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High cell density culture of Bacillus thuringiensis was conducted in fed-batch culture and TCRC using a bioreactor
incorporating ceramic membrane filter. Cell growth of B. thuringiensis in fed-batch culture increased linearly, which was
well matched by the results of cell growth modeling. In spite of the slower growth rate during fed-batch culture, no
spore formation was observed, which was contrary to the results of continuous culture. Changing culture mode to batch
culture after fed-batch operation induced a 2.7x10° CFU/mL spore concentration using a 300 g/L glucose feed
concentration. In TCRC operation incorporating ceramic filter within the bioreactor, the effect of glucose feed
concentrations on the cell growth and spore formation of B. thuringiensis was determined. A maximum cell
concentration of 1.8x10'" CFU/mi, which corresponds to 82.6 g-cell/lL, was obtained in the TCRC using a 50 g/L
glucose feed concentration. In the TCRC, cell growth increased linearly and glucose concentration was limited, which
agreed well with the results of cell growth modeling. No spore formation was observed except when 1 g/L of glucose
was fed. Changing to batch culture induced a 1.2x 10" CFU/mL of spore concentration, which was the highest spore
concentration obtained among the various cufture modes examined. The optimal glucose feed rate was found to be
0.55 g-glucose/h.
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Figure 1. Continuous culture of B. thuringiensis in GYS medium.
(-@-, total cell; -()-, spore)
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Figure 2. The effect of feeding glucose concentration on the growth
of B. thuringiensis in fed-batch culture. (@, cell mass; solid line,
modeling result; dotted line, culture volume)
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Figure 3. The effect of feeding glucose concentrations on the growth of B. thuringiensis in TCRC operation. Feeding glucose concentration (a)
1.0 g/L, (b) 10 g/L, (c) 25 g/L, (d) 50 g/L. (@, cell mass; solid line, modeling result)
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Table 1. Concentration of cell and spore, and glucose consumption in TCRC operation.

Glucose feed concentration (g/L) Cells (CFU/mL)

Spore (CFU/mL) Total glucose consumed (g/L)

1.3x10° 16.8
72%10° 725
7.6%10° 73.0
12.0x 10° 17

1.0 2.7%10°
10 9.8 10°
25 9.7x10°
50 180 10°
0.8
e 07
2 06
S
§ 05
g 04
()]
03
S 02
@
& 0.1
0.0 com B mm . m |
0 10 20 30 40 50 60
Time (h)

Figure 4. The change of specific growth rate of B. thuringiensis
during TCRC operation. (-l 1 g/L; -C-, 10 g/L; -A-, 25 g/L; -@
- 50 g/L)
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