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Abstract

Recent studies utilizing transcriptomics, metabolomics, and bottom up proteomics have identified
molecular signatures of kidney allograft pathology. Although these results make significant
progress toward non-invasive differential diagnostics of dysfunction of a transplanted kidney, they
provide little information on the intact, often modified, protein molecules present during
progression of this pathology. Because intact proteins underpin diverse biological processes,
measuring the relative abundance of their modified forms promises to advance mechanistic
understanding, and might provide a new class of biomarker candidates. Here, we used top down
proteomics to inventory the modified forms of whole proteins in peripheral blood mononuclear
cells (PBMCs) taken at the time of kidney biopsy for 40 kidney allograft recipients either with
healthy transplants or those suffering acute rejection. Supported by gas-phase fragmentation of
whole protein ions during tandem mass spectrometry, we identified 344 proteins mapping to 2,905
distinct molecular forms (proteoforms). Using an initial implementation of a label-free approach to
quantitative top down proteomics, we obtained evidence suggesting relative abundance changes in
111 proteoforms between the two patient groups. Collectively, our work is the first to catalog
intact protein molecules in PBMCs and suggests differentially abundant proteoforms for further
analysis.
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1. INTRODUCTION

Recent data from the US Department of Health and Human Services estimates over 100,000
people per year are diagnosed with end-stage kidney disease in the United States (http://
www.niddk.nih.gov/health-information/health-statistics/Pages/kidney-disease-statistics-
united-states.aspx#5). The current treatment of choice for this is transplantation, where the
work of the non-functional kidneys is replaced with a functional one. Successful kidney
transplantation has its challenges; chief among these is preventing immune-mediated
rejection of the allograft. Granted immunosuppressive therapy is now routine procedure in
post-transplant care, occasional incidents of acute rejection still occur and clinical
complications include loss of the allograft [1, 2]. Because the mechanisms effecting the
rejection process are relatively unclear, a better understanding of the molecular and cellular
events associated with acute rejection is of high interest for the transplant research
community and could provide novel drug targets and diagnostics for improving patient
health.

Multiple studies over the past decade have sought to identify molecular signatures associated
with Kidney transplant dysfunction, including RNA and bottom up proteomics profiling of
kidney biopsies and peripheral blood lymphocytes over a range of clinical outcomes [3-8].
On one level these studies have succeeded: mRNA profiling of kidney biopsies has enabled
the classification of three different subtypes of acute rejection [7], added molecular
signatures to complement current gold standard histology diagnostics [8], revealed
differences in gene expression patterns between kidney biopsy tissue and circulating
lymphocytes of acute rejection patients [3], and provided numerous gene signatures for
future biomarker validation studies [5]. On another level, these prior studies have limitations
as RNA and peptide-based studies are disconnected from the intact, mature protein
molecules present within immune cells.

Functional protein molecules within a cell are the result of a multi-stage process beginning
with mRNA transcription and ending in a properly processed polypeptide that can be
modified co- and/or post-translationally. As variation can be introduced at each stage, the
variety in protein molecular forms from a given gene are vast. Examples of where variation
could be introduced include alternative splicing, differential translational start sites,
proteolytic processing, and post-translational modification such as phosphorylation,
acetylation, and methylation in various combinations. These combinatorial events create
various “proteoforms”, a gene-centric term used to denote intact protein molecules with
distinct chemical composition and site-specific post-translational modifications (see Figure
1) [9]. Appreciating this molecular complexity, a comprehensive understanding of molecular
processes operative at the level of protein primary structure requires resolution and
quantitation of proteoforms.
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Top down proteomics measures proteins in their intact state affording information on exact
molecular weight, protein identity, and the type, location, and relative abundance of post-
translational modifications [10]. Accordingly, top down proteomics has been used to explore
the proteoform landscape within a wealth of biological studies, with recent iterations
yielding information on over 1,000 proteins distributed into an average of ~4 proteoforms
characterized in automated fashion [11, 12]. In addition, the ability to quantify proteoforms
<30 kDa between two states in discovery mode using a novel label-free quantitative top
down approach has been demonstrated [13], along with successful implementation of top
down proteomics by a variety of laboratories [14-18]. Collectively, quantitative top down
proteomics—with the ability to identify and quantify proteoforms between biological states
—is the direct approach for proteoform-resolved molecular profiling.

Here, we applied top down proteomics in both qualitative and quantitative modes to begin
studying peripheral blood mononuclear cells (PBMCs) from kidney transplant recipients
diagnosed on a biopsy as either having clinical acute rejection (CAR) or a normal biopsy—
transplant excellent (TX). Our goal was to supplement prior exploratory studies reporting on
MRNA and /n vitro processed proteomes with a precise map of proteoforms from similar
tissue and clinical status. Our data provide the first foray of proteoform-resolved
measurement of PBMCs (complete with regularized proteoform reporting) and suggest
differentially abundant targets between those with clinical acute rejection and transplant
excellent kidneys for follow-up in clinical research.

2. MATERIALS AND METHODS

2.1 Experimental design

The study design used here is described in the results section and is depicted in Figure 2.
Specifically, patient samples were processed in two sample sets: Sample Set 1 and Sample
Set 2. Each sample set consisted of 20 total kidney allograft patient samples; 10 of these
were diagnosed as transplant excellent (TX) by the lack of clinical data indicative of
rejection (/.e. elevated creatinine) and a protocol biopsy confirming no rejection; 10 were
diagnosed as clinical acute rejection (CAR) by clinical data and confirmatory for-cause
biopsy. TX patient samples were collected at times of either 3 months or 12 months post-
transplant; cAR samples were collected at similar times post-transplant with the exception of
a few outliers (Figure S1). For both sample sets, individual patient samples of each category
(TX or cAR) were pooled into three pools to achieve the minimal starting amount of total
protein, which was 300 pg at the time these data were collected in 2012. Sample Set 1 was
run in qualitative mode without randomization whereas Sample Set 2 was properly
randomized to allow for label-free quantitation using a linear hierarchical model previously
described [13, 19]. All patient samples were collected according to institutional review
board (IRB) approved protocols.

2.2 Sample processing

Upon procurement of patient peripheral blood, PBMCs were isolated from Cell Preparation
Tubes (Becton Dickinson, Franklin Lakes, NJ). After collection of blood (8 mL; ~ 8x10°
PBMC) the tubes were centrifuged for 20 minutes at 1500 to 1800 RCF, the pellets were

Proteomics. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Savaryn et al.

Page 4

washed twice with 15 mL Phosphate Buffered Saline (PBS), and the pellets were frozen.
Frozen pellets were then thawed and TRIzol® Reagent (Thermo Fisher, Carlsbad, CA),
which is a monophasic solution of phenol, guanidine isothiocyanate, and other proprietary
components, was added. Proteins were extracted from TRIzol® Reagent by adding 1.5 mL
of isopropanol to the organic phenol-chloroform phase, centrifugation at 12,000 RCF and
washing the pellet three times with a wash solution consisting of 0.3 M guanidine
hydrochloride in 95% ethanol. The pellets were stored in 0.3 M guanidine HCL/95%
ethanol. Protein samples were washed in 100% ethanol and resuspended in 200 uL of 1%
SDS. From this resuspension, 35 L of each sample was taken for BCA protein
concentration assay. After determining protein concentration per sample, which averaged
around 100 ug each, samples (165 pL of protein/1% SDS) were pooled to achieve
approximately 300 pg per pool; the number of samples per pool ranged from two to five.
Protein in pooled samples was then precipitated by addition of acetone at a ratio of at least
3:1 acetone:sample and incubation at —80°C for at least 30 min. Precipitated protein was
fractionated using gel-eluted liquid fraction entrapment electrophoresis (GELFrEE)
following the manufacturer’s protocol (GELFREE 8100 Fractionation System, Expedeon,
San Diego, CA). Sample Set 1 was fractionated using a 12% GELFrEE cartridge; Sample
Set 2 used a 10% GELFrEE cartridge. Following fractionation, SDS was removed by
precipitating with methanol/chloroform/water as previously described [20] and protein was
resuspended in buffer A (95% H,0, 5% acetonitrile, 0.2% formic acid) for LC-MS/MS
analysis.

2.3 Liquid chromatography-mass spectrometry

Protein fractions were analyzed in technical duplicate using nano-flow reverse phase
chromatography with PLRP-S as stationary phase and electrospray ionization as described
[11]. Data were collected with an Orbitrap Elite mass spectrometer (Thermo Fisher
Scientific, Bremen, Germany) operated in data-dependent MS" mode with higher energy
collisional dissociation (HCD) of the top two most abundant masses from the precursor scan
using 15 /m/z isolation windows. MS® and MS? data were collected in high resolution
(60,000 — 120,000 resolving power at /m/z400) in the Orbitrap analyzer.

2.4 Data processing

Creation of targets—For top down data, .raw files were first converted to the mzML
format using in-house conversion software. Next, each file was “crawled” to generate the
linked sets of MS? and MS?2 data. Crawling was performed using in-house version of the
ProSightPC crawler logic. This software created targets by grouping MS? precursors across
scans with a 0.1 Thomson tolerance within a 2.0 min retention time window. Next, summed
MS? and MS? scans were deconvoluted using Thermo Scientific Xtract software with a
signal to noise threshold of 3 or greater, a remainder threshold of 20, and a minimum fit
threshold of 15. .raw files converted to mzML format supporting this manuscript will be
accessible at http://www.topdownproteomics.org/data.

Protein ldentification and Proteoform Characterization—The linked output from
deconvoluted MS?! and MS? scans were then searched using a three-tiered search tree in
ProSightPC 3.0. The first search was an Absolute Mass search with MS? tolerance = 2.2 Da,
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MS? tolerance of 10 ppm, against a highly annotated version of Human UniProt (July 2014).
The second search was a ProSight Biomarker search with MS? tolerance of 10 ppm, MS?
tolerance of 10ppm, against a highly annotated version of Human UniProt (July 2014).
Lastly there was a second Absolute Mass search with MS? tolerance = 200 Da, MS?
tolerance of 10ppm, using Delta M mode, against a highly annotated version of Human
UniProt (July 2014). This last search allows the detection of proteoforms with unknown
modifications [21].

The p-scores used to measure the confidence in the identification of a given proteoform
returned by each of the three searches were then subjected to a local FDR estimation to
control for multiple testing. An estimate of the FDR was inferred based on modeling the
individual proteoform’s null distribution of the negative LOG of the p-score. The first step in
estimating the null distribution was to create a decoy database containing one scrambled
proteoform for each proteoform in the forward database. Next all observed spectra were
interrogated against the scrambled database and the best non-zero score for each observed
target was collected and the resulting set of scores were fit to a gamma distribution. This
distribution was used to determine the negative LOG p-score cutoff for accepting a forward
hit. A global FDR was then determined using the methods developed by Higdon et a. for
bottom up proteomics [22]. All proteoforms with a 10% global FDR were then passed to the
quantitative analysis.

2.5 Statistical analysis of Quantitative Data

The list of differentially abundant proteoforms was generated using a custom SAS script
(SAS Institute, Cary NC) that employed PROC MIXED to perform an ANOVA analysis of
the normalized intensities between each of the treatment levels. For normalization,
intensities were standardized across each proteoform over all the MS runs belonging to
Sample Set 2. A hierarchical linear model was used that allowed variation in the technical
replicates to be nested within their biological replicates, before testing for an overall fixed
effect difference within the two “treatments” (i.e., CAR vs. TX in this study).

3. RESULTS AND DISCUSSION

Our study design was crafted to compare the proteomes of circulating peripheral blood
mononuclear cells (PBMCs) from kidney transplant recipients that were diagnosed as either
clinical acute rejection (CAR) or transplant excellent (TX). cAR is characterized by elevated
creatinine levels, indicative of kidney dysfunction, and a tissue biopsy confirming acute
rejection (Figure 2); TX means that there was no elevation in creatinine levels and protocol
tissue biopsy showed no signs of acute rejection (Figure 2). Our study consisted of 40 total
patient samples, of which 20 were TX and 20 were cAR. The samples were analyzed in two
sets: Sample Set 1 and Sample Set 2. Each sample set contained 10 TX and 10 cAR. Sample
Set 1 was analyzed in qualitative mode without randomization; Sample Set 2 was analyzed
quantitatively using randomization and linear hierarchical statistical modeling [13]. At the
time these data were collected the minimum amount of protein starting material was 300 pg.
Because each patient PBMC sample yielded on average around 100 pg total protein, samples
were pooled to obtain the required protein starting amount. Protein lysates were fractionated
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by protein size using GELFrEE and the proteoforms below 30 kDa were analyzed intact by
liquid chromatography tandem mass spectrometry using an Orbitrap Elite (Figure 2).

Using a 1% FDR cutoff at the protein level we identified 283 proteins in Sample Set 1 (Table
S1) and 264 proteins in Sample Set 2 (Table S2); combining the two protein datasets yielded
344 unique proteins identified. Using a 1% FDR cutoff at the proteoform level we identified
1,940 proteoforms in Sample Set 1 (Table S3) and 2,108 proteoforms in Sample Set 2 (Table
S4); combining the two proteoform datasets yielded 2,905 unique proteoforms. As a
measure of statistical confidence in proteoform assignment, we included a recently
implemented C-score metric [23] with each entry (Tables S3 and S4). Proteoforms with a C-
score of 40 and above are characterized with high confidence based on an intact mass
matching within 10 ppm and fragment ion spectra distinguishing one proteoform from
others of the same intact mass (e.g. two proteoforms resulting from phosphorylation at
different sites). The number of proteoforms characterized with high confidence (i.e., C-score
>40) was 552 and 639 in Sample Sets 1 and 2, respectively, and all these were assigned
permanent PFR numbers for accessing in the publically-available repository (http://
repository.topdownproteomics.org/). Those interested may download from the top down
repository the list of high confidence proteoforms associated with this study. Collectively,
these results provide new, regularized reporting metrics for proteoforms and the first
inventory of them in human PBMCs.

Because collection of data for Sample Set 2 (10 cAR, 10 TX) was superior in key measures
of technical variation and randomized sample run order (critical in label-free workflows
[13]), we utilized hierarchical linear modeling to look for evidence of differential proteoform
abundance between cAR and TX states. The data are presented as a volcano plot in Figure
3A where each proteoform is a data point, the x-axis is the relative abundance difference
between states, and the y-axis is a measure of confidence that the difference is statistically
significant. There were 30 proteoforms with statistically significant abundance differences
below a 5% FDR for quantification, which corresponds to a -Log instantaneous g-value of
1.3 and above on the volcano plot (Figure 3A). Of these 30 differentially abundant
proteoforms, 27 were identified below a 1% FDR for identification and are thus highly
confident identifications (Table 1); the remaining three were identified below a 10% FDR for
identification. Of the 27 confidently identified proteoforms with statistically significant
differential abundance, 26 were proteoforms of histone H2A elevated in TX and one was a
proteoform of 60S ribosomal protein L36 elevated in CAR (Table 1).

An advantage of hierarchical modeling is the ability to assign variation in proteoform signal
intensity to its proper source[13]. Figure 3B shows the relative contribution of the five
sources of variation in this study. Next to the “Residual” category, which is variation
unassignable to any of the other sources, the largest source of variation was from proteome
fractionation by GELFrEE prior to LC-MS/MS (Figure 3B). Because since the time of
collecting these data we have moved to analyzing the 0 — 30 kDa proteome in a single
fraction, future studies could be void of this source of variation. To increase the number of
proteoforms making the list for future validation studies, and in light of the likelihood that
proteome fractionation is weakening the statistical power of the analysis by introducing
technical variation (Figure 3B), we lowered the stringency of the FDR cutoff for
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quantification from 5% to 25% (Figure 3A, horizontal line). Using this more relaxed cutoff,
there were 111 proteoforms with evidence for differential abundance identified below a 1%
FDR for identification: 11 were elevated in cAR, 100 were elevated in TX, 91 of which were
histone proteoforms (Table 1). The complete list of proteoforms statistically analyzed for
differential abundance can be found in supplemental material, which includes those
additional proteoforms with FDRs for identification between 1% and 10% (Table S5).

Five proteoforms with evidence for differential abundance from hierarchical modeling were
manually examined: unmodified protein S100-P (PFR: 11839), unmodified isoform 2 of
inositol hexakisphosphate kinase 2 (PFR: 18998), a 6.5 kDa proteolytic fragment of
lymphocyte-specific protein 1 (PFR: 18964), unmodified stress-associated ER protein 1
(PFR: 6983), and N-terminally acetylated isoform 1 of Ragulator complex protein
LAMTOR? (PFR: 18202) (Table 1). Total MS? intensity values for each were summed
across the entire Sample Set 2 experiment, including across sample pools within patient
groups (CAR or TX), across GELFrEE fractions, and across technical replicates; the data are
presented as box-and-whisker plots in Figure 4. Although the evidence for differential
abundance for these proteoforms did not pass the 5% FDR cutoff for quantification, but
rather passed the more relaxed 25% cutoff, the summed intensities across the experiment are
consistent with what modeling suggests (Figure 4). MS? intensities for the proteoforms of
protein S100-P, inositol hexakisphosphate kinase 2, and lymphocyte-specific protein 1 were
elevated in CAR patients compared to TX while stress-associated ER protein 1 and Ragulator
complex protein LAMTOR?2 proteoforms were elevated in TX patients compared to cAR
(Figure 4). Manual examination of MS® and MS? spectra verified accurate proteoform
assignment by confirming deconvolutable MS? spectra that align within tolerance with
theoretical isotopic distributions and confirm MS2 fragment ions for proteoform
identification (Figure 5).

Because PBMCs are the effector cells of the rejection process, a snapshot of their
proteoforms in a clinical context is a significant step toward a clearer picture of allograft
pathophysiology. Our data capture the information contained within the intact protein
molecule—including splice variants and post-translational modifications—and, therefore,
provide high molecular specificity and resolution for protein studies. Any subsequent studies
targeting proteins for analysis to better understand PBMC-mediated transplant outcomes
will benefit from the proteoform profiles of PBMCs generated in this work.

Our results are also semi-quantitative; although we used a limited set of patient samples and
pooled them, hierarchical linear modeling coupled to quantitative top down methodology
produced a list of 111 proteoforms with evidence for differential abundance below a 25%
quantitative FDR (Table 1). Of these 111, the five we examined manually showed abundance
changes consistent with the output of statistical modeling (Figure 4). A previous study using
similar samples found upregulation at the RNA level of the Stress-associated ER protein 1
gene in TX and upregulation of a ribosomal protein gene, 60S ribosomal protein L35a, in
CAR [5]. Our data at the proteoform level suggest elevation of a proteoform of Stress-
associated ER protein 1 in TX and two proteoforms of ribosomal genes in cAR (Table 1).
Although a linear relationship between RNA and proteoform cannot be assumed—due to the
many levels of regulation operative on proteins following translation, all of which will
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influence proteoform level—the fact that the direction of change in these three proteoforms
is consistent with the direction of change at the RNA level may suggest an overall pathway
effect. Though a pathway effect is possible, top down proteomics studies such as these are
advantageous as they enable the possibility of proteoform-specific effects be explored[24,
25].

4. CONCLUDING REMARKS

Collectively, our data provide the first proteoform-resolved look at the proteome of PBMCs
of kidney transplant recipients. In addition, employing our label-free quantitative top down
proteomics workflow we forward a set of proteoforms with evidence for differential
abundance between cAR and TX states that can serve as targets for follow-up analysis.
Given that PBMCs are a diverse population of cell types, and assuming validation studies
confirm the trends found here, a valuable next step will be to map which cell types are
responsible for elevated proteoform levels. Such results could advance mechanistic
understanding and may provide new options for non-invasive biomarkers of the rejection
process.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE OF THE STUDY

Transplantation is currently the treatment of choice for end-stage kidney disease. While
transplant offers the potential for significant improvement in quality of life, acute
rejection and ultimate failure of the transplanted kidney still occurs in spite of routine
immunosuppressive therapy. It is hoped that better understanding of the molecular events
underpinning acute rejection will enable new and improved therapeutic strategies to
mitigate the acute rejection burden. Here, we employed top down proteomics to begin
exploration of the intact proteins within circulating peripheral blood mononuclear cells of
kidney transplant recipients with acute rejection and functionally healthy grafts. Our
study provides the first proteoform-resolved dataset of circulating immune cells in the
context of transplant, adding valuable molecular specificity for the field. Our data also
suggest differentially abundant protein molecules between clinical states providing
targets for follow-up analysis.
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Figure 1. Proteins, isoforms, proteoforms, and the naming convention of each
Protein molecules can be discussed using three levels of increasing specificity: protein

identification (far left), isoform identification (middle), and proteoform characterization (far
right). UniProtKB entries are based on accession numbers, which is gene-specific but does
not distinguish between alternative transcripts or molecular variants resulting from post-
translational modification (PTM). UniProt handles the alternative transcripts by introducing
isoform information into the classification, but this is still unable to distinguish different
forms of proteins carrying specific PTMs. The proteoform record (PFR) number carries
maximal molecular specificity by referring to an intact protein molecule’s chemical formula,
including type and location of PTMs. In top down proteomics, confidence metrics for
protein identification by database retrieval are g- or E-values (bottom left); for proteoform
characterization the metric is the C-score (bottom right). “PR0O123” is a hypothetical
protein; “PR0O123-2" specifies a non-canonical isoform of a UniProt entry; “PFR-1" is a
specific proteoform, which contains a glycan modification, and maps to the hypothetical
PRO123 accession in UniProtKB.
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Figure 2. Study design for comparative top down proteomics of peripheral blood mononuclear

cells from kidney transplant recipients

Patients were stratified into two groups by experienced pathologists independently reviewing
pathology to confirm phenotypic assignments. Those with a normal functioning allograft and
protocol biopsy showing no signs of cell-mediated rejection were called transplant excellent
(TX); those with clinical signs of allograft dysfunction (/.e. elevated creatinine in the
circulation) and a for-cause biopsy confirming cell-mediated rejection were called clinical
acute rejection (CAR). In each of two phenotypic states, peripheral blood mononuclear cells
(PBMCs) were collected from ten patients per state. Multiple samples from within each
group were pooled to yield approximately 300 ug of total protein extracted from PBMCs.
Although represented above as three and four samples per pool for illustrative purposes,
actual pool size ranged from two to five samples per pool across the entire study (described
in Materials and Methods). Proteins were resolved by size using GELFrEE, and the resulting
fractions were analyzed by liquid chromatography-mass spectrometry in technical duplicate.
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Figure 3. Relative proteoform abundances between clinical acute rejection (CAR) and transplant

excellent (TX) patients

(A) To each proteoform identified in the dataset (open circle), a linear hierarchical model
was applied to assign sources of variation in signal intensity from across the experiment. The
y-axis (instantaneous g-value) is a measure of statistical confidence that the variation in
signal intensity of a given proteoform is due to the treatment effect (TX vs. CAR) rather than
due to patient variability, GELFrEE fractionation, technical variability, or noise. The x-axis
is the fold change in proteoform abundance between patient groups. The horizontal dotted
line represents a quantitative false discovery rate of 25%, that is, at this instantaneous g-
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value, signal intensity differences are 75% likely to be due to the treatment effect. The
vertical dotted lines represent effect sizes of 1.5-fold above and below a no-change value.
(B) For each proteoform quantified, variation in signal intensity was assigned, as a percent
of the total for that proteoform, to either Treatment (TX vs. cAR), Pooling (biological
replicates, which were pooled patient samples), GELFrEE (fractionation), Tech Rep
(replicate LC-MS injections), or Residual (variation not explained by any of the
aforementioned sources). The data are displayed as box-and-whisker plots, where the first
quartile extends from the bottom line to the bottom of the box; the second quartile extends
from the bottom of the box to the median, which is represented as a horizontal line within
the box; the third quartile extends from the median to the top of the box; the fourth quartile
extends from the top of the box to the top of the line. The average for each category is
represented as an X. To illustrate, if there were only one proteoform quantified, the chart
would have one data point in each category with the percentages across all categories
summing to one hundred.

Proteomics. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Savaryn et al.

Normalized Intensity

9E6

o]
m
[=)]

7E6
6E6
5E6
4E6
3E6
2E6
1E6

Page 16

protein S100-P inositol hexakisphosphate kinase 2 lymphocyte-specific protein 1
PFR: 11839 PFR: 18998 PFR: 18964
1E8 4.5E5,
g = 4.0E5
¢ 187 € 355
g l g3
< <€ 3.0E5]
o 186 B 2565,
2 - = 2.0E5
€ I € 155 E
. S 1 S 1.0E5
0.5E51
: 1E3 0 == |
X cAR X cAR X cAR

stress-associated ER protein1  Ragulator complex protein LAMTOR2

PFR: 6983 PFR: 18202

2.5E7, 3.5E6
g ) 087 E‘ 3.0E6
E ' EZ.SEG
B 1567, B 2.0E6
N N
© ] = 1.5E6
£ 1.0€7 g s
5 . 5 1.0E6 L
2 . 2

0.5E7 . 0.5E6 I

0 : Q 0 |
TX cAR TX cAR

Figure 4. Relative abundance of five proteoforms of interest
For each proteoform, intensity values normalized to the total ion current of each LC-MS

injection were combined across GELFrEE fractions and biological and technical replicates
within a patient group (TX or cAR). The data are represented as box-and-whisker plots,
which are described in the legend to Figure 3B. The range of each dataset and apparent
variability is due to the fact that intensity values from every GELFrEE fraction collected for
each patient pool were considered for each proteoform. See Table 1 for quantitative quality
metrics associated with these proteoforms.
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protein S100-P inositol hexakisphosphate kinase 2 lymphocyte-specific protein 1
(P25815; g-value = 3.9%) (Q9UHH9-2; g-value = 7.83) (P33241-1; g-value = 6.42)
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Figure 5. Tandem MS data for the five proteoforms of interest
Raw spectra are shown, with theoretical MS? overlaid for comparison (theoretical = red:;

observed = black). Protein descriptions and the proteoform record (PFR) number are
included for each set of spectra, along with the UniProt Accession number, g-value for
identification, and C-score for characterization. In the case of lymphocyte-specific protein 1
(PFRI: 18964; upper right), the MS? spectrum was cropped to 6% of the base peak to show
fragment ions; the base peak is unfragmented precursor. Refer to Table S4 for the quality
metrics for identification and characterization associated with these spectra. mMass open
source software [26-28] was used for modeling theoretical isotopic distributions and
comparing to observed data.
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