Supporting Information

Figure S1. Comparison between the extracted ion chromatogram at m/z 204.086 and the total ion
chromatogram of the HCD-alone LC-MS/MS experiment on the enriched HEK293T sample.

The extracted ion chromatogram at m/z 204.086 (bottom panel) delineates the retention time profile of
O-GIcNAc modified peptides eluted over the entire gradient. In comparison with the total ion
chromatogram, the normalized peak height of the extracted ion chromatogram indicates the
substoichiometric nature of O-GIcNAc modification and therefore suggests the importance of selective
fragmentation on O-GIlcNAc peptides.

Figure S2. Comparison between the total ion chromatogram and the respective extracted ion
chromatogram at m/z 204.086, m/z 186.076, m/z 168.065, m/z 144.065, m/z 138.054, and m/z
126.054 of the HCD/ETD LC-MS/MS experiment on the enriched HEK293T sample.

In comparison to the total ion chromatogram, the respective extracted ion chromatograms at the m/z
values of 6 signature ions of HexNAc illustrates the retention time profiles of O-GlcNAc modified
peptides and further indicates the substoichiometry of O-GIcNAc modification. The difference in the
normalized peak heights of each extracted ion chromatogram suggests the prevalence of respective
signature ions.

Figure S3. Multiple-engine database search strategy for analysis on the enriched HEK293T sample.

Raw spectra were searched twice using three search engines: SEQUEST, Mascot and ProteinProspector.
The first search was performed against the entire human database without allowing for HexNAc
modification, and the output was filtered at 5% peptide-level FDR and exported as the limited protein
database; the second search was performed against the exported database allowing for HexNAc
modification, and the output from each search engine was filtered at 1% peptide-level FDR, manually
verified and combined with each other to produce the final list of O-GIcNAc modified peptides.

Figure S4. HCD and ETD spectra of O-Mannose and O-GalNAc modified peptides.

(A) HCD spectrum of peptide Ac-IRt(Man)t(Man)t(GalNAc)SGVPR-NH, at low m/z range; (B) HCD
spectrum of peptide Ac-PTTt(GalNAc)PLK-NH, at low m/z range; (C) HCD spectrum of peptide Ac-
RIRTTt(Man)SGVPR-NH, at low m/z range; (D) ETD spectrum of peptide Ac-
IRt(Man)t(Man)t(GalNAc)SGVPR-NH,; (E) ETD spectrum of peptide Ac-PTTt(GalNAc)PLK-NH,; (F) ETD
spectrum of peptide Ac-RIRTTt(Man)SGVPR-NH,.

Table S1. Fragments of HexNAc and Hexose oxonium ions.
Table S2. List of proteins identified in the enriched HEK293T sample by HCD/ETD approach.

186 proteins were identified at 1% pepFDR from the multi-antibody enriched HEK293T cell extract. In
comparison with the recently published work from our group* that used the same sample, 67%
(124/186) of the identified proteins were consistent with the result from previous experiment. Of the



33% (62/186) of the dataset that was only observed in our current study, 17 proteins were supported in

6,12-17

the literature as being O-GIcNAc modified and 45 were identified as novel O-GIcNAc proteins.

Table S3. List of validated O-GIcNAc modified peptides identified in the enriched HEK293T sample by
HCD/ETD approach.

83 O-GIcNAc sites on 172 glycopeptides from 13 proteins were validated. By comparing to literature™™,
13 of the 83 sites have been previously identified and 70 O-GIcNAc sites were newly discovered in our
study; and 11 of the 13 characterized proteins were also observed but not site-mapped in the previously
work from our group™*.

Table S4. List of validated O-GIcNAc modified peptides identified in the enriched HEK293T sample by
HCD-alone approach.

7 O-GlcNACc sites were identified on 9 glycopeptides from 3 proteins after manual validation. 5 of the
glycopeptides, corresponding to 2 O-GlcNAc sites, were also observed in the HCD/ETD analysis. Most
validated peptides in the table present with low Xcorr scores due the low ratio of ion match.

Table S5. List of validated O-GIcNAc modified peptides identified in the enriched HEK293T sample by
HCD/ETD approach using multiple-engine database searches.

165 O-GIcNACc sites on 178 glycopeptides from 40 proteins were identified using multiple search engines.

1-10

By comparing to literature ™, 29 of the 165 sites have been previously assigned leaving 136 novel O-

GlcNACc sites; and 22 of the 40 characterized proteins were also observed in the previously work from
our group™, whereas 18 of the 40 proteins are novel.
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Fig. S3

SEQUEST, MASCOT and ProteinProspector

1st search against entire human database
Not searching for HexNAc modification

Filtered at 5% peptide-level FDR
Output exported as database

2nd search against the exported database
Searching for HexNAc modification

Filtered at 1% peptide-level FDR
Manual validation

Generating the list of 165 O-GIcNAc modification

sites on 77 peptides
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