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Supplementary Figures

Fig. S1 Comparison classic MLCC and ssMLCC. (A) Classic MLCC studies can only identify S-
acylated proteins and require two control groups, one is DMSO-labelled group to distinguished non-
specific absorption, the other is HA treatment group to exclude other types of acylated protein (e.g., 
N- and O- acylation). Moreover, the exact form of S-acylation could not be distinguished. (B) In 
ssMLCC, intact S-acylated peptides were obtained, contributing to precise mapping of S-acylated 
sites with attached fatty acids. 
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Fig. S2 Alkynyl peptides (DGEKpentinoic acidSNGIDR) was conjugated with DADPS biotin through 
CuAAC reaction, captured by avidin beads and released by 10% FA. (A) MALDI-TOF MS analysis 
result of the alkynyl peptides before enrichment, and (B) MALDI-TOF MS analysis result of the 
recovered peptides after capture and release, with an additional tag of 143 Da.
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Fig. S3 Labelling efficiency of 17-ODYA in HeLa cells. HeLa cells were metabolically labelled 
with 17-ODYA and lysed. Then 17-ODYA-labelled proteins were conjugated with fluorescent 
probe (5-TAMRA azide) through CuAAC reaction, separated by SDS-PAGE and visualized by in-
gel fluorescence. To distinguish hydroxylamine-sensitive 17-ODYA-labelled proteins, proteins 
were treated with neutral hydroxylamine before being diluted with loading buffer. The left picture 
referred to in-gel fluorescence result and the right one was the Coomassie staining result.
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Fig. S4 Overlap of the S-palmitoylated peptides (AScore≥19) identified among three replicates in 
three release condition experiments. 
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Fig. S5 Mass spectrum of C460 in RNF19A to be identified as a novel S-palmitoylated site. 
RNF19A is predicted to be S-acylated in Swisspalm but first to be identified in palmitoyl proteomics 
studies by our ssMLCC method. Here, the palmitoyl loss together with its additional mass tag was 
observed in CID mode of timsTOF Pro mass spectrometer, represented by ‘Neutral Loss’ in this 
figure.
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Fig. S6 Gene ontology cellular localization analysis of 297 candidate S-palmitoylated proteins. PM-
plasma membrane; NUC-nucleus; CYTO-cytosol; ER-endoplasmic reticulum; GOL-Golgi 
apparatus; MIT-mitochondria; LYS-lysosome; RIB-ribosome. The overall proportion was over 100 
because some proteins located in more than one cellular compartments. 
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Fig. S7 Mass spectrum of C17 in FLOT1 to be identified as a novel S-palmitoylated site. 
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Fig. S8 Mass spectrum of C85 in FLOT1 to be identified as a novel S-palmitoylated site.
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Fig. S9. Mass spectrum of C34 in FLOT1 to be identified as a S-palmitoylated site.
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Fig. S10. Mass spectrum of C18 in REEP5 to be identified as a novel S-palmitoylated site. 
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Fig. S11. Mass spectra of C359 in TEAD1 to be modified with alk-C14:0, alk-C16:0 and alk-
C16:1 by open search. Three figures in the second, third, fifth and sixth column referred to the 
messages about the above first, second, and third spectrum, respectively. 
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Fig. S12 Overlap of site-specific S-acylation heterogeneity in terms of chain length (left) and 
saturation (right).
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Fig. S13 In-gel fluorescence results of pulse-chase experiments. HeLa cells were pulsed with 17-
ODYA for 2 h, following by being chased with excess palmitic acid for varying time points. Cells 
were harvested, lysed and then 17-ODYA labelled proteins were conjugated with 5-TAMRA azide 
through CuAAC reaction, separated by SDS-PAGE and visualized by in-gel fluorescence. The left 
picture referred to in-gel fluorescence result and the right one was the Coomassie staining result.
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Fig. S14 (A) Box plots of retention time length, 1/K0 length and calibrated mass error of matched 
features in label-free quantification results. (B) Multi scatter plots the non-imputed LFQ values for 
each replicate two by two when chasing for 0 h (n=3).
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Fig. S15 (A) Histogram display of quantification ratio between two chase experiments (0 h/1 h). 
The pink bars referred to those sites with increasing 17-ODYA-labelled signals when chased for 1h. 
(B) Histogram display of quantification ratio between two chase experiments (0 h/2 h). The blue 
bars referred those rapid-cycling sites decreased with more than two-fold in 17-ODYA-labelled 
signals when chased for 2h.
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Fig. S16 Motif analysis of peptide sequences adjacent with modified cysteine using pLogo. ‘Fg’ in 
the figure referred to S-palmitoylation proteins and ‘bg’ referred to human proteins.


