
 

How the gut creates a cozy home for
beneficial microbiome species
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A cross section of the fruit fly gut that is preferentially colonized by the
bacterium Lactobacillus plantarum. Credit: William Ludington, Allan Spradling,
and co-authors.

The digestive tract of fruit flies remodels itself to accommodate
beneficial microbiome species and maintain long-term stability of the
gut environment, according to new research led by William Ludington
and Allan Spradling of the Carnegie Institution for Science. Their
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findings are published in Nature Communications.

The gut microbiome is an ecosystem of hundreds to thousands of
microbial species living within the human body. These populations
affect our health, fertility, and longevity. But there is still so much to
learn about how these microbial species interact with our bodies and
with each other.

"Every day, we encounter and even ingest a diverse array of bacterial
species," explained Ludington, who has been probing microbiome
acquisition and composition for several years at Carnegie. "Despite this,
the gut microbiome remains relatively stable over time—a phenomenon
that is maintained across many species ranging from mammals to
insects."

He, Spradling, and their collaborators wanted to determine how our guts
can maintain such remarkably consistent microbiome compositions.
Because the human microbiome is so complex, they studied fruit flies,
which are only colonized by a handful of microbial species.

Using sophisticated methods and powerful microscopes, the research
team—which included Carnegie's Ren Dodge, Haolong Zhu, Daniel
Martinez, Chenhui Wang, and Kevin Aumiller—showed that the fruit fly
gut creates physical conditions that selectively promote colonization by
certain species.
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LpWF stably colonizes the fly gut with spatial specificity. A Colonization assay
schematic with initial dosing on day 0 and serial transfers to sterile food daily for
3 days before analysis. B Gut diagram. C Microscopy of LpWF-mCherry
colonization in a whole gut after clearing transient cells shows a specific
colonization zone in the foregut. Shown is a maximum-intensity z-projection. D
The proventriculus is a major site of LpWF colonization. E Ai colonization is
also specific to the proventriculus lumen and crop duct (see also Fig. S2). F CFU
densities from regions dissected in B. n = 23 individual guts/region from three
biological replicates. Columns represent means. Error bars are S.D. G
Microsurgery was carried out to remove the crop. H LpWF colonizes the foregut
of flies with the crop removed (n = 15/15). I TEM cross-section of
proventriculus inner lumen. Representative image of n = 3 biological replicates. J
Detail of (I). Scale bars are defined in the figure panels. Source data are
provided as a Source Data file. Credit: Nature Communications (2023). DOI:
10.1038/s41467-023-36942-x
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"The fruit fly gut essentially builds a cozy niche that allows a desirable
species of primary colonizers to succeed, fostering a mutually beneficial
situation for both the insect and the microbe," explained Spradling, a
longstanding global leader in molecular biology who has developed
breakthrough techniques in studying fruit fly genetics.

The researchers found that colonization by a beneficial bacterial strain
initiates physical changes in the fruit fly gut that increase the number of
binding sites available and produces substances that aid attachment,
easing the way for a secondary species to move in.

"Because we've discovered this niche in the most powerful model
organism for understanding the genetic basis of animal development, it
opens up a whole new field of possibilities for understanding the
mechanisms by which animals select and control their microbiome,"
Ludington concluded.

Their team's research focused on one particular section of the fruit fly
gut that's transformed into an ideal niche for colonization by two
microbial species. Looking ahead, they want to use fly genetics to
understand the mechanisms of niche construction and maintenance, as
well as search for other potential niches in fruit flies and other animals,
including humans.

Other co-authors included Eric Jones and David Sivak of Simon Fraser
University, Benjamin Obadia of University of California Berkeley,
Andrés Aranda-Díaz and Kerwyn Casey Huang of Stanford University,
Zhexian Liu of Johns Hopkins University, Marco Voltolini and Eoin L.
Brodie of Lawrence Berkeley National Lab, and Jean Carlson of
University of California Santa Barbara.

  More information: Ren Dodge et al, A symbiotic physical niche in
Drosophila melanogaster regulates stable association of a multi-species

4/5

https://phys.org/tags/molecular+biology/
https://phys.org/tags/species/


 

gut microbiota, Nature Communications (2023). DOI:
10.1038/s41467-023-36942-x
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