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A Little O, May Go a Long Way in Structuring the Gl Microbiome
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The mammalian gastrointestinal (GI) tract houses hundreds of species of microbes from all
domains of life—Archaea, Bacteria, and Eukarya. As in many environments, bacteria are the
most abundant members of this complex microbial community. Hundreds of metabolites
attributed to the gut microbial community circulate in the mammalian bloodstream,?
extending the reach of the microbiome to every host cell. It is no wonder that the Gl tract has
been described as the body’s largest endocrine organ.? Given the role, contributions, and
potential of the gut microbiome, it would be valuable to know how environmental conditions
in the gut influence the composition and function of its microbiota. In this issue, Albenberg
et al® unveiled new evidence supporting a dynamic mammalian microbiome by exploring the
potential for molecular oxygen (O,) to shape the structure of the gut microbiome and offer a
potential mechanism of the benefit of hyperbaric O, treatment in intestinal diseases.*°

0, in the environment has a dramatic influence on the evolution of life® and its availability
remains an important driver of organismal physiology and ecology, particularly in the
microbial world. As a potent electron acceptor, microbes that can utilize O, for respiration
are at a tremendous selective advantage in environments containing O,. The consequences
of this selective force are particularly strong in environments rich in organic compounds but
with few alternative electron acceptors for microbial respiration, that is, any place where
fermentation is the primary, energy-yielding form of metabolism. The digestive tracts of
most animals have regions that fit this description precisely: A regular input of food
supporting dense communities of fermentative microbes.

The availability of electron acceptors—in particular nitrate and tetrathionate—in the anoxic
environment of mammalian colon leads to blooms of bacteria able to respire these
compounds. Nitrate (NO3 ) is generated as a metabolic byproduct of the host inflammatory
response and fuels blooms of Escherichia coliin the inflamed colons of mice.” Similarly,
populations of Salmonelia entericathrive in the inflamed gut by triggering a cascade of
events that leads to the production of tetrathionate (S40g2), another potent electron acceptor
that can be respired by populations of Sa/monella8 It has been suggested that infusion of O,
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after gastric bypass surgery® may lead to the observed enrichments of Proteobacteria in the
colon associated with this procedure.

Another consequence of O, in the gut was revealed in a recent study of gene expression in
Shigella flexneri. Coordinated expression of virulence determinants, including genes
involved in the type 111 secretion systems, were observed in response to a zone of
oxygenation adjacent to the mucosa of the Gl tract.19 This microoxic zone was attributed to
diffusion of O, from the capillary network at the tips of villi and extended approximately 70
4m into the lumen.10

One limitation that we have in understanding the full impact of O, on the structure and
function of the microbiota is the lack of accurate measurements O, concentrations that
microbes experience. As reported in this issue of Gastroenterology, Albenberg et al met this
challenge with the development of a phosphorescent probe, OxyphorMicro, that was
distributed throughout the GI tract of mice by mixing the probe with mouse chow.
Phosphorescence of the probes, which is quenched proportionately with the concentration of
O,, was measured with a specially designed fiberoptic detector. The instrument was inserted
after laparotomy to measure phosphorescence of the probe in the organs of interest.
OxyphorMicro is a particularly appropriate probe to use because it is insensitive to the
presence of solutes in the agqueous environment of the intestines, thus providing sensitive and
accurate measurements of O,.

In agreement with previous measurements in the cecum,! luminal concentrations of O,
were approximately 40 mmHg. That concentration increased after inhalation of pure Oy,
reflecting diffusion of O, from the tissue into the cecum lumen. Based on the compilation of
O, concentrations throughout experimental manipulations, the authors conclude that there is
a steep, radial gradient of O, in the intestines (Figure 1). O, diffusing into the lumen is
consumed by mucosal-associated microbes resulting in extremely low concentrations of O,
in the intestinal lumen (<1 mmHg). The microbiota in the mucosa are clearly important to
the health of the host, and until now we know little about this community of microbes and
how it is structured by the chemical features of the environment. Albenberg et al showed that
mucosa-associated bacteria are not static under physiologic conditions and are highly
influenced by the O, tension in mucosa layer. The dynamic shifts in the microbiome in turn
may affect the functional status of the mucosal layer contributing to mucosal homeostasis or
pathology.

To examine the potential for O, to shape the composition of the gut microbiome, mice were
exposed to hyperbaric oxygen therapy. After 9 days of hyperbaric oxygen therapy, tissue
oxygenation increased 5-fold and the microbial community surveyed in fecal samples also
shifted in composition. These finding were extended to the human microbiome through
molecular surveys of microbial communities generated from biopsies of the rectal mucosa.
The relative abundance of aerotolerant bacteria, particularly members of the Proteobacteria
and Actinobacteria phyla, were enriched in the mucosa compared with fecal samples, again
suggesting that O, is shaping this region of the gut microbiota.
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The mammalian intestinal tract has traditionally been considered to be an anoxic
environment that harbors an array of obligately and facultatively anaerobic bacteria, but
potential roles of O, in this ecosystem are being reexamined. We know that the capacity to
harvest the low levels of O, found in these environments, which is conferred by cytochrome
oxidases with a high-affinity for O, are encoded in phylogenetically diverse microbes.12
Furthermore, an estimated 30% of the microbes from the mammalian Gl tract were found to
have the metabolic potential to use low, even nanomolar concentrations of 0,12

Clinical literature has suggested potential benefits of hyperbaric O, therapy in chronic
intestinal disorders, such as radiation enteritis and inflammatory bowel disease.*> The
mechanism is believed to be primarily an increased delivery of O, up to the injured intestinal
tissue to promote faster healing, enhance immunity, and prevent colonization of harmful
bacteria.13 Albenberg et al demonstrated convincingly that hyperbaric O, therapy also alters
the host mucosal bacterial communities and may provide further protection against
pathogenesis by potential pathobionts in the gut. More research is needed to assess the
functional role of hyperbaric O,-induced microbiota and whether this therapy may be
beneficial in the co-management of patients with chronic intestinal inflammation or injury.

Understanding the role of O, in shaping the structure and function of microbial
communities, and thus the interaction of these communities with the mucosa, will advance
our ability to build predictive models of interactions between the host and microbiota. Such
an understanding will provide information important not only in the Gl tract, but at all
mucosal surfaces where gradients of O, exist.
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Figure 1.
The radial O, gradient in the mouse colon and an overview of metabolic pathways that could

be altered by the presence of O,.

Gastroenterology. Author manuscript; available in PMC 2018 June 27.



	References
	Figure 1

