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Supplementary Figure S1. (A) HeLa S3 lysates were treated in a competition-format with increasing concentrations of THZ1 

followed by co-treatment with THZ1-DTB, streptavidin pulldown and immunoblot for CDK7. (B) Venn diagram illustrating the 

overlap of THZ1-DTB-modified cysteine residues identified across replicate CITe-Id experiments.
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Supplementary Figure S2. (A) Structures of CDK12 and PRKCQ facing kinase active sites with cysteine labeling sites of THZ1-

DTB highlighted as colored spheres. All other unlabeled cysteine residues are displayed as black spheres. (CDK12: PDB 4NST 1, 

PRKCQ: PDB 2JED). (B) In Vitro kinase assay for PKN3 inhibition. (C) In Vitro kinase assays performed as a time course for 

PKN3 inhibition. All time-points compared to time-matched DMSO control. (D) In Vitro kinase assays for inhibition of PRKCQ 

by THZ1 and THZ1-R. (E) Immunoblot of cell lysates from PC3 cells with CRISPR-CAS9 mediated PKN3 deletion expressing 

several FLAG-HA-tagged PKN3 rescue constructs.
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Supplementary Figure S3. (A) Graph comparing CDK7 activity to PKN3 activity of screened THZ1 analogs. Vertical axis shows 

the log10 inverse of the IC50 of CDK7 inhibition, horizontal axis is the % inhibition of PKN3 for each compound at 1µM 

concentration. (B-D) In vitro kinase assays for PKN3, PKN1, and PKN2 inhibition respectively. (E) Results of CellTiter-Glo® 

luminescent cell viability assays for PC3 rescue strains used in this study. 
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Supplementary Figure S4. Representative images of PC3 cell wound healing assays taken 0 h or 24 h after wounding.
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Supplemental Figure S5. (A) Replicate CITe-Id results for JZ128 and JZ128-DTB in PC3 lysates. Cysteine residues bound by 

JZ128-DTB in a concentration-dependent manner as indicated by a dose-response exceeding two standard deviations relative to 

the median value of all 686 reproducibly labeled cysteine residues. (B) Structures of PIKFYVE, TNK1, and SRC facing kinase 

active sites with cysteine labeling sites of JZ128-DTB highlighted as colored spheres. All other unlabeled cysteine residues are 

displayed as black spheres. (PIKFYVE: Swiss-Model Q9Y1I7, TNK1: Swiss-Model Q13470, SRC: PDB 1FMK 2). (C,D) In 

Vitro kinase assays for SRC and RIPK2 inhibition. (E) Live HEK 293T cell treatments with JZ128 or JZ128-R. Lysates treated 

with JZ128-DTB, followed by streptavidin pulldown and immunoblotting against PIP4K2A-C homologs or PIKFYVE. (F) Live 

PC3 cell treatments with JZ128 or JZ128-R. Lysates treated with JZ128-DTB, followed by streptavidin pulldown and 

immunoblotting against PKN3, PIKFYVE, or RIPK2.

Supplemental Figure S6. MS2 spectra of JZ128-labeled, GluC digested PIP4K2C peptide containing Cys-313. Red: y ions, blue: 

b ions, pink: JZ128 specific fragment ions.

Supplementary Figure S7. Comparison of untagged and desthiobiotin-tagged compound reactivity. Shown are overlaid density 

histograms of the reactivity between the untagged and tagged compounds used in this study for all cysteine sites detected (black) 

and only sites also found to be covalently modified in the compounds’ respective CITe-Id experiments (red). Both the bins and a 
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nonlinear regression for the data are included. Arrows indicate direction of higher reactivity for each compound. THZ1/THZ1-

DTB comparison: all sites N = 1,177, CITe-Id sites N = 75; JZ128/JZ128-DTB comparison: all sites N = 854, CITe-Id sites N = 

160. See Supplementary Table S4 for details.

Supplemental Figure S8. Peptide sequence and phosphosite validation. (A) MS/MS spectra for the LAD1 S375 and EXOC2 S432 

peptides phosphorylated in vitro by PKN3. y-type ions are colored red and b-type ions are colored blue. (B) MS/MS spectra for 

EGFR phosphopeptide observed in phosphoproteomic experiment (top) and the synthetic peptide analog (bottom). y-type ions 

are colored red and b-type ions are colored blue. Pink lower case ‘p’ indicates phosphorylation on the subsequent serine residue.



10

Supplementary Figure S9. Venn Diagram of reported cysteine labeling sites for THZ1, JZ128, and 8 seminal TOP-ABPP site-

level publications 3-10. Data represents the union of reported cysteine labeling sites. The 22 dose-dependent targets of THZ1 and 

JZ128 identified by CITe-Id are listed individually, along with the modified cysteine residue. Twelve of these 22 sites are unique 

to CITe-Id.

Supplementary Table S1. Fragment Ions Characteristic of THZ1-DTB and JZ128-DTB. Shown are names, m/z values, and 

chemical structures of fragment ions commonly seen in MS/MS spectra of peptides labeled with THZ1-DTB or JZ128-DTB.  

MGF files were pre-processed as described in 11 to account for these compound-specific fragment ions prior to database search.  

Supplementary Table S2. CITe-Id Results. Each tab includes the genes and cysteine sites modified by each desthiobiotin-tagged 

inhibitor analog along with individual ratios for biological replicates. Labeled residue number corresponds to the first gene shown 

when a non-gene-unique peptide was identified. Peptide sequences and peptide-spectra matches (PSM) for each site are also 

included. Combined ratios were the average of biologic replicate ratios. Sample standard deviation of all biologic replicate ratios 

is also shown.

Supplementary Table S3.KiNativ Results. Kinase proteins and their percent inhibition by JZ128. Treatments were performed on 

live PC3 cells using 1 µM JZ128 for 3h.
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Supplementary Table S4. Compound Reactivity Comparisons. Genes, cysteine sites, peptides, and untagged-/tagged-compound 

reactivity differences are displayed. The table also denotes if a cysteine site was detected as inhibitor-modified in its respective 

CITe-Id experiment.

Supplementary Table S5. Phosphoproteomics Results. Shown are genes and protein relative phosphorylation sites. For each 

phosphorylation site, the 14 residues surrounding it are shown for the purposes of phosphorylation motif scoring. For cases of 

multiply phosphorylated peptides, each phosphosite was given its own entry and surrounding sequence for motif scoring, all 

other information for the peptide was kept the same for each site.

Supplementary Table S6. PKN3 Phospho Motif Densitometry Inputs. Values were generated from two replicate PKN3 phospho 

motif arrays and used for scoring potential PKN3 substrate sites.
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