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Molecular structure of lacto-N-biosidase LnbX, an enzyme from a symbiotic
bacteria (B. longum) in infants' gut to break down sugars in breast milk. Credit:
Yamada and Gotoh et al.
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Breast milk provides vital nutrients not only to infants, but also to
beneficial microbes that inhabit the gastrointestinal tract. A study
published April 6 in Cell Chemical Biology shows that a bacterial species
called Bifidobacterium longum has successfully adapted to the unique
niche of the infant gut by producing an enzyme called LnbX, which
enables this microbe to grow on a sugar that is abundant only in human
milk.

"Given the health-promoting effects of bifidobacteria, our findings
reveal a possible evolutionary route for the breast milk-driven symbiosis
between gut microbes and humans," says co-senior study author Takane
Katayama of Kyoto University.

Gut microbes in early life are thought to have long-lasting effects on
human health, and studies have shown that diet strongly influences the
composition of this population. For example, human milk sugars are
known to selectively promote the growth of beneficial gut microbes such
as bifidobacteria, which prevent diarrhea and pathogenic infection in
infants. One major component of human milk is a sugar called lacto-N-
tetraose, which is virtually absent in the milk of other mammals.
Bifidobacteria produce enzymes that break down this sugar, strongly
suggesting that a symbiotic relationship recently evolved between these
microorganisms and humans.

While investigating how this symbiotic relationship evolved, Katayama
and co-senior study author Shinya Fushinobu of the University of Tokyo
previously characterized LnbB and isolated LnbX—enzymes that
degrade lacto-N-tetraose in Bifidobacterium bifidum and Bifidobacterium
longum, respectively. In the new study, the researchers set out to build on
these findings by determining the X-ray crystal structure of the catalytic
domain of LnbX. The crystal structure, in combination with mutation
and pharmacological experiments, revealed that LnbX has a distinct
structure and catalytic mechanism from LnbB and therefore belongs to a
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novel family of glycoside hydrolase enzymes called GH136.

  
 

  

Human milk oligosaccharides selectivelypromote bifidobacterial growth in
theinfant gut. This visual abstract depicts the findings of Yamada and Gotoh et
al., who provide the structural basis of lacto-N-biosidase (LnbX), a key
enzymatic factor for growth and proliferation of B. longum in breastfed infants.
Credit: Yamada and Gotoh et al./Cell Chemical Biology 2017
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"Even though B. longum and B. bifidum belong to the same genus and
inhabit the same environment, they use different enzymes to break down
lacto-N-tetraose, taking advantage of the varied structures of this unique
human milk sugar," Fushinobu says. "The findings suggest that different
strains and species of beneficial bifidobacteria have independently
evolved distinct molecular tools to digest the same human milk sugar,
explaining their ability to co-exist and thrive in the gastrointestinal tract
of breast milk-fed infants."

Additional experiments showed that the lnbX gene is critical for the
ability of B. longum to grow specifically on lacto-N-tetraose. Moreover,
an analysis of fecal DNA revealed that B. longum and the lnbX gene
were more abundant in the gastrointestinal tract of ten infants that
exclusively consumed breast milk compared with six infants fed a
mixture of formula and breast milk. "Taken together, these findings
suggest that lnbX is important for B. longum to persist in the gut
ecosystem of breast milk-fed infants, and human milk sugars have been
the main selective pressure for the evolution of lnbX," Katayama says.

In future studies, the researchers will investigate whether other
bifidobacterial species produce different enzymes to digest breast milk
sugars. They will also look for bifidobacterial metabolites that promote
infant health. In the end, this research could improve formula milk
through fortification either with beneficial bacterial compounds, or with
microbial enzymes that have been manipulated to carry out the reverse
reaction and synthesize human milk sugars at a low cost and large scale.

"Although breast feeding during the first year of life is recommended in
most cases, some mothers have to rely on formula milk because they
have viral infections or do not produce milk with key nutrients such as
zinc," Katayama says. "Therefore, the development of new strategies to
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fortify formula milk with health-promoting ingredients will be especially
critical in these rare cases where breast milk feeding is not possible."

  More information: Cell Chemical Biology, Yamada and Gotoh et al.:
"Molecular insight into evolution of symbiosis between breast-fed
infants and a member of the human gut microbiome Bifidobacterium
longum" www.cell.com/cell-chemical-bio … 2451-9456(17)30095-8 , 
DOI: 10.1016/j.chembiol.2017.03.012
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