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persulfides [28]. We recently provided evidence that Trx1 desulfhydrates pyruvate carboxylase and 
GAPDH, suggesting that Trx1 indeed acts as a S-desulfhydrase and controls H2S signaling [57]. Trx1 
attenuates cysteine S-sulfhydration by direct interaction with S-sulfhydrated proteins at the Trp–
Cys32–Gly–Pro–Cys35 motif. Deficiency of TrxR1 in mouse livers markedly elevated persulfide level, 
further indicating the distinct roles of the Trx systems in regulating protein S-sulfhydration or 
persulfide [31]. So far, there is no report about protein transsulfhydration activity of Trx1. We found 
that Trx1 is basically S-sulfhydrated, while Trx1 S-sulfhydration is not altered by exogenously 
applied NaHS or knockout of cystathionine gamma-lyase (CSE, a H2S-generating gene) (Figure 2), 
suggesting that Trx1 is not involved in protein transsulfhydration. Future studies need to be 
performed to find the proteins/enzymes/factors involved in protein transsulfhydration, which would 
help to understand the biological effect of H2S in both health and disease. 

 
Figure 2. Trx1 is not a target for S-sulfhydration. (A) Trx1 S-sulfhdyration was measured in NaHS-
treated HepG2 cells (50 µM for 2 h) by biotin switch assay. n = 4. (B) Trx1 S-sulfhydration was 
determined in liver tissues from both wild-type and CSE knockout mice. n = 4. CSE, cystathionine 
gamma-lyase; KO, knockout; Trx1, thioredoxin 1; WT, wild-type. 

2.4. Protein S-Sulfhydration from Oxidized Cysteine (S–OH) 

The direct reaction of cysteine and H2S is questioned. Thiols can be easily oxidized, and the 
presence of reactive oxygen species (ROS) inside the cells can react with the free thiols forming 
sulfenic (SOH) and sulfinic (SO2H) acids. It is predicted that H2S may first interact with oxidized 
cysteine in target protein resulting in the reduction of –SOH (S-sulfenylation) to –SSH (S-
sulfhydration) [39] (Figure 3). S-sulfenylation, sulfenic acid modifications on cysteine residues in 
proteins, is reversible [58]. The propensity of cysteine residues to undergo oxidation is influenced 
mainly by three general factors: thiol nucleophilicity, the surrounding protein microenvironment, 
and proximity of the target thiol to ROS source [59]. Much evidence has demonstrated that the 
interaction of target protein with different ROS sources alters thiol status and induces spatial 
oxidation of cysteine residues [59,60]. The presence of H2O2 in the medium strengthened S-
sulfhydration, further supporting this hypothesis [22,28]. Thus, cysteine S-sulfhydration can protect 
particular proteins from nucleophilic attack. Recent evidence also demonstrated that H2S-induced 
persulfide formation could not be the consequence of its reaction with protein disulfides, because 
incubation of the cells with diamide, an inducer of disulfide bond formation, attenuates H2S-induced 
S-sulfhydration [28]. Furthermore, the presence of different levels of ROS may alter the regulatory 
role of sulfane sulfur, such as thiosulfate, persulfides, thiosulfonate, polysulfides, polythionates, and 


