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with a tag switch assay it is difficult to detect the cross-reactivity of persulfide with other cysteine 
post-translational modification [28,29]. To detect polysulfide in target protein, two novel and highly 
specific methods were established, named as polyethylene glycol-conjugated maleimide-labeling gel 
shift assay (PMSA) and protein persulfide detection protocol (ProPerDp) [30,31], respectively.  

2.2. Acid–Base Motif in Protein S-Sulfhydration 

Cysteine plays a number of important roles in regulating cellular functions through its thiol 
functional group. The number and location of cysteine residues in different proteins is varying. It is 
a big challenge to determine the specificity of cysteine in target protein for S-sulfhydration [29]. Based 
on the analysis of NO transfer in many proteins, the acid-base motif was suggested as a site for 
forming protein S-nitrosylation [7–9,32]. Electrostatic interactions of particular cysteine with nearby 
acid-base amino acids may alter thiol reactivity and confer structural instability. In the acid-base 
motif, donor molecules are facilitated to form protein S-nitrosylation (Figure 1A). The proposed 
donor molecules for protein S-nitrosylation are nitrosothiols (RSNO). Nitrosoglutathione (GSNO) is 
a well-known endogenous RSNO catalyzed by GSNO reductase (GSNOR), and GSNOR/GSNO 
system is critically involved in NO signaling by maintaining a pool of NO inside the cell [33,34]. Aside 
from GSNO, nitrosocysteine (CSNO) has also been shown to act as a bioavailable source of NO and 
to contribute to protein S-nitrosylation [35–37]. In addition, Ascenzi et al. proposed that formation of 
protein S-nitrosylation is dependent on the 3D structure of target S-nitrosylated cysteine residues but 
not on the linear sequence of amino acids in the protein (Figure 1A) [7].  

 
Figure 1. The proposed forming mechanisms of protein S-nitrosylation and S-sulfhydration through 
the acid–base motif. (A) The proposed mechanism of S-nitrosylation in the acid–base motif. (B) The 
proposed mechanism for S-sulfhydration. The regulatory mechanism for S-nitrosylation and S-
sulfhydration is assisted by neighboring acid (histidine) and base (aspartic acid) amino acids.  

As of today, the mechanism by which H2S targets specific protein thiols for S-sulfhydration 
remains unknown in comparison to protein S-nitrosylation. Direct reaction of H2S and free thiol is 
impossible in consideration of the thermodynamic constrains [25]. Polysulfides recently emerged as 
potential mediators of H2S signaling [38]. A direct correlation between glutathione persulfide (GSSH) 
and protein S-sulfhydration has been suggested [28,39,40]. Similar to GSNOR in the regulation of 
GSNO in the cells, a mitochondrial persulfide dioxygenase enzyme, ETHE1, mediates the generation 
of GSSH [39,41]. Ida et al. recently confirmed that that GSSH could be an intermediate of the 
mitochondrial H2S oxidation pathway [40]. The cysteine residues with low pKa exist as thiolate 
anions under normal conditions, are more easily attacked by various oxidants and are susceptible to 
S-sulfhydration [25]. Therefore, the acid-base motif might provide a potential explanation for the 


