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Fig. 1. Time course of P-galactosidase immobilization. Crude enzy-
me(100 ml) was mixed with Diaion™ HPA75(4 g) and incubated
with shaking(150 rpm).
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Fig. 2. Effects pf equilibrium pH on the activity of immobilized B-
galactosidase( ®—®) and on the protein adsorption(O—O). Freeze-
dried enzyme(50 mg) dissolved in phosphate buffer(50 mM) with
varied pH(4~9) was mixed with Diaion™ HPA75 and incubated
with shaking(150 rpm) for 3 hr at room temperature.
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Fig. 3. (A) Effects of buffer concentration on activity of immobilized
B-galactosidase({®—®@) and equilibrium pH. Immobilization condi-
tions were the same as in Fig. 2 except that Tris concentrations of
the buffer were varied in the range of 0 to 100 mM.

(B) Effects of NaCl addition on the protein adsorption(O—C) and ac-
tivity of immobilized{ ®—®@) B-galactosidase. Immobilization con-
ditions were the same as in Fig. 2. except that NaCl(0~100 mM)
was added to Tris buffer(25 mM and pH 8).
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Fig. 4. Effects of protein loading on: (A) the activity of immobilized B-
galactosidase(®@—®) and protein adsorption{O—O) and (B) the
specific activities of immobilized(®—®) and residual{O—O) B-galac-
tosidase. Immobilization conditions were the same as in Fig. 2 ex-
cept that different amounts (16~128 mg) of freeze-dried enzyme
were dissolved in Tris buffer(25 mM and pH 8.0).
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Fig. 5. Thermal stability of free and immobilized B-galactosidase at
55°C. (8—®), free enzyme; (M—M), glutaraldyhyde non-treated
immobilized enzyme; (A—A), glutaraldehyde treated immobilized
enzyme in the presence of substrate, respectively.
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Fig. 6. Effects of glutaraldehyde treatment of immobilized B-galac-
tosidase on the operational stability. % conversion of substrate to
galactooligosaccharides by a packed-bed reactor was measured, us-
ing glutaraldehyde-treated(O—O) and untreated immobilized en-
zyme(@®—@). Operation conditions: substrate, 40%(w/w) lactose+
25 mM CaCL(pH 6.0); temperature, 55°C; SV, 3.0 hr ™.

Table 1. Characteristic performance of B-galactosidase im-
mobilization methods for galactooligosaccharides(GOS) production by

packed-bed reactor.

Performance Adsorption Adsorption+Cross-
parameters (unit) linking
Activity recovery (%) 50~55 40~45
Space velocity (hr ™) 1.7 15
Productivity (g GOS/L/hr) 374 330
Specific production® (g GOS/g 56 297

carrier)

*Specific production: total amounts of commercial valuable GOS pro-
duced by 1 g immobilized B-galactosidase in packed-bed reactor.
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Immobilization of p-Galactosidase with High Transgalactosylation Activity from Bacillus sp. A4442

Mutant

Man-Jin In'**, Min-Hong Kim’ and Jin Jung' (*'Department of Agricultural Chemistry, Seoul National Univ-
ersity, Suwon, Korea, *R&D Center, Miwon Co., Ltd., Ichon, Korea)

Abstract : For continuous production of galactooligosaccharides(GOS), PB-galactosidase with high transgalac-
tosylation activity from Bacillus sp. A 4442 was immobilized onto Diaion™ HPA 75(styrene-divinylbenzene
resin). The parameters influencing enzyme immobilization were scrutinized in order to maximize im-
mobilization yield while minimizing enzyme inactivation. The optimum conditions turned out to be: Tris buff-
er concentration 30 mM, pH 8.0, contact time at room temperature 3 hr, and enzyme loading 25 mg protein/
g resin. Both the thermal stability and the operational stability of immobilized enzyme were markedly en-
chanced by the treatment with 0.5% glutaraldehyde as a cross-linker. Under the experimental conditions es-
tablished, the yield of B-galactosidase immobilization was 40% or more and the activity of the immobilized en-
zyme ca. 200 U/g resin. When a packed-bed reactor was employed to continuously convert lactose to GOS,
the specific production, which refers to as the amount of commercially valuable GOS produced by a unit
amount of immobilized B-galactosidase, was found to be ca. 300 g GOS/g carrier.
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