











Article https://doi.org/10.1038/s41589-025-02108-7

Extended Data Fig. 5| Potential roles of OGT in RNA processing from O-GIcNAc including SNRPA within the Ulsmall nuclear ribonucleoprotein and SF1.
functional networks. a, Schematic of identified OGT interactors and substrates Ub =ubiquitination, P = phosphorylation, Me = methylation. ¢, Schematic of
involvedinintron retention and pre-mRNA stabilization. b, Schematic of identified OGT interactors and substrates within the Prp19/Nineteen complex of
identified OGT interactors and substrates within the spliceosome early complex, the catalytic spliceosome complex. Structure from PDB 5YZG.
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Extended Data Fig. 6 | Workflow and characterization of O-GIcNAc site
quantificationin wild-type and BAP1knockout HEK293T cells. a, Validation

of BAP1knockout in HEK293T cells by western blotting. b, Instrument workflow
for O-GlcNAc site identification and quantification. Each MS! parention selected
by the instrument s first subjected to data-dependent HCD fragmentation with
Orbitrap detection (ddMS?-OT-HCD) to potentially generate diagnostic ions from
the tagged O-GIcNAc moiety. Scans containing any of the diagnosticions trigger
three additional MS scans: (1) synchronous precursor selection of MS?ions
followed by HCD fragmentation with Orbitrap detection (SPS, ddMS*-OT-HCD)
for isobaric tag quantification, (2) ETD fragmentation of the MS parent ion with

theion trap (ddMS*IT-ETD) for site localization, and (3) EThcD fragmentation of
the MS! parention with theion trap (ddMS*IT-EThcD) for site localization.

¢, Representative MS scan of diagnostic ions and chemical structures produced
by TMT-labeled chemoenzymatic linker fragment at 529.2930, 547.3036, and
732.3720 m/z.d, Pie chart of localized and quantified O-GIcNAc sites found
inBAP1WT vs. KO experiment based on ion selection method. e, Bar graph of
localized O-GlcNAc sites produced by the three fragmentation methods used.

f, Pie chart showing the overlap between unique, localized O-GIcNAc sites
identified by ETD and EThcD fragmentation methods in the BAP1WT vs. KO
quantitative glycomics experiment.
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Extended DataFig. 7| Characterization of OGT-FH mouse model.

a, Genotyping strategy for OGT-FH mouse model with representative agarose
gel. Aregion containing the C-terminus of the Ogt gene was amplified by PCR,
and the PCR product was treated with BamHI. Wild-type animals yield a single
band at 2.5 kb, and OGT-FH animals yield two bands at 1.9 kb and 0.6 kb.

b, Punnett square of Ogt™ gene inheritance outcomes during the derivation
of OGT-FH mouse model. Data analyzed by chi-square (x?) test with 3 degrees
of freedom (df) assuming 25% of each possible genotype. ¢, Analysis of global
0O-GlcNAc levelsin brain and liver tissue from WT and OGT-FH mice by western
blot. The RL-2 clonal antibody was used to measure global O-GIcNAc levels.
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d, Workflow to identify in vivo OGT interactors. Organs were harvested and
lysed in nondenaturing lysis buffer. Lysates were subjected to tandem FLAG and
HA co-immunoprecipitation, and eluted proteins were subjected to in solution
digestion. Tryptic peptides were tagged by dimethyl labeling using CH,O or
CD,0 and NaBH,CN. For samples labeled with CD,0, peptides gained 4 or 8 Da
based on whether the terminal residue is Arg or Lys, respectively. Samples were
then combined 1:1and subjected to LC-MS/MS identification and quantification.
e, Pie chart of 1,543 O-GIcNAc sites localized using ETD or EThceD fragmentation

inmurine brain and liver tissues.
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Extended Data Fig. 8| Analysis of O-GIcNAc functional networks from murine
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Extended Data Fig. 9 | Analysis of O-GIcNAc functional networks in murine
brain and liver tissues. a, Hierarchical clustering of enriched functional
annotations from brain and liver networks identifies both shared and
tissue-specific functions for O-GlcNAcylation (see Fig. 5h). Significant functional
annotations were identified using g:Profiler, P < 0.01 by two-sided Fisher’s exact
test after correction for multiple comparisons using the default g:SCS method

All Data Points Substrates Interactors
Brain +— + - + - #* -
Liver — 4 — + - + — +
_ I
[ ——
—
Wiki Pathways
= y
[ |
I
]
—

d Input Co-IP
KCl - + - +
kDa
— W s OGT-FH
100 |
150_‘ — . | Pofiat

LTP, Learning
and Memory

(see Methods and Supplementary Data 9). b, Liver network with color-coded
nodes pertaining to the selected biological functions listed on the right allows
for their rapid visualization throughout the network. ¢, Brain network with
color-coded nodes pertaining to long-term potentiation (LTP) and learning and
memory.d, Validation of the Ppfial-OGT interaction by co-immunoprecipitation
of Ppfial with OGT-FH from adult murine cortical neurons and western blotting.
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Data collection  Mass spectrometry data on all Thermo Fisher instruments was collected using the Xcalibur suite of software (v 3.1, Thermo Fisher Scientific).
Mass spectrometry data for Waters instruments were collected using MassLynx (v 4.1, Waters). Western blot images were collected using
ImageStudio (v 5.2, LI-COR Biosciences). NMR data was collected using TopSpin (v 3.5, Bruker).

Data analysis MNova (v 10.0.0, Mestrelab Research), Prism (v 10.3.0 and v 9.3.0, GraphPad), ImageStudio (v 5.2, LI-COR Biosciences), ClueGO (v 2.5.6,
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Development Core Team) with limma (v 3.42.2, Ritchie et al.) and ibb (v 13.06, Pham et al.) packages installed, Proteome Discoverer (v
2.4.0.305, Thermo Fisher Scientific), Byonic (v 3.7.4, Protein Metrics) were used as described in the Methods. Code for analyses in Python and
our sites and regions algorithm is available in the O-GlcNAc-Sites-And-Regions GitHub repository (DOI: 10.5281/zenodo.17239579) and
Supplementary Data 6.
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Reporting on sex and gender No human participants, data, or biological material was used in the experiments of this manuscript.

Reporting on race, ethnicity, or  No human participants, data, or biological material was used in the experiments of this manuscript.
other socially relevant
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Population characteristics No human participants, data, or biological material was used in the experiments of this manuscript.
Recruitment No human participants, data, or biological material was used in the experiments of this manuscript.
Ethics oversight No human participants, data, or biological material was used in the experiments of this manuscript.
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Sample size For all interactor datasets, three independent replicates were used to account for variability across sample preparations. For substrate
datasets, two independent replicates were each split for ETD and EThcD analysis. For O-GIcNAc site occupancy assays, 3 independent
biological replicates for mass spectrometry studies and 4-5 replicates were used for all other experiments. In all cases, the number of
replicates was chosen based on the expected and observed differences between groups from prior experience and similar experiments
reported in the literature.

Data exclusions  No data were excluded from any analyses. To avoid biasing during community clustering, edges from IntAct and BioGRID corresponding to
highly interconnected "interactors," with >30 connections to other nodes in the network, were removed as described in the Methods
(Bioinformatics analysis of OGT interactome and O-GlcNAcome). These proteins include ribosomal proteins, heterogeneous nuclear
ribonucleoproteins, and heat shock proteins. These eliminated edges coincided with interactions from proteins represented within the
CRAPome, a known database of nonspecific interacting proteins found across MS datasets. However, edges generated in the reverse direction
were retained to avoid losing real interactions. OGT substrates that did not form a direct connection with any OGT interactor were not
presented in the final networks as these would form many "communities" of single proteins, but these data are still present in the substrate
and site datasets.

Replication OGT interactor and substrate datasets used to build all networks were generated using multiple technical replicates that generally showed
significant overlap with one another.

Randomization For network generation, samples were not randomized into groups because no stimuli or treatments were given to either 293T cell lines or
mouse models prior to cell or tissue harvesting for interactor or substrate analyses. For neuronal assays, neurons were harvested, pooled
between individual mice, and then plated in replicate for all conditions in each replicate experiment. Within each experiment, samples were
not randomized as they were generated from the same pooled neuronal population.

Blinding Investigators were not blinded to group allocation during data collection or analysis.
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Antibodies

Antibodies used anti-OGT (Proteintech, 11576-2-AP)
anti-HA (Cell Signaling Tech, C29F4)
anti-Nup62 (BD Biosciences, 610498)
anti-HCFC1 (Bethyl Laboratories, A301-399A-M)
anti-SET1A (Cell Signaling Technologies, 61702S)
anti-RBBP5 (Cell Signaling Technologies, 13171S)
anti-BAP1 (Bethyl Laboratories, A302-243-M)
anti-WDRS (Cell Signaling Technologies, 13105S)
anti-FoxK1 (Bethyl Laboratories, A301-728A-M)
anti-FoxK2 (Cell Signaling Technologies, 12008S)
anti-liprin-al (Proteintech, 14175-1-AP)
anti-Bap1 (Santa Cruz Biotechnology, sc-28383)
anti-a-tubulin (MilliporeSigma, T9026)
anti-mouse AF680 (ThermoFisher, A21057)
anti-rabbit AF680 (ThermoFisher, A21109)
anti-rabbit AF790 (ThermoFisher, A11369)
anti-mouse DyLight 800 (ThermoFisher, A11357)
anti-FLAG M2 affinity agarose gel (MilliporeSigma, A2220)
anti-HA agarose beads (ThermoFisher, 26182)

Validation All antibodies were chosen based on the manufacturer's and literature validation for Western blotting or immunoprecipitation. All

antibodies used for Western blotting produced bands at the predicted molecular weight for each target, matching the manufacturer-
provided blots.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK293T (ATCC, CRL-3216)

Authentication Cell lines were used as received from the manufacturer and conformed to expected visual phenotypes. No additional
authentication was conducted.

Mycoplasma contamination Cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  n/a
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals C57BL/6N mice (Mus musculus) were used to generate the OGT-FH mouse line. Edited mice were back-crossed at least 10 times and
maintained on the C57BL/6J background. For experiments, adult male and female mice (6-10 weeks old) were used to harvest tissue.

Wild animals The study did not involve wild animals.
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Reporting on sex Both male and female mice were used to harvest tissue for TAP and O-GIcNAcomic experiments.
Field-collected samples  The study did not involve field-collected samples.

Ethics oversight All mouse procedures were performed in accordance with protocols approved and guidelines set by the Caltech Institutional Animal
Care and Use Committee (protocol 1A21-1435).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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