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Bifidobacterium breve JCM 1192 0.98 0.83 -
Bifidobacterium pseudolongum JCM 1205 1.01 0.80 +
Bifidobacterium longum JCM 1217 1.12 0.07 -
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Studies on Carbohydrates Metabolism Specific to Bifidobacterium

Hidehiko Kumagai (Division of Integrated Life Science, Graduate School of Biostudies, Kyoto University)

Bifidobacteria are Gram-positive, non-spore-forming anaerobe, predominant bacteria
in the intestinal tract of human and some animals. It is known that they are useful for
maintenance of the host’s health and have some beneficial effects such as reinforcement of
immune functions and prevention of cancer. Moreover, Bifidobacteria are considered as a
natural drug delivery system (probiotics), because they metabolize sugars to produce
acetic acid and lactic acid which inhibit the growth of pathogenic microorganisms in the
intestinal tract. Recently, several studies have been made to find an oligosaccharide,
Bifidus-factor which is specifically assimilated by Bifidobacteria.

In our laboratory, Bifidobacterium breve 203 was isolated from human adult feces and
this strain was found to produce a novel B-D-glucosidase and @-D-galactosidase. We
purified and characterized both enzymes from an acclimatized or induced strain and
cloned the genes to examine the mechanism increasing the enzyme activity and to estimate
their usefulness to synthesize a Bifidus-factor.

The g-glucosidase (EC.3.2.1.21) activity of B. breve 203 was increased by acclima-
tion with cellobiose, succesive cultivation on the medium containing cellobiose as the sole
carbon source. The enzyme was purified to homogeneity from cell-free extracts of an
acclimatized strain of B. breve clb. This enzyme had not only B-glucosidase activity but
also B-D-fucosidase activity. This enzyme had also transferase activity for the 8-D-fucosyl
group but not for the 8-D-glucosy! group.

Genomic DNA encoding a S-glucosidase, which has g-fucosidase activity, was cloned
from B. breve 203 clb. The recombinant enzyme was purified and the recovery of enzyme
was about 138-fold higher than from B. breve 203 clb.

Circulation of a solution of D-fucose and D-glucose through a reaction system consist-
ing of columns, in series of immobilized recombinant g-glucosidase and activated charcoal
gave two oligosaccharides. These oligosaccharides were identified to D-fucosyl (8-1-6)
D-glucose and gentiobiose (D-glucosyl (8-1-6) D-glucose). The D-fucosylglucose was well
assimilated by many Bifidobacteria but not by other intestinal bacteria tested.

To elucidate the mechanism of acclimation, the translation and transcription of
B-glucosidase gene were examinede and marked differences in the expression of the
enzyme and the label of its mRNA between B. breve 203 and B. breve 203 clb found. The
transcriptional starting point and promoter and operator regions were assigned.

a-D-galactosidase was purified from B. breve 203 grown on raffinose and its gene was
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cloned to examine and elucidate a role of the enzyme in the metabolism in detail.

The purified «-galactosidase from B. breve 203 had a molecular weight of 160,000
(determined by native-gradient PAGE), and optimum pH was 5.5-6.5. Its stable pH was 5.
5-12, and the optimum temperature for activity was 37°C. The enzyme retained 80% of its
original activity after incubation for 10min at 60°C. The purified a-galactosidase was
specifically active toward a-D-galactosyl moiety.

The a-galactosidase gene was cloned and expressed in E. coli. Cell-free extracts from
the recombinant had high specific activity which was same as that of B.breve 203 grown
on raffinose. The 5.5kbp insert fragment in the plasmid pKT12 had two open reading
frame, ORF1 and ORF2. ORF1 was 2,018bp long and had a predicted molecular mass of
74,831Da, which was almost identical to the results of SDS-PAGE of the purified «-
galactosidase from B. breve 203. Amino acid sequence of ORFI revealed that it had

consensus sequence of @-galactosidase from various soueces.



