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Bioreactor Operating Strategy in Scutellaria baicalensis G. Plant Cell Culture
for the Production of Flavone Glycosides
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Optimal feeding strategies in bioreactor operation of Scuteflaria baicalensis G. plant cell culture were investigated to maximize the
production of flavone glycosides by using a structured kinetic model which can predict culture growth and flavone glycosides synthesis in
a rigorous, quantitative manner. For the production of baicalin and wogonin-7-0-GA, the strategies for glucose feeding into Scutellana
baicalensis G. plant cell culture were proposed based on the model, which are a periodic fed-batch operation with maintenance of cell
viability and of specific production rate respectively, and a perfusion operation with maintenance of specific production rate for baicalin and
wogonin-7-0-GA. Simulation results showed that the highest volumetric concentration of flavone glycosides was obtained in a periodic
fed-batch operation with maintenance of cell viabilty among all the suggested strategies. In the periodic fed-batch operations, the higher
volumetric production of flavone glycosides was achieved compared with that in the perfusion operation. It can be concluded that a
periodic fed-batch operation with maintenance of cell viability would be the optimal and practical operating strategy of Scutellana
baicalensis G. plant cell cutture for the production of flavone glycosides.

Key words : Scutellaria baicalensis G, plant cell, feeding strategy, periodic fed-batch, perfusion
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Figure 1. Simulation results of periodic fed-batch operation for cell viability maintenance (a) dry cell weight and fresh cell weight,
(b) glucose concentration, (c) baicalin and wogonin-7-0-GA concentration, and (d) activity and viablity.
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Figure 2. Simulation results of periodic fed-batch operation for specific baicalin production rate maintenance (a) dry cell weight and
fresh cell weight, (b) glucose concentration {(c) baicalin and wogonin-7-0-GA concentration, and (d) activity and viablity.
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Figure 3. Simulation result of periodic fed-batch operation for specific wogonin-7-0~-GA production rate maintenance (a) dry cell
weight and fresh cell weight, (b) glucose concentration, (¢) baicalin and wogonin-7-0-GA concentration, (d) activity and viablity.

Table 1. Simulation results of operating strategies for baicalin and wogonin-7-0-GA production.

Periodic fed-batch operation ) ) ]
Perfusion operation with
N _ maintenance of specific
Apecific production production rate
cell viability rate maintenance
maintenance
baicalin wogonin-7-0~-GA baicalin wogonn-7-0-GA
Production culture period (day) 170 19.0 190 150 150
Total culture volume (L) 160 1.60 1.60 1.00 1.00
Maxium dry cell weight (g/1) 25.86 29.31 29058 25.27 2546
product concentration {(g/L) 1.9 1.81 183 1.75 177
Total product amount (g) 318 2.90 293 1.7 177
Consumed glucose amount (g) 120.0 12.0 12.0 75.0 75.0
Specific production yield (g/g DCW) 0123 0.09 0.099 0.069 0.070
Production yield (g/g glucose) 0.024 0.024 0.024 0.023 0.024

Aol HEES 44T & Ut WPz 34 oA

T4 AEe $4A 94

[ =]
Z +AE W2 &

Scutellraia baicalensis G. A& AX wjds Z3 flavonoid ¥i
A S YA gleele AlgdE
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Figure 4. Simulation results of perfusion operation for specific baicalin production rate maintenance (a) dry cell weight and fresh
cell weight, (b) glucose concentration, (¢) baicalin and wogonin-7-0-GA concentration, arid (d) activity and viablity.
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At

)

71 &

A : activity (g/g)
FI . relative fluorescence intensity

RS

S D > T x ™ o k<><<l~r

=~y A

* rate constant (1/day)
 Monod constant (g/L)

: product concentration (g/L)

: substrate concentration (g/L)
. time (day)

: viability {(g/g)

* biomass concentration (g/L.)
: yield coefficient (g/g)

Greek symbols
: growth-associated production constant (gg'day ™)
: nongrowth-associated production constant (gg 'day ™)
- cell expansion coefficient (day™")
- specific growth rate (day™)
: product degradation constant (gg 'day ")
. function for cell expansion
: function for activity loss

Subscripts
> dry or death
. extracellular
. glucose
. lag phase
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Figure 5. Simulation result of perfusion operation for specific wogonin-7-0-GA production rate maintenance {(a) dry cell weight and
fresh cell weight, (b) glucose concentration (c) baicalin and wogonin-7-0-GA concentration, and (d) activity and viablity.

m | maximum

t : total

ad : active-viable cell

dd * dead cell

nd : nonactive-viable cell

vd : viable cell

a/S; © apigenin from glucose

X/S; : biomass from glucose

a/w  : apigenin to wogonin-7-0-GA

a’/b apigenin to baicalin
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