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Gut microbiota sPARK vagus nerve excitation
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Our gastrointestinal tract contains more than 1014 commensal bacteria exhibiting a
considerable diversity, with as many as 1000 distinct bacterial species. The commensal
bacteria that reside in the gut have emerged as key regulators of host physiology and
behavior (Cryan et al., 2019), yet we understand little of the mode of communication that
regulates microbiota-gut-brain signaling. Understanding the mechanisms underlying
microbiota-brain communication is important to fully comprehend its role in health and
disease. In this issue of Journal of Physiology, Pradhananga et al. (2020) identify separate
cellular mechanisms by which different bacterial metabolites excite sensory vagal neurons
(Figure 1). This finding provides direct evidence that bacterial metabolites can affect vagal
signaling and thus starts to shed new light on how bacteria could influence essential aspects
of host physiology and behavior.

80-90% of axons in the vagus nerve convey afferent information to the CNSand can detect
mechanical, nutrient, gut metabolites and immune factors. Anatomical studies have
demonstrated that vagal sensory afferent neurons with cell bodies in the nodose ganglia
innervate the whole length of the gut and are involved in controlling satiety, gut homeostasis,
and inflammatory reflexes. There is growing evidence that microbiota can signal through the
vagus nerve to modulate physiology and behavior. Ingestion of the probiotic bacteria
Lactobacillus rhamnosus (JB1) caused extensive neurochemical changes in the brain and
reduced anxiety behavior, both of which are abolished by vagotomy (Bravo et al, 2011).
Furthermore, recording from the mesenteric bundle innervating the jejunum increased in
response to JB1 probiotic bacteria and this was abolished by vagotomy (Perez-Burgos et al.,
2013). Chronic intraperitoneal administration of a bacterial byproduct inhibited vagally-
mediated satiety (de La Serre et al. 2015). These studies indicate a role for the vagus nerve
in mediating microbiota signaling to the brain, however, whether this occurs through direct
or indirect mechanisms is unclear. Pradhananga et a/. report that supernatant from MET-1, a
defined population of 33 different commensal bacteria cultured from a healthy human,
directly increased NG neuron excitability in culture by causing a hyperpolarizing shift in the
voltage dependence.
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Pathogenic (Wang et al., 2002) and non-pathogenic (Perez-Burgos et al., 2013) bacteria
activate different brain nuclei and have opposing effects on behavior. All these effects are
abolished by vagotomy (Wang et al., 2002; Bravo et al. 2011). Furthermore exposure of an
ex vivo section of the distal colon to peptidoglycan, (main cell wall component of gram-
positive bacteria) but not lipopolysaccharide (LPS, main cell wall component of gram-
negative bacteria), evoked vagal nerve firing (Buckley & O’Malley, 2018). These previous
studies alluded to the idea that vagal sensory neurons can distinguish between bacterial
signals and convey contrasting information to the brain. Pradhananga et a/. expand on these
previous findings by demonstrating that pathogenic LPS and MET-1 supernatant both excite
vagal sensory neurons through different intracellular signaling mechanisms. MET-1
supernatant increased the excitability of sensory NG neurons by acting on protease-activated
receptor-2 (PAR-2), while LPS excites vagal sensory neurons through a TLR-4 mediated
NF-xB intracellular signaling pathway (Figure 1). Interestingly, despite an abundance of
gram-negative bacteria, MET-1 supernatant induced excitability of vagal sensory neurons
was not inhibited by TLR-4 antagonist. Although, the reason for the absence of TLR-4
signaling by MET-1 supernatant was not assessed by Pradhananga ef a/., it is plausible that
pathogenic and commensal bacteria produce different quantities or variants of LPS with
different virulence depending on the environment niche (Maldonado et al., 2016).

Collectively, Pradhananga et a/identify novel intracellular pathways by which gut
microbiota influences the excitability of vagal afferent neurons, which leads to numerous
interesting questions. What other bacterial products are capable of activating vagal sensory
neurons? Does the same neuronal population convey different information in response to
separate stimuli, or do distinct vagal populations respond to separate stimuli? Furthermore,
do the same neurons express PAR-2 and TLR-4, and which organs do these neurons
innervate? Are circulating bacterial metabolites /n vivo sensed at the level of the nodose
ganglia or by gut vagal terminals? Do non-neuronal cell populations in the nodose ganglia
also respond to bacterial products to subsequently alter neuronal signaling? How important
are the colonic bacteria in vagal signaling to the brain? Sparse vagal innervation undermines
the signaling ability of abundant bacterial products produced in the colon. Does the
abundance of metabolites result in too much “noise” for individual signals to be conveyed to
the brain or do vagal neurons only sense above a certain threshold? Thus, more studies are
warranted to elucidate the extent of bacterial metabolites, the range of vagal afferent neurons
and intracellular pathways that are recruited as well as the physiological and behavioral
consequences of activating these pathways.
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Figure 1.
Schematic representation of mechanism of vagus nerve excitation by bacterial metabolites.
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