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            Abstract
Triphenylphosphonium ylides, known as Wittig reagents, are one of the most commonly used tools in synthetic chemistry. Despite their considerable versatility, Wittig reagents have not yet been explored for their utility in biological applications. Here we introduce a chemoselective ligation reaction that harnesses the reactivity of Wittig reagents and the unique chemical properties of sulfenic acid, a pivotal post-translational cysteine modification in redox biology. The reaction, which generates a covalent bond between the ylide nucleophilic Î±-carbon and electrophilic Î³-sulfur, is highly selective, rapid and affords robust labelling under a range of biocompatible reaction conditions, which includes in living cells. We highlight the broad utility of this conjugation method to enable site-specific proteome-wide stoichiometry analysis of S-sulfenylation and to visualize redox-dependent changes in mitochondrial cysteine oxidation and redox-triggered triphenylphosphonium generation for the controlled delivery of small molecules to mitochondria.
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                    Fig. 1: Repurposing TPP ylides as probes for electrophilic sulfur in proteins.[image: ]


Fig. 2: WYne-probe reactivity with sulfenic acid in complex biological settings.[image: ]


Fig. 3: Profiling S-sulfenylation dynamics with WYneN in cells.[image: ]


Fig. 4: Proteome-wide analysis of cysteine sulfenic acid site stoichiometry.[image: ]


Fig. 5: Redox-triggered in situ TPP generation for mitochondrial cargo delivery.[image: ]
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Extended data

Extended Data Fig. 1 Surveying Wittig reagent reactivity with sulfenic acid.
Wittig reagents 1-7 were screened for reaction with the dipeptide-SOH model compound. Rate constants were obtained in acetonitrile(ACN):25â€‰mM NaOAc (1:2â€‰v/v) pH = 4.9. Isolation yields, literature (in parentheses, reported in DMSO39) and experimental pKa values (in ACN-H2O, see Supplementary Figs. 3-4) are listed if available.


Extended Data Fig. 2 Imaging redox-dependent changes in mitochondrial cysteine oxidation.
a, Amide derivative of Wittig reagents exists predominantly in protonated form, setting stage for enrichment and detecting S-sulfenylation in mitochondria. b, Structure of the mitochondrial targeting sulfenic acid probe WYneN10 with enhanced lipophilicity. c, Live HeLa cells were incubated with BDP-WYneN10 (500â€‰nM) and MitoTrackerTM Deep Red FM (100â€‰nM) in DPBS. After 10â€‰min, confocal images were taken. A scale bar of 20â€‰Âµm is shown. R, Pearsonâ€™s correlation coefficient. d, BDP-WYneN10 tagged S-sulfenylated proteins with fluorescence inside mitochondria. e, BDP-WYneN10 fluorescence responded to external oxidative stress (0-5â€‰mM H2O2) in live A549 cells (nâ€‰=â€‰4 areas from one representative experiment). f, WYneN10 disrupted mitochondrial respiration in A549 cells to a greater extent than other WYne probes (50â€‰ÂµM) (nâ€‰=â€‰12 biological replicates). OCR, oxygen consumption rate. Data in e-f are presented as box plots (maximum, 75%, median, 25%, minimum). P values were calculated using a two-tailed t-test. ns, not significant, *Pâ€‰â‰¤â€‰0.05, **Pâ€‰â‰¤â€‰0.01, ***Pâ€‰â‰¤â€‰0.001, ****Pâ€‰â‰¤â€‰0.0001.
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Supplementary Table 1
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Supplementary Table 4
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