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A Structured Growth Model of Scutellaria baicalensis G. Plant Cell
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A structured kinetic model is proposed to describe cell growth and secondary metabolite, flavone glycosides, synthesis in
batch suspension culture of Scutellaria baicalensis G. The model has been developed by representing the physiological state

of cell described as the activity and viability which can be estimated based on the culture fluorescence.

In the model, three

type of cells are considered; active-viable, nonactive-viable and dead cells. Viable cell weight could be determined based on
the relative fluorescence intensity. The flavone glycosides could be produced by both active-viable and non-active viable cells
with a different production rate. And the model includes the cell expansion due to glucose concentration and death phase
which accounts for the release of intracellular secondary metabolite into medium. Dependent variables include substrate
concentration(giucose), cell mass(dry cell weight and fresh cell weight), product concentration{flavone glycosides), activity and
viability. Satisfactory agreement between the model and experimental data is obtained from shake flask culture of Scutellaria
baicalensis G. The proposed model can predict the cell growth and flavone glycosides synthesis as well as intermediate

materials.
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baicalensis G. MEE %39 baicalin ¥ wogonin- 7-0-GA
%9 flavonoid W2 A& Aistsct. de A ofdat oA )
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mg/L ZnSO47TH20, 5 mg/L CuSO5H0, 5 mg/L KI, 1 mg/L
HsBO;, 0.1 mg/L Na:MoOs2H-0, 15 mg/L FeSO47H.0, 20
mg/L Na;EDTA, 1 mg/L kinetin, 1 mg/L vitamine By, 0.25
mg/L vitamine Bs and 500 mg/L myo-inositol. pHE 58%
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Figure 1. The configuration of fiber-optic fluorescence sensor
system.
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Figure 2. A conceptional diagram of cell classification based
on viability and activity.
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Table 1. List of the structured model parameters of Scutel-
laria baicalensis G. in batch culture.

Parameter ~ Dimension Vaue | Parameter  Dimension Value
s 1/dav 0.4520 4 1/day 0.0639
K g/, 0.7910 At 1/day 0.0268
k 1/day 0.0286 Yoo e 0.06%
Ve e 07160 You /e 0.0312
Yas /e 030 | ks gfp dav 00472
ki Dimensionless  0.0307 ke g/y day 0.01%
ki 1/day 390 | K g/ dav 0.0003
ks 1/day 10,8000 Ky g/g dav 0.0004
k- 1/day 04310 i day 1.0000
¢ 1/day 0.0047 N g 22000
g 1/day 0.0014 ke 1/day 0,005
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Figure 3. Effect of glucose concentration on (a) cell growth (b) glucose uptake {(c) baicalin productoin and (d) wogonin-7-0-
GA production.



256

20
30 —o-Dry Cell Weight

~o—Relative Fluorescence
Intensity

Relative Fluorescence Intensitv (A.U.)
(1/3) WBBM 1190 4]

0 2 4 6 8 10 12 14
Time (Days)

(a)

30+

40—

30+

Relative Fluorescence Intensity (A.U.)

04 | I 1
0 1 2 3 4
Dry Cell Weight (/L)

(b)

14
12
8_.
6_
4_

Viable Cell Weight (g/L)

9 -

0 T T T T T |
0 2 4 6 8 10 12 14

Time (Davs)
(c)

Figure 4. Experimental results of NADH detection using a
fluorescence sensor in batch culture (a) time course change
of dry cell weight and fluorescence intensity in batch cul-
ture (b} calibration curve for fluorescence intensity and
viable cell mass (c) time course change of viable dry cell
weight in batch culture.
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Figure 5. Comparison of experimental and simulation results of Scutellaria baicalensis G. batch culture (a) dry cell weight and

fresh cell weight (b) glucose concentration (c) baicalin and wogonin-7-0-GA concentration (d) activity and viability

o HExs w38l Scutellaria baicalensis. G. & NE

o FTetaz wgozry Rdd A¥ARN F AXNTE
T ook AAg 2de X9 A3, flavone glycosides
AR AL A& 5 ok

A8 ZE
A > activity (g/g)
FI : relative fluorescence intensity
K . rate constant (1/day)
ku . death rate constant (1/day)
K : Monod constant (g/L)
P : product concentration (g/L)
S¢ : substrate concentration (g/L)
t : time (day)
Vv > viability (g/g)
X . biomass concentration (g/L)
Y : yield coefficient (g/g)

Greek symbols

a . growth-associated production constant (gg 'day™

o}
=

=1}

X

B

S @~ ™ ox

a’S;
X/Sc
a/w

. 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

: maximum

> total

© active-viable cell

: dead cell

. nonactive-viable cell

. viable cell

. apigenin from glucose

. biomass from glucose
. apigenin to wogonin-7-0-GA
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. apigenin to baicalin
Superscript
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