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We succeed in the development of two B-galactosidases for the production of two
value-added products, i.e., 1) production of galacto-oligosaccharides (GOS), which has
prebiotic acitivity and 2) production of low-lactose milk, which will allow lactase deficient
consumers, which comprise one-third of world population and less than 10% in Thailand, to
be able to drink milk with no side effects. The two enzymes that have been developed in

this research project can be further applied for industrial applications in the future

The first enzyme is a novel heterodimeric B-galactosidase with a molecular mass of
105 kDa, which was purified from crude cell extracts of the soil isolate Lactobacillus
pentosus KUB-ST10-1 using ammonium sulphate fractionation followed by hydrophobic
interaction and affinity chromatography. The electrophoretically homogenous enzyme has a
specific activity of 97 UoNPG/mg protein. The Km, kcat and kcat/Km values for lactose and
o-nitropheny!|-B-D-galactopyranoside (oNPG) were 38 mM, 20 s-1, 530 M™"s™" and 1.67 mM,
540 s, 325 000 M™!s7!, respectively. The temperature optimum of B-galactosidase activity
was 60-65°C for a 10-min assay, which is considerably higher than the values reported for
other lactobacillal B-galactosidases. Mg2+ ions enhanced both activity and stability
significantly. L. pentosus B-galactosidase was used for the production of prebiotic
galactooligosaccharides (GOS) from lactose. A maximum yield of 31% GOS of total sugars
was obtained at 78% lactose conversion. The enzyme showed a strong preference for the
formation of B-(1—3) and B -(1—>6) linkages, and the main transgalactosylation products
identified were the disaccharides B -D-Galp-(1—>6)-D-Glc, B -D-Galp-(1—>3)-D-Glc, B -D-Galp-
(1—6)-D-Gal, B -D-Galp-(1—>3)-DGal, and the trisaccharides g -D-Galp-(1—>3)-D-Lac, B-D-
Galp-(1—6)-D-Lac. This enzyme is suitable for the production of GOS in industrial scale in

the future.

For the second enzyme, the gene encoding homodimeric B-galactosidase (lacA) from
Bacillus licheniformis DSM 13 was cloned and overexpressed in Escherichia coli, and the
resulting recombinant enzyme was characterized in detail. The optimum temperature and
pH of the enzyme, for both o-nitrophenyl-B-D-galactoside (oNPG) and lactose hydrolysis,
were 50°C and 6.5, respectively. The recombinant enzyme is stable in the range of pH 5 to 9

at 37°C and over a wide range of temperatures (4-42°C) at pH 6.5 for up to 1 month. The Km
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values of LacA for lactose and oNPG are 169 and 13.7 mM, respectively, and it is strongly
inhibited by the hydrolysis products, i.e., glucose and galactose. The monovalent ions Na+
and K+ in the concentration range of 1-100 mM as well as the divalent metal cations Mg2+,
Mn2+, and Ca2+ at a concentration of 1 mM slightly activate enzyme activity. This enzyme
can be beneficial for application in lactose hydrolysis especially at elevated temperatures
due to its pronounced temperature stability; however, the transgalactosylation potential of
this enzyme for the production of galacto-oligosaccharides (GOS) from lactose was low, with
only 12% GOS (w/w) of total sugars obtained when the initial lactose concentration was 200
g/L. This enzyme is suitable for the production of low-lactose milk and milk products in

industrial scale in the future.

The information about these two enzymes has already been published in

international publications with peer-review and impacfactors.
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