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Figure S1. Optimum spectral library for analyzing diaPASEF data of single cells. (a) The 
number of proteins of spectral libraries generated using Spectronaut Pulsar or MSFragger using 
DDA-PASEF data described in figure1a. (b) The number of proteins identified from diaPASEF 
data of 156 pg peptides using Spectronaut. 
 
  



 
 
Figure S2. Spectral library for single cell analysis of normal cholangiocytes and 
cholangiocarcinoma cell lines. (a) The number of proteins identified from DDA-PASEF runs of 
20 cells, which resulted in a total of 4,584 proteins identified through protein database search using 
MSFragger. (b) Distribution of intensity-based absolute quantification (iBAQ) values of identified 
proteins. (c) Summary of PTMs identified from DDA-PASEF runs of 20 cells. Peptides containing 
C-terminal modified lysines were excluded from the search results.  
 
  



 
 
Figure S3. Annotated MS/MS spectra of peptides with SAPs. Identification of peptides with 
SAPs was confirmed using synthetic peptides. Synthetic peptides (1 fmol) were spiked into 1 ng 
of peptides digested from BSA and analyzed in DDA-PASEF mode. Amino acid highlighted in 
red indicates the SAP. The MS/MS spectra were plotted using a web-based tool Universal 
Spectrum Explorer (https://www.proteomicsdb.org/use/). 
 
  



 
 
Figure S4. Analysis of individual single cells.  (a) Data completeness showing distribution of 
proteins identified from multiple samples. Among 4,197 proteins, 3,386 proteins (81%) were 
detected in ≥50 single cell samples. (b) Distribution of coefficient of variation of elution time and 
ion mobility of identified peptides ≥2 samples (n=45,810). The boxplots show median, 
interquartile range (IQR), whiskers (1.5 x IQR) and outliers. (c) Waterfall plots of protein iBAQ 
intensities of 4,197 proteins with proteins containing PTMs marked in color. The number of 
modified sites and proteins is indicated. 
 
 
  



 
 
Figure S5. Single cell protein-protein interaction network. Kinase-centric protein-protein 
interaction network of NHC, RBE and EGI-1 cells. The node color indicates the number of cells 
in which the protein was detected. 
  
 
  



 
 
Figure S6. Housekeeping proteins identified from single cells. (a) Comparison of what with 
1,003 housekeeping proteins curated at HRT Atlas resulted in 544 overlapping proteins. (b) Bar 
graph showing the percentage of housekeeping proteins in each of the single cell samples. Dashed 
line indicates average value. (c) Distribution of intensities of housekeeping proteins and the rest 
of proteins in each single cell.  
 
 
  



 
 
Figure S7. Analysis of phosphatase inhibitor treated single cells and tazemetostat-treated 
single nuclei. (a) Schematic workflow for single cell proteomics of calyculin A treated Jurkat 
cells. (b) Western blot of calyculin A treated conditions showing the increase in phosphorylation 
under calyculin A treatment. (c) Uncropped western blot image with size markers. (d) Data 
completeness showing distribution of proteins identified from multiple samples of single nuclei.  


