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Supplementary Figure 1
a b

2.0 il 1.25
*k dedededk ek
iy [)
°
g - b4 g
G .% S 1.00- emm
k] k<]
L 10| = o (] 2 ) *
[ ,? % e o
2 z < 0751 o =
] 8 °
0.0 T — T 0.50-— T T T
& R e & R e
& <0 on% \&0\ & <0 XG\* ¥
O QX (@) X
o ADF oF
Cc
Rest (Ohr) Restim (4hr)
A s
1044
10 1.64 108 4 7241
a 102‘_ 102:
O Os 0
Ly B T § 3 | T T 1 1
0 108 104 109 0 108 100 105
CDe9 >
250K
200K
T 150K+
Q
D
- 100K
50K+
0 50K 100K 150K 200K 250K 0 50K 100K 150K 200K 250K 0 102 108 104 10°
FSC-A FSC-A <FITC-A>:CD3

Supplementary FHgure 1

Proteasome inhibitor MG132 prevents appropriate T cell activation.

a, Flow cytometry measurement of surface CD44 mean fluorescence intensity (MFI) fold change during TCR stimulation in CD4™ T cells
rested or restimulated for 4 hours with CD3+CD28 antibody coated beads (1:1 cell:bead ratio). Restimulated cells were untreated o
treated with MG132 or cycloheximide (CHX) for the entire 4 hour stimulation. b, Flow cytometry measurement of surface CD3gy MFI
fold change during TCR stimulation in CD4+ T cells, as described in (a). a-b MFI fold changes are nomalized to intensity in
unstimulated T cells within the same experiment. Data are compiled from 2 independent experiments comprising 8 mice, mean shown




+/- SEM. P values calculated by one-way ANOVA with Holm-Sidak test for multiple comparisons, **P<0.01**P<0.001, ****P<0.0001.
c, Flow diagram showing expression of surface CD69 in CD4" T cells rested or restimulated for 4 hours using CD3+CD28 antibodyf
coated beads (3:1 cell:bead ratio). A representative plot of activation achieved in three WCP experiments is shown (minimum 65%
activation across three experiments). Previouslygated on live singlets, CD3+CD4+. d, Gating strategy for flow cytometry analysis.




Supplementary Figure 2

a
rest restim
12 12
9] 9
o 6] O 6
2 3 33
@ 0 2.0
o -3 o -3
g -6 g -6
-9 -9
-12 -12
-12-9-6-30 3 6 9 12 -12-9-6-30 3 6 9 12
exp 1 (iBAQ) exp 1 (iBAQ)
12 12
91 r=081 9
G 6 o 6
58 33
20 2]
© -3 @ -3
g6 v g -6
-9 -9
-12 -12
-12-9-6-30 3 6 9 12 -12-9-6-30 3 6 9 12
exp 1 (iBAQ) exp 1 (iBAQ)
12 12
9 91 r=0.87
o 6 G 6
33 3 3
Qo0 Qo
® -3 © .3 ;
§ 6 g 6] . huE
-9 -9
-12 -12

12:96-30 3 6 9 12
exp 2 (SILAC)

-12-9-6-30 3 6 9 12
exp 2 (SILAC)

enriched pathways (MetaCore)

Immune response_OX40L/ OX40 signaling pathway

Immune response_Naive CD4+ T cell differentiation

Immune response_Platelet activating factor/ PTAFR pathway signaling
Immune response_Th17, Th22 and Th9 cell differentiation

Immune response_Th1 and Th2 cell differentiation

Immune response_TNF-R2 signaling pathways

Immune response_NF-AT signaling and leukocyte interactions

Breakdown of CD4+ T cell peripheral tolerance in type 1 diabetes mellitus
Immune response_IL-1 signaling pathway

Signal transduction_Activation of PKC via G-Protein coupled receptor
Translation_Regulation of translation initiation

Immune response_CD28 signaling

Development_VEGF signaling via VEGFR2 - generic cascades

Immune response_IFN-alpha/beta signaling via PI3K and NF-kB pathways
Immune response_ICOS signaling pathway in T-helper cell

Oxidative stress_ROS-mediated activation of MAPK via inhibition of phosphatases
Immune response_Generation of memory CD4+ T cells

Apoptosis and survival_APRIL and BAFF signaling

Ubiquinone metabolism

Translation_Insulin regulation of translation

Immune response_IFN-alpha/beta signaling via MAPKs

normalized frequency

WCP MSMS counts

0

02500 ' Restim (1hr)

Hestnm (4hr)
0.1875
0.1250
0.0625
0.0000-

Iog2 fold change

B Restim (4hr)
B Restim (1hr)
I Rest (Ohr)

EGR1
IL-4
TNFB
ICOS
c-MYC
RELB
INFy]
AP1
CD137
EGR2
CD69)
co
JUNB

D
(]

-logio FDR
2

20
15-
10

5

0-

IRF8




Supplementary Fgure 2

Whole cell proteomics of CD4+ T cell during TCR activation identifies upregulation of TCR associated proteins and pathways.

a, Pairwise comparisons of protein abundance measured from WCP mass spectrometry experiments in CD4™ T cells rested of
restimulated for 4 hours with CD3+CD28 antibody coated beads (3:1 cell:bead ratio).. For label free quantification (exp 1), log
nomalized iBAQ values were used to represent protein abundance at rest or restimulation. For SILAC quantification (exp 2 and 3), logj
nomalized “heavy” intensity was used for the resting cell protein abundance and “light” intensity was used for restimulated cell protein
abundance. Correlation coefficients were calculated for all-by-all pairwise comparisons of three experiments, using the Pearson’s
method. b, MetaCore (portal.genego.com) pathway enrichment within the significantly upregulated proteins identified in the WCP mass
spectrometry experiments in CD4" T cells unstimulated or stimulated, as described in (a). Analysis was performed on proteins
exhibiting logz fold change > 0 and p-value < 0.05, based on a two-tailed Students-t test. Enriched pathways were identified by FDR,
based on a g-value calculation, performed by the MetaCore program. ¢, Histograms of log, fold changes in protein abundance from
WCP mass spectrometry experiments in CD4+ T cells unstim ulated or stimulated, as described in (a). Log2 fold changes are compared
for 1 hour stimulation (grey) and 4 hour stimulation (black). d, MS/MS counts from the label-free quantified WCP mass spectrometry
experiments in CD4+ T cells rested or restimulated, as described in (a), for 1 or 4 hours. MS/MS counts are used as a measure of
protein abundance for proteins known to be induced upon CD4+ T cell activation. Rest (Ohr) and 4 hour data are reproduced from main
Figure 2d to provide for comparison with 1 hour data.




Supplementary Figure 3
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Supplementary Fgure 3

Di-glycine remnant proteomics during TCR stimulation is negligibly impacted by neddylation inhibition.

a, Intersection of identified di-glycine remnantpeptides (left) and associated proteins (right) in two independentdi-glycine remnant
mass spectrometryexperiments in CD4" T cells unstimulated or stimulated for 4 hours with CD3+CD28 antibodycoated beads (3:1
cell:bead ratio). b, Western blot showing cullin 1 protein abundance in CD4+ T cells unstimulated or stimulated, as described in (a),
with 1 hour, 2 hour or 4 hour treatmentwith 1uM concentration of neddylation inhibitor MLN4924. With no drug, a prominent
neddylation band is seen at higher molecular weight, along with the native Cull band. The neddylation band is reduced with addition of
MLN4924 neddylation inhibitor, at dose and times indicated. Arepresentative blotof cullin abundance observed in three indep endent
experiments is shown (n=3 for addition of MLN4924 at 2 hours of 4 hour stimulation; for other time points n=2). c, Flow cytometry
measurementof CD69 upregulation on CD4+ T cells unstimulated or stimulated for 4 hours with CD3+CD28 antibodycoated beads
(1:1 cell:bead ratio) and untreated (grey) or treated with addition of MLN4924 (1uM) during the final 2 hours (solid black line) or entire 4
hours (dashed blackline) ofthe 4-hour stimulation. Arepresentative plotof distributions observed in two (2 hourand 4 hour treatment)
or three (4 hourtreatment) independentexperimentsis shown. d, Image of the uncropped and unaltered blotobtained from the cullin 1
protein abundance experimentdescribed in (b). The blotshows the lysates from two independentexperiments run on asingle gel
(lanes 1-4 and 8-11).
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Supplementary Fgure 4

RNA and protein abundance exhibit low correlation.

a, Log> fold change in WCP protein abundance and RNAtranscriptabundance identified in WCP mass spectrometryand RNA-seq
experiments, respectively,in CD4" T cells rested or restimulated for 4 hours with CD3+CD28 antibodycoated beads (3:1 cell:bead
ratio). WCP and RNA data is shown for all identified WCP proteins (grey) or significantlyincreased and decreased WCP proteins (red),
along with the correlation coefficients for each group. Significantly increase and decreased proteins were classified by WCP log2fold
change p-value < 0.01, as calculated by a two-tailed student's t-test. b, WCP protein abundance (measured byz-score on average of
rested and restimulated CD4" T cells) compared to RNA transcriptabundance (measured bylog 1o transformed read countaverage of
rested and restimulated CD4" Tcells)in CD4" T cells rested or restimulated, as described in (a). WCP and RNA data is shown for all

proteins (grey) or ubiquitylated proteins (cyan), identified in di-glycine remnantmass spectrometryexperiments in CD4" T cells rested
or restimulated, as described in (a). a,b, Correlation coefficients were calculated using the Pearson’s method.
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Supplementary Fgure 5

Model predicting degradative or non-degradative ubiquitylation is assessed by western blot.

a, Ubiquitylation, WCP, and RNA-seq expression changes for all proteins exhibiting TCR-induced ubiquitylation (>25% increase) in
CD4+T cells unstimulated or stimulated for 4 hours with CD3+CD28 antibodycoated beads (3:1 cell :bead ratio). Circle size
corresponds to increase in ubiquitylation normalized log2fold change. Proteins exhibiting consistent protein abundance and increased
RNA are predicted to be degraded by ubiquitin (grey) while the remaining proteins are predicted to be non -degradative outcomes of
ubiquitylation (red). Translucentblue filled circles indicate those proteins were tested for experimental validation of the prediction
method. b, Western blotshowing protein abundance of 7 selected proteins, from those described in (a), for CD4+ T cells unstimulated
or stimulated with CD3+CD28 antibody (plate-bound antibody, 5ug/mL), for the indicated time-course. Cycloheximide (CHX) was added
after 1 hour of stimulation CD3+CD28 antibody stimulation. Comparing protein levels at 1 hour (no CHX) to 4 hours with CHX ad ded at
1 hoursuggests thatLAT, MYCBP2 and SIN3B are significantlydecreased, while GRAP, PKC6, SNX18 and ZAP-70 remain stable.LC
indicates loading control. Representative blots from three independentexperiments are shown. ¢, Quantification of normalized intensity
changes calculated for 4 hour TCR stimulation with CHXadded after 1 hour compared to the proteinintensityat 1hr, as describedin
(b). Decreases in protein levels with the addition of CHX (deltaintensity< 1) for LAT, MYCBP2 and SIN3B indicate that these p roteins
are significantlydecreased in abundance. Protein band intensitywas normalized to corresponding loading control intensity. Mean fold
changes +/- sd of the three biological replicates are shown. Fold change of 1 indicates no change in abundance. Statistics were
calculated using two-tailed, unpaired t-tests.




Supplementary Figure 6
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Supplementary Fgure 6

Unaltered images of immunoblots.

a, Images of the uncropped and unaltered blots obtained from CD4+ T cell protein abundance experiments described in Supplementary
Fig. 6 and CD4+ T cell panTUBE experiments described in Fig. 5d. For cases in which multiple blots appear in one image, the relevant
blot showing the analyzed antibody is indicated by a red box.
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Supplementary Fgure 7

Ubiquitin peptide abundance in di-glycine remnant proteome after 1 hour of CD4+ T cell stimulation.

a, Relative abundance of ubiquitin lysine peptides identified in the ubiquitin proteome of CD4+ T cells stimulated with CD3+CD 28
antibody coated beads (3:1 cell:bead ratio) for 1 hr. Relative abundance is represented bythe z-score of the peptide abundance
quantified by normalized intensityvalues from a single di-glycine immunoprecipitation experiment. b, Change in abundance of ubiquitin
lysine peptides identified in the ubiquitin proteome of CD4+ T cells stimulated as described in (a). Log2 fold change ratios are
determined from a single di-glycine immunoprecipitation mass spectrometryexperiment.




