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Abstract: Persulfidation plays a role in protein functioning and signaling, maintaining the
physiological and metabolic balance of cells, protecting cells from oxidative stress, and regulating
sulfur homeostasis. This article summarized the internal relationship of hydrogen sulfide, reactive
sulfur species, and cysteine metabolism, expounded the mechanism of sulfur homeostasis
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regulation, and introduced the role of persulfidation in microbial sulfur homeostasis, providing new

thoughts for the future research.
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Figure 1

Schematic representation of the mechanism underlying protein persulfidation'®. (1) Protein thiols

cannot react with H,S directly; (2) H,S can react with sulfenic acids and S-nitrosated for sulfhydration; (3) H,S
reacts with cysteine disulfides (—S—S) for sulfhydration formation; (4) —SH reacts with RSSH to generate
—SSH; (5) Protein persulfidation could potentially be reduced by thioredoxin/thioredoxin reductase system

(Trx/TrxR).
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Figure 2 The function of H,S and chemical structure of RSS. A: Schematic representation of the hydrogen
sulfide (H,S) action mechanism in biological processes’>>. B: Structures of some biologically relevant RSS

chemotypes[zsl.
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Figure 3 The interactions between H,S and
persulfide (RSSH) for achieving signal transmission
function. The H,S diffuses across the cell membrane,
where it reacts with oxidized or nitrilized thiol
groups to form persulfidation, and is subsequently
exported from the cell as HS .
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Figure 4 H,S production model in microorganisms. The processes encompass the transport of thiosulfate and
sulfate, the synthesis, metabolism, and degradation of L-cysteine, as well as the degradation of RSS and the

transportation of H,S.
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Figure 5 Physiological functions of RSS in microorganisms and a schematic diagram illustrating the pathway
for RSS generation. A: Biological reactivity of RSS. Regulation of oxidative stress and redox signaling by
reactive persulfide species. Excess production of ROS and NO causes oxidative stress. In contrast, ROS and
NO also function as redox signals via formation of electrophilic second messengers such as 8-nitro-cGMP**!.
B: Pathways for bacterial sulfur transformation in the periplasm. Oxidation of S*~ and S’ Flavocyt ¢ sulfide
dehydrogenases (FCSDs) can oxidize H,S to the final product polysulfide. In dissimilatory sulfur-oxidizing
bacteria, Rhds and PDOs are located in the periplasm, and the oxidation of H,S is catalyzed by SQRs, which
consistently expose the reaction to the periplasm space. Oxidation of S° and S**: Unconjugated SoxYZ is
catalyzed by SoxAX with S,05%, generating SoxYZ-S-S-SO; , which is subsequently converted to
SoxYZ-S-S , releasing one molecular of SO427 under the catalysis of SoxB™,
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Figure 7 Regulated operons, modes of regulation, structure, and RSS reactivity products of bacterial RSS
sensors. A: The expression of GrxA, TrxC, and KatG (catalase) is regulated by OxyR upon exposure to H,O,.
B: CstR has four peripheral dithiol-sensing sites in the tetrameric structure (middle). The reaction })roducts of
CstR with RSS reveal a mixture of di-, tri-, and tetrasulfide interprotomer linkages'’*. C: FisR isc>'-dependent
transcriptional activator and activates the expression of a sulfide detoxification operon. FisR is organized into
three domains (regulatory, ATPase, and DNA- bmdln% domain), but to date, there are no structures of a
functionally characterized RSS-sensing FisR (middle)"’
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Figure 8 Model of Escherichia coli production of H,S and RSS. CDs convert L-cysteine to H,S. Most of the
produced H,S is lost via evaporating, the rest of the hydrogen sulfide is used by CysK and CysM to produce
L-cysteine®®. H,0, can oxidize reactive sulfane sulfur to thiosulfate*). Sqr and CstB can use H,S to produce
thiosulfonate™). CAT/MST metabolizes L-cysteine to produce reactive sulfur, which causes protein
sulfhydrating. Cellular mercaptans and thioredoxin/pentadidoxin reduce excess active sulfathionate to H,S, but
this is not an efficient way to produce H,S during normal growth.
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