





values were not significantly different (o = 0.05) for PFKL, FBP1, and TKT and therefore

did not change in response to growth factor exposure.

Figure 3.4. Relative Quantification of the Glycolysis Proteome in Response to
Treatment of MCF-7 Cells with IGF-1. A) MRM chromatograms of the PKM2 peptide,
GIFPYLK, and either the untreated or IGF-1-treated chromatograms, for the three
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transitions representing the peptide. For each transition, Alogz(ratio) were calculated as
the difference between the log; peak area ratios for IGF-1-treated /reference (M+32:M+28)
and untreated/reference (M+32:M+28). B) Mean Alogz(ratio) (+/- SE) for detected
glycolysis proteins, associated branching proteins, and other metabolic proteins as
indicated. *IGF-1 treated and untreated samples are significantly different in a paired t-test
(a=0.05).

3.3.3 Glycolytic Proteome Differences Between Various Cell Lines

The quantitative LC-MRM assay was used to compare glycolysis among two normal
mammary epithelial cell lines (HMEC and MCF10A) and four tumour-derived cell lines;
MCF-7 (non-invasive breast), T-47D (non-invasive breast), MDA-MB-231 (invasive
breast)?38, and HeLa (cervical). Protein ratios were generated by LC-MRM, comparing each
cell line to a separately prepared T-47D complex digest. Log: ratios were adjusted to the
reference proteins (without f-actin) then expressed in comparison to the HMEC cell line
(Fig. 3.5). All cell types had higher ENO1 levels than HMEC. The three tumour-derived
breast cells, MCF-7, T-47D, and MDA-MB-231, had the highest ENO1 levels with HMEC-
adjusted log. ratios of 1.4, 1.9, and 2.0, respectively (Fig. 3.5). MCF-10A cells displayed
fewer positive HMEC-adjusted log; ratios (5 of 14 proteins) than other cell type (Fig. 3.5).
In the invasive, MDA-MB-231, cells the highest levels of glycolysis protein expression
occurred towards the latter stages of glycolysis with PGAM1, ENO1, PKM2, and LDHA
displaying HMEC-adjusted log: ratios of 0.7, 0.8, 2.0, 0.8, and 1.1, respectively (Fig. 3.5). A
similar trend was observed in HeLa cells, in which ENO1, PKM2, and LDHA, showed HMEC-
adjusted log; ratios of 0.4, 0.8, and 0.4, respectively. Alternatively, the non-invasive MCF-7
and T-47D breast cancer cells did not show this trend and expression of glycolysis proteins
was biased towards early stages of glycolysis and branching pathways (PFKP, TPI1, G6PD,
and FBP1).
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Figure 3.5. Expression of Glycolysis Proteins in Various Cell Lines. Shown from left to
right are two normal epithelial cell lines (HMEC and MCF-10A), three breast cancer cell
lines ordered by increasing invasiveness (MCF-7, T-47D, and MDA-MB-231)238, and a
cervical cancer cell line (HeLa). Reference protein-normalized log: ratios for each protein

are expressed in relation to the HMEC cells.
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3.3.4 Preliminary Glycolytic Proteome Analysis of Lung Cancer Biopsies

To assess the clinical applicability of targeting glycolysis we obtained a set of 10
lung cancer biopsies (poor, medium, or well differentiated). Using our quantitative LC-
MRM assay, each patient sample was compared to an equal amount of complex digest from
MCF-7 cells used as a common reference. Several proteins in our LC-MRM assay did not
give sufficient S/N in all patient samples (GPI, PFK, PGAM, G6PD, FBP1 and TKT). Log>
ratios (Lung Tissue/MCF-7 cell reference) for proteins which sufficient S/N was achieved
are shown in Fig. 3.6. Variance in the protein levels between patient samples was high (Fig.
3.6) and the levels of the important cancer metabolism proteins (PKM2, ENO1, and LDHA)
showed no correlation with the degree of cell differentiation. However, poorly
differentiated tumours had significantly lower PGK1 levels than medium and well

differentiated tumour samples and well differentiated tumours had slightly lower levels of

GAPDH (Fig. 3.6).
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tumour biopsies compared to a common reference sample (MCF-7 cell complex digest).
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3.4 Discussion

3.4.1 Targeting the Glycolytic Proteome Using MIDAS of Dimethylated
Peptides

Targeted, hypothesis-driven proteomics using LC-MRM, allows for accurate
quantitative analysis of subsets of proteins 123. For targeting metabolic pathways LC-MRM
was recently conducted on central carbon metabolism in yeast (S. cerevisiae), where a
switch to glycoxylate metabolism was quantitatively monitored in a time course
experiment 119, This previous work achieved absolute quantification by the use of internal
peptide standards. Our analysis extends the use of targeted proteomics to study glycolysis
in human carcinoma cells. Here, using LC-MRM-based targeted proteomics, we quantified
at least one isoform of all of the major proteins of glycolysis, except for hexokinases. The
association of hexokinases with the outer membrane of the mitochondria 15 likely
prevented their detection by LC-MRM since our analysis was based on a cytosolic sample
preparation. Indeed since most of the glycolytic proteins reside in the cytosol, they were
detectable by LC-MRM using detergent-free sample preparation, thus alleviating ion
suppression issues encountered when using detergents 23%. Although higher sensitivity is
achieved by LC-MRM than other MS scanning methods, a number of enrichment steps are
often still employed to detect sets of proteins. For example, peptide detection by LC-MRM
usually involves affinity removal of high abundant proteins 129 or capture with anti-peptide
antibodies 139. Detection of glycolysis proteins was possible using only one dimension of
separation because of their high abundance # 240. This makes the glycolytic proteome
particularly amenable to 1D-LC-MRM analysis.

Normally, in targeted proteomics approaches, proteotypic peptides (frequently
observed peptides in MS experiments) are selected to generate the LC-MRM transitions

using databases and software tools such as Peptide Atlas (http://www.peptideatlas.org),

the Global Proteome Machine (the GPM) (http://www.thegpm.org), and the PRoteomics

IDEtifications (PRIDE) database (http://www.ebi.ac.uk/pride). It is preferred, however, to

derive LC-MRM transitions based on empirical product ion spectra because databases
contain spectra detected by specific instrument or sample preparation types, perhaps not

employed by the user 122, Here, targeting y»,.1 ions allowed highly specific targeting of
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dimethyl labelled peptides from MCF-7 cells using MIDAS. Indeed, this specificity is
supported by the general observation that the extracted ion chromatograms of the
sequenced peak for most [M+2H]?* = y,.1 transitions was usually the most intense. In
addition, the high mass of this fragment ion results in MRM transitions with very low
chemical noise. Therefore, by targeting the parent [M+2H]?* = y,.1 transitions, we were
able to efficiently determine proteotypic peptides, and generate high scoring spectra for
further transition selection. The technique was also efficient since most of the confirmed
peptide spectra (109) were collected using 2D-LC-MIDAS where only 9 peptide spectra
were successfully added from previously collected shotgun analyses (4 from glycolysis
proteins, (Fig. 3.3). This comparison may not be entirely representative, however, since the
previously data set was collected using a QTOF mass spectrometer. Still, the predictable
fragment ion enhancement by dimethylation in combination with the MIDAS workflow was
effective for targeting peptide product ion spectra collection to generate LC-MRM

transitions for the set of proteins we targeted in MCF-7 cells.

3.4.2 Growth Factor-induced Changes in Glycolysis Protein Levels

Measurement of changes in glycolysis protein levels in MCF-7 cells exposed to IGF-1
demonstrated the effect of growth factors in altering glycolysis. The influences of growth
factors over glycolysis has become apparent where, for example, in mouse FL5.12 cells,
increased GLUT1, HK2, PFK1 and glycolysis rates were observed followed by stimulation
with the growth factor, interleukin-3. 160, Shifts in protein expression for the entire
glycolysis pathway in response to growth factor exposure have not been explored. Our
observation of significant up-regulation of ENO1, PKM2, and LDHA is consistent with
previous observations using non-targeted, shotgun proteomics 234. This view was expanded
here, where proteins regulating carbon fluxes to pentose phosphate metabolism and
gluconeogenesis (G6PD, FBP1, and TKT) showed only minor changes in response to IGF-1
exposure. Taken together, these observations suggest that cellular response to IGF-1 alters
protein expression to bias glycolytic flux towards lactic acid production instead of
alternative branching pathways.

Several studies have indicated a similar shift in growth-factor-induced glycolytic

flux in a piece-wise manner. For instance, increased lactic acid flux in response to IGF-1
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exposure has been shown in RPMI 8226 myeloma cells 24l. ENO1 has also previously
shown induction by IGF-1 stimulation in mouse C2C12 cells 242. Moreover, the reaction
catalyzed by PKM2 in glycolysis, is a major regulatory step for glycolytic flux and is
important in tumourigenesis 198, where dysregulated growth factor signalling is also a
hallmark. However, the glycolytic shift towards lactic acid flux is complicated by increased
levels of the M2 splice variant of PKM2 - predominant in our analysis. The M2 variant
results in the build-up of intermediates used for high rates of fatty acid and nucleotide
synthesis needed for proliferating cells 198, potentially off-setting lactic acid flux. However,
the observed growth factor-induced increase in LDHA may facilitate the lactic acid
formation - a key feature of the Warburg effect in cancer 243. Other pathways such as
glutamine metabolism also play a role in lactate flux?l, therefore, the putative shift we

describe is complex and demands further attention at the metabolite level.

3.4.3 Cell line-specific Expression of Glycolysis Proteins

A survey of glycolysis protein levels in several cell lines by LC-MRM indicates cell-
type biases towards protein expression in specific stages of glycolysis (Fig. 3.5). The
characteristic of a general increase in glycolytic protein levels in tumour-derived cell lines
(Fig. 3.5) is consistent with the increase in glycolysis proteins commonly observed in
cancer °. Data showing increased ENO1 levels in breast tumour-derived cell lines agrees
with observations that ENO1 is commonly elevated in breast cancer 24+ 245, The bias
towards increased levels of proteins in the latter stages of glycolysis and lactate formation
in invasive MDA-MB-231 cells indicates that direction of carbon flow towards lactic acid is
an invasive characteristic. Although no direct measurements of invasion or pH were taken
in this study, the shift towards lactic acid formation has previously shown importance in
the acid-mediated tumour invasion model 246. The pattern in MDA-MB-231 cells is identical
to that which we observed in growth-factor-induced MCF-7 cells, where increased
expression of ENO1, PKM2, and LDHA was common to both. This data is also consistent
with studies demonstrating that IGF-1 induces invasiveness in tumours 247 248, The notion
of growth factor involvement in invasiveness is further promoted by constitutive activation

of the downstream effector of IGF-1 signalling, Ras, in MDA-MB-231 cells 24°. Mechanisms
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of invasiveness are, however, poorly understood and complex, therefore the involvement of

glycolysis with invasion should be further explored.

3.4.4 Glycolytic Proteome Targeting in Lung Cancer Biopsies

Targeted proteomics analysis of glycolysis in lung cancer biopsies using LC-MRM
was successfully used for relative quantification of the proteins of glycolysis which were
shown to have importance in growth-factor driven cell proliferation in cell line
experiments (ENO1, PKM2, and LDHA). Insufficient MRM signal from several other proteins
in the patient biopsy samples, as compared to the cell line experiments, likely resulted from
both the increased complexity of the tissue homogenate and a more complicated extraction
procedure involving removal of RNA for a separate study in our laboratory. A more direct
sample preparation might also have enhanced the overall completeness of the glycolytic
proteome as is currently being undertaken in our laboratory. Since the poorly
differentiated tumours are likely to be more proliferative, the lack of difference in ENO1,
PKM2, and LDHA was unexpected since our cell line experiments showed increased levels
of these proteins in growth factor stimulated cells. We suspect other tumour characteristics
besides differentiation status might correlate to ENO1, PKM2, and LDHA but more
elaborate studies are needed to explore these relationships. Also unexpected, based on our
cell line experiments, was the lower level of PGK1 in the poorly differentiated tumours.
Increased levels of PGK1 however, have been associated with poor survival in Stage I lung

cancerl3s3,

3.5 Conclusion

Despite the proposed importance of glycolysis in cancer, and the relatively high
abundance of glycolysis proteins, this work represents the first, targeted proteomic
analysis of glycolysis. By using a targeted proteomics approach employing MIDAS, an LC-
MRM assay was successfully designed based on a limited set of, in silico predicted,
[M+2H]2* = y,.1 transitions. Applying the assay in vitro revealed a similar glycolytic protein

expression profile in MCF-7 cells exposed to IGF-1 as that observed in invasive MDA-MB-
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231 cells. This finding demonstrates that increased expression of specific glycolysis
proteins may funnel carbon flux towards lactic acid production in invasive cancers,
supporting the acid-mediated invasion model. Finally, the robust LC-MRM assay for
glycolysis proteins is directly applicable across multiple laboratories and has potential for

analysis of patient biopsies.
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Chapter 4: Targeted Proteomics Reveals Changes in hnRNP A/B
Levels Associated with Cell Proliferation

Abstract

Heterogeneous nuclear ribonucleoproteins (hnRNPs) play important roles in many
cellular processes such as transcription, translation, chromatin remodelling, and signalling.
Although several hnRNPs are elevated in various cancers, the association of many family
members with cell proliferation is not well known. Here, we sought to investigate the
altered expression of hnRNP family members during cell proliferation by examining the
changes in expression of hnRNP proteins under IGF-1 stimulation, c-Myc knockdown, and
in the differentiation of C2C12 cells. Our approach employed multiple reaction monitoring
(MRM)-based mass spectrometry by which successful relative quantification was achieved
for peptides representing most of the hnRNP family. Our results showed interesting
differences in hnRNP K specific to the peptide GSDFDCELR, which was increased by IGF-1-
stimulation in Hek 293 and HeLa cells and decreased by c-Myc knockdown in Hek 293 cells.
Our more significant finding was the decreased levels of a lesser-known hnRNP (A/B)
under c-Myc knockdown in Hek 293, HeLa, and MCF-7 cells as well as in differentiated
C2C12 cells. Since other hnRNPs have been shown to influence mRNA splicing, we assessed
whether decreased hnRNP A/B levels accompany increased levels of pyruvate kinase M1
and M2 splice variant peptides using synthetic pyruvate kinase peptides as internal
standards. Increased levels of the M1 splice variant accompanied decreased levels of
hnRNP A/B in C2C12 cells but no differences in alternatively spliced peptides were
observed under c-Myc knockdown in Hek 293, HeLa, and MCF-7 cells. These findings
indicate that the lesser known hnRNP protein (A/B) may be involved in c-Myc-directed cell

proliferation and warrants further study.
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4.1 Introduction

The interface between RNA transcription and eventual protein translation in cells is
highly regulated by RNA/protein complexes. Comprising a major portion of these
complexes are heterogeneous nuclear ribonucleoproteins (hnRNPs). As a result of their
essential role in the proper expression of transcripts, alterations in hnRNP expression
could have dramatic effects on cell processes. The hnRNP family of proteins consists of
about 20 major members (A1-U), most are highly abundant in both the nucleus and the
cytosol?50 and they influence mRNA splice site selection, translation, and transport but
some also play a role in signalling?1. Many hnRNPs have been shown to be elevated in
different cancers. For example, hnRNP A1 is increased in chronic myelogenous leukemia
and in myeloid progenitor cells expressing the p210BCR/ABL goncoprotein252. hnRNP A2 has
been shown to be highly expressed in lung, 253 254 breast, 25> and pancreatic2>¢ cancers.
Additionally, hnRNPs A1, A0, and A3 in the nuclear matrix have also been associated with
colon cancer?s7.

The hnRNP proteins are thought to be crucial in bridging growth-related signals to
the regulation of mRNA transcription, transport, and degradation. Growth factor signalling
pathways and oncogenic transcription factors such as c-Myc are altered in many cancers
and, among other roles, facilitate metabolic changes necessary for cancer cell growth?258. In
growth factor stimulated Rat-1 cells, hnRNP A1 levels increase25? which correlates with
induction of several glycolysis proteins?¢0 and the c-Myc transcription factor26l. Increases
in hnRNP K levels have been shown to occur in growth factor-stimulated breast cancer
cells?62 and among the many roles proposed for hnRNP K, it may act as a key co-factor for
activation of the tumour suppressor protein p53263. Recently, hnRNP A1, hnRNP A2, and
hnRNP I (also called polypyrimidine tract binding protein 1; PTB1), under control of c-Myrc,
have been shown to alter metabolism in proliferating cells by altering splice site selection
towards the M2 splice variant of pyruvate kinase®? 61,

Since it is evident that growth signalling through c-Myc appears to affect several
hnRNPs we sought to fully characterize the expression changes in the hnRNP family under
stimulation by IGF-1 and c-Myc knockdown. The current method of choice for targeted

analysis of proteomic subsets is multiple reaction monitoring (MRM) analysis of
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representative tryptic peptides. Peptide analysis by MRM is efficiently multiplexed to
quantify pre-determined set of proteins and the advantages are outlined in Chapter 1.
Here, we used peptide MRM analysis to determine the expression of the entire hnRNP
family in both IGF-1 stimulated and c-Myc siRNA-transfected cells. We also use MRM to
quantify hnRNP expression changes accompanying levels of M1 and M2-unique peptides
between differentiated and proliferating C2C12 cells. While interesting peptide-specific
changes were observed for hnRNP K, our major finding indicates altered expression of
hnRNP A/B occurs under c-Myc knockdown and in C2C12 cells. hnRNP A/B does not
appear to be involved in pyruvate kinase splice site selection, is not well characterized, and

as a result of our findings, warrants further study.

4.2 Experimental Procedures

4.2.1 Cell Culture, IGF-1 Treatment, and C2C12 Cell Differentiation

MCF-7, HeLa, Hek 293, C2C12, and MDA-MB-231 cells were from the American Type
Culture Collection and cultured in DMEM (Invitrogen) with 10% fetal bovine serum (FBS)
at 5% COa. Several 75 cm? flasks of MCF-7, HeLa, and MDA-MB-231 were cultured for use as
a stock for MRM transition selection and optimization. For IGF-1 stimulation experiments,
MCF-7, HeLa, and Hek 293 cells were seeded at 100 000 cells per well in 6-well (9.8 cm?)
culture plates, serum starved for 48 h (in triplicate), and were either left untreated for 24 h
(non-treated control), or treated for 6, 12, or 24 h with 100 ng/mL IGF-1. C2C12 cells were
harvested at 60% confluence (proliferating) or grown to confluence then switched to
media containing 2% horse serum (differentiated). Both IGF-1 and differentiation

experiments were conducted in triplicate.

4.2.2 siRNA Transfection and Western Blotting.

Cells were seeded at 100,000 cells per well, in 6-well (9.8 cm?) culture plates, grown
for 24 h, then serum starved for 24 h. Media was then replaced with 10% FBS (non-treated;
NT), 10% FBS with 0.1% Lipofectamine 2000 (Invitrogen) and 50 nM positive control
siRNA (Ambion, Austin, TX) (mock-treated), or 10% FBS with 0.1% Lipofectamine 2000
(Invitrogen) and 50 nM c-Myc siRNA (Cell Signalling Technologies, Danver, MA) (c-Myc
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knockdown). Transfection proceeded for 48 h. Cells were harvested as below and split
prior to pelleting to reserve a sample for confirmation of c-Myc knockdown by Western
blot. The c-Myc antibody was from Cell Signalling Technologies and Actin and GAPDH
antibodies were from Santa Cruz (Santa Cruz, CA). Western blotting was performed as per

the manufacturer’s instructions.

4.2.3 Protein Extraction and Labelling of Peptides

Cells were washed with PBS, detached with 0.25% Trypsin/EDTA (Invitrogen),
immersed in 1 mL PBS and pelleted by centrifugation at 5000 x g. Lysis for hnRNP analysis
was conducted in 500 mM tri-ethyl ammonium bicarbonate (TEAB) (Sigma-Aldrich), pH
8.5, with 0.1% Rapigest (Waters) (1 mL per 75 cm? surface area of cells) using 3, 5 s, pulses
with a probe sonicator (Fisher Scientific). Lysis for analysis of PKM1/M2 peptides was
conducted in 500 mM TEAB by 20 passes through a 21 G 1 % needle and was followed by
centrifugation at 110 000 x g for 1 h. Total protein concentration was estimated using a
Bradford assay 1° with BSA as a standard. Digestion and stable isotope labelling by

reductive methylation of peptides (M+28 or M+32) was performed as described previously

264

4.2.4 hnRNP Peptide Product Ion Generation

Product ions for tryptic peptides from hnRNP proteins (accession numbers listed in
Fig. 4.1A) were acquired by a MIDAS approach towards MCF-7, MDA-MB-231 and HelLa
cells as described previously?¢4 and from an MS/MS dataset from MDA-MB-231 cells
acquired using a TripleTOF 5600 mass spectrometer (AB Sciex). MDA-MB-231 cell
preparation was as above except 4 mM methylmethane thiosulfanate (MMTS) and 2 mM
tris(2-carboxyethyl)phosphine (TCEP) were used as reducing and alkylating reagents
respectively. Online chromatography for TripleTOF MS/MS acquisition was performed
using an Eksigent nanoLC Ultra using a 200 pm x 0.5 mm trap column, a 75 pm x 15 cm
ChromXP C18-CL analytical column and a flow rate of 300 nL/min using a 60 minute
gradient of 10-30% mobile phase B (mobile phase A = 2% acetonitrile, 0.1% formic acid,
mobile phase B = 98% acetonitrile, 0.1% formic acid). TripleTOF acquisition setup was as

follows: >30000 resolution TOF MS survey scan, MS accumulation time of 250 ms, 20 IDA
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precursors selected at unit resolution, MS/MS accumulation time of 50 ms at > 15000

resolution, and a 1.3 s fixed cycle time.

4.2.5 hnRNP MRM Transition Selection

Spectra collected by MIDAS were searched against the IPI human database (v3.65)
using ProteinPilot (v3.0, AB Sciex) with iodoacetamide cysteine alkylation and dimethyl
labelling of lysine and N-termini as fixed modifications, rapid ID, and a protein detection
threshold of 0.05. Spectra collected by TripleTOF were searched against the IPI human
database (v3.65) using ProteinPilot (v.4.0, AB Sciex) with MMTS set as a fixed modification
and thorough ID. Positively identified spectra by MIDAS or TripleTOF analysis were
exported to MRM Pilot (v2.0, AB Sciex) and the four most intense fragment ions were
chosen for parent to fragment ion pairs (MRM transitions) for peptides. MRM transitions
were tested and optimized for 1D-LC-MRM (as described previously?64) using complex
digests of MCF-7, HeLa, and MDA MB-231 cells labeled M+28. Matching heavy isotope-

labeled (M+32) pairs were calculated for relative quantification.

4.2.6 Relative Quantification of hnRNPs

Aliquots (200 pL/40 pg) of complex digests from IGF-1 treatment (0 IGF, 6 IGF, 12
IGF, and 24 IGF) were labeled M+32, mixed with 50 pL (10 pg) of peptides from a stock
digest of the same cell line (labeled M+28) and desalted, all as described previously?264.
Aliquots (200 pL/40 pg) from siRNA-treated digests (mock and c-Myc) were labeled M+32
and mixed with 100 pL (20 pg) of, M+28-labeled, non-treated digest (NT). Aliquots (200
uL/40 pg) from differentiated and proliferating C2C12 cell complex digests were labelled
M+32 and M+28 respectively. Transitions selected and optimized for MRM were divided
into 3 acquisition methods (Appendix B) and hnRNP peptides were analyzed using 3
separate injections. For normalizing relative quantification, a fourth injection was made
using transitions for relative quantification of reference proteins (ACTAB, PPIA, RLPLO, and
YWHAZ) described previously?64, except peptides shared with actin isoforms other than
ACTAB were excluded. MRM analysis and generation of log; ratios was conducted using

Multiquant (v2.0) with acquisition and peak area calculation parameters described
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previously264. Log, ratios were normalized so the mean log: ratio of the reference proteins

was 0.

4.2.7 Absolute Quantification of Pyruvate Kinase Splice Variants

Peptides unique to the M1 (EAEAAMFHR) and M2 (CCSGAIIVLTK) isoforms and a
shared peptide (GDYPLEAVR) were synthesized and purified to >95% (Bio Basic Inc,,
Markam, ON, Canada). Peptides were dissolved in 50% acetonitrile, then diluted in 500 mM
TEAB (pH 8.5) to a final concentration of 10 pmol/pL, labeled M+36, and desalted and
dried as above. Labelled and desalted peptides were resuspended in 5% acetonitrile (0.1%
formic acid) and 10 pmol was injected onto a 300 pm x 10 cm C18 column (Waters) and
eluted into a Waters Quattro mass spectrometer using a gradient of 5 to 65% acetonitrile
(0.1% formic acid) over 10 minutes. Daughter scans were collected for each peptide parent
([M+2H]?*) using source voltage=3.4 eV, cone voltage=20 V, and collision energy
(V)=parent m/z + 25. Four transitions for each peptide were formed using the most intense
fragment ions (Appendix C). Further quantitative analysis was performed by MRM on a
4000 Qtrap mass spectrometer using parameters described previously?¢4. Endogenous
levels of PKM2 peptides in MCF-7 and HelLa cells were determined by using a peak area
calibration curve of a dilution series of M+36-labeled peptides (5000 fmol to 0.01 fmol per
ug of complex digest). For absolute quantification of PKM1 and M2 and shared peptides,
peak areas in M+28 labelled digests were calculated by reference to an internal standard of
100 fmol M+36 labeled peptide/ug protein (the approximate concentration of the
endogenous PKM2 peptides). Since the M1-unique peptide contains a potentially oxidized
methionine, additional transitions were included in each acquisition method to detect
possible oxidized peptides and prevent their interference with quantification. The
calculated levels of the M1-unique and M2-unique peptides were adjusted by setting the
the shared (total PKM) peptide equal to the mean of the shared peptide amount for each

cell line.
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4.3 Results

4.3.1 Targeting hnRNP Peptides Using MRM

To design an MRM assay for proteins belonging to the hnRNP family of proteins,
accession numbers for 23 hnRNP proteins selected from the UniprotKB database
(www.uniprot.org) (Fig. 4.1A) were used for peptide product ion generation by MIDAS,
based on predicted [M+2H]2*=> yn.1 dimethyl labeled peptide transitions. A total of 389
hnRNP tryptic peptides, 7-20 amino acids long, were predicted. Product ions for peptides
from hnRNP proteins were also selected from a dataset of MS/MS acquired using a 5600
TripleTOF mass spectrometer (AB Sciex) at a high sampling rate (20 MS/MS per s). The
number of hnRNP peptides identified from TripleTOF and MIDAS approaches was 159 and
49 respectively, with 29 identified by both approaches (Fig. 4.1B & 4.1C). The initial
success rate of these transitions by MRM was 26% and 55% for TripleTOF and MIDAS
respectively, to a total of 46 detectable hnRNP peptides by MRM (Fig. 4.1B). More peptides
(39) were identified for the hnRNPA group (hnRNPAO, hnRNPA1, hnRNPA2, and hnRNPA3)
and hnRNPM (24) than in other subgroups (Fig. 4.1C) suggesting that the A subgroup and
hnRNPM could be more abundant than other subgroups (D,C,H,U/R) in the cell lines used
for product ion generation (HeLa, MCF-7, and MDA MB-231).
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Figure 4.1. Summary of Peptide Identifications from the hnRNP Protein Family. A)
Targeted hnRNP proteins and their accession numbers. B) Venn diagrams illustrating the
number of peptides identified using targeted (MIDAS) and non-targeted (TripleTOF)
datasets and, of the identified peptides, those which gave successful MRM transitions for
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BLOSOM®62 from a ClustalW multiple sequence alignment. Shared peptides are indicated by
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4.3.2 Relative hnRNP Quantification in Growth Factor-treated Cells

Using our optimized MRM assay we measured the effects of IGF-1 stimulation on the
levels of hnRNPs. Relative quantitative MRM was used to compare protein expressed by
IGF-1 stimulated MCF-7, HeLa, and Hek 293 cells, to a control digest for each cell line.
Several peptides previously detected at the validation and optimization stages were not
successfully detected at an acceptable S/N for relative quantification under IGF-1
stimulation. Nevertheless, 26 hnRNP peptides, representing most of the family, were
measured by MRM for MCF-7, HeLa and Hek 293 cells (Fig. 4.2A). Normalized mean relative
expression (logz ratio) differences for peptides at each time point compared to the un-
stimulated digest are shown in Fig 4.2A. Differences in the levels of hnRNP peptides in
response to IGF-1 stimulation were mild and varied among cell lines. There was also
considerable variation for peptides of the same hnRNP, most likely attributable to
complexities in abundance from post-translational modifications. For example, in IGF-1
stimulated MCF-7 cells, the 24 h log; ratio differences from the un-stimulated digest for
IFVGGLSPDTPEEK and FGEVVDCTIK of hnRNP D were 0.79 and -0.42 respectively (Fig.
4.2A). The most notable differences were observed for hnRNP K, of which most of the
peptides were slightly elevated temporally in IGF-1 stimulated Hek 293 and Hela cells.
However, peptide-specific differences were observed for hnRNP K. Although
measurements were variable between biological replicates, the hnRNP K peptide,
GSDFDCELR, appeared to preferentially elevated over other peptides in Hek 293 (mean
log> ratio difference of 0.75 over 24h) and HeLa cells (mean logzratio difference of 0.56
over 12h) (Fig. 4B). The specific effect on GSDFDCELR was not observed in MCF-7 cells,
however (Fig. 4B).
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Figure 4.2. Changes in hnRNP Expression in IGF-1-stimulated Cells. A) Relative
quantification for hnRNP peptides in IGF-1-stimulated Hek 293, HeLa, and MCF-7 cells as
determined by LC-MRM. Changes are expressed as a mean of the differences between each
time point [log: ratio (treated/control)] and non-treated cells [logz ratio (non-
treated/control)]. B) The hnRNP K peptide GSDFDCELR appears to be preferentially up-
regulated in growth factor stimulated Hek 293 and HeLa cells but not in MCF-7 cells. Error

bars are the standard error of the mean.
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4.3.3 Relative hnRNP Quantification Under c-Myc Knockdown

As a result of evidence that c-Myc influences the levels of several hnRNPs (A1 and
A2) and that c-Myc is influenced by growth signals, we measured changes in the expression
of hnRNPs under c-Myc knockdown in Hek 293, HeLa, and MCF-7 cells using relative
quantitative MRM. Mock siRNA and c-Myc siRNA transfected cell digests were both
compared to untreated cell digests (Fig. 4.3A). Similarly to the IGF-1 experiment, 28
hnRNP peptides were detected at an acceptable S/N for relative quantification by MRM
(Fig. 4.3B). Also similar to the IGF-1 experiment, c-Myc siRNA knockdown affected hnRNP
levels differently among cell lines and peptides of the same hnRNP (Fig. 4.3B). For
example, the hnRNP H1 peptide GLPWSCSADEVQR showed mean log; ratio differences
between c-Myc siRNA and mock siRNA treated digests in Hek 293 and HeLa cells of -1.47
and 0.69 respectively. Interestingly, c-Myc knockdown resulted in specifically decreased
levels of the hnRNP K peptide GSDFDCELR in Hek 293 cells (Fig 4.3C) - also increased by
IGF-1 stimulation. In all 3 cell lines, c-Myc knockdown resulted in decreased levels of
hnRNP A/B peptides (Fig. 4.3D). Unfortunately, the hnRNP A/B peptide, EVTQQQQYGSGGR
gave a poor signal in HeLa cells. These results were again mild and differences in hnRNP
A/B peptides between c-Myc siRNA and mock treated digests were not statistically
significant in a two-tailed t-test (0=0.05). Nevertheless, results were consistent between
cell lines. In Hek 293 and HelLa cells, c-Myc knockdown decreased the levels of peptides
shared between hnRNP R and hnRNP Q (Fig 4.3D), although again, results were not

statistically significant (a=0.05).
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Figure 4.3. Changes in hnRNP Expression by c-Myc Knockdown. A) Western blot
confirmation of c-Myc knockdown in HeLa, MCF-7, and Hek 293 cells. B) Changes in hnRNP
peptides under c-Myc knockdown as determined by MRM expressed as a mean log; ratio
difference [mean log; ratio (c-Myc siRNA/NT) - mean log; ratio (mock siRNA/NT)]. C)
Relative quantification showing specifically decreased levels of the hnRNP K peptide,
GSDFDCELR, in Hek 293 cells. D) Relative quantification showing decreased levels of
hnRNP A/B in Hek 293, HeLa, and MCF-7 cells and decreased levels of shared peptides of
hnRNP R and Q. Peptides are designated by the first 3 amino acids in the sequence. Error
bars are the standard error of the mean.

84



4.3.4 Relative hnRNP Quantification and Absolute PKM1/M2 Quantification in
Differentiated C2C12 Cells

To further examine whether expression changes in proteins such as hnRNP K or
hnRNP A/B during cell proliferation and relate them to pyruvate kinase splice variant
expression, we conducted relative quantitative MRM of hnRNPs in mouse C2C12 cells.
These cells switch from proliferating cells to differentiated muscle-type cells upon
exposure to 2% horse serum (Fig. 4.4A), which is accompanied by increase levels of
PKM161. Western blots performed for c-Myc expression confirmed previous reports of
increased c-Myc expression in proliferating C2C12 cells (Fig. 4.4B). Relative quantification
of hnRNP peptides was performed using MRM, comparing differentiated and proliferating
C2C12 cells. Since hnRNPs from human and mouse are similar, many of the peptides (18)
could be detected in C2C12 cells as were in the IGF-1 and c-Myc experiments. Interestingly,
the greatest differences between differentiating and proliferating cells were observed for
hnRNP A/B, of which EVYQQQQYGSGGR and IFVGGLNPEATEEK show log:, ratios
(Differentiated:Proliferating) of -1.88 and -1.31 respectively (Fig 4.4C). Thus, the level of
hnRNP A/B expression is much higher in proliferating C2C12 cells and accompanies
increased c-Myc levels. Although hnRNP K showed no apparent differences, peptides of
hnRNP A1, A3, C, and D also showed decreased levels in differentiated C2C12 cells.

In addition to relative quantification of hnRNPs, we also assessed whether changes
in pyruvate kinase splicing accompanied the decreased levels of hnRNP A/B observed in
both differentiated C2C12 cells and cells under c-Myc knockdown. M1-unique
(EAEAAMFHR), M2-unique (CCSGAIIVLTK), and M1/M2-shared (GDYPLEAVR) (Fig 4.5A)
synthetic M+36-labeled peptides were used for absolute quantification by spiking
approximately endogenous levels (100 fmol/ug protein) into digests as internal standards.
Increased levels of the M1-unique peptide were observed in differentiated C2C12 cells but
surprisingly, increased levels of the M2-unique peptide were also observed. In Hek 293,
HeLa, and MCF-7 cells, we could not detect the M1-unique peptide thus levels of M1
expression in these cells were below the detection limit of EAEAAMFHR (~0.1 fmol/ug

protein). Further, we did not detect any differences in the M2-unique peptide between non-
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treated, mock siRNA-treated, or c-Myc siRNA-treated digests for any of the cell lines (Fig.
4.5C).
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Figure 4.4. Changes in hnRNP Expression in Differentiated C2C12 Cells. A) C2C12 cells
differentiated by switching to 2% horse serum for 7 days. B) Western blot showing c-Myc
expression in proliferating and differentiated C2C12 cells. C) Relative expression by LC-
MRM of hnRNP peptides showing decreased levels of hnRNP A/B, Al, A3, C, and D in
differentiated C2C12 cells. Peptides are designated by the first 3 amino acids in the
sequence. Error bars are the standard error of the mean.
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Figure 4.5. Absolute Quantification of the M2 Pyruvate Kinase Splice Variant in
C2C12 Cells and c-Myc siRNA Transfected Hek 293, HeLa and MCF-7 Cells. A) The
peptides GDYPLEAVR, EAEAAMFHR, and CCSGAIIVLTK were chosen to represent the
protein sequence encoded by exon 8 (shared by both variants), exon 9 (unique to the M1
variant), and exon 10 (unique to the M2 variant). Absolute quantification of each peptide
was achieved using M+36-labeled synthetic peptides as spiked internal standards. B)
Levels of the M2-unique and M1-unique peptides, normalized to the shared peptide (total
PKM) in proliferating and differentiated C2C12 cells. C) Levels of the M2-unique peptides,
normalized to the total PKM under c-Myc knockdown in Hek 293, HeLa, and MCF-7 cells.
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4.4 Discussion

Here, a novel targeted proteomics approach was taken to study the hnRNP family of
proteins and to determine changes in the levels of family members in response to growth
factor stimulation and c-Myc knockdown. We also determined hnRNPs accompanying
pyruvate kinase splice variants in C2C12 cells. As hnRNP proteins are involved in mRNA
splicing, transport, and translation, they are relatively abundant 250. As such, we were able
to identify many peptides from this family of proteins using both targeted and non-targeted
product ion generation approaches (Fig. 4.1C). The success rate for choosing suitable MRM
transitions from peptides from targeted (55%) and non-targeted (26%) approach was
slightly lower than our previous use of the same approaches (67% and 36% respectively)
to target glycolysis proteins?64. Incomplete overlap between the optimization and
experimental stages, where only the most robust peptide transitions were observed in all
experiments, is also consistent with our previous analysis?64. The low overlap is likely due
to variations in sample preparation including cell growth, digestion, labelling, and
desalting.

Using relative quantitative MRM to characterize hnRNP expression changes showed
mildy increased levels of a specific peptide (GSDFDCELR) of hnRNP K in IGF-1-stimulated
Hek 293 and Hela cells. Interestingly, this peptide decreased under c-Myc knockdown in
Hek 293 cells (Fig. 4.2B & 4.3C). hnRNP K is a multifunctional protein that consists of
several splice variants each existing in many post-translationally modified forms26> and has
been shown to interact with c-Src?¢6, perhaps mediating growth factor activated kinases
and regulation of mRNAZ265 processing. Although our results of growth factor stimulation on
increasing hnRNPK expression levels were mild and peptide specific, increases in hnRNPK
have been previously observed in EGF-stimulated cells?62. Also of note, hnRNP K is a
cofactor for p53 in response to DNA damage. The existence of known hnRNP K isoforms
might explain the peptide-specific differences we observed. However, GSDFDCELR does not
contain any recently reported hnRNP K splice variant or post-translational modifications in
serum stimulated cells?7. The specific differences we observed in GSDFDCELR could also
be related to RNA binding?%8 since this peptide is part of the KH2 (RNA interaction) domain

of hnRNP K, but it is unclear how this could have affected our results mechanistically.
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Further study is needed to explain whether peptide-specific differences in hnRNP K are
because of new variants, RNA-binding effects, or anomalies resulting from sample
preparation.

Our most intriguing finding from the relative quantitative MRM results showed
evidence for the control of hnRNP A/B (also call APOBEC1-binding protein 1) levels by c-
Myc in Hek 293, HeLa, and MCF-7 cells (Fig 4.3D). Although changes were small and
biological variation precluded statistical significance, this is further supported by
decreased hnRNP A/B in differentiated C2C12 cells, in which c-Myc also decreased (Fig
4.4B). In comparison to the hnRNP A, D, and K-type proteins, hnRNP A/B is poorly
characterized. hnRNP A/B, although its naming would suggest otherwise, has a greater
sequence similarity with the hnRNP D group than the hnRNP A group (Fig 4.1). It has been
proposed that hnRNP A/B, by interacting with APOBEC1, could be involved in RNA editing
of apolipoprotein B269. If shown to influence RNA editing for other proteins, hnRNP A/B
could have a profound effect on proper protein expression involved in many cellular
processes. Although the changes were again small, we also observed evidence for the
control of hnRNP R or Q expression by c-Myc in HeLa and MCF-7 cells (Fig. 4.3D). The
measurement of hnRNP R or Q could not be discerned because only peptides shared
between both isoforms were detected in this experiment. However, the lack of hnRNP Q-
unique peptides detected at the MRM-development stage (Fig. 4.1C) suggests hnRNP R was
predominant in the cells we used. The functions of hnRNP R are not well characterized but
it has recently been shown that it rapidly and strongly enhances transcription of the proto-
oncogene c-fos, which is a key response to external growth signals in cells?70. Additionally,
hnRNP R has been shown to play a role in axonal growth by interacting with -actin in
motor neurons?’1, If further shown that our data resulted from differences in hnRNP Q
levels, it is noteworthy that hnRNP Q (like hnRNP A/B) has also been implicated in RNA
editing by association with APOBEC1272.

MRM investigation of changes in PKM1/M2 splicing under c-Myc knockdown or in
C2C12 cells showed that hnRNP A/B was not correlated with PKM1/M2 splicing (Fig 4.4B
& 4.5C). Although it has previously been shown that c-Myc has been shown to influence
PKM1/M2 splicing through hnRNP A1, A2, and I (PTB) in mouse NIH 3T3 cells, our results

agree with previous work showing that the c-Myc knockdown effect on PKM1/M2 is not
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evident in HeLa cells®l. Also of interest, our observed decreases in hnRNP A1l levels in
differentiated C2C12 cells were not accompanied by decreases in hnRNP A2, previously
reported by others in the same scenario®® 1. Higher levels of PKM1 and persistent but
slightly decreased PKM2 levels were previously observed when comparing differentiated
and proliferating C2C12 cells®® 61 but our MRM results show increased levels of peptides
representing both splice variants (Fig. 4.5B). These discrepancies are not entirely
surprising since the influence of hnRNPs over PKM1/M2 splicing is a delicate balance likely
requiring recruitment of multiple hnRNP proteins into an mRNA-processing complex®? 61.
In fact, hnRNPs are typically found together in large nuclear complexes with other mRNA-
binding proteins and such interactions are required for hnRNPs to influence the processing
of pre-mRNA 273, 274 The levels of PKM2 we measured in Hek 293, HeLa, and MCF-7 cells
(Fig. 4.5), are close to those reported by LC-MRM analysis in cancerous endometrial tissues
of 85 fmol/pug protein27>. Finally, although we show that hnRNP A/B appears to be
influenced by c-Myc knockdown, no known c-Myc transcriptional promoter binding sites
are documented, evident by manual inspection of the genomic sequence, or predicted using

a promoter search tool (http://www-bimas.cit.nih.gov/molbio/proscan/) for hnRNP A/B.

Influences on hnRNP levels by c-Myc may then be indirect. Further, since differences under
c-Myc knockdown were small it is possible that hnRNP A/B changes in C2C12 and other
cell lines are regulated by proteins other than c-Myc. Nevertheless, our results show
evidence that hnRNP A/B could be influenced by proliferative growth signals and if
validated, hnRNP A/B and other hnRNPs such as hnRNP K may prove to be valuable targets

for novel cancer therapeutics.

4.5 Conclusion

The hnRNP proteins may serve as a key bridge between growth signalling pathways
and regulation of mRNA transcription and translation. Here, by targeted proteomics of the
hnRNP family using LC-MRM we revealed interesting peptide-specific differences in hnRNP
K and evidence that hnRNP A/B levels are influenced by c-Myc. We also show that hnRNP
A/B and c-Myc do not appear to be correlated with PKM1/M2 splicing in the human cell
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lines tested. Since the expression of hnRNPs has been associated with various cancers, the
roles of hnRNP A/B and perhaps hnRNP K should be addressed. If further shown to be
required for cancer cell proliferation, hnRNPs such as A/B could serve as novel therapeutic

targets for cancer.
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Chapter 5: Conclusion

Signal transduction pathways have been well studied in cancer since they harbour
many of the oncogenes and tumour suppressors that are mutated resulting in dysregulated
cell growth. As opposed to the study of immediately activated signal transduction effectors,
this study examines the changes that occur in protein expression far downstream of
growth factor signalling. Since constitutively active growth factor signalling pathways play
a significant role in cancer>?, this work enhances our understanding of the protein-
expression phenotype or “proteotype” that might be observed in cancers. Such proteotypes
might be associated with known cancer genotypes (mutated oncogenes and tumour
suppressors) and phenotypes and ultimately used to design novel therapeutics and
biomarker signatures for cancer and other growth signalling-related diseases?7¢. To study
these far downstream protein expression changes, we employed both non-targeted
shotgun proteomics using 2D-LC-MS/MS as well as targeted proteomics using MRM.

Through our proteomics experiments, we show evidence that up regulation of the
final stages of glycolysis (ENO1, PKM2, and LDHA) could be a proteotype for aberrant
growth signals. These results were initially indicated in discovery phase work and then
confirmed by more targeted approaches with MRM. Of benefit to targeted analysis of
patterns of glycolysis proteins, is their high abundance level in cells, leading to their
successful detection by LC-MRM from both cultured cells and cancerous lung tissue.
Targeted proteomics with LC-MRM has advantages over non-targeted shotgun proteomics
techniques such as increased throughput and better overlap in terms of peptides measured
between biological replicates, albeit at the expense of a global view of protein
expression?0. There are also inherent LC-MRM advantages over traditional affinity-based
detection such as Western blot or ELISA such as increased selectivity and the efficiency at
which quantification can be multiplexed?31. As a result of this success, LC-MRM of glycolysis
has immediate potential to contribute to a better understanding of the metabolism of
cancer cells, as well as its use in assessing the metabolic potential of tumours from patient

biopsies.
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The biological consequences of our LC-MRM-based results, which showed increased
ENO1, PKM2, and LDHA in growth-factor driven cells, likely center around a key regulator
of glycolysis in cancer - PKM2. The M2 pyruvate kinase variant is important for cell
proliferation which occurs as a result of its lower activity than the M1 variant?77.278 and
consequent funnelling of glycolytic intermediates to biosynthetic pathways2°8. High levels
of ENO1, PKM2, and LDHA in response to growth signals might, at first glance, serve to
alleviate the assimilation of upstream metabolites and direct the glycolytic flux to pyruvate
thus explaining how high levels of pyruvate (the immediate pyruvate kinase product) and
lactate are observed in cancer cells with a low activity pyruvate kinase variant. However, it
has recently been demonstrated that a phosphate from the substrate for pyruvate kinase,
phosphoenolpyruvate (PEP), can be transferred to PGAM1. Thus, our observed increases in
ENO1 and LDHA could be part of a continual cycle sustaining high PEP rates for PGAM1
phosphorylation and removal of pyruvate in the form of lactate. It is therefore fitting, and
perhaps necessary for cancer cell proliferation that growth factor signalling upregulates
this important metabolic control point. Key questions still remain in this system however
since the stoichiometries of the reactions are not known and pyruvate can also accumulate
through glutamine metabolism pathways?27°.

Much of the redirection of glycolysis intermediates to biosynthesis is through the
oxidative and non-oxidative pentose phosphate pathways which are respectively catalyzed
by G6PD and TKT?¢. It was therefore unexpected that we did not observe equally elevated
levels of G6PD and TKT as we did ENO1, PKM2, and LDHA in growth-factor-driven cells. It
is conceivable however, that reaction rates for biosynthesis might proceed in a
concentration-dependent manner, not requiring high increases in G6PD and TKT. Our
results, taken together with recent studies, suggest that the glycolytic proteins from PGAM1
to LDHA represent an important axis in cell proliferation, yet needs further study into its
regulation by downstream effectors of growth factors. Our findings will also need to be
correlated with metabolomic data to trace the destination of glycolysis intermediates in
proliferating cells.

Besides glycolytic proteins, our initial discovery-phase growth factor experiments
using MCF-7 cells showed evidence that IGF-1 stimulation appears to either up-regulate the

expression of Rab protein-regulated vesicle trafficking or results in their accumulation in
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the cytosol after 24 h of stimulation. Targeted proteomic analysis could not be successfully
conducted for the Rab family of proteins because most of the peptides measurable by LC-
MRM in preliminary analyses were shared between members of the family. However,
previous reports that Rab proteins are involved in endocytosis of receptors, suggest that
IGF-1 could stimulate Rab-mediated endocytosis of IGF-1R. Recent work shows that upon
activation by the IGF-1 ligand, IGF-1R translocates to the nucleus by endocytosis and
interacts with chromatin, putatively directly regulating transcription?8%. Nuclear-localized
IGF-1R was subsequently detected in renal cancer, pre-invasive breast, and non-malignant
proliferating cells?80. Since we observed IGF-1 stimulation to accompany increased levels of
several Rab proteins, we question whether Rab proteins facilitate IGF-1R endocytosis.
Moreover, perhaps endocytosis of IGF-1R directly regulates gene expression changes in
ENO1, PKM2, and LDHA - mechanisms which are currently poorly established and should
be addressed.

To attempt to explain the mechanism for consistent splice site regulation towards
the M2 variant of pyruvate kinase we based further targeted proteomic experiments on
two recent studies demonstrating that the constitutive expression of the M2 pyruvate
kinase variant is influenced by hnRNP proteins. Since hnRNP proteins are highly abundant,
we were able to successfully employ our previous techniques using MRM to study the
hnRNP family of proteins and to determine those that are increased in growth-factor
stimulated cells. Again, we propose that the MRM assay we have designed has the potential
to contribute to a better understanding of mRNA processing events in cells. Regulated by c-
Myc, the constitutive splice site selection towards the M2 splice variant of pyruvate kinase
in proliferating cells has recently been shown to be partly facilitated by hnRNPA1,
hnRNPA2, and hnRNPI (also called PTB) in NIH 3T3 cells ¢1. In the same study though, c-
Myc knockdown in HelLa cells showed no difference in hnRNPA1, hnRNPA2, hnRNP], or
PKM?2 splice site selection 1. Our LC-MRM analysis of hnRNP family peptides implicates
another lesser-known hnRNP (A/B) associated with cell proliferation. Our results show
hnRNP A/B appears to be increased in a c-Myc dependent manner. Regulation of PKM2
splice site selection by hnRNP A/B under the control of c-Myc was not evident here
however. It is possible that PKM2 splicing is influenced by other factors such as E2F and

AP1 or other means such as direct interaction of nuclear localized IGF-1R with chromatin.
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These are interesting hypotheses for tumour metabolism and should be evaluated.
Evidence we observed for peptide-specific differences in hnRNPK under c-Myc is novel and
possibly related to expression of new isoforms or post-translational modifications for
hnRNP K. Indeed, more isoforms of hnRNP K are thought to exist than those currently
known?¢’. Increased levels of hnRNPK are consistently shown in proliferating cells, to
which numerous functions have been attributed (as has been reviewed 26°). Finally, hnRNP
proteins likely function in large complexes with considerable functional redundancy among
closely related members of the family230. The necessity of formation of complexes is
evidenced by previous work showing that the M2 splice variant in cells is not completely
switched to M1 upon depletion of hnRNPA1, hnRNPA2, and hnRNPI®1.

The work described in this study has increased our understanding of some of the
fundamental far-downstream changes in the proteome of human cells in response to
growth signals. We propose that this knowledge can be used in guiding rational drug
design towards targets that might be more direct catalysts of cell proliferation than switch-
like oncogenes and tumour suppressors. It appears that metabolism proteins will play key
roles in this new direction for cancer therapeutics. Still, there are many unanswered
questions in this area of cancer. For example, how do the influences of growth signals effect
metabolic fluxes from glucose as opposed to other sources of carbon such as glutamine?
How do oncogene and tumour suppressor mutations directly result in altered metabolism?
As the population of cancer cells in a tumor evolves, do micro-environmental changes
(hypoxia, pH, etc.) select for metabolically-fit cells? If so, do proteins like ENO1, PKM2, and
LDHA provide selective advantages and can they be targeted to successfully kill cancer
cells? Finally, are poorly characterized, yet highly abundant proteins such as hnRNP A/B
required for cell proliferation? Continual efforts in this intriguing area of cell biology will

hopefully provide bring about answers to these questions.
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Appendices

Appendix A. Transitions for Glycolysis Peptides (M+28 and M+32) Uploadable to
Analyst (v1.4+) Software.

Q1 Q3 Dwell (msec) Identifier (Protein Peptide Fragment Label) CE
Method 1
502.7 701.3 5 ACTAB AGFAGDDAPR y7 M+28 28
504.7 701.3 5 ACTAB AGFAGDDAPR y7 M+32 28
502.7 848.4 5 ACTAB AGFAGDDAPR y8 M+28 28
504.7 848.4 5 ACTAB AGFAGDDAPR y8 M+32 28
502.7 905.4 5 ACTAB AGFAGDDAPR y9 M+28 30
504.7 905.4 5 ACTAB AGFAGDDAPR y9 M+32 30
609.3 1060.6 100 ACTAB EITALAPSTMK y10 M+28 32
613.3 1064.6 100 ACTAB EITALAPSTMK y10 M+32 32
609.3 846.5 100 ACTAB EITALAPSTMK y8 M+28 32
613.3 850.5 100 ACTAB EITALAPSTMK y8 M+32 32
609.3 947.5 21  ACTAB EITALAPSTMK y9 M+28 32
613.3 951.5 21  ACTAB EITALAPSTMK y9 M+32 32
580.8 825.4 15 ACTAB GYSFTTTAER y7 M+28 31
582.8 825.4 15 ACTAB GYSFTTTAER y7 M+32 31
580.8 912.4 6 ACTAB GYSFTTTAER y8 M+28 29
582.8 912.4 6 ACTAB GYSFTTTAER y8 M+32 29
580.8 1075.5 5 ACTAB GYSFTTTAER y9 M+28 33
582.8 1075.5 5 ACTAB GYSFTTTAER y9 M+32 33
614.3 1062.5 100 ACTAB HQGVMVGMGQK y10 M+28 36
618.3 1066.5 100 ACTAB HQGVMVGMGQK y10 M+32 36
614.3 877.5 96 ACTAB HQGVMVGMGQK y8 M+28 38
618.3 881.5 96 ACTAB HQGVMVGMGQK y8 M+32 38
614.3 934.5 43  ACTAB HQGVMVGMGQK y9 M+28 34
618.3 938.5 43  ACTAB HQGVMVGMGQK y9 M+32 34
772.9 1259.6 28 ACTAB QEYDESGPSIVHR y11 M+28 49
774.9 1259.6 28 ACTAB QEYDESGPSIVHR y11 M+32 49
772.9 1388.6 10 ACTAB QEYDESGPSIVHR y12 M+28 49
774.9 1388.6 10 ACTAB QEYDESGPSIVHR y12 M+32 49
772.9 852.5 9 ACTAB QEYDESGPSIVHR y8 M+28 49
774.9 852.5 9 ACTAB QEYDESGPSIVHR y8 M+32 49
594.8 791.4 12 ALDO ALANSLACQGK y7 M+28 35
598.8 795.4 12 ALDO ALANSLACQGK y7 M+32 35
594.8 905.5 11 ALDO ALANSLACQGK y8 M+28 31
598.8 909.5 11 ALDO ALANSLACQGK y8 M+32 31
594.8 976.5 5 ALDO ALANSLACQGK y9 M+28 31
598.8 980.5 5 ALDO ALANSLACQGK y9 M+32 31
536.8 690.3 8 ALDO QLLLTADDR y6 M+28 35
538.8 690.3 8 ALDO QLLLTADDR y6 M+32 35
536.8 803.4 7 ALDO QLLLTADDR y7 M+28 31
538.8 803.4 7 ALDO QLLLTADDR y7 M+32 31
536.8 916.5 5 ALDO QLLLTADDR y8 M+28 33
538.8 916.5 5 ALDO QLLLTADDR y8 M+32 33
484.8 496.3 5 ALDOA ELSDIAHR y4 M+28 36
486.8 496.3 5 ALDOA ELSDIAHR y4 M+32 36
484.8 698.4 10 ALDOA ELSDIAHR y6 M+28 24
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FASN SLLVNPEGPTLMR y12 M+28
FASN SLLVNPEGPTLMR y12 M+32
FASN SLLVNPEGPTLMR y8 M+28
FASN SLLVNPEGPTLMR y8 M+32
FASN SLLVNPEGPTLMR y9 M+28
FASN SLLVNPEGPTLMR y9 M+32

FASN VLEALLPLK y6 M+28

FASN VLEALLPLK y6 M+32

FASN VLEALLPLK y7 M+28

FASN VLEALLPLK y7 M+32

FASN VLEALLPLK y8 M+28

FASN VLEALLPLK y8 M+32

FBP1 EAVLDVIPTDIHQR y13 M+28
FBP1 EAVLDVIPTDIHQR y13 M+32
FBP1 EAVLDVIPTDIHQR y7 M+28
FBP1 EAVLDVIPTDIHQR y7 M+32
FBP1 EAVLDVIPTDIHQR y9 M+28
FBP1 EAVLDVIPTDIHQR y9 M+32
FBP1 GTGELTQLLNSLCTAVK y13 M+28
FBP1 GTGELTQLLNSLCTAVK y13 M+32
FBP1 GTGELTQLLNSLCTAVK y16 M+28
FBP1 GTGELTQLLNSLCTAVK y16 M+32
FBP1 GTGELTQLLNSLCTAVK y9 M+28
FBP1 GTGELTQLLNSLCTAVK y9 M+32
FBP1 IYSLNEGYAK y7 M+28

FBP1 IYSLNEGYAK y7 M+32

FBP1 IYSLNEGYAK y8 M+28

FBP1 IYSLNEGYAK y8 M+32

FBP1 IYSLNEGYAK y9 M+28

FBP1 IYSLNEGYAK y9 M+32

G6PD GGYFDEFGIIR y6 M+28

G6PD GGYFDEFGIIR y6 M+32

G6PD GGYFDEFGIIR y7 M+28

G6PD GGYFDEFGIIR y7 M+32

G6PD GGYFDEFGIIR y8 M+28

G6PD GGYFDEFGIIR y8 M+32

G6PD GPTEADELMK b6 M+28

G6PD GPTEADELMK b6 M+32

G6PD GPTEADELMK y6 M+28

G6PD GPTEADELMK y6 M+32

G6PD GPTEADELMK y9 M+28

G6PD GPTEADELMK y9 M+32

G6PD GYLDDPTVPR b5 M+28

G6PD GYLDDPTVPR b5 M+32

42
42
42
42
42
29
29
29
29
29
29
41
41
33
33
33
33

32
32
28
28
30
30
37
37
37
37
37
37
42
42
50
50
38
38
40
40
34
34
34
34
40
40
34
34
36
36
30
30
36
36
32
32
29
29
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580.8
582.8
580.8
582.8
515.8
517.8
515.8
517.8
515.8
517.8
463.2
465.2
463.2
465.2
463.2
465.2
945.5
949.5
945.5
949.5
945.5
949.5
779.9
781.9
779.9
781.9
779.9
781.9
552.8
554.8
552.8
554.8
552.8
554.8
550.3
554.3
550.3
554.3
550.3
554.3
856.5
860.5
856.5
860.5
856.5
860.5
493.3
497.3
493.3
497.3
493.3
497.3

Method 3
471.3

473.3
471.3

684.4
684.4
1075.5
1075.5
742.4
742.4
685.4
685.4
889.5
889.5
540.3
540.3
655.3
655.3
784.4
784.4
1250.6
1254.6
1116.6
1120.6
1748.9
1752.9
1334.7
1334.7
1431.7
1431.7
949.5
949.5
750.4
750.4
849.4
849.4
962.5
962.5
769.5
773.5
870.5
874.5
984.6
988.6
1334.7
1338.7
1582.8
1586.8
976.5
980.5
584.4
588.4
697.5
701.5
810.5
814.5

588.3
588.3
701.4

15
15

18
18
67
67

19
19
64
64
100
100
100
100
46
46

100
100

100
100
100
100
52
52
15
15
14
14
29
29
13
13
100
100
100
100
61
61
43
43
100
100
11
11

17
17
100

G6PD GYLDDPTVPR y6 M+28
G6PD GYLDDPTVPR y6 M+32
G6PD GYLDDPTVPR y9 M+28
G6PD GYLDDPTVPR y9 M+32

G6PD IFGPIWNR b6 M+28
G6PD IFGPIWNR b6 M+32
G6PD IFGPIWNR  y5 M+28
G6PD IFGPIWNR  y5 M+32
G6PD IFGPIWNR y7 M+28
G6PD IFGPIWNR y7 M+32
G6PD LEDFFAR y4 M+28
G6PD LEDFFAR y4 M+32
G6PD LEDFFAR y5 M+28
G6PD LEDFFAR y5 M+32
G6PD LEDFFAR y6 M+28
G6PD LEDFFAR y6 M+32
GAPDH IISNASCTTNCLAPLAK
GAPDH IISNASCTTNCLAPLAK
GAPDH IISNASCTTNCLAPLAK
GAPDH IISNASCTTNCLAPLAK
GAPDH IISNASCTTNCLAPLAK
GAPDH IISNASCTTNCLAPLAK
GAPDH VPTANVSVVDLTCR
GAPDH VPTANVSVVDLTCR
GAPDH VPTANVSVVDLTCR
GAPDH VPTANVSVVDLTCR
GAPDH VPTANVSVVDLTCR
GAPDH VPTANVSVVDLTCR
GPINLVTEDVMR  y6 M+28
GPINLVTEDVMR  y6 M+32
GPINLVTEDVMR  y7 M+28
GPINLVTEDVMR  y7 M+32
GPINLVTEDVMR  y8 M+28
GPINLVTEDVMR  y8 M+32
GPISNTPILVDGK y7 M+28
GPISNTPILVDGK y7 M+32
GPISNTPILVDGK y8 M+28
GPISNTPILVDGK  y8 M+32
GPISNTPILVDGK  y9 M+28
GPISNTPILVDGK  y9 M+32
GPITFTTQETITNAETAK y12
GPITFTTQETITNAETAK y12

b1l M+28
b1l M+32
y10 M+28
y10 M+32
y16 M+28
y16 M+32
y12 M+28
y12 M+32
y13 M+28
y13 M+32
v8 M+28
v8 M+32

M+28
M+32

GPITFTTQETITNAETAK y14 M+28
GPITFTTQETITNAETAK y14 M+32
GPITFTTQETITNAETAK y9 M+28
GPITFTTQETITNAETAK y9 M+32

LDHA FIIPNVVK  y5 M+28
LDHA FIIPNVVK  y5 M+32
LDHA FIIPNVVK  y6 M+28
LDHA FIIPNVVK  y6 M+32
LDHA FIIPNVVK  y7 M+28
LDHA FIIPNVVK  y7 M+32

LDHA LVIITAGAR y6 M+28
LDHA LVIITAGAR y6 M+32
LDHA LVIITAGAR y7 M+28

35
35
33
33
28
28
34
34
30
30
31
31
27
27
27
27
47
47
47
47
47
47
41
41
41
41
41
41
31
31
31
31
35
35
29
29
29
29
29
29
45
45
45
45
41
41
35
35
31
31
29
29

30
30
26
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473.3
471.3
473.3
660.9
664.9
660.9
664.9
660.9
664.9
843.5
847.5
843.5
847.5
843.5
847.5
534.3
538.3
534.3
538.3
534.3
538.3
638.8
640.8
638.8
640.8
638.8
640.8
711.4
713.4
711.4
713.4
711.4
713.4
596.8
598.8
596.8
598.8
596.8
598.8
643.4
645.4
643.4
645.4
643.4
645.4
665.9
667.9
665.9
667.9
665.9
667.9
540.3
542.3
540.3
542.3
540.3
542.3
641.3

701.4
800.5
800.5
1164.7
1168.7
837.5
841.5
1065.6
1069.6
1142.7
1146.7
958.5
962.5
1029.6
1033.6
706.4
710.4
803.5
807.5
940.5
944.5
1036.4
1036.4
1149.5
1149.5
892.4
892.4
1246.6
1246.6
848.4
848.4
1018.5
1018.5
732.4
732.4
831.5
831.5
978.5
978.5
1200.6
1200.6
830.5
830.5
1072.6
1072.6
1173.6
1173.6
900.5
900.5
987.6
987.6
704.4
704.4
803.4
803.4
950.5
950.5
719.4

100
20
20
37
37

100

100

100

100

100

100

100

100

100

100
19
19

100

100

100

100
46
46
10
10

100

100

100

100

100

100

100

100
10
10
20
20
15
15

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100
30
30

100

LDHA LVIITAGAR  y7 M+32
LDHA LVIITAGAR y8 M+28
LDHA LVIITAGAR y8 M+32

LDHA QVVESAYEVIK
LDHA QVVESAYEVIK
LDHA QVVESAYEVIK
LDHA QVVESAYEVIK
LDHA QVVESAYEVIK
LDHA QVVESAYEVIK

LDHA SLADELALVDVLEDK y10 M+28
LDHA SLADELALVDVLEDK y10 M+32

y10 M+28
y10 M+32
y7 M+28
y7 M+32
y9 M+28
y9 M+32

LDHA SLADELALVDVLEDK y8 M+28
LDHA SLADELALVDVLEDK y8 M+32
LDHA SLADELALVDVLEDK y9 M+28
LDHA SLADELALVDVLEDK y9 M+32
LDHA VHPVSTMIK y6 M+28
LDHA VHPVSTMIK y6 M+32
LDHA VHPVSTMIK y7 M+28
LDHA VHPVSTMIK y7 M+32
LDHA VHPVSTMIK y8 M+28
LDHA VHPVSTMIK y8 M+32

LDHA VIGSGCNLDSAR
LDHA VIGSGCNLDSAR
LDHA VIGSGCNLDSAR
LDHA VIGSGCNLDSAR

y10 M+28
y10 M+32
y11 M+28
y11 M+32

LDHA VIGSGCNLDSAR y8 M+28
LDHA VIGSGCNLDSAR y8 M+32

MDH1 FVEGLPINDFSR y11 M+28
MDH1 FVEGLPINDFSR y11 M+32

MDH1 FVEGLPINDFSR y7 M+28
MDH1 FVEGLPINDFSR y7 M+32
MDH1 FVEGLPINDFSR y9 M+28
MDH1 FVEGLPINDFSR y9 M+32
MDH1 GEFVTTVQQR y6 M+28
MDH1 GEFVTTVQQR y6 M+32
MDH1 GEFVTTVQQR y7 M+28
MDH1 GEFVTTVQQR y7 M+32
MDH1 GEFVTTVQQR y8 M+28
MDH1 GEFVTTVQQR y8 M+32
PFKL GQLESIVENIR y10 M+28
PFKL GQLESIVENIR y10 M+32
PFKL GQLESIVENIR y7 M+28
PFKL GQLESIVENIR y7 M+32
PFKL GQLESIVENIR y9 M+28
PFKL GQLESIVENIR y9 M+32
PFKP EWSGLLEELAR y10 M+28
PFKP EWSGLLEELAR y10 M+32
PFKP EWSGLLEELAR y8 M+28
PFKP EWSGLLEELAR y8 M+32
PFKP EWSGLLEELAR y9 M+28
PFKP EWSGLLEELAR y9 M+32
PFKP TFVLEVMGR y6 M+28
PFKP TFVLEVMGR y6 M+32
PFKP TFVLEVMGR y7 M+28
PFKP TFVLEVMGR y7 M+32
PFKP TFVLEVMGR y8 M+28
PFKP TFVLEVMGR y8 M+32
PFKP YLEEIATQMR y6 M+28

26
28
28
36
36
38
38
36
36
44
44
44
44
48
48
33
33
29
29
33
33
33
33
37
37
33
33
38
38
36
36
40
40
31
31
35
35
31
31
34
34
38
38
38
38
38
38
32
32
40
40
31
31
31
31
31
31
37
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643.3
641.3
643.3
641.3
643.3
870.5
874.5
870.5
874.5
870.5
874.5

Method 4

558.3
562.3
558.3
562.3
558.3
562.3

963

967

963

967

963

967
480.8
484.8
480.8
484.8
480.8
484.8
470.8
474.8
470.8
474.8
470.8
474.8
831.9
833.9
831.9
833.9
831.9
833.9
503.3
507.3
503.3
507.3
503.3
507.3

899

903

899

903

899

903
712.4
716.4

719.4
977.5
977.5
1090.6
1090.6
1527.8
1531.8
725.5
729.5
1097.6
1101.6

730.5
734.5
787.5
791.5
950.5
954.5
1750.8
1754.8
1204.6
1208.6
1333.6
1337.6
617.4
621.4
748.4
752.4
861.5
865.5
556.3
560.3
670.4
674.4
783.4
787.4
1250.6
1250.6
1349.7
1349.7
1521.7
1521.7
502.3
506.3
763.4
767.4
878.4
882.4
1259.7
1263.7
1346.7
1350.7
1669.9
1673.9
1187.7
1191.7

100
100
100

17

17
100
100
100
100
100
100

100
100
47
47
16
16
100
100
100
100
100
100
100
100
100
100
100
100
34
34
100
100
37
37
67
67
82
82
21
21
100
100
100
100
100
100
100
100
58
58
30
30
100
100

PFKP YLEEIATQMR
PFKP YLEEIATQMR
PFKP YLEEIATQMR
PFKP YLEEIATQMR
PFKP YLEEIATQMR

y6 M+32
y8 M+28
y8 M+32
y9 M+28
y9 M+32

PGAM
PGAM
PGAM
PGAM
PGAM
PGAM

PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGAM
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1
PGK1

ALPFWNEEIVPQIK y12 M+28
ALPFWNEEIVPQIK y12 M+32
ALPFWNEEIVPQIK y6 M+28
ALPFWNEEIVPQIK y6 M+32
ALPFWNEEIVPQIK y9 M+28
ALPFWNEEIVPQIK y9 M+32

HYGGLTGLNK y7 M+28
HYGGLTGLNK y7 M+32
HYGGLTGLNK y8 M+28
HYGGLTGLNK y8 M+32
HYGGLTGLNK y9 M+28
HYGGLTGLNK y9 M+32

1 YADLTEDQLPSCESLK
1 YADLTEDQLPSCESLK
1 YADLTEDQLPSCESLK
1 YADLTEDQLPSCESLK
1 YADLTEDQLPSCESLK
1 YADLTEDQLPSCESLK
ALMDEVVK y5 M+28
ALMDEVVK y5 M+32
ALMDEVVK y6 M+28
ALMDEVVK y6 M+32
ALMDEVVK y7 M+28
ALMDEVVK y7 M+32
ELNYFAK y4 M+28
ELNYFAK y4 M+32
ELNYFAK y5 M+28
ELNYFAK y5 M+32
ELNYFAK y6 M+28
ELNYFAK y6 M+32

b15 M+28
b15 M+32
y10 M+28
y10 M+32
y11 M+28
y11 M+32

LGDVYVNDAFGTAHR y11 M+28
LGDVYVNDAFGTAHR y11 M+32
LGDVYVNDAFGTAHR y12 M+28
LGDVYVNDAFGTAHR y12 M+32
LGDVYVNDAFGTAHR y14 M+28
LGDVYVNDAFGTAHR y14 M+32

VDFNVPMK  y4 M+28
VDFNVPMK  y4 M+32
VDFNVPMK y6 M+28
VDFNVPMK y6 M+32
VDFNVPMK  y7 M+28
VDFNVPMK  y7 M+32
VSHVSTGGGASLELLEGK
VSHVSTGGGASLELLEGK
VSHVSTGGGASLELLEGK
VSHVSTGGGASLELLEGK
VSHVSTGGGASLELLEGK
VSHVSTGGGASLELLEGK

y13 M+28
y13 M+32
y1l4 M+28
y14 M+32
y17 M+28
y17 M+32

PGK1 AHSSMVGVNLPQK y11 M+28
PGK1 AHSSMVGVNLPQK y11 M+32

37
33
33
37
37
39
39
45
45
45
45

26
26
34
34
34
34
43
43
49
49
53
53
30
30
30
30
30
30
34
34
28
28
28
28
42
42
48
48
42
42
35
35
29
29
25
25
45
45
45
45
49
49
36
36
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712.4
716.4
712.4
716.4
639.4
643.4
639.4
643.4
639.4
643.4
599.4
603.4
599.4
603.4
599.4
603.4
524.3
526.3
524.3
526.3
524.3
526.3
495.3
499.3
495.3
499.3
495.3
499.3
523.8
527.8
523.8
527.8
523.8
527.8
627.3
631.3
627.3
631.3
627.3
631.3
759.9
763.9
759.9
763.9
759.9
763.9

Method 5

613.3
615.3
613.3
615.3
613.3
615.3
694.4
696.4
694.4

1324.7
1328.7
783.5
787.5
1089.7
1093.7
842.6
846.6
929.6
933.6
585.4
589.4
714.4
718.4
884.5
888.5
684.4
684.4
847.5
847.5
962.5
962.5
644.4
648.4
791.5
795.5
904.5
908.5
645.4
649.4
874.5
878.5
961.5
965.5
783.4
787.4
898.4
902.4
11125
1116.5
1214.7
1218.7
1377.8
1381.8
885.6
889.6

1084.6
1084.6
741.4
741.4
969.5
969.5
1245.7
1245.7
861.4

100
100
100
100
55
55
18
18
100
100

(Vo TN T U, RO, B O B O U I U B O O B B VA I V)

v NN
w w w w

v UL L1 © O

34

34
100
100

100
100
89
89
100
100

(O B0 BV, B ) e ) O B U B U R V]

PGK1 AHSSMVGVNLPQK
PGK1 AHSSMVGVNLPQK
PGK1 AHSSMVGVNLPQK
PGK1 AHSSMVGVNLPQK

y12 M+28
y12 M+32
y7 M+28
y7 M+32

PKM2 CCSGAIIVLTK  y10 M+28
PKM2 CCSGAIIVLTK  y10 M+32

PKM2 CCSGAIIVLTK y8
PKM2 CCSGAIIVLTK y8
PKM2 CCSGAIIVLTK  y9
PKM2 CCSGAIIVLTK  y9
PKM2 GDLGIEIPAEK y5
PKM2 GDLGIEIPAEK y5
PKM2 GDLGIEIPAEK y6
PKM2 GDLGIEIPAEK y6
PKM2 GDLGIEIPAEK y8
PKM2 GDLGIEIPAEK y8

M+28
M+32
M+28
M+32
M+28
M+32
M+28
M+32
M+28
M+32

PKM2 GDYPLEAVR y6 M+28
PKM2 GDYPLEAVR y6 M+32
PKM2 GDYPLEAVR y7 M+28
PKM2 GDYPLEAVR y7 M+32
PKM2 GDYPLEAVR y8 M+28
PKM2 GDYPLEAVR y8 M+32

PKM2 GIFPVLCK y5 M+
PKM2 GIFPVLCK y5 M+
PKM2 GIFPVLCK y6 M+
PKM2 GIFPVLCK y6 M+
PKM2 GIFPVLCK y7 M+
PKM2 GIFPVLCK y7 M+
PKM2 GSGTAEVELK y5
PKM2 GSGTAEVELK y5
PKM2 GSGTAEVELK y8
PKM2 GSGTAEVELK y8
PKM2 GSGTAEVELK y9
PKM2 GSGTAEVELK y9
PKM2 ITLDNAYMEK y6
PKM2 ITLDNAYMEK y6
PKM2 ITLDNAYMEK y7
PKM2 ITLDNAYMEK y7
PKM2 ITLDNAYMEK y9
PKM2 ITLDNAYMEK y9
PKM2 IYVDDGLISLQVK

PKM2 IYVDDGLISLQVK

PKM2 IYVDDGLISLQVK

PKM2 IYVDDGLISLQVK

PKM2 IYVDDGLISLQVK

PKM2 IYVDDGLISLQVK

28

32

28

32

28

32

M+28
M+32
M+28
M+32
M+28
M+32
M+28
M+32
M+28
M+32
M+28
M+32
y11 M+28
y11 M+32
y12 M+28
y12 M+32
y8 M+28
y8 M+32

PKM2 LDIDSPPITAR y10 M+28
PKM2 LDIDSPPITAR y10 M+32

PKM2 LDIDSPPITAR y7
PKM2 LDIDSPPITAR y7
PKM2 LDIDSPPITAR y9
PKM2 LDIDSPPITAR y9

M+28
M+32
M+28
M+32

PKM2 NTGIICTIGPASR  y12 M+28
PKM2 NTGIICTIGPASR  y12 M+32
PKM2 NTGIICTIGPASR y8 M+28

36
36
36
36
35
35
39
39
35
35
35
35
31
31
31
31
32
32
32
32
32
32
31
31
31
31
27
27
36
36
32
32
32
32
39
39
37
37
31
31
38
38
38
38
42
42

34
34
42
42
34
34
40
40
40
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696.4
694.4
696.4
653.8
655.8
653.8
655.8
653.8
655.8
605.8
609.8
605.8
609.8
605.8
609.8
813.9
815.9
813.9
815.9
813.9
815.9
637.4
641.4
637.4
641.4
637.4
641.4
517.8
521.8
517.8
521.8
517.8
521.8
564.8
568.8
564.8
568.8
564.8
568.8
757.9
761.9
757.9
761.9
757.9
761.9
691.9
695.9
691.9
695.9
691.9
695.9

830

834

830

834

830

834
505.8

861.4
974.5
974.5
1149.5
1149.5
734.35
734.35
961.5
961.5
791.5
795.5
906.5
910.5
1035.5
1039.5
1372.6
1372.6
1485.7
1485.7
940.4
940.4
891.5
895.5
1019.5
1023.5
1132.6
1136.6
644.4
648.4
741.5
745.5
869.5
873.5
651.4
655.4
798.4
802.4
986.5
990.5
1250.6
1254.6
1349.7
1353.7
917.5
921.5
965.5
969.5
1128.5
11325
1241.6
1245.6
1248.7
1252.7
1531.9
1535.9
956.6
960.6
589.3

73
73
73
73
64
64
100
100
32
32

40
40
94
94

100

100

100

100
95
95
14
14

100

100
22
22
40
40

100

100
40
40
52
52
26
26
15
15
57
57

(S B B U N

100
100
89
89
61
61
23

PKM2 NTGIICTIGPASR  y8 M+32
PKM2 NTGIICTIGPASR  y9 M+28
PKM2 NTGIICTIGPASR  y9 M+32
PPIA EGMNIVEAMER y10 M+28
PPIA EGMNIVEAMER y10 M+32
PPIA EGMNIVEAMER y6 M+28
PPIA EGMNIVEAMER y6 M+32
PPIA EGMNIVEAMER y8 M+28
PPIA EGMNIVEAMER y8 M+32

PPIA FEDENFILK y6 M+28
PPIA FEDENFILK y6 M+32
PPIA FEDENFILK y7 M+28
PPIA FEDENFILK y7 M+32
PPIA FEDENFILK y8 M+28
PPIA FEDENFILK y8 M+32

PPIA IPGFMCQGGDFTR y12 M+28
PPIA IPGFMCQGGDFTR y12 M+32
PPIA IPGFMCQGGDFTR y13 M+28
PPIA IPGFMCQGGDFTR y13 M+32
PPIA IPGFMCQGGDFTR y8 M+28
PPIA IPGFMCQGGDFTR y8 M+32
RLPLO IIQLLDDYPK y7 M+28

RLPLO IIQLLDDYPK y7 M+32

RLPLO IIQLLDDYPK y8 M+28

RLPLO IIQLLDDYPK y8 M+32

RLPLO IIQLLDDYPK y9 M+28

RLPLO IIQLLDDYPK y9 M+32

TKT HQPTAIIAK y6 M+28
TKT HQPTAIIAK y6 M+32
TKT HQPTAIIAK y7 M+28
TKT HQPTAIIAK y7 M+32
TKT HQPTAIIAK y8 M+28
TKT HQPTAIIAK y8 M+32
TKT NSTFSEIFK y5 M+28
TKT NSTFSEIFK y5 M+32
TKT NSTFSEIFK y6 M+28
TKT NSTFSEIFK y6 M+32
TKT NSTFSEIFK y8 M+28
TKT NSTFSEIFK y8 M+32

TP1 HVFGESDELIGQK y11 M+28
TP1 HVFGESDELIGQK y11 M+32
TP1 HVFGESDELIGQK y12 M+28
TP1 HVFGESDELIGQK y12 M+32
TP1 HVFGESDELIGQK y8 M+28

TP1 HVFGESDELIGQK y8 M+32

TP1IIYGGSVTGATCK y10 M+28
TP1IIYGGSVTGATCK y10 M+32
TP1IIYGGSVTGATCK y11 M+28
TP1IIYGGSVTGATCK y11 M+32
TP1IIYGGSVTGATCK y12 M+28
TP1IIYGGSVTGATCK y12 M+32

TP1 VVLAYEPVWAIGTGK
TP1 VVLAYEPVWAIGTGK
TP1 VVLAYEPVWAIGTGK
TP1 VVLAYEPVWAIGTGK
TP1 VVLAYEPVWAIGTGK
TP1 VVLAYEPVWAIGTGK

y1l M+28
y1ll M+32
yl4 M+28
y1l4 M+32
y9 M+28
y9 M+32

TPI FFVGGNWK y5 M+28

40
40
40
33
33
33
33
33
33
30
30
30
30
30
30
41
41
41
41
41
41
32
32
32
32
32
32
35
35
31
31
31
31
40
40
30
30
30
30
40
40
40
40
40
40
41
41
39
39
31
31
42
42
42
42
34
34
35
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509.8
505.8
509.8
505.8
509.8
597.4
601.4
597.4
601.4
597.4
601.4
735.9
739.9
735.9
739.9
735.9
739.9
631.8
633.8
631.8
633.8
631.8
633.8
761.9
765.9
761.9
765.9
761.9
765.9
453.8
457.8
453.8
457.8
453.8
457.8
680.5
680.5
684.5
684.5
680.5
684.5

593.3
688.4
692.4
835.5
839.5
882.4
886.4
981.5
985.5
1052.5
1056.5
1314.8
1318.8
815.5
819.5
928.6
932.6
1147.6
1147.6
732.4
732.4
934.5
934.5
1221.6
1225.6
1393.7
1397.7
868.5
872.5
533.3
537.3
680.4
684.4
779.4
783.4
1072.6
1185.6
1076.6
1189.6
959.5
963.5

23
34
34
12
12
13
13
12
12

100
100
100
100
100
100

N NN N w;

B R NN R R
NN UL D

LS 2 BV B U B O B O U B U BV U R O B VA BV )

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

VVFEQTK
VVFEQTK
VVFEQTK
VVFEQTK
VVFEQTK
VVFEQTK

FFVGGNWK  y5 M+32
FFVGGNWK y6 M+28
FFVGGNWK y6 M+32
FFVGGNWK y7 M+28
FFVGGNWK  y7 M+32
IAVAAQNCYK y7 M+28
IAVAAQNCYK y7 M+32
IAVAAQNCYK y8 M+28
IAVAAQNCYK y8 M+32
IAVAAQNCYK y9 M+28
IAVAAQNCYK y9 M+32
QSLGELIGTLNAAK y13 M+28
QSLGELIGTLNAAK y13 M+32
QSLGELIGTLNAAK y8 M+28
QSLGELIGTLNAAK y8 M+32
QSLGELIGTLNAAK y9 M+28
QSLGELIGTLNAAK y9 M+32
SNVSDAVAQSTR y11 M+28
SNVSDAVAQSTR y11 M+32
SNVSDAVAQSTR y7 M+28
SNVSDAVAQSTR y7 M+32
SNVSDAVAQSTR y9 M+28
SNVSDAVAQSTR y9 M+32
TATPQQAQEVHEK y10 M+28
TATPQQAQEVHEK y10 M+32
TATPQQAQEVHEK y12 M+28
TATPQQAQEVHEK y12 M+32
TATPQQAQEVHEK y7 M+28
TATPQQAQEVHEK y7 M+32

v4 M+28
v4 M+32
y5 M+28
y5 M+32
y6 M+28
y6 M+32

YWHAZ FLIPNASQAESK y10 M+28
YWHAZ FLIPNASQAESK y11 M+28
YWHAZ FLIPNASQAESK y10 M+32
YWHAZ FLIPNASQAESK y11 M+32
YWHAZ FLIPNASQAESK y9 M+28
YWHAZ FLIPNASQAESK y9 M+32

35
29
29
29
29
35
35
35
35
33
33
39
39
39
39
39
39
37
37
39
39
35
35
43
43
39
39
45
45
33
33
27
27
27
27
34
34
34
34
34
34
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Appendix B. Transitions for hnRNP Peptides (M+28 and M+32) Uploadable to
Analyst (v1.4+) Software.

Ql

Q3

Dwell (msec)

Identifier (hnRNP Peptide Fragment Label) CE

Method 1

660.9
664.9
660.9
664.9
660.9
664.9
660.9
664.9
702.8
704.8
702.8
704.8
702.8
704.8
702.8
704.8
553.7
557.7
553.7
557.7
553.7
557.7
553.7
557.7
553.2
557.2
553.2
557.2
553.2
557.2
553.2
557.2
561.8
565.8
561.8
565.8
561.8
565.8
561.8
565.8
546.3
548.3
546.3
548.3
546.3

746.4
750.4
860.5
864.5
961.5
965.5
1074.6
1078.6
1105.5
1105.5
748.3
748.3
847.4
847.4
976.5
976.5
583.2
587.2
653.3
657.3
800.4
804.4
963.4
967.4
875.4
879.4
652.3
656.3
799.4
803.4
962.4
966.4
855.5
859.5
558.3
562.3
721.4
725.4
818.4
822.4
603.3
603.3
700.4
700.4
787.4

32
32
38
38
32
32
10
10
56
56
100
100
10
10
10
10
11
11
10
10
10
10
10
10
10
10
10
10
10
10
10
10
100
100
100
100
93
93
100
100
100
100
10
10
10

M AFITNIPFDVK y6 M+28

M AFITNIPFDVK y6 M+32

M AFITNIPFDVK y7 M+28

M AFITNIPFDVK y7 M+32

M AFITNIPFDVK y8 M+28

M AFITNIPFDVK y8 M+32

M AFITNIPFDVK y9 M+28

M AFITNIPFDVK y9 M+32

Al ATVEEVDAAMNAR y10 M+28
Al ATVEEVDAAMNAR y10 M+32
Al ATVEEVDAAMNAR y7 M+28
Al ATVEEVDAAMNAR y7 M+32
Al ATVEEVDAAMNAR y8 M+28
Al ATVEEVDAAMNAR y8 M+32
Al ATVEEVDAAMNAR y9 M+28
Al ATVEEVDAAMNAR y9 M+32
A2 DYFEEYGK b4 M+28

A2 DYFEEYGK b4 M+32

A2 DYFEEYGK y5 M+28

A2 DYFEEYGK y5 M+32

A2 DYFEEYGK y6 M+28

A2 DYFEEYGK y6 M+32

A2 DYFEEYGK y7 M+28

A2 DYFEEYGK y7 M+32

Al DYFEQYGK b6 M+28

Al DYFEQYGK b6 M+32

Al DYFEQYGK y5 M+28

Al DYFEQYGK y5 M+32

Al DYFEQYGK y6 M+28

Al DYFEQYGK y6 M+32

A1l DYFEQYGKy7 M+28

Al DYFEQYGK y7 M+32

M FEPYANPTK y8 M+28

M FEPYANPTK y8 M+32

M FEPYANPTK y5 M+28

M FEPYANPTK y5 M+32

M FEPYANPTK y6 M+28

M FEPYANPTK y6 M+32

M FEPYANPTK y7 M+28

M FEPYANPTK y7 M+32

M FESPEVAER y5 M+28

M FESPEVAER y5 M+32

M FESPEVAER y6 M+28

M FESPEVAER y6 M+32

M FESPEVAER y7 M+28

33
33
33
33
33
33
33
33
35
35
35
35
35
35
35
35
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
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548.3
546.3
548.3
424.2
426.2
424.2
426.2
424.2
426.2
424.2
426.2
698.9
702.9
698.9
702.9
698.9
702.9
698.9
702.9

860

862

860

862

860

862

860

862
552.8
556.8
552.8
556.8
552.8
556.8
552.8
556.8
612.3
616.3
612.3
616.3
612.3
616.3
612.3
616.3
572.2
576.2
572.2
576.2
572.2
576.2
572.2
576.2
883.4
887.4
883.4

787.4
916.4
916.4
317.2
317.2
430.3
430.3
559.3
559.3
672.4
672.4
1142.6
1146.6
801.4
805.4
914.5
918.5
1029.6
1033.6
1090.6
1090.6
1317.7
1317.7
1430.8
1430.8
877.4
877.4
662.4
666.4
777.4
781.4
905.5
909.5
962.5
966.5
1049.5
1053.5
724.3
728.3
871.4
875.4
968.5
972.5
546.3
550.3
675.3
679.3
838.4
842.4
1001.4
1005.4
1118.5
11225
1265.6

10
10
10
10
10
10
10
10
10
10
10
10
10
58
58
10
10
100
100
10
10
10
10
100
100
61
61
10
10
10
10
27
27
10
10
10
10
45
45
19
19
10
10
20
20
11
11
10
10
10
10
41
41
10

M FESPEVAER y7 M+32

M FESPEVAER y8 M+28

M FESPEVAER y8 M+32

U FIEIAAR y3 M+28

U FIEIAAR y3 M+32

U FIEIAAR y4 M+28

U FIEIAAR y4 M+32

U FIEIAAR y5 M+28

U FIEIAAR y5 M+32

U FIEIAAR y6 M+28

U FIEIAAR y6 M+32

K IILDLISESPIK y10 M+28

K IILDLISESPIK y10 M+32

K IILDLISESPIK y7 M+28

K IILDLISESPIK y7 M+32

K IILDLISESPIK y8 M+28

K IILDLISESPIK y8 M+32

K IILDLISESPIK y9 M+28

K IILDLISESPIK y9 M+32

AO LFIGGLNVQTSESGLR y10 M+28
AO LFIGGLNVQTSESGLR y10 M+32
AO LFIGGLNVQTSESGLR y13 M+28
AO LFIGGLNVQTSESGLR y13 M+32
AO LFIGGLNVQTSESGLR y14 M+28
AO LFIGGLNVQTSESGLR y14 M+32
AO LFIGGLNVQTSESGLR y8 M+28
AO LFIGGLNVQTSESGLR y8 M+32
U NGQDLGVAFK y6 M+28

U NGQDLGVAFK y6 M+32

U NGQDLGVAFK y7 M+28

U NGQDLGVAFK y7 M+32

U NGQDLGVAFK y8 M+28

U NGQDLGVAFK y8 M+32

U NGQDLGVAFK y9 M+28

U NGQDLGVAFK y9 M+32

M NLPFDFTWK b8 M+28

M NLPFDFTWK b8 M+32

M NLPFDFTWK y5 M+28

M NLPFDFTWK y5 M+32

M NLPFDFTWK y6 M+28

M NLPFDFTWK y6 M+32

M NLPFDFTWK y7 M+28

M NLPFDFTWK y7 M+32

A2 NYYEQWGK y4 M+28

A2 NYYEQWGK y4 M+32

A2 NYYEQWGK y5 M+28

A2 NYYEQWGK y5 M+32

A2 NYYEQWGK y6 M+28

A2 NYYEQWGK y6 M+32

A2 NYYEQWGK y7 M+28

A2 NYYEQWGK y7 M+32

F QSGEAFVELGSEDDVK y10 M+28
F QSGEAFVELGSEDDVK y10 M+32
F QSGEAFVELGSEDDVK y11 M+28

28
28
28
23
23
23
23
23
23
23
23
35
35
35
35
35
35
35
35
42
42
42
42
42
42
42
42
28
28
28
28
28
28
28
28
31
31
31
31
31
31
31
31
29
29
29
29
29
29
29
29
43
43
43
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Method 2

887.4
883.4
887.4
883.4
887.4
872.5
874.5
872.5
874.5
872.5
874.5
872.5
874.5
716.8
720.8
716.8
720.8
716.8
720.8
716.8
720.8
600.9
602.9
600.9
602.9
600.9
602.9
600.9
602.9

465.3
469.3
465.3
469.3
465.3
469.3
465.3
469.3
620.3
622.3
620.3
622.3
620.3
622.3
620.3
622.3
500.8
504.8
500.8
504.8
500.8
504.8

1269.6
890.4
894.4

1019.5

1023.5
938.5
938.5

1085.6

1085.6

1198.7

1198.7
867.5
867.5

1075.5

1079.5

11725

1176.5
855.4
859.4
912.4
916.4
603.3
603.3
766.4
766.4
929.5
929.5

1092.5

1092.5

545.4
549.4
602.4
606.4
673.4
677.4
786.5
790.5
854.4
854.4
967.5
967.5
1082.5
1082.5
691.3
691.3
585.3
589.3
659.4
663.4
730.4
734.4

10
10
10
10
10
33
33
10
10
61
61
100
100
10
10
16
16
10
10
19
19
58
58
10
10
10
10
10
10

10
10
36
36
38
38
50
50
10
10
10
10
80
80
10
10
100
100
100
100
39
39

F QSGEAFVELGSEDDVK y11 M+32

F QSGEAFVELGSEDDVK y8 M+28

F QSGEAFVELGSEDDVK y8 M+32

F QSGEAFVELGSEDDVK y9 M+28

F QSGEAFVELGSEDDVK y9 M+32

U SSGPTSLFAVTVAPPGAR y10 M+28
U SSGPTSLFAVTVAPPGAR y10 M+32
U SSGPTSLFAVTVAPPGAR y11 M+28
U SSGPTSLFAVTVAPPGAR y11 M+32
U SSGPTSLFAVTVAPPGAR y12 M+28
U SSGPTSLFAVTVAPPGAR y12 M+32
U SSGPTSLFAVTVAPPGAR y9 M+28
U SSGPTSLFAVTVAPPGAR y9 M+32
A1 SSGPYGGGGQYFAK y10 M+28
A1 SSGPYGGGGQYFAK y10 M+32
A1 SSGPYGGGGQYFAK y11 M+28
A1 SSGPYGGGGQYFAK y11 M+32
A1 SSGPYGGGGQYFAK y8 M+28

A1 SSGPYGGGGQYFAK y8 M+32

A1 SSGPYGGGGQYFAK y9 M+28

A1 SSGPYGGGGQYFAK y9 M+32

R STAYEDYYYHPPPR y5 M+28

R STAYEDYYYHPPPR y5 M+32

R STAYEDYYYHPPPR y6 M+28

R STAYEDYYYHPPPR y6 M+32

R STAYEDYYYHPPPR y7 M+28

R STAYEDYYYHPPPR y7 M+32

R STAYEDYYYHPPPR y8 M+28

R STAYEDYYYHPPPR y8 M+32

K DLAGSIIGK y5 M+28

K DLAGSIIGK y5 M+32

K DLAGSIIGK y6 M+28

K DLAGSIIGK y6 M+32

K DLAGSIIGK y7 M+28

K DLAGSIIGK y7 M+32

K DLAGSIIGK y8 M+28

K DLAGSIIGK y8 M+32

A0 EDIYSGGGGGGSR y10 M+28
A0 EDIYSGGGGGGSR y10 M+32
AO EDIYSGGGGGGSR yl11 M+28
A0 EDIYSGGGGGGSR y11 M+32
AO EDIYSGGGGGGSR y12 M+28
A0 EDIYSGGGGGGSR y12 M+32
AO EDIYSGGGGGGSR y9 M+28
AO EDIYSGGGGGGSR y9 M+32
H3 EIAENALGK b5 M+28

H3 EIAENALGK b5 M+32

H3 EIAENALGK y6 M+28

H3 EIAENALGK y6 M+32

H3 EIAENALGK y7 M+28

H3 EIAENALGK y7 M+32

43
43
43
43
43
43
43
43
43
43
43
43
43
35
35
35
35
35
35
35
35
33
33
33
33
33
33
33
33

35
35
29
29
25
25
25
25
38
38
38
38
36
36
40
40
25
25
33
33
29
29
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500.8
504.8
764.4
766.4
764.4
766.4
764.4
766.4
764.4
766.4
612.3
616.3
612.3
616.3
612.3
616.3
612.3
616.3
483.3
487.3
483.3
487.3
483.3
487.3
483.3
487.3
679.3
681.3
679.3
681.3
679.3
681.3
679.3
681.3
500.8
504.8
500.8
504.8
500.8
504.8
500.8
504.8
703.3
705.3
703.3
705.3
703.3
705.3
703.3
705.3
521.2
523.2
521.2
523.2

843.5
847.5
804.4
804.4
1370.6
1370.6
1108.9
1108.9
980.3
980.3
664.3
668.3
763.4
767.4
991.5
995.5
1048.5
1052.5
550.3
554.3
649.4
653.4
720.4
724.4
880.5
884.5
1272.6
1272.6
808.4
808.4
907.5
907.5
1125.6
1125.6
719.3
723.3
848.4
852.4
540.2
544.2
556.3
560.3
1035.5
1035.5
1206.6
1206.6
1263.6
1263.6
888.4
888.4
780.3
780.3
785.4
785.4

39
39
100
100
10
10
10
10
10
10
100
100
100
100
10
10
25
25
37
37
86
86
16
16
13
13
10
10
100
100
10
10
10
10
44
44
10
10
100
100
100
100
10
10
14
14
32
32
10
10
10
10
11
11

H3 EIAENALGK y8 M+28
H3 EIAENALGK y8 M+32

A/B EVYQQQQYGSGGR b6 M+28
A/B EVYQQQQYGSGGR b6 M+32
A/B EVYQQQQYGSGGR y12 M+28
A/B EVYQQQQYGSGGR y12 M+32
A/B EVYQQQQYGSGGR y10 M+28
A/B EVYQQQQYGSGGR y10 M+32
A/B EVYQQQQYGSGGR y9 M+28
A/B EVYQQQQYGSGGR y9 M+32

D FGEVVDCTIK y5 M+28
D FGEVVDCTIK y5 M+32
D FGEVVDCTIK y6 M+28
D FGEVVDCTIK y6 M+32
D FGEVVDCTIK y8 M+28
D FGEVVDCTIK y8 M+32
D FGEVVDCTIK y9 M+28
D FGEVVDCTIK y9 M+32
M GCAVVEFK y4 M+28
M GCAVVEFK y4 M+32
M GCAVVEFK y5 M+28
M GCAVVEFK y5 M+32
M GCAVVEFK y6 M+28
M GCAVVEFK y6 M+32
M GCAVVEFK y7 M+28
M GCAVVEFK y7 M+32

C GFAFVQYVNER y10 M+28
C GFAFVQYVNER y10 M+32
C GFAFVQYVNER y6 M+28
C GFAFVQYVNER y6 M+32
C GFAFVQYVNER y7 M+28
C GFAFVQYVNER y7 M+32
C GFAFVQYVNER y9 M+28
C GFAFVQYVNER y9 M+32

R&Q GFCFLEYEDHK y5 M+28
R&Q GFCFLEYEDHK y5 M+32
R&Q GFCFLEYEDHK y6 M+28
R&Q GFCFLEYEDHK y6 M+32
R&Q GFCFLEYEDHK b4 M+28
R&Q GFCFLEYEDHK b4 M+32
R&Q GFCFLEYEDHK y4 M+28
R&Q GFCFLEYEDHK y4 M+32

A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR
A2 GGGGNFGPGPGSNFR

y10 M+28
y10 M+32
y12 M+28
y12 M+32
y13 M+28
y13 M+32
y9 M+28

y9 M+32

A2 GGNFGFGDSR b8 M+28
A2 GGNFGFGDSR b8 M+32
A2 GGNFGFGDSR y7 M+28
A2 GGNFGFGDSR y7 M+32

29
29
41
41
41
41
43
43
41
41
42
42
38
38
28
28
32
32
32
32
30
30
28
28
28
28
29
29
37
37
37
37
35
35
23
23
27
27
27
27
27
27
42
42
42
42
42
42
42
42
26
26
30
30
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Method 3

521.2
523.2
521.2
523.2
766.9
768.9
766.9
768.9
766.9
768.9
766.9
768.9
563.7
565.7
563.7
565.7
563.7
565.7
563.7
565.7
674.3
678.3
674.3
678.3
674.3
678.3
674.3
678.3
486.3
488.3
486.3
488.3
486.3
488.3
486.3
488.3
434.7
436.7
434.7
436.7
434.7
436.7
434.7
436.7

644.3
646.3
644.3
646.3
644.3
646.3
644.3

899.4
899.4
956.4
956.4
1334.6
1334.6
1447.7
1447.7
804.4
804.4
1051.5
1051.5
577.3
577.3
692.3
692.3
839.4
839.4
1041.4
1041.4
688.3
692.3
823.4
827.4
1099.5
1103.5
1262.6
1266.6
553.4
553.4
650.4
650.4
747.5
747.5
844.5
844.5
322.2
322.2
435.3
435.3
564.3
564.3
677.4
677.4

1146.5
1146.5
805.4
805.4
902.4
902.4
1031.5

53
53
10
10
10
10
11
11
100
100
10
10
20
20
10
10
10
10
10
10
93
93
10
10
13
13
10
10
59
59
10
10
10
10
10
10
10
10
10
10
100
100
100
100

10
10
100
100
53
53
10

A2 GGNFGFGDSR y8 M+28
A2 GGNFGFGDSR y8 M+32
A2 GGNFGFGDSR y9 M+28
A2 GGNFGFGDSR y9 M+32

H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR
H1 GLPWSCSADEVQR

y11 M+28
y11 M+32
y12 M+28
y12 M+32
y7 M+28
y7 M+32
v9 M+28
y9 M+32

K GSDFDCELR y4 M+28
K GSDFDCELR y4 M+32
K GSDFDCELR y5 M+28
K GSDFDCELR y5 M+32
K GSDFDCELR y6 M+28
K GSDFDCELR y6 M+32
K GSDFDCELR y8 M+28
K GSDFDCELR y8 M+32
U GYFEYIEENK b5 M+28
U GYFEYIEENK b5 M+32
U GYFEYIEENK y6 M+28
U GYFEYIEENK y6 M+32
U GYFEYIEENK y8 M+28
U GYFEYIEENK y8 M+32
U GYFEYIEENK y9 M+28
U GYFEYIEENK y9 M+32

C VPPPPPIAR y5 M+28
C VPPPPPIAR y5 M+32
C VPPPPPIAR y6 M+28
C VPPPPPIAR y6 M+32
C VPPPPPIAR y7 M+28
C VPPPPPIAR y7 M+32
C VPPPPPIAR y8 M+28
C VPPPPPIAR y8 M+32
H3 YIEIFR y2 M+28
H3 YIEIFR y2 M+32
H3 YIEIFR y3 M+28
H3 YIEIFR y3 M+32
H3 YIEIFR y4 M+28
H3 YIEIFR y4 M+32
H3 YIEIFR y5 M+28
H3 YIEIFR y5 M+32

K IDEPLEGSEDR y10 M+28
K IDEPLEGSEDR y10 M+32
K IDEPLEGSEDR y7 M+28
K IDEPLEGSEDR y7 M+32
K IDEPLEGSEDR y8 M+28
K IDEPLEGSEDR y8 M+32
K IDEPLEGSEDR y9 M+28

30
30
34
34
39
39
39
39
45
45
45
45
40
40
32
32
36
36
36
36
35
35
35
35
35
35
39
39
26
26
26
26
26
26
26
26
24
24
24
24
24
24
24
24

43
43
43
43
43
43
37

127



646.3
608.8
610.8
608.8
610.8
608.8
610.8
608.8
610.8
780.4
784.4
780.4
784.4
780.4
784.4
780.4
784.4
772.9
776.9
772.9
776.9
772.9
776.9
772.9
776.9
838.4
840.4
838.4
840.4
838.4
840.4
838.4
840.4
611.9
613.9
611.9
613.9
611.9
613.9
611.9
613.9
861.8
863.8
861.8
863.8
861.8
863.8
861.8
863.8
526.3
530.3
526.3
530.3
526.3

1031.5
746.8
746.8
859.5
859.5
960.5
960.5

1075.6

1075.6

1172.6

1176.6

1271.7

1275.7

1418.7

1422.7
945.5
949.5

1157.6

1161.6

1403.7

1407.7
843.4
847.4
930.4
934.4

1045.5

1045.5

1273.7

1273.7

1386.7

1386.7

1533.8

1533.8
757.5
757.5

1080.7

1080.7
870.5
870.5
967.6
967.6

1118.5

1118.5

1175.5

1175.5

1452.6

1452.6
887.4
887.4
643.3
647.3
722.8
726.8
821.5

10
27
27
81
81
60
60
49
49
25
25
10
10
10
10
37
37
10
10
10
10
10
10
10
10
10
10
10
10
10
10

100

100
10
10

100

100

100

100
21
21
10
10
10
10
10
10

100

100
17
17
10
10
84

K IDEPLEGSEDR y9 M+32
A2 IDTIEIITDR y6 M+28
A2 IDTIEIITDR y6 M+32
A2 IDTIEHITDR y7 M+28
A2 IDTIEITDR y7 M+32
A2 IDTIEIITDR y8 M+28
A2 IDTIEHITDR y8 M+32
A2 IDTIEHITDR y9 M+28
A2 IDTIEHITDR y9 M+32

A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK
A/B IFVGGLNPEATEEK

y11 M+28
y11 M+32
y12 M+28
y12 M+32
y13 M+28
y13 M+32
v8 M+28

v8 M+32

D IFVGGLSPDTPEEK y11 M+28
D IFVGGLSPDTPEEK y11 M+32
D IFVGGLSPDTPEEK y13 M+28
D IFVGGLSPDTPEEK y13 M+32
D IFVGGLSPDTPEEK y7 M+28
D IFVGGLSPDTPEEK y7 M+32
D IFVGGLSPDTPEEK y8 M+28
D IFVGGLSPDTPEEK y8 M+32

U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR
U NFILDQTNVSAAAQR

y10 M+28
y10 M+32
y12 M+28
y12 M+32
y13 M+28
y13 M+32
y14 M+28
y14 M+32

K NLPLPPPPPPR b7 M+28

K NLPLPPPPPPR b7 M+32

K NLPLPPPPPPR y10 M+28

K NLPLPPPPPPR y10 M+32
K'NLPLPPPPPPR y8 M+28

K NLPLPPPPPPR y8 M+32

K NLPLPPPPPPR y9 M+28
K'NLPLPPPPPPR y9 M+32

A1 NQGGYGGSSSSSSYGSGR y12 M+28
A1 NQGGYGGSSSSSSYGSGR y12 M+32
A1 NQGGYGGSSSSSSYGSGR y13 M+28
A1 NQGGYGGSSSSSSYGSGR y13 M+32
A1 NQGGYGGSSSSSSYGSGR y16 M+28
A1 NQGGYGGSSSSSSYGSGR y16 M+32
A1 NQGGYGGSSSSSSYGSGR y9 M+28
A1 NQGGYGGSSSSSSYGSGR y9 M+32

C SDVEAIFSK b6 M+28
C SDVEAIFSK b6 M+32
C SDVEAIFSK y6 M+28
C SDVEAIFSK y6 M+32
C SDVEAIFSK y7 M+28

37
34
34
36
36
36
36
32
32
45
45
43
43
39
39
39
39
39
39
39
39
43
43
37
37
42
42
42
42
40
40
42
42
34
34
36
36
36
36
36
36
49
49
53
53
47
47
53
53
32
32
34
34
32
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530.3
526.3
530.3

970

972

970

972

970

972

970

972
639.8
643.8
639.8
643.8
639.8
643.8
639.8
643.8
664.3
668.3
664.3
668.3
664.3
668.3
664.3
668.3
670.3
672.3
670.3
672.3
670.3
672.3
670.3
672.3
543.3
545.3
543.3
545.3
543.3
545.3
543.3
545.3
563.3
567.3
563.3
567.3
563.3
567.3
563.3
567.3
904.9
906.9
904.9

825.5
936.5
940.5
1218.5
1218.5
1275.5
1275.5
1332.6
1332.6
1592.7
1592.7
1017.5
1021.5
1163.6
1167.6
819.4
823.4
932.5
936.5
1212.6
1216.6
707.4
711.4
854.5
858.5
925.5
929.5
679.3
679.3
1210.6
1210.6
776.4
776.4
889.5
889.5
613.4
613.4
714.4
714.4
843.5
843.5
956.5
956.5
570.4
574.4
770.4
774.4
883.5
887.5
996.6
1000.6
1030.5
1030.5
1216.6

84
39
39
10
10
37
37
10
10
10
10

100

100
28
28
10
10
10
10
20
20
10
10
24
24

100

100
10
10
10
10
10
10
10
10

100

100
10
10
40
40
38
38
10
10
10
10
10
10
94
94
10
10
10

C SDVEAIFSK y7 M+32

C SDVEAIFSK y8 M+28

C SDVEAIFSK y8 M+32

A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
A3 SSGSPYGGGYGSGGGSGGYGSR
L SSSGLLEWESK b9 M+28

L SSSGLLEWESK b9 M+32

L SSSGLLEWESK y10 M+28

L SSSGLLEWESK y10 M+32

L SSSGLLEWESK y6 M+28

L SSSGLLEWESK y6 M+32

L SSSGLLEWESK y7 M+28

L SSSGLLEWESK y7 M+32

H3 STGEAFVQFASK y11 M+28
H3 STGEAFVQFASK y11 M+32
H3 STGEAFVQFASK y6 M+28

H3 STGEAFVQFASK y6 M+32

H3 STGEAFVQFASK y7 M+28

H3 STGEAFVQFASK y7 M+32

H3 STGEAFVQFASK y8 M+28

H3 STGEAFVQFASK y8 M+32
R&Q TGYTLDVTTGQR b6 M+28
R&Q TGYTLDVTTGQR b6 M+32
R&Q TGYTLDVTTGQR y11 M+28
R&Q TGYTLDVTTGQR y11 M+32
R&Q TGYTLDVTTGQR y7 M+28
R&Q TGYTLDVTTGQR y7 M+32
R&Q TGYTLDVTTGQR y8 M+28
R&Q TGYTLDVTTGQR y8 M+32

A2 TLETVPLER
A2 TLETVPLER
A2 TLETVPLER
A2 TLETVPLER
A2 TLETVPLER
A2 TLETVPLER
A2 TLETVPLER
A2 TLETVPLER
R TLIEAGLPQK
R TLIEAGLPQK
R TLIEAGLPQK
R TLIEAGLPQK
R TLIEAGLPQK
R TLIEAGLPQK
R TLIEAGLPQK
R TLIEAGLPQK

y5 M+28
y5 M+32
v6 M+28
v6 M+32
y7 M+28
y7 M+32
v8 M+28
v8 M+32
y5 M+28
y5 M+32
y7 M+28
y7 M+32
v8 M+28
y8 M+32
v9 M+28
y9 M+32

y14 M+28
y14 M+32
y15 M+28
y15 M+32
y16 M+28
y16 M+32
y18 M+28
y18 M+32

K TDYNASVSVPDSSGPER y10 M+28
K TDYNASVSVPDSSGPER y10 M+32
K TDYNASVSVPDSSGPER y12 M+28

32
32
32
48
48
54
54
54
54
54
54
31
31
35
35
41
41
33
33
40
40
42
42
34
34
34
34
40
40
40
40
44
44
38
38
35
35
35
35
29
29
35
35
34
34
32
32
30
30
30
30
44
44
44
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906.9
904.9
906.9
904.9
906.9

1216.6
632.3
632.3
844.4
844.4

10
10
10
10
10

K TDYNASVSVPDSSGPER y12 M+32
K TDYNASVSVPDSSGPER y6 M+28
K TDYNASVSVPDSSGPER y6 M+32
K TDYNASVSVPDSSGPER y8 M+28
K TDYNASVSVPDSSGPER y8 M+32

44
44
a4
44
44
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Appendix C. Transitions for Pyruvate Kinase Splice Variant Peptides (M+28 and

M+36) Uploadable to Analyst (v1.4+) Software.

Ql Q3 Dwell (msec) Identifier (Protein Peptide Fragment Label)
645.4 1095.6 50 PKM2 CCSGAIIVLTK y10 M+36 33
645.4 791.6 50 PKM2 CCSGAIIVLTK y7 M+36 33
645.4 848.6 50 PKM2 CCSGAIIVLTK y8 M+36 33
645.4 935.6 50 PKM2 CCSGAIIVLTK y9 M+36 33
548.3 661.3 50 PKM1EAEAAMFHR y5 M+36 29
548.3 732.4 50 PKM1EAEAAMFHR y6 M+36 29
548.3 861.4 50 PKM1EAEAAMFHR y7 M+36 29
548.3 932.4 50 PKM1EAEAAMFHR y8 M+36 29
527.3 587.4 50 PKM1M2 GDYPLEAVR y5 M+36 28
527.3 684.4 50 PKM1M2 GDYPLEAVR y6 M+36 28
527.3 847.5 50 PKM1M2 GDYPLEAVR y7 M+36 28
527.3 962.5 50 PKM1M2 GDYPLEAVR y8 M+36 28
556.3 669.3 50 PKM1 OxyEAE y5 M+36 30
556.3 740.4 50 PKM1 OxyEAE y6 M+36 30
556.3 869.4 50 PKM1 OxyEAE y7 M+36 30
556.3 940.4 50 PKM1 OxyEAE y8 M+36 30
553.3 669.3 50 PKM1 OxyEAE y5 M+36 30
553.3 740.4 50 PKM1 OxyEAE y6 M+36 30
553.3 869.4 50 PKM1 OxyEAE y7 M+36 30
553.3 940.4 50 PKM1 OxyEAE y8 M+36 30
639.4 785.6 50 PKM2 CCSGAIIVLTK y7 M+28 33
639.4 842.6 50 PKM2 CCSGAIIVLTK y8 M+28 33
639.4 929.6 50 PKM2 CCSGAIIVLTK y9 M+28 33
639.4 1089.6 50 PKM2 CCSGAIIVLTK y10 M+28 33
545.3 661.3 50 PKM1EAEAAMFHR y5 M+28 29
545.3 732.4 50 PKM1EAEAAMFHR y6 M+28 29
545.3 861.4 50 PKM1EAEAAMFHR y7 M+28 29
545.3 932.4 50 PKM1EAEAAMFHR y8 M+28 29
524.3 587.4 50 PKM1M2 GDYPLEAVR y5 M+28 30
524.3 684.4 50 PKM1M2 GDYPLEAVR y6 M+28 30
524.3 847.5 50 PKM1M2 GDYPLEAVR y7 M+28 30
524.3 962.5 50 PKM1M2 GDYPLEAVR y8 M+28 30
502.7 701.3 50 ACTAB AGFAGDDAPR y7 M+28 28
502.7 848.4 50 ACTAB AGFAGDDAPR y8 M+28 28
502.7 905.4 50 ACTAB AGFAGDDAPR y9 M+28 30
609.3 1060.6 50 ACTAB EITALAPSTMK y10 M+28 32
609.3 846.5 50 ACTAB EITALAPSTMK y8 M+28 32
609.3 947.5 50 ACTAB EITALAPSTMK y9 M+28 32
580.8 825.4 50 ACTAB GYSFTTTAER y7 M+28 31
580.8 912.4 50 ACTAB GYSFTTTAER y8 M+28 29
580.8 1075.5 50 ACTAB GYSFTTTAER y9 M+28 33
614.3 1062.5 50 ACTAB HQGVMVGMGQK y10 M+28 36
614.3 877.5 50 ACTAB HQGVMVGMGQK y8 M+28 38
614.3 934.5 50 ACTAB HQGVMVGMGQK y9 M+28 34
772.9 1259.6 50 ACTAB QEYDESGPSIVHR y11 M+28 49
772.9 1388.6 50 ACTAB QEYDESGPSIVHR y12 M+28 49
772.9 852.5 50 ACTAB QEYDESGPSIVHR y8 M+28 49
653.8 672.3 50 PPIA EGMNIVEAMER b6 M+28 34
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653.8
653.8
605.8
605.8
605.8
813.9
813.9
813.9

1149.5
961.5
663.3
906.5

1035.5

1372.6

1485.7
940.4

50
50
50
50
50
50
50
50

PPIA EGMNIVEAMER y10 M+28
PPIA EGMNIVEAMER y8 M+28
PPIA FEDENFILK b5 M+28

PPIA FEDENFILK y7 M+28

PPIA FEDENFILK y8 M+28

PPIA IPGFMCQGGDFTR y12 M+28
PPIA IPGFMCQGGDFTR y13 M+28
PPIA IIPGFMCQGGDFTR y8 M+28

34
34
32
32
32
41
41
41
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