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Hydrogen sulfide (H2S) is a gasotransmitter produced primarily by gut microbiota
and has emerged as an important signaling molecule in gut bacteria, as
beneficial levels can protect pathogenic bacteria from oxidative stress that arises
from inflammatory responses or antibiotics, and microbiota-derived H2S can be
toxic for invading bacterial pathogens in the gut. Protein and small molecule
Reactive Sulfur Species (RSS) derived from H2S, such as persulfides (RSSH),
mediate these beneficial and toxic effects by modifying reactive cysteines
through a post-translational modification called persulfidation. Therefore,
maintaining RSS homeostasis is essential to leverage their benefits while
preventing toxicity. Bacteria achieve this homeostasis by expressing persulfide-
sensing transcriptional regulators whose regulon encodes for sulfur detoxification
genes. The transcriptional responses that allow this homeostasis in bacteria
have been described for several human pathogens, however, little is known
about the microbiome’s response to rising H2S concentrations and how RSS
affect most gut pathogens’ metabolism and colonization. Here, we examine RSS
homeostasis in non-pathogenic gut bacteria, using Escherichia coli as a model
organism with the persulfide sensing transcriptional repressor, ArsR familiy
member, EcYgaV. Our metabolic profiling and RT-qPCR experiments show that
when low molecular weight persulfide increases intracellularly, YgaV upregulates
YgaP, the only membrane-bound sulfurtransferase in E. coli. Due to the reaction
with persulfide-containing mixtures, YgaV forms a pentasulfide bridge between
its sensor cysteines, as evidenced by our intact protein mass spectrometry and
crystallography results. Pentasulfide formation allosterically inhibits DNA binding



and allows the expression of YgaP, which contributes to clearing sulfide-induced
stress. Our proteomics analysis identified a set of genes that respond to sulfide
concentrations comparable to those found in the gut, reinforcing the critical role
of YgaV in managing sulfide stress. This work highlights the broader impact of
persulfidation on the adaptive mechanisms of gut bacteria in response to their
chemical surroundings, providing new insights into the delicate balance of RSS
homeostasis.
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