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elemental sulfur, on protein S-sulfhydration [61]. Further study of the regulatory mechanism will be 
helpful for understanding the susceptibility of protein thiol modification by S-sulfhydration. 

 
Figure 3. Potential mechanism of protein S-sulfhydration from oxidized cysteine in proteins. H2O2, 
hydrogen peroxide; H2S, hydrogen sulfide; ROS, reactive oxygen species; RSSH, hydropersulfides. 

2.5. Interaction of H2S and NO on Protein Modification 

Both NO and H2S are important gasotransmitters and regulate diverse physiological functions 
through interaction [62–64]. H2S influences NO production and its metabolites by affecting NO 
synthase, and NO is also shown to alter H2S bioavailability by acting on H2S-generating enzymes. 
The same cysteine residue(s) in the target protein can be either S-nitrosylated or S-sulfhydrated [18]. 
More directly, H2S has been identified to intertwine with NO or its metabolites, forming various new 
compounds, such as thionitrous acid (HSNO), sulfinyl nitrite (HSNO2), or nitrosopersulfide (SSNO−) 
[64–66], depending on the concentration of H2S/NO and reaction conditions. The bioactivity of either 
NO or H2S is governed by concomitant formation of polysulfides and anionic S/N-hybrid species, 
which would subsequently attack protein for further modification [38]. 

3. The Donor Molecules for Protein S-Nitrosylation and S-Sulfhydration  

The direct reaction of NO with thiols forming S-nitrosylation is unlikely, and the formation of 
an SNO is actually aided with higher oxides of NO-containing molecules, such as dinitrogen trioxide 
(N2O3), S-nitrosothiols, CSNO, and/or GSNO [67–70]. GSNO and CSNO are often seen to induce 
protein S-nitrosylation, and both can transfer their NO moiety to protein cysteine residues via 
transnitrosylation [33,34] (Figure 4A). It is not clear whether protein S-sulfhydration is an enzyme-
catalyzed reaction or an automatic redox reaction. Nevertheless, many intermediates must be 
involved in the formation of protein S-sulfhydration. Persulfide RSSH including GSSH and cysteine 
persulfide (CSSH) would be the highly potential intermediate for the forming of protein S-
sulfhydration due to their high electrophilic features [25,28,39] (Figure 4B). The concentration of 
GSSH and CSSH inside the cells is reported to be in the high micro molar range, which is positively 
correlated with H2S level in different tissues, such as brain, kidney, and liver. Under certain 
conditions, persulfides can release H2S following reduction by another species, including another 
persulfide, indicating that persulfides may facilitate sulfide storage and transport [71–73]. H2S may 


