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Infant gut-associated bifidobacteria
and human milk oligosaccharides (HMOs)

Takane Katayama
Research Institute for Bioresources and Biotechnology
Ishikawa Prefectural University

The bifidogenic effect of HMOs has long been known, yet the precise mechanism
underlying it remains unresolved. I measured the concentration of each neutral HMO
during cultivation of infant-gut associated bifidobacteria by using normal-phase
high-performance liquid chromatography. Bifidobacterium bifidum used secretory
glycosidases to degrade HMOs, whereas B. longum subsp. infantis assimilated all
HMOs by incorporating them in their intact forms. B. longum subsp. longum and B.
breve consumed lacto-N-tetraose only. B. bifidum left degraded HMO metabolites
outside of the cell even when the cells initiate vegetative growth, which indicates that
the different species/subspecies can share the degraded sugars. The predominance of
type-1 chains in HMOs and the preferential use of type-1 HMO by infant gut-associated
bifidobacteria suggest the coevolution of the bacteria with humans.

The ability of B. longum subsp. infantis to assimilate HMOs has been ascribed to
the presence of a gene cluster (HMO cluster-1) contained in its genome. However,
because no enzymatic studies have been completed, the metabolism of HMOs by the
organism remains ambiguous. I characterized (-galactosidases of this subspecies to
understand how the organism degrades type-1 and type-2 isomers of HMOs. The results
revealed that, while the Blon_2334 gene located within the HMO cluster-1 encodes a
[3-galactosidase specific for lactose and type-2 HMOs, the locus tag Blon_2016 gene,
which is distantly located from the HMO culster-1, encodes a novel [3-galactosidase
(Bga42A) with a significantly higher specificity for lacto-N-tetraose. Despite the
quite rare occurrence in nature of 3-galactosidases acting on type-1 chains, the
close homologues of Bga42A were present in the genomes of infant-gut associated
bifidobacteria. The predominance of type-1 chains in HMOs and the conservation of
Bga42A homologues suggest the coevolution of infant-gut associated bifidobacteria
with humans.

Regiospecific synthesis of glycosyl bonds, especially a-L-fucosyl linkages, is quite
difficult to control. I generated an q-L-fucosynthase that specifically introduces Lewis
a/x antigens into the type-1 and type-2 chains, respectively, i.e., the enzyme specifically
accepts the disaccharide structures (Gal 5 1-3/4GIcNAc) at the non-reducing ends and
attaches a Fuc residue via an o-(1,4/3)-linkage to the GlcNAc. X-ray crystallographic
studies revealed the structural basis of this strict regio- and acceptor-specificity,
that includes the induced-fit movement of the catalytically important residues, and
the difference between the active site structures of 1,3-1,4--L-fucosidase (EC
3.2.1.111) and a-L-fucosidase (EC 3.2.1.51) in the glycoside hydrolase family 29.
The glycosynthase developed in this study should serve as a potentially powerful tool
to specifically introduce the Lewis a/x epitopes onto labile glycoconjugates including
glycoproteins.



