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High density fermentation for beta-fructofuranosidase production
by recombinant Escherichia coli BL21(DE3) using exponential
fed-batch culture strategy
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Abstract: [Objective] To study the high density fermentation process for beta-fructofuranosidase
production by recombinant Escherichia coli BL21(DE3)/pET22b-B-ffase. [Methods] We compared
the influence of the dissolved oxygen feedback control and the exponential fed-batch culture on the
B-FFase production of the Escherichia coli BL21(DE3)/pET22b-p-ffase fermentation, and the
specific growth rate and induction time were optimized. [Results] This study confirmed the specific
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growth rate during the dual-stage specific growth rate controlled exponential fed-batch culture.
Specific growth rate were controlled at 0.20 h™' and 0.13 h™' in pre-induction phase and late phase
after induction respectively, the express system can be induced at mid-logarithmic phase. Finally, cell
dry weight reached up to 51 g/L, the peak of activity attained at 1.79x10° U/L, the unit cell enzyme
activity leaped to 3 510 U/g, and the enzyme production rate reached up to 3.58x10* U/(L-h). The
biomass, the unit cell enzyme activity and the enzyme production rate have been strikingly improved,
which were 1.8-fold, 1.7-fold and 3.0-fold compared with values of pre-exponential feeding culture
without optimization. [Conclusion] Dual-stage specific growth rate controlled exponential fed-batch
culture significantly contributes to improve the enzyme B-fructofuranosidase production, and also
lays the foundation for the further industrialization of the enzyme.

Keywords: Beta-fructofuranosidase, Exponential fed-batch culture, Specific growth rate control,
Recombinant Escherichia coli, High density fermentation
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Figure 1 Effects of feeding strategy on cell growth and p-FFase production
A (DO>30%) B (=0.30h™").
Note: A: Dissolved oxygen feedback control (DO>30%); B: Exponential fed-batch culture (z=0.30 h™").
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Figure 2 Effects of specific growth rate on cell growth and p-FFase production
Note: A: 4=0.30 h™'; B: z=0.20 h™"; C: i=0.10 h™".
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Table 1 Effects of specific growth rate on cell growth Johnston 24
and B-fructofuranosidase production
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Figure 3 Effects of specific growth rate after induction on cell growth and p-FFase production
A =008h" B x=0.10h"" C x=0.13h"" D u=0.16h"". 020h".
Note: A: z=0.08 h''; B: =0.10 h™'; C: z=0.13 h™'; D: 4=0.16 h™". Before induction, the growth rate was 0.20 h™".
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Table 2 Effects of specific growth rate after induction on
cell growth and B-fructofuranosidase production

Mset (h_l)
Ttem 0.08 0.10 0.13 0.16

22 22 20 20
Time (h)

104 120 109 106
Cell density (ODgno)

44 50 46 45
Dry cell weight (g/L)
B-FFase 1.28x10° 1.53x10° 1.46x10° 1.32x10°
Enzyme activity (U/L)

2910 3 060 3174 2933
Unit cell enzyme
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1.53x10* U/L
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Table 3 Effects of induction time on cell growth and
p-FFase production

ODsoo
Item 39 46 59 69
20 20 20 18
Time (h)
99 109 121 112
Cell density (ODeoo)
42 46 51 47
Dry cell weight (g/L)
B-FFase 1.19x10° 1.45x10° 1.79x10° 1.23x10°
Enzyme activity (U/L)
2833 3152 3510 2617
Unit cell enzyme
activity (U/g)
1.98x10* 2.42x10* 3.58x10* 2.46x10*
Enzyme production
rate (U/(L-h))
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Figure 4 Effects of induction time on cell growth and p-FFase production
Note: A: 0D(,00239; B: OD600246; C: OD600:59; D: 0D600:69.
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Figure 5 SDS-PAGE analysis of extracellular proteins of
recombinants
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