent type. Several runs were made to
determine appropriate adsorbent for indirubin recovery from
P tinctorium cell culture. XAD-2, XAD-4, XAD-7, and
solid silicon were added to 50 ml of modified B5 medium
containing indirubin in 200 ml flasks. The adsorption rate in
the flask containing 5 or 10% XAD series was better than
that in the flask containing 1% silicon (Fig. 3). Treatment
with 1% XAD-4 gave the best results, being 1.6-fold more
efficient than that for silicon in indirubin recovery, however
the mechanism behind this phenomenon is not yet known.
This result indicates that indirubin recovery depends on the
adsorbent type and on the concentration employed. Our

preliminary data suggest that XAD-4 may be an effective
adsorbent for recovering indirubin in plant culture broth.
Thus, if indirubin can be continuously adsorbed during the
culture, it may provide a method to overcome product
inhibition and to improve the overall economics of the
process.
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