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S| Materials and Methods:
Preparation of ovarian tumor samples for proteomic analysis:

After obtaining consent to IRB-approved protocols, tissue was collected from four patients with
high-grade serous ovarian carcinoma. Each patient was under general anesthesia and had a
large midline vertical incision that identified advanced disease (FIGO stage IlIC or IV). Prior to
performing primary tumor resection and before any compromise to vascular supply, a portion of
ovarian tumor attached to the omentum was rapidly resected using sharp or blunt dissection.
The tumor specimen was immediately dissected into four contiguous and adjacent specimens
strips each no larger than 10 x 3 x 3 mm. Tumor strips were placed into cryovials and frozen in
liquid nitrogen at specified time points. The first specimen was processed as quickly as
possible with an elapsed time from resection to freezing of 1 minute or less. The average weight
of all tumor specimens was 215 mg. All specimens were then stored at -80 °C freezers until
shipment to a central processing facility as described below. For pathology review, sections
were obtained after the first and third section (0 and 30 min time points) for assessment of
tumor content. Each tumor section evaluated contained 80% tumor cell nuclei or greater.

Generation and preparation of xenograft tumor samples for proteomic analysis:

Patient-derived xenograft tumors (PDX tumors) from established basal (WHIM6) and luminal
(WHIM20) breast cancer subtypes were raised subcutaneously in 8 week old NOD.Cg-Prkdcs™
112rg™"/SzJ mice (Jackson Labs, Bar Harbor, Maine) as previously described (22, 23).
Tumors from each animal were harvested by surgical excision at approximately 1.5 cm?, rapidly
divided into 4 pieces, and snap-frozen by immersion in a liquid nitrogen bath at times 0 (~ 30 s),
5, 30 and 60 minutes post-excision. The snap frozen tumor tissues for individual time points
were then placed in pre-cooled tubes on dry ice and stored at -80 °C until cryopulverization.
Three time course sets from multiple mice (n) were obtained as biological replicates (BR) of
both luminal and basal subtypes: basal (BA1 (n=6); BA2 (n=5); BA3 (n=6)) and luminal (LUl
(n=10); Lu2 (n=6); Lu3 (n=6).



Processing of ovarian cancer tumor samples and breast cancer PDX tumor samples by
cryopulverization was done centrally at Washington University, St. Louis (Ellis Lab). Tumor
pieces were transferred into pre-cooled Covaris Tissue-Tube 1 Extra (TTO1xt) bags (Covaris
#520007) and processed in a Covaris CP02 Cryoprep device using different impact settings
according to the total tumor tissue weight: <250mg=3; 250-350 mg=4; 350-440 mg=>5; 440-550
mg=6 . Tissue powder was transferred to an aluminum weighing dish (VWR #1131-436) and
the tissue was thoroughly mixed with a metal spatula precooled in liquid nitrogen. The tissue
powder was then partitioned (~ 100 mg aliquots) into precooled cryovials (Corning #430487).
(Note: Cryopulverized tissue will melt if transferred to a plastic weighing boat). All procedures
were carried out on dry ice to maintain tissue in a powdered, frozen state.

RPPA Analysis:

Protein expression or phosphorylation was measured by reverse phase protein arrays
(RPPASs) as previously described (9). All Tissue-Tubes were rinsed with 60 pul RPPA Lysis
buffer containing: 1 % Triton X-100, 50mM HEPES, pH 7.4, 150 mM NacCl, 1.5 mM MgCI2, 1
mM EGTA, 100 mM NaF, 10 mM Na pyrophosphate, 1 mM NasVO,, 10 % glycerol, containing
freshly added protease and phosphatase inhibitors from Roche Applied Science (Cat. #
05056489001 and 04906837001). Samples were extracted using the Barocycler NEP3229
(Pressure Biosciences, Inc.) with the following settings: 35 Kpsi for 30 seconds, then 20
seconds at ambient pressure for 20 cycles. Samples were transferred to a 0.5 mL Eppendorf
tube and centrifuged at 16K rcf for 5 minutes to remove particulates. The supernatant was
transferred into a new 0.5 mL Eppendorf tube and the protein concentration determined by
Advanced protein assay kit (Cytoskeleton, Inc, Denver, Co) on a Biotek Synergy H1M at 590
nm. Samples were adjusted to a final protein concentration of 1-1.5 mg/mL by the addition of
RPPA Lysis buffer before the addition of 4X SDS sample buffer without Bromophenol Blue (3
parts of cell lysate plus one part of 4X SDS sample buffer). Samples were boiled for 5 minutes
before printing onto nitrocellulose-coated glass slides (FAST Slides, Schleicher & Schuell
BioScience, Inc., Keene, NH) with an automated Aushon arrayer (Aushon Biosystems,
Burlington, MA) as previously described (42). The 3,3'-diaminobenzidine tetrachloride (DAB)-
based DAKO signal amplification system (DAKO, Copenhagen, Denmark) was used to detect
and amplify antibody-binding intensity. A biotinylated secondary antibody was used as a starting
point for signal amplification. Signal intensity was measured by scanning the slides and
guantifying with MicroVigene software (VigeneTech Inc., Carlisle, MA) to generate spot level
signal intensity data. The protein concentration levels in the samples were estimated using
Supercurve (version 1.5.0) developed by the Department of Bioinfomatics and Computational
Biology at the University of  Texas MD  Anderson Cancer  Center,
“http://bioinformatics.mdanderson.org/OOMPA”). The program fits a single non-decreasing
spline curve using all the dilution series on a slide (hence the name “SuperCurve”) with the
signal intensity as the response variable and the dilution steps as independent variable (43) to
estimate some basic parameters and then estimate the IC50 of each dilution series. All data
were then normalized for protein loading by linear transformation using the median expression
level across all antibody experiments followed by a Log2 transformation. A total of 40



phosphorylation-site specific antibodies and 87 protein specific antibodies were used in this
study for RPPA measurements across all different tumor types (see Table S3).

Protein extraction, digestion, labeling and MS analysis of peptides from patient-derived
ovarian tumors (Pacific Northwest National Laboratories)

Protein extraction, digestion and labeling of peptides: The pulverized human ovarian cancer
tissue samples (~50 mg tissue weight) were homogenized in 500 pl lysis buffer containing 8 M
urea, 75 mM NacCl in 100mM NH4HCO; (pH 7.8), 10 mM NaF, phosphatase inhibitor cocktail 2
(Sigma, P 5726) and cocktail 3 ( Sigma, P0044), Complete (Roche, 05 892 791 001). Lysates
were precleared by centrifugation at 16,500 g for 5 min and protein concentrations were
determined by BCA assay (Pierce). Proteins were reduced with 5 mM dithiothreitol for 1 h at
37°C, and were subsequently alkylated with 10 mM iodoacetamide. Samples were diluted 2-fold
with 50 mM NHsHCO; and digested with trypsin (Promega, V5113) at a ratio of 1:50
trypsin:protein (w/w) for 4 h at 37°C, diluted by 4-fold, and subjected to a second treatment
with trypsin and incubation at room temperature overnight (~16 h). The digest was acidified
with trifluoroacetic acid (TFA) to pH ~2.5. Tryptic peptides were desalted on reversed phase
C18 SPE columns (SUPELCO Discovery, 50 mg, 52601-U) and dried using SpeedVac.

Desalted peptides were labeled with 4-plex iTRAQ reagents according to the manufacturer’s
instructions (AB Sciex, Foster City, CA). For 500 g peptide from each ovarian cancer time point
sample, 5 units of labeling reagent were used. Peptides were dissolved in 150 pyL of 0.5 M
triethylammonium bicarbonate (TEAB) (pH 8.5) solution and labeling reagent was added in 350
uL of ethanol. After 1 h incubation, 1.5 mL of 0.05% TFA was added to stop the reaction and
hydrolyze the unreacted iTRAQ reagents. Differentially labeled peptides were mixed and
subsequently desalted on 50 mg C18 SPE columns.

Offline fractionation of peptides and preparation of proteome and phosphoproteome samples:

iTRAQ-labeled peptides from ovarian tissues were separated on a RP XBridge C18 column
from Waters (250 mm x 4.6 mm column containing 5 yM particles and a 4.6 mm x 20 mm guard
column) using Agilent 1200 HPLC System. The sample loaded onto the C18 column was
washed for 9 min with 5% of solvent B (10 mM TEAB, pH 7.5, 90% ACN), followed by 10 min
solvent A (10 mM TEAB, pH 7.5) equilibration before an 109 min LC gradient. The LC gradient
started with a linear increase of solvent A to 10% B in 3 min, then linearly increased to 30% B in
86 min, 10 min to 42.5% B, 5 min to 55% B and another 5 min to 100% solvent B. The flow rate
was 0.5 mL/min. A total of 96 fractions were collected into a 96 well plate through the LC
gradient. The high pH RP fractions were combined into 24 fractions using the concatenation
strategy reported in our previous study (24). For proteome analysis, ~ 5% of each concatenated
fraction was dried down and re-suspended in 0.1% TFA to a peptide concentration of 0.15 pg
/uL. The rest of the concatenated fractions (95%) were further concatenated into 12 fractions
and subjected to immobilized metal affinity chromatography (IMAC) for phosphopeptide
enrichment. Magnetic Fe*-NTA-agarose beads were prepared using the Ni-NTA-agarose
beads (Qiagen, Valencia, CA)) following the protocols reported (44, 45). Briefly, peptides (~100-



150 pg) were reconstituted in 300 yL IMAC binding/wash buffer (80% MeCN, 0.1% TFA) and
incubated for 30 min with 75 yL of the 5% bead suspension. After incubation, the beads were
washed 4 times each with 300 uL of wash buffer. Phosphorylated peptides were eluted from the
beads using 50-75 pL of 1:1 ratio of acetonitrile to 2.5 % ammonia in 2 mM (pH 8) phosphate
buffer (v/v) after incubating for 1.5 min. Samples were acidified and concentrated, then were
reconstituted to 30 pL with 0.1% TFA for LC-MS/MS analysis.

Mass-spectrometry based analysis of ovarian tumor samples:

All peptide samples were analyzed using an automated home-built constant flow nano LC
system (Agilent) coupled to an LTQ Orbitrap Velos mass spectrometer (Thermo Fisher
Scientific). Electrospray emitters were custom made wusing either 360 pm o.d.
(phosphoproteomics) or 150 pum (global proteomics) o.d. x 20 um i.d. chemically etched fused
silica (46). The nano LC system for phosphoproteomics analysis has an online 4-cm x 360 pm
0.d. X 150 um i.d. C18 SPE column (5-um Jupiter C18, Phenomenex, Torrence, CA) to desalt
each phosphopeptide sample (20 yL), which is connected to a home-made 60-cm x 360 pum o.d.
X 50 um i.d. capillary column (3-um Jupiter C18, Phenomenex, Torrence, CA). Mobile phase
flow rate was 100 nL/min and consisted of 0.1M acetic acid in water (A) and 0.1M acetic acid in
70:30 (v/v) acetonitrile:water (B) with a gradient profile as follows (min:%B); 0:0, 5:10, 140:35,
160:60, 165:90, 170:90. For global proteome analysis, an on-line 4-cm x 360 pm o.d. x 150 um
i.d. SPE column packed with 3.6-um Aeris Widepore XB-C18 and a 35-cm x 360 pym o.d. x 75
pum i.d. fused-silica capillary analytical column (3 um Jupiter C18) were used. Mobile phases
consisted of 0.1% formic acid in water (A) and 0.1% formic acid acetonitrile (B) operated at 300
nL/min with a gradient profile as follows (min:%B); 0:5, 2:8, 20:12, 75:35, 97:60, 100: 85.

The LTQ Orbitrap Velos mass spectrometer was operated in the data-dependent mode
acquiring higher-energy collisional dissociation (HCD) scans (R=7,500, 5 x 10* target ions) after
each full MS scan (R=30,000, 3 x 10° target ions) for the top ten most abundant ions within the
mass range of 300 to 1800 m/z. An isolation window of 2.5 Th was used to isolate ions prior to
HCD. All HCD scans used a normalized collision energy of 45 and a maximum inject time of
1000 ms. The dynamic exclusion time was set to 60 s and charge state screening was enabled
to reject unassigned and singly charged ions.

Protein extraction, digestion, labeling and MS analysis of peptides from PDX breast
cancer tumors (Broad Institute)

Protein extraction, digestion and iTRAQ labeling of peptides:

Cryopulverized xenograft breast cancer tissues (~75 mg tissue weight) were homogenized in
1000 pL lysis buffer containing 8M urea, 75mM NaCl, 1mM EDTA in 50mM Tris HCI (pH 8), 10
mM NaF, phosphatase inhibitor cocktail 2 (1:100; Sigma, P5726) and cocktail 3 (1:100; Sigma,
P0044), 2 pg/mL aprotinin (Sigma, A6103), 10 pg/mL Leupeptin (Roche, #11017101001), and 1
mM PMSF (Sigma, 78830). Lysates were centrifuged at 20,000 g for 10 minutes before
measuring protein concentration of the clarified lysates by BCA assay (Pierce). Protein lysates
were subsequently reduced with 5 mM dithiothreitol (Thermo Scientific, 20291) for 45 minutes at
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room temperature, and alkylated with 10 mM iodoacetamide (Sigma, A3221) for 45 minutes.
Samples were diluted 4-fold with 50mM Tris HCI (pH 8) prior to digesting them with trypsin
(Promega, V511X) at a 1:50 enzyme-to-protein ratio at room temperature overnight on a shaker.

Digested samples were acidified with formic acid (FA; Fluka, 56302) to a final volumetric
concentration of 1 % or final pH of ~3-5, and centrifuged at 2,000 g for 5 minutes to clear
precipitated urea from peptide lysates. Samples were desalted on tC18 SepPak columns
(Waters, 100mg, WAT036820) and 1.5 mg peptide aliquots were dried down using a SpeedVac
apparatus.

Desalted peptides were labeled with 4-plex iTRAQ reagents as directed by the manufacturer
(AB Sciex, Foster City, CA), where 15 units of labeling reagent were used for each time-point
sample. Samples were dissolved in 450uL 0.5M triethylammonium bicarbonate (TEAB; pH 8.5),
15 iTRAQ label units were diluted with ethanol to a final volume of 1.05 mL and immediately
added to the peptide sample. After 1 hour, iTRAQ labeling reactions were quenched with 225
uL Tris HCI (pH 8.0). Differently labeled peptides were then mixed to generate a 4-plex iTRAQ
sample, and desalted on 500mg tC18 SepPak columns (Waters, 500mg, WAT036790).

Offline fractionation of peptides and preparation of proteome and phosphoproteome samples:

Desalted 4-plex iTRAQ labeled peptides were reconstituted in 900 yL 20mM ammonium
formate (pH 10), loaded on a 4.6mm x 250mm column RP Zorbax 300 A ExtendC18 column
(Agilent, 3.5 um bead size), and separated on an Agilent 1100 Series HPLC instrument by basic
reversed-phase chromatography. Solvent A (2% acetonitrile, 5 mM ammonium formate, pH 10)
and a nonlinear increasing concentration of solvent B (90% acetonitrile, 5 mM ammonium
formate, pH 10) were used to separate peptides according to their hydrophobicity. Prior to
loading samples, the C18 column was washed for 70 minutes using an LC gradient consisting of
two solvent A-to-solvent B washing cycles. The 90 minute separation LC gradient began with
100% solvent A for 9 minutes, then a linear increase in percentage of solvent B to 6% in 4 min,
6% to 28.5% in 50 min, 28.5% to 34% in 5.5 min, 34% to 60% in 13 min, and another 8.5 min at
60% solvent B. The flow rate was 1 mL/min. A total of 84 fractions were collected into a 96 x
2mL well plates (Whatman, #7701-5200), which were combined in a step-wise concatenation
strategy as reported previously (24). 5% of the volume of each proteome fraction was allocated
for proteome analysis, dried down, and re-suspended in 3% MeCN/0.1% FA to a peptide
concentration of 1 pg/uL for LC-MS/MS. The remaining 95% of concatenated fractions were
further combined into 12 fractions that were enriched for phosphopeptides using immobilized
metal affinity chromatography (IMAC). Ni-NTA agarose beads were used to prepare Fe*-NTA-
agarose beads, following a method adapted from Ficarro et al. (44). In each phosphoproteome
fraction, ~500 pg peptides were reconstituted in 1,000 uL 50% MeCN/0.1% TFA solvent and
incubated with 10 uL of the IMAC beads for 30 minutes. After incubation, samples were briefly
spun down on a tabletop centrifuge, and the clarified peptide flow-through was separated from
the beads, and the beads were reconstituted in 150 pyL IMAC binding/wash buffer (80
MeCN/0.1% TFA) and loaded on equilibrated Empore C18 silica-packed stage tips (3M, 2315)
as described in a previous publication (14). Samples were then washed twice with 50 pL of
IMAC binding/wash buffer, once with 100uL 1% FA, then eluted from the IMAC beads to the
stage tips with 3 x 70uL washes of 500mM dibasic sodium phosphate (pH 7.0, Sigma S9763).
Stage tips were washed once with 100 pL 1%FA and eluted from the stage tips with 60uL 50%
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MeCN/0.1% FA. Phosphopeptides were dried down and re-suspended in 9 pL 50%
MeCN/0.1%FA for LC-MS/MS analysis.

Mass-spectrometry based analysis of tumor samples

All peptides were separated with an online nanoflow EASY-nLC 1000 UHPLC system
(Proxeon, Thermo Fisher Scientific) and analyzed on a benchtop Orbitrap Q Exactive mass
spectrometer (Thermo Fisher Scientific) equipped with a nanoflow ionization source (James A.
Hill Instrument Services, Arlington, MA). The LC system was connected to a custom-fit tee (360
um, IDEX Health & Science, UH-753), and columns were heated to 50 °C using column heater
sleeves (Phoenix-ST) to prevent overpressurizing of columns during UHPLC separation. As the
implemented IMAC enrichment procedure included an integrated desalting step,
phosphoproteome samples were directly loaded onto the nano LC system for analysis. 10% of
each global proteome sample, and 50% of each phosphoproteome sample were injected onto
an in-house packed 20cm x 75um dia. C18 silica picofrit capillary column (1.9 ym ReproSil-Pur
C18-AQ medium, Dr. Maisch GmbH, r119.aq; Picofrit 10um tip opening, New Objective, PF360-
75-10-N-5). Mobile phase flow rate was 200 nL/min, comprised of 3% acetonitrile/0.1% formic
acid (Solvent A) and 90% acetonitrile /0.1% formic acid (Solvent B), and the 150-minute LC-
MS/MS method consisted of a 10-min column-equilibration procedure, 20-min sample-loading
procedure, and the following gradient profile: (min:%B) 0:0; 2:6; 84:30; 87:60; 90;90; 105:90;
106:50; 120:50 (last two steps at 500 nL/min flowrate). Data-dependent acquisition was
performed using Xcalibur 2.2 software in positive ion mode at a spray voltage of 2.00 kV. MS1
Spectra were measured with a resolution of 70,000, an AGC target of 3e6 and a mass range
from 300 to 1800 m/z. Up to 12 MS2 spectra per duty cycle were triggered at a resolution of
17,500, an AGC target of 5e4, an isolation window of 2.5 m/z, a maximum ion time of 120 msec,
and a normalized collision energy of 28. Peptides that triggered MS2 scans were dynamically
excluded from further MS2 scans for 20 sec. Charge state screening was enabled to reject
precursor charge states that were unassigned, 1, or >6. Peptide match was enabled for
monoisotopic precursor mass assignment.

All mass spectra, in the original instrument vendor format, contributing to this study may be
downloaded from

https://cptac-data-portal.georgetown.edu/cptacPublic/ for the two study names: Time Course
Breast Cancer (0,5,30,60) and Time Course Ovarian Cancer (0,5,30,60).

URLs with the web address for annotated MS2-spectra are provided for every identified
phosphopeptide in Supplemental Table S2.

Protein identification, phosphosite localization, and quantification

All MS data for ovarian and breast cancer PDX samples were interpreted using the Spectrum
Mill software package v4.1 beta (Agilent Technologies, Santa Clara, CA). Similar MS/MS
spectra acquired on the same precursor m/z within +/- 60 sec were merged. MS/MS spectra
were excluded from searching if they failed the quality filter by not having a sequence tag length
> 0 (i.e., minimum of two masses separated by the in-chain mass of an amino acid) or did not
have a precursor MH+ in the range of 750-4000. MS/MS spectra from PDX breast cancer
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tumors were searched against a RefSeq v37 database containing 32,799 human proteins,
29,617 mouse proteins, and porcine trypsin. The mouse proteins were omitted from the
database when searching the MS/MS spectra from human ovarian cancer tumors. Scoring
parameters were ESI-QEXACTIVE-HCD-v2, or ESI-ORBITRAP-HCD-v2 for whole proteome
datasets from PDX and ovarian tumors respectively. ESI-QEXACTIVE-HCD-v3 parameters
were used for all phosphoproteome datasets. All spectra were allowed +/- 20 ppm mass
tolerance for precursor and product ions, 40% minimum matched peak intensity, and trypsin
allow P enzyme specificity with up to 4 missed cleavages. Carbamidomethylation at cysteine
and iTRAQ at N-termini and lysine were fixed modifications. Allowed variable modifications for
whole proteome samples were oxidized methionine, deamidation of asparagine, and pyro-
glutamic acid modification at N-terminal glutamine with a precursor MH+ shift range of -18 to 64
Da. For phosphoproteome samples the allowed variable modifications for whole proteome
samples were oxidized methionine, acetylation of protein N-termini, and phosphorylation of
serine, threonine, and tyrosine with a precursor MH+ shift range of 0 to 272 Da. Identities
interpreted for individual spectra were automatically designated as confidently assigned using
the Spectrum Mill autovalidation module to apply target-decoy based false-discovery rate (FDR)
scoring threshold criteria via a two-step auto threshold strategy at the spectral and protein
levels. For phosphoproteome samples the second step was omitted. First, peptide mode was
set to allow automatic variable range precursor mass filtering with score thresholds optimized to
yield a spectral level FDR of <1.2% for each precursor charge state in each LC-MS/MS run.
Second, protein mode was applied to further filter all the peptide-level validated spectra
combined from all LC-MS/MS runs derived from a single tumor sample using a maximum
protein-level FDR of zero. The protein level step filters the results so that each identified protein
is comprised of multiple peptides unless a single excellent scoring peptide was the sole match.
For the whole proteome samples the above criteria yielded false discovery rates (FDR) of
<1.1% for each sample at the peptide-spectrum match level and <2.0 % at the distinct peptide
level as estimated by target-decoy-based searches using reversed sequences. For the
phosphoproteome samples the FDR was <1.1% at the spectrum level and <2.3% at the distinct
peptide level.

In calculating scores at the protein level and reporting the identified proteins, redundancy is
addressed in the following manner: the protein score is the sum of the scores of distinct
peptides. A distinct peptide is the single highest scoring instance of a peptide detected through
an MS/MS spectrum. MS/MS spectra for a particular peptide may have been recorded multiple
times, (i.e. as different precursor charge states, in adjacent bRP fractions, modified by
deamidation at Asn or oxidation of Met, or different phosphosite localization) but are still
counted as a single distinct peptide. When a peptide sequence >8 residues long is contained in
multiple protein entries in the sequence database, the proteins are grouped together and the
highest scoring one and its accession humber are reported. In some cases when the protein
sequences are grouped in this manner there are distinct peptides which uniquely represent a
lower scoring member of the group (isoforms, family members, and different species). Each of
these instances spawns a subgroup and multiple subgroups are reported and counted towards
the total number of proteins in Sl Table S1. The reporting of peptides contributing to each
subgroup can be altered by enabling the subgroup-specific option in Spectrum Mill. This was
done for the whole proteome PDX datasets primarily to include only species-specific peptides

7



for quantification, and thus exclude peptides found in both the human and mouse proteomes.
This approach allowed us to distinguish mouse from human orthologs. Interestingly, human
versions of the plasma proteins ceruloplasmin and serotransferrin were observed in the basal
xenograft breast cancer samples with 10 and 3 ortholog-specific peptides, respectively. None of
these human proteins were observed in the luminal breast cancer tumors. Both proteins are not
exclusively plasma-specific proteins and can be expressed also in non-blood related tissues and
cells (see www.genecards.org). Since gene expression is often deregulated in cancer it is not
entirely surprising to detect these proteins at low levels in the basal breast cancer samples.

For each of the phosphoproteome samples 55 to 59% of all identified phosphopeptide MS/MS
spectra yield fully localized phosphosites. The phosphosite tables organized across all the
samples combine into a single row all non-conflicting observations of a particular phosphosite
(i.e. different missed cleavage forms, different precursor charges, confident and ambiguous
localizations, different sample handling modfications). The peptide form with the best
localization score becomes the displayed representative of the combination. For a single
peptide neither observations with a different number of phosphosites nor different confident
localizations are allowed to be combined. While the Spectrum Mill identification score is based
on the number of matching peaks, their ion type assignment, and the relative height of
unmatched peaks, the phosphosite localization score is the difference in identification score
between the top two localizations. The score threshold for confident localization ( >1.1),
essentially corresponds to at least 1 b or y ion located between two candidate sites that has a
peak height 10% of the tallest fragment ion (neutral losses of phosphate from the precursor and
related ions as well as immonium and iTRAQ reporter ions are excluded from the relative
height calculation). The ion type scores for b-HzPO,, y-HsPO,4, b-H,0O, and y-H,O ion types are
all set to 0.5. This prevents inappropriate confident localization assignment when a spectrum
lacks primary b or y ions between two possible sites but contains ions that can be assigned as
either phosphate loss ions for one localization or water loss ions for another localization.

Relative abundances of proteins and phosphosites were determined using iTRAQ reporter ion
intensity ratios from each MS/MS spectrum. The median ratio is calculated from all MS/MS
spectra contributing to a protein subgroup in whole proteome samples or to a phosphaosite in the
phosphoproteome samples. To account for differences in total protein amount in between single
time point samples within one iITRAQ 4-plex experiment, all iTRAQ time point ratios in the
proteome as well as phosphoproteome datasets were normalized for the global population
median in the corresponding proteome datasets. It is important to note that protein and
phosphosite abundance ratios measured with iTRAQ quantification can be compressed by a
factor of 20-30% due to co-isolation interference and that real effect sizes might be larger than
what was measured (11, 47). In the final report of the phosphosite table only phosphosites are
shown that have a positive maximum forward-reverse Spectrum Mill score across all
experiments to remove reversed-decoy database hits. In addition only phosphosites are shown
that contain iTRAQ ratio information for at least one experiment.



Kinetic model of statistical data analysis:

This model assumes that changes observed within a reasonably short period of time (1 hour at
most) following perturbation (cold ischemia) can be described by the law of unidirectional
chemical reaction (eq 1).

log(Y) =log(B+(A-B)e™)+& (eq1)

Where Y is the measured relative protein concentration or abundance, A - starting
concentration, B — final concentration, k — rate constant, t — time and € is the normally distributed
measurement error. To infer the A, B and k parameters we applied constrained Nelder-Mead
optimization that minimizes the sum of squared errors. The imposed constrains are along the
lines of chemical kinetic principles. A > 0, B > 0 as the concentrations cannot be negative. k>0
since no species can be exponentially growing. The statistical significance of chemical kinetic
model was tested against null hypothesis model that assumes that there is not any change in
the data associated with timepoints (eq 2).

log(Y) =log(C)+¢ (eq2)

Where C is the constant proteins abundance or concentration value. The fit of null hypothesis
model is represented by a flat line. The statistical significance of the alternative model can be
assessed using F-statistic that looks at the ratio of the sums of squared errors residuals taking
into account the degrees of freedom of the alternative and null hypothesis models.

Statistical analysis using the moderated F-test:

Protein and phosphopeptide quantification tables from Spectrum Mill, with Log, ratios
normalized as specified above, are used for the statistical analysis. Each cold ischemia time
point is treated as an independent group in an ANOVA analysis, with statistical significance
being assessed using an F-test based on the ratio of between group to within group variability.
This allowed capturing trends that are not unidirectional. To leverage information across
observed proteins or phosphopeptides for more robust estimation of variance, we employed an
empirical Bayes approach implemented as a moderated F-test in the Bioconductor “limma”
package (48). The resulting p-values were adjusted for multiple testing using the Benjamini-
Hochberg method (49).
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Supporting Information Table legends:

Table S1: Lists of all quantified proteins in ovarian cancer, and luminal/basal breast cancer
samples.

Table S2: Merged list of all quantified phosphorylation-sites in ovarian cancer, and
luminal/basal breast cancer samples.

Table S3: Comparison of cold ischemia time point data for phosphorylation-sites and proteins
analyzed by RPPA and mass spectrometry (ovarian, luminal/basal breast cancer). Tabs
indicated with "pSTY" contain annotation and quantification information for MS and RPPA data
for all three tumor types. Tabs indicated with "protein" contain the corresponding information for
proteins analyzed by MS or RPPA.

Supporting Information Figure legends:

Figure S1: Comparison of moderated F test and first-order kinetic modeling as statistical
tests to identify regulated phosphosites. Scatter plots showing the Benjamini-Hochberg
corrected p-values for all quantified phosphosites. Axes are Logi, scale and dashed lines
indicate a p-value of 0.01.

Figure S2: Inter-tumor differences in the kinetics of protein phosphorylation changes for
kinases that were regulated by cold ischemia in all analyzed tumor types. Up-regulated
(U1-3; panel A) and down-regulated (D1-3; panel B) fuzzy c-means clusters are shown for the
global phosphoproteome data. T 2 denotes the median half activation/decrease time for all
phosphosites in each cluster. Kinase phophosites with membership values a > 0.7 are marked
with “X” for ovarian cancer (OC) or basal-like (BA) and luminal (LU) breast cancers.

Figure S3: Hierarchical clustering of all phosphosites that were identified in all analyzed
tumor types and also regulated in at least one of the tumor types. Phosphosites that were
guantified in all tumors and for which a cold ischemia regulation p-value <0.01 was observed in
at least one of the tumor types were analyzed by hierarchical clustering using Gene-E
(http://www.broadinstitute.org/cancer/software/GENE-E). Phosphosite rows were clustered with
an euclidean distance metric. A global color scheme was used to display phosphosite ratios.

Figure S4: Gene enrichment analysis of KEGG pathways enriched among cold-ischemia
regulated phosphoproteins in ovarian tumors, basal-like or luminal breast tumors. We
used DAVID Bioinformatics Resources 6.7 (http://david.abcc.ncifcrf.gov/) (39) to test for
enrichment of KEGG pathways in the up- and down-regulated phosphoproteome for each
cancer type using a modified Fisher's exact test (EASE score). KEGG pathways with p<0.01
and a minimum occurrence of 210 genes/proteins were called significant. P-values were —Log;0
transformed and the transformed values for each pathway were plotted as a heat map in Gene-
E (http://www.broadinstitute.org/cancer/software/GENE-E).
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Figure S5: Regulated phosphoproteins in the JNK/p38 MAP kinase pathway.
Phosphoproteins with at least one ischemia-regulated phosphosite in the ovarian or breast
tumors were mapped onto a modified version of the WikiPathways MAPK signaling pathway
(http://www.wikipathways.org/index.php/Pathway:WP382) (50) using PathVisio
(www.pathvisio.org) (51).

Figure S6: Comparison of RPPA versus mass spectrometry for the small subset of
overlapping phosphosites. Averaged cold ischemia time point ratios quantified by mass
spectrometry (iTRAQ) or reversed-phase protein arrays (RPPA) were plotted for ovarian cancer
and basal-like/luminal breast cancers. Pearson correlation coefficients (r) were calculated for
each tumor type to compare quantification results obtained by mass spectrometry and RPPA.

Figure S7: Annotated MS2-spectra of phosphopeptides for all 158 commonly cold
ischemia-regulated phosphosites. The highest scoring MS2 spectra for each phosphosite are
shown.
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Figure S2:
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Figure S3:
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Figure S5:
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Figure S6:

iTRAQ Log2 time point ratios
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Figure S7:
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Gl-number Proteinname Gene name Phosphosite Sequence
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Gl-number Proteinname Gene name Phosphosite Sequence
Spectrin beta chain, brain 1 TSSISGPLsPAYTGQV
112382252 | P ! SPTBN1 S14
isoform 2 PYNYNQLEGR
Vi MOy
9 86e+3- 12536
100.%
+
¥ ¥ Y1 ¥ v
pe E i e el | 12827 3 e ®16
. ! JE1.2420.2 - : 15377
P L | |I i | L r ] L Ill | I| lL' ||| jl |I H | i.l L r Ll L |. iy ' L I153l3.3 l??D.?
200 400 EOD 200 10 1200 1400 1600 1200
CPTAC_OwC_JB5429_iTRAD_MINTA 05 _98pr1Z_Lyne_12-02-29. 11744 11872 3.pkl  Mazz [rmfz] MH+: 2023 4485 miz: 1008 9877 23
Gl-number Proteinname Gene name Phosphosite Sequence
150418007 E3 SUMO-proteinligase RanBP2 RANBP2 $1509 KQsLPATSIPTPASFK
¥z
5 Gfietsm Ba18
100.%
s
G034
+ .
Ve |
34|T.2 :
“ - T |
TRAR :;491 K 0 oo fls . ¥
1161 ' marz Y | .3 |. | | 19-9 A & Y12
i 1 l " iy II ]l. i Bl hu I.|| II L 1034'5 Lol il . 1360.2
200 400 E00 200 1000 1200
CPTAC_OwC_JBS429_TRAD_NMNTA_10_108pr12_Lyng_12-02-31. 1762117823 3.pkl  Mass [miz) M+ 2185 1960 mJz: 7290705 2: 3
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Gl-number Proteinname Gene name Phosphosite Sequence
Thioredoxin-related
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Gl-number Proteinname Gene name Phosphosite Sequence
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Gl-number Proteinname Gene name Phosphosite Sequence
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Gl-number Proteinname Gene name Phosphosite Sequence
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