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Abstract

The growth kinetics and the production of A-glucuronidase from transgenic tobacco’s suspension culture was
investigated in the flask culture and a 2.5 L bubble column reactor. The growth of bubble column reactor was
similar to that of flask culture. However, in the bubble column reactor, the production of S -glucuronidase reached
2850 U/mg (85-fold higher than that of flask culture). In both case, the production level of j-glucuronidase was
fluctuated, which was resulted from periodical degradation of the protein. Sucrose is important component in plant
culture medium. Twice addition of sucrose in bubble column reactor could not improve cell growth, since other
components in a medium were already depleted. However, the addition of sugar decreased cell size, which
facilitated the operation of bioreactor. The production of A-glucuronidase was continuously increased, however final
concentration of B -glucuronidase was similar to that without sucrose addition.
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5H20, 044g/L CaCl, - 2H,0, 0.083mg/L KI, 0.025mg/L
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Bubble column bioreactoro] A H A= oMz ] HAUA 2 B -Glucuronidase2] A 4F

2] &(POys, SOy, NOs, CI) EMo 2% Jon Pac SDA4
column (Dionex, USA), %o]&(Na", K', Ca”’, Mg, NHy')
#A 02 & lon Pac CS124 column (Dionex, USA)S Al-&
3t olm) #4423 1.0 ml/min o]}

B-glucuronidase (GUS) assay

A%A 33 424 498 44342 9 F 42
o2 4 & extraction buffer (01 M NaHPO; pH7J0,
10mM B -mercaptoethanol, 0.5 M EDTA, 30% sarcosyl, 10%
triton, HO)Z F&3491 daAEe] H$+= extraction
bufferS #7483k & 1A 7F E<F sonicationd} T

ol % 3 10837 3000 rpme 2 YARYE T A4
A€ #Hs) GUS 7]12¢] 4-methylumbelliferyl 5-D gluc-
uronide (MUG)E #7138l 36TolA 1A 75 8HgA)
71 ¥ stop buffer (02 M Na;CO3)E FH713le] 9L &
AX et olw MUG7} GUSel| 9]3f 4-methylumbelliferone
MU)Z AgA] Vel fluorescenceS HoeferAle] TKO100
fluorometerE ©] 83t &A1t

Bubble-Column Bioreactor
Fig. 19 1}eld bioreactore 0|7} 60 cm, glass vessel
8 ¢Z A Fo] 10 emZ o]F0JF 1 0H vesseld] o} %

Fig. 1. Diagram of used reactor in this experiment.

o A& 1.5 cm¥] glass filterZ 53] 1.0 vvme] 37|&
Eojdo] HEE wutA|Z 3 o]} working volume 2 L
o] At

Bioreactor= 3541 wjcky} widAIFF 5 11¢A
30g/L9] sucroseE 713 #7144 WSS FATFIT A
9 AL 97 99 antifoam A emulsion (Sigma)s
s wjFA 8H R HUkekdh

RESULTS AND DISCUSSION

AIZ3 W GUS activity

AEA Wd GUSY Ld &5 % FHd 2dFs ¢
ol ¥ A7 439 AHEHAZT BE cloned A GUS activity
7t #EEgon RYgEaE o % dRYE 9% % ¢
Z Jrthe Z7)dA4 o §L activity® 2o (Fig. 2) &
ZINA FEE callusE AFAEZ FEFGTh

Shake Flask culture
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Fig. 2. Fluorescence intensity of each plant part.
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Fig. 3. Batch growth curves for transgenic and non-

transgenic tobacco cells in a shake flask culture.
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Fig. 4. Time course of GUS activity in a shake flask
culture.
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Batch Culture in Bubble-Column Bioreactor
GUS #3AZ H4xg" FWAEE 2 L bubble-
column bioreactor (Fig. 1)tioll A 3]5-4] uj¥z} §-714] u)
ko= o] AT WA (Fig. 5), B35 % (Fig 6), GUS
activity (Fig. 7), o] €559 W3l (Fig 8) S& B2
o AEAGHE flaskst FrAFERAS U 2714 Z 470
flasko| A BHote 28 =83 HAALEEE ¢ AU
] flask cultureA]
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Fig. 5. Batch growth curves for transgenic tobacco cells
in a bubble-column bioreactor.
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Fig. 6. Sugar consumption curves of batch culture for
transgenic tobacco cells in a bubble-column

bioreactor.
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Fig. 7. Time course of GUS activity of batch culture in

a bubble-column bioreactor.
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Fig. 8. The change of cations concentration of batch
culture in a bubble-column bioreactor
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Fed-Batch Culture in Bubble-Column Bioreactor

FAAHE o4 EE bubble-column bioreactor 1ol
A 7t ge S8 AEY 83, GUS activity, 35%
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Fig. 9. Fed-batch growth curves for transgenic tobacco
cells in a bubble-column bioreactor.
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Fig. 10. Sugar consumption curves of fed-batch culture
for transgenic tobacco cells in a bubble-column
bioreactor.
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Fig. 11. Time course of GUS activity of fed-batch culture
in a bubble-column bioreactor
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Fig. 12. Change of cations concentration of fed-batch

culture in a bubble-column bioreactor
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