
 

Lactobacillus manipulates bile acids to create
favorable gut environment
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Lactobacillus gasseri electron microscopy. Credit: NC State University

New research from North Carolina State University reveals that
probiotic Lactobacillus bacteria use enzymes situationally to manipulate
bile acids and promote their own survival in the gut. These findings
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further elucidate the complicated relationship between bile acids and gut
bacteria and could eventually enable researchers to design lactobacilli
with therapeutic properties, thereby engineering a healthier human gut
environment.

Bile acids are key players in digestion and overall gut health. Produced
in the liver and released after we eat, these acids not only break down
cholesterol and help regulate fat absorption, they also have a huge impact
on what types of bacteria colonize the gut.

As bile acids move through the gut, they are initially chemically
modified through the addition of an amino acid (frequently glycine or
taurine), creating a complex "conjugated" bile acid pool. Some gut
bacteria have enzymes, called bile salt hydrolases (BSHs), which can
cleave or "deconjugate" these amino acids from the bile acids, allowing
other bacteria to further transform the bile acids as they continue
through the colon. These transformations affect the bile acids' toxicity,
which in turn affects the ability of different bacteria to survive in the
gut.

"The assumed relationship was that probiotic bacteria like Lactobacillus
have BSHs that just deconjugate the bile acid, rendering it less toxic and
allowing the bacteria to survive," says Casey Theriot, associate professor
of infectious disease at NC State and co-corresponding author of a paper
describing the work. "But the reality is a lot more complex—these
enzymes are more specific than we thought. Depending on which BSH is
there and which bile acid it acts on, you can shape the gut in different
ways, making it more or less hospitable to bacteria or pathogens."

"The interplay between bile and bacteria has a huge impact on their
ability to live, thrive or die in a very competitive environment," says
Rodolphe Barrangou, Todd R. Klaenhammer Distinguished Professor in
Probiotics Research at NC State and co-corresponding author of the
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work. "So we set out to further investigate that relationship."

Theriot, Barrangou, and Matthew Foley, a postdoctoral research scholar
at NC State and first author of the paper, did both in vitro and in vivo
experiments to determine how and whether BSHs reduced bile acid
toxicity. First, they looked at the growth of two strains of Lactobacillus
in the presence of different bile acids and were surprised to find that the
conjugated glycine or taurine played a big role in determining the
toxicity of a given bile acid. The BSHs were then isolated and
biochemically studied to determine whether they were more or less
active on specific bile salts, and whether they could affect the survival of
lactobacilli when grown in the presence of bile acids.

They found that bile acid toxicity was not merely dependent upon
whether the bile acid was conjugated or deconjugated by a BSH; rather,
the relationships were dependent upon the type of bile acid, the bacteria
being acted upon, and which BSH was present.

"When we altered the BSH composition of these Lactobacillus strains,
their tolerance of the bile acids and thus their competitive fitness were
also altered," Barrangou says. "These BSH enzymes have diverse
properties. Bacteria pick up and drop off enzymes regularly—sometimes
they pick up enzymes that will help them survive (make bile acid less
toxic) or they could pick up an enzyme that will hurt competition.

"So the relationship between bacteria, BSHs and bile acids aren't just one
to one. This knowledge could help us strategize ways to improve human
health by extending the lifespan of beneficial microbes or preventing the
colonization of pathogens."

"If we're going to try and design the gut microbiota in the future, we
really have to understand all the players—bacteria, enzymes and bile
acids—and their situational relationships." Theriot says. "This work is a
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big first step in that direction."

"BSHs are just one tool that lactobacilli use to adapt to life inside the
competitive intestinal tract." Foley says. "Our future work will further
our knowledge of bacterial-modified bile and its consequences for our
health."

The work appears in Proceedings of the National Academy of Science.

  More information: Matthew H. Foley el al., "Lactobacillus bile salt
hydrolase substrate specificity governs bacterial fitness and host
colonization," PNAS (2021).
www.pnas.org/cgi/doi/10.1073/pnas.2017709118
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