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Abstract

Top-down proteomics is capable of identifying and quantitating unique proteoforms through the
analysis of intact proteins. We extended the coverage of the label-free technique, achieving
differential analysis of whole proteins <30 kDa from the proteomes of growing and senescent
human fibroblasts. By integrating improved control software with more instrument time allocated
for quantitation of intact ions, we were able to collect protein data between the two cell states,
confidently comparing 1577 proteoform levels. To then identify and characterize proteoforms, our
advanced acquisition software, named Avrornor, employed enhanced identification efficiency in
identifying 1180 unique Swiss-Prot accession numbers at 1% false-discovery rate. This coverage
of the low mass proteome is equivalent to the largest previously reported but was accomplished in
23% of the total acquisition time. By maximizing both the number of quantified proteoforms and
their identification rate in an integrated software environment, this work significantly advances
proteoform-resolved analyses of complex systems.
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INTRODUCTION

In the recent past, top-down mass spectrometry has been relegated to analysis of individual
intact proteins or simple mixtures. Meanwhile, complex mixtures were digested and
analyzed by more established methods such as bottom-up proteomics. Even after pairing
with liquid chromatography, top-down mass spectrometry only identified the highest
abundance proteins with confidence.! However, an overhaul of the top-down proteomics
(TDP) platform elevated the overall technique to a position where high numbers of
identifications are now possible.2 Recent advances in TDP can largely be attributed to
improved protein separations, faster mass spectrometers, and computing solutions capable of
processing hundreds of data files.3=

While TDP can be operated in a high throughput mode to achieve the largest possible
proteome coverage, the rate of identifying new proteins and proteoforms® after initial rounds
of data collection reduces sharply.> The operation of current mass spectrometers has an
inherent role in this TDP limitation because acquisition is not directed based on previously
collected information. Recent instrumental improvements have led to faster scan times to
boost peptide identifications, but this has not solved the challenge of obtaining tandem MS
data of whole proteins over a broad dynamic range.’ Electrospray of denatured, intact
proteins produces a multitude of charge states that hampers straightforward approaches to
detect and characterize low abundance proteoforms. Also, longer scan times and high target
ion requirements of whole proteins limit the speed that mass spectra can be acquired. For
these reasons, protein identification and proteoform characterization in TDP suffer from a
dynamic range challenge where the same highly abundant species are repeatedly
fragmented. Mass (not m/z) based inclusion and exclusion lists, especially when integrated
into the acquisition software, are valuable to facilitate targeted analysis of lower intensity
proteins over the course of a multiweek project. Through exclusion of previously acquired
proteins, different charge states of the same protein can be avoided, and the instrument can
focus on new protein signals. However, an exclusion list is not sufficient to reveal low
abundance proteoforms. While instruments can make very sensitive measurements of intact
proteins and their fragment ions, they must be directed to do s0.® Acquisition software
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supplied by instrument vendors is largely designed for bottom-up workflows and therefore
does not contain capabilities to obtain tandem mass spectra on low abundance signals in a
proteoform-resolved fashion. Instead, acquisition modes such as data-dependent, data-
independent,” MSE,10 and others including decision trees!! are popular methods for peptide
data acquisition. Meanwhile, significantly less focus has been placed toward automating
whole protein tandem MS by online®1? or offline analysis.!3 With all of these
considerations in mind, a software package named Aurorior was recently developed with
project-wide target/exclusion lists, real-time database searching, and optimized
fragmentation during individual LC-MS runs.8

With intact protein identification now robust and headed toward “deep” coverage of the
proteome <30 kDa, the move toward quantitative operation is a clear next step in the
evolution of TDP. The combination of high-quality differential MS that is proteoform-
resolved now offers a new view of molecular mechanisms and markers of disease without
“blurring” the proteomic picture through digestion. Initial forays into top-down quantitation
(TDQ) in a label-free format for differential analyses have shown promise.!4-16 Our group
reported changes to over 100 yeast proteoforms using a platform for TDQ based on a label-
free approach.!” Additionally, the release around the same time of other comparative studies
on the human saliva proteome, '® apolipoproteins,'4 and Salmonella typherium? signals that
differential TDQ MS will be viable to deploy in the near-term future. Most recently, a study
was released detailing TDQ of 982 proteoforms from patient-derived breast tumor
xenographs. 1

We sought a cell-based system with pervasive phenotypic and morphological changes on
which to benchmark our qualitative and differential top-down capabilities. Of interest here
are human IMR90 fibroblasts, which undergo oncogene-induced senescence (OIS) upon
induction of a constitutively active form of H-Ras.29 While cellular senescence is a
permanent cell cycle arrest typically associated with aging,2! the phenomenon can also arise
from various stressors. Cell cycle arrest upon oncogene introduction is a form of inherent
resistance toward tumorigenesis in many cell types and, indeed, the onset of senescence in
cells antagonizes tumorigenesis.22 The senescence program makes cells enlarge and flatten,
with large scale heterochromatin formation in the nucleus accompanied by metabolic
reprogramming of primary metabolism as reported by us and another group in 2013.23-24
OIS is initiated by complex signaling pathways that lead to downstream changes in

25-27

transcription and proteomic alterations, generating interest in determining the protein

and modification dynamics operative in the senescence program.

To interrogate proteoform-level dynamics in cellular senescence, Avrorwor® was improved
and deployed to study OIS more efficiently than before in part by linking quantitative, then
qualitative proteoform analyses. Here, Aurornor produced the largest quantitative study by
TDP to date, exceeding the number of confidently quantitated proteoforms in the seminal
paper by over 10-fold while making protein identification >4-fold more efficient than prior
work on the system.?
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MATERIALS AND METHODS

Cell Culture

Primary IMR90 human fibroblasts containing an ER:Ras fusion construct were grown
adherently in Dulbecco’s modified Eagle’s medium (Sigma, St. Louis, MO) supplemented
with 10% fetal bovine serum and 1% penicillin—streptomycin. Cells were treated with 100
nM 4-hydroxytamoxifen (4-OHT) to induce H-RasV12 expression and thereby
senescence.?8 Adoption of OIS occurred after 7 days of Ras expression and was confirmed
by a senescence-associated fgalactosidase staining protocol described previously.2?
Typically, 80-90% of cells exhibited senescent markers after 7 days of treatment with 4-
OHT (Figure 1).

Sample Preparation

IMROO0 cells were trypsinized and centrifuged at 270 x g for 5 min to pellet cells. The pellet
was washed once with phosphate buffered saline and centrifuged again. The cells were
differentially centrifuged into cytoplasmic and nuclear fractions.3? Briefly, cells were
resuspended in a buffer composed of 250 mM sucrose, 10 mM Tris-HCI pH 7.4, and 0.1
mM EGTA followed by homogenization with ~100 strokes of a Teflon homogenizer. The
mixture was centrifuged at 2500 x g for 15 min to remove nuclei. The supernatant after
centrifugation contained the cytoplasmic proteins. Fractions were lysed in 10 mM Tris-HCl
pH 7.8, 4% SDS, 1 mM dithiothreitol, 10 mM sodium butyrate, and a cocktail of protease
inhibitors (Thermo Pierce, Rockford, IL). The samples were vortexed and boiled for 10 min.

Lysed samples were acetone precipitated and resuspended in 1% SDS. Approximately 300
ug of protein was loaded per lane of a GELFREE 8100 Fractionation System (Expedeon,
Harston, Cambridgeshire, UK). For high-throughput TDP, 10% GELFREE 8100 columns
were used for molecular weight separation of nuclear and cytoplasmic fractions. The
platform for label-free TDQ employed 8% GELFREE 8100 cartridges for collection of
proteins <30 kDa into a single fraction as previously described.!” GELFrEE (gel-eluted
liquid-fraction entrapment electrophoresis) fractions were visualized by loading 1/20 of the
volume of each fraction onto an SDS-PAGE gel and silver staining the gel.3! Prior to MS
analysis, all fractions were precipitated with a MeOH-CHCl3-H;O mixture to remove SDS
detergent.32 Precipitated protein was resuspended in 30-40 uL of Buffer A composed of
95% mass spectrometry-grade water, 4.8% acetonitrile, and 0.2% formic acid.

Liquid Chromatography—Mass Spectrometry Settings

Proteins were analyzed by nanoRPLC-MS/MS. For each TDP LC injection, 6 uL. was
loaded onto a trapping column (detailed below) with a Dionex Ultimate 3000 RSLC system
(Thermo Fisher Scientific, Sunnyvale, CA) and washed with Buffer A for 10 min at 3 uL/
min. The 90 min LC gradient used was previously described.? Aurorior-based identification
used PLRP-S media (Agilent, Santa Clara, CA) packed in-house into 2 cm long x 150 yum
inner diameter trapping columns coupled to 10 cm long X 75 ym inner diameter analytical
columns. Alternatively, the TDQ platform utilized 2 cm Dionex Pepswift trapping columns
and monolithic Thermo Dionex RP-4H analytical columns (100 gm ID x 50 cm long) at a
flow rate of 1 uL/min and heated to 35 °C. Samples were loaded and washed for 3 min at 10
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uL/min. The gradient was the same as for the TDP runs. Electrospray tips were packed with
<1 cm of PLRP-S media to reduce bubble formation and promote stable ESI. An Orbitrap
Elite (Thermo Fisher Scientific, San Jose, CA) collected all MS data. Xcalibur was the
acquisition platform for TDQ quantitative scans where only MS! was performed. Avrorror
acquired all TDP data. Parameters for Auvroror were as outlined previously.3

Top-down Proteomics Data Acquisition and Analysis

Data acquisition was performed by Auvrorior, which has been presented in detail previously.®
The precursor and fragmentation spectra were analyzed with Xtract (Thermo) for mass
determination of intact proteins and fragment ions, respectively. Database searches by
Avurorior utilized the “absolute mass mode” for searching MS! and MS? mass values against
a “simple” database of 148 641 candidate proteoforms created from a human Uniprot
flatfile. The simple database is created using the Database Manager tool in ProSightPC 3.0
from the “naked sequences” of all isoforms listed in the UniProt flatfile, allowing only for
N-terminal acetylation and N-terminal Met cleavage as possible PTMs. The absolute mass
mode search gathers all candidate proteoforms within a precursor mass tolerance for
searching. The search tolerance for Aurornor was 250 Da. Data sets occasionally do not
match any candidates within this small window size. Further offline processing employed
larger, more computationally intensive searches in an effort to garner confident
identifications for these unidentified species. To accomplish searches where large MS!
window sizes are used (e.g., 2000 Da), a distributed version of ProSightPC 3.0 on a 168-
node computing cluster was used. Cluster searches were performed as described previously,
with the lone deviation an addition of a Gene-Restricted Biomarker (GRBM) search after the
absolute mass searches narrowed the number of possible candidates. The GRBM search

2

mode seeks to characterize proteoforms araising from unknown proteolytic events using all
subsequences derived from a single gene, previously identified through an absolute mass
search. Performing a GRBM search can add an additional degree of specificity in the quality
of characterization for previously identified gene products, usually localizing the termini of
the truncated proteoform with single amino acid resolution. This addition of the GRBM
search used no restriction of the MS! window size. The “complex” database contained 21
624 023 candidate proteoforms, generated using a far greater number of sources of protein
variation curated in the Swiss-Prot database, with up to 14 PTMs (or known
polymorphisms) for each isoform listed in an individual accession number. Instantaneous
protein-level FDR calculations were performed as described previously using scrambled
decoy databases and a procedure that assigns a g-value to each identification.3

Top-down Label-Free Quantitation (TDQ) Platform

In the workflow implemented here, the quantitated samples contained proteins grouped by
size from ~5-30 kDa using the first fraction collected from a GELFrEE separation run with
an 8% T gel. For differential analysis of the two fibroblast populations, three biological and
6-7 technical replicates were analyzed by quantitative nanoRPLC-MS in randomized order.
The technical replicates obtained from a given population of cells (i.e., senescent or control)
were analyzed with only precursor scans and no fragmentation. The applied resolution was
120 000 (at 400 m/z) with 15 uscans for each MS! scan. Following quantitative data
collection, statistical analysis with a linear hierarchical model calculated proteoform fold-
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differences, assigning variation to the technical process and scoring proteoform changes in
the system.33 The output of quantified proteoforms was visualized using a volcano plot
representation. Results better than a 5% FDR cutoff were called confident quantitative mass
targets (QMTs).!7 Follow-up LC-MS/MS runs directed by Auvrorior then performed
proteoform identification. Identifications were linked to QMTs through 10 ppm intact mass

tag searches.

Western Blot

Growing and senescent cells were washed with PBS and separately lysed in lysis buffer as
detailed above. Crude lysate underwent one freeze/thaw cycle and was further disrupted by
sonication. Protein concentration was normalized by BCA, samples were resolved by SDS-
PAGE using a 4-20% gel (Bio-Rad), and protein was transferred to a PVDF membrane. The
immunoblots used monoclonal antibodies against ERH (rabbit, Abcam EPR10830[B]) and
alpha-Tubulin (mouse, Sigma, T9026) incubated overnight at 4 °C in ratios of 1:1000 and
1:2000, respectively. Blots were probed with HRP-conjugated antibodies to mouse (1:20
000) and rabbit (1:10 000) and visualized with the chemiluminescent reagent SuperSignal
West Femto Maximum Sensitivity Substrate (Thermo Scientific) using a Bio-Rad
ChemiDoc XRS imaging system. All blots were performed in triplicate.

RESULTS AND DISCUSSION

Large-Scale Implementation of Top-down Quantitation in a Label-Free Format

Previous TDQ data were acquired with a mass spectrometry method where two of every
three scans recorded fragmentation spectra for protein identification (i.e., a “data-dependent
top two” method).!7 In LC-MS/MS runs using such acquisition logic, only 25% of
instrument time is spent acquiring MS! scans on proteoforms (Supplemental Figure S1). To
improve the quality of quantitative information derived from MS! scans, we removed
tandem MS? scans entirely and implemented full scan-only LC-MS runs (Figure 1, top
right). Subsequently, optimized MS2 scans were performed on replicate samples by Auvrornor
(Supplemental Figure S2) after data sets for label-free quantitation were collected and
processed (Figure 1, bottom right). From replicate analyses of cytoplasmic extracts from
human fibroblasts using “MS!-only” runs, the levels of 1955 QMTs were determined after
comparison of control growing cells to those undergoing OIS following Ras expression
(Supplemental Figure S3A). Induction of senescence was confirmed after 7 days of
treatment with 4-OHT by senescence associated /-galactosidase (SA-f-gal) positive staining
(Figure 1, top left). Treated cells exhibited 87% SA-f-gal positive cells, while untreated
cells displayed 10% positive cells. Overall, 1038 of the 1955 total QMTs (i.e., proteoforms)
exceeded the arbitrary threshold of a 5% instantaneous FDR, meaning their g-value was
<0.05 (see Figure 2A). The mass values of these 1,038 QMTs were used to match to known
identifications in the same cells determined by tandem MS within a 10 ppm tolerance
(Figure 2A, yellow circles; Supplemental Table S1). In all, 751 identifications were made
from the pool of 1038 QMTs with a confidence level of 5% FDR or better.

Of the 751 identified proteoforms that were confidently quantified, one form of enhancer of
rudimentary homologue (ERH) was downregulated 3.6-fold in senescent cells (Figure 2B

J Proteome Res. Author manuscript; available in PMC 2017 March 04.



1duiosnuey Joyiny 1duosnuepy Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Durbin et al.

Page 7

and Supplemental Figure S3A, right). ERH has previously been implicated in regulating
nuclear gene expression and downregulation was shown to produce inverted KRas
signatures.3* As such, regulation of ERH may play a role in the senescence program brought
on through oncogene expression. The downregulation of the ERH protein family has also
been confirmed by Western blot (Supplemental Figure S4). Two other proteoforms with
even larger differential abundance changes in senescence are highlighted in Figure 2.
FAM107B isoform 1 (Figure 2C) displayed a nine-fold decrease in OIS, while guanine
nucleotide-binding protein (Figure 2D) was upregulated six-fold; the metrics of confidence
associated with these fold changes are reported and explained in the caption of Figure 2.

From the nuclear fraction of fibroblast cells, 1407 QMTs were determined to be
differentially expressed after data analysis (Supplemental Figure S3B). Of these, 539 were
found at, or better than, the 5% FDR confidence level (Supplemental Table S2). Cystatin-B,
previously associated with senescence, was increased by ~2-fold (Supplemental Figure S3B,
far right).33 Additionally, 35 proteoforms of histone proteins H2A, H3, and H4 were
quantified, with proteoforms from each of the three histone H3 isoforms independently
tracked in a gene-specific fashion (i.e., H3.1, H3.2, and H3.3; see Supplemental Table S2).
Along with histones, members of the HMG protein family are highly modified nuclear
proteins. Acetylation, methylation, and phosphorylation are often present on histone and
HMG proteins,® creating multiple proteoforms, which were identified and quantitated.
Several proteoforms of HMGA, a protein previously shown to promote senescence-
associated heterochromatin foci formation, had changed expression abundance
(Supplemental Figure S5).37

To our knowledge, the scale of this study represents the largest report of differential top-
down proteomics run in discovery-mode.!” Performing MS? for protein identification only
after quantitative data were collected enabled four-fold more instrument time (compared to
data-dependent acquisition) dedicated to MS! scans; this increased the number of MS!
measurements for eluting species, improved signal-to-noise ratios (S/N), and translated into
both a greater number of QMTs and improved metrics of their statistical confidence (i.e.,
lowered g-values). Additionally, the incorporation of the monolithic nanocapillary columns
into our LC step provided high reproducibility, sharp peak shapes, and reduced carryover
between runs compared to our last report.1”

Aurorior Improves Efficiency of Qualitative Analysis by ~4-Fold

To maximize the efficiency of TDP (as defined by the number of LC-MS runs required to
reach a certain level of proteome coverage), Auvrorror was applied to GELFrEE fractions
from prefractionated whole cell extracts. Both growing and 4-OHT treated IMR90
fibroblasts were divided into cytoplasmic and nuclear fractions by differential
centrifugation. After each fraction was separated by molecular weight using GELFrEE, the
fractions were composed of proteins in ~4-5 kDa windows (e.g., 10-15 kDa; see
Supplemental Figure S6).3% From a total of 98 LC—MS runs controlled by Avrorior and
collected in less than 1 week of instrument time, we generated a total of 1599 protein
identifications (defined as unique UniProt accession numbers at 5% FDR, see Supplemental
Table S3 for all unique proteoforms identified). The subcellular localization, as predicted by
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Gene Ontology, of the proteins identified is provided in Supplemental Figure S7A. The
number of proteins localized to the nucleus and mitochondria was 497 and 312 proteins,
respectively. The specific localization of proteins from the nucleus and mitochondria is
shown in Supplemental Figure S7B,C. Only GELFrEE fractions with proteins under 30 kDa
were injected, and all mass determinations were made by algorithmic interpretation of
resolved isotopic distributions.

Initial database searches were performed in real-time by Auroror during LC-MS data
acquisition.® Overall, 1157 unique proteins were found by these online searches. A small,
250 Da search window was used for real-time searches with Auvroror to maintain pace with
instrument acquisition. After runs were completed, absolute mass searches with far larger
MS! windows for error tolerance found 1582 total unique proteins below a 5% FDR cutoff
(P-Score <6.1 x 1078), while gene-restricted Biomarker type searches (“GRBM”) led to 701
total proteins below FDR cutoff (P-Score <6.2 x 10~12). For the 701 proteins identified by
GRBM searching, 684 over-lapped with absolute mass identifications (Figure 3A). At 1%
FDR, 1180 unique protein identifications were identified. From this set, 1148 proteins were
found through absolute mass searches (596 unique), and 584 proteins were found by GRBM
searches (32 unique). The number of unique protein identifications <30 kDa is nearly
equivalent to the largest previous TD study (1598 unique human accession numbers <30
kDa at 5% FDR).2 That study employed 423 LC-MS/MS runs to reach that level of
coverage, whereas we achieved 100% of the number of identifications in under 25% of the
number of comparable LC runs (Figure 3B). The ~4-times increase in efficiency can be
attributed to the presence of project-wide exclusion lists, improved fragmentation of
unidentified proteins, and SIM scans to detect low abundant species in Aurorior-based
acquisition.®

The use of GRBM searches interrogates all subsequences of candidate proteins. GRBM
searches were utilized to find proteoforms that arise from proteolytic clipping of fragments
shed from larger proteins >30 kDa that would not be confidently identified by normal error-
tolerant database queries. With this method of search, a truncated form of transgelin was
discovered through GRBM searching, whereas originally only fragment ions from one
terminus had been matched (Supplemental Figure S8). Several instances of GRBM search
results led to the identification of proteins that did not clear the FDR cutoff when searched
in absolute mass mode. In Supplemental Figure S9, coatomer subunit -1 was identified
after 11 y-ions were matched following removal of the two C-terminal residues of the
protein. The additional matching fragment ions substantially improved the P-Score from 3.1
x 1076 (which corresponds to a g-value not making the FDR cutoff for absolute mass
searches) to 7.5 x 10725 (well below the FDR cutoff for identification by GRBM-type
searches). Also, several GRBM searches with better fragmentation coverage were found
even though the detected intact mass was within a small error tolerance from the theoretical
mass of the full protein. For example, ATP synthase subunit & gave multiple GRBM hits
with strong results (Supplemental Figure S10). These hits correspond to internal fragment

ions, which can supply additional information to support proteoform characterization.3%:40
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CONCLUSION

Several improvements to data acquisition for whole protein LC-MS were demonstrated here
in a human senescence model. The result was substantially increased efficiency for
collection of differential data on thousands of proteoforms in discovery mode. Overall, one
of the largest TDP studies to date was completed in four-fold less acquisition time than
previously required, making TDP acquisition more viable in terms of instrument and
personnel commitment. As robust platforms for label-free top-down quantitation continue
their evolution, proteoform-level differences can now be measured with a quantifiable
metric of confidence. The use of MS!-only runs in this work, followed by Auvrorwor-directed
MS? on subsequent injections (with HCD energy optimized in real time), sharply improves
the entire process of TDQ and TDP.

What remains to be understood is the intrinsic value of “the proteoform” in basic and
clinical research. One seeks to increase the effciency of translating MS-based proteomics
data into clinical advance and functional insight. While the value proposition of proteoform-
resolved measurement is cloudy at the moment, this work advances the ongoing shift in TDP
from a qualitative to a quantitatively enabled experiment. Most recently, a noteworthy
example of this shift was observable. In the Ntai et al. publication, patient-derived
xenographs from different breast cancer subtypes were analyzed by TDQ to uncover post-
translational modification patterns not observable by bottom-up proteomics.!® With the
recent technology advances, researchers can now maximize proteome coverage and
proteoform characterization on large sets of quantitative proteoform-level data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The process of TDQ and intelligent identification of differentially modified proteoforms

from senescent versus control cells. Senescence was induced in growing (Gr) IMR90
fibroblasts by oncogenic Ras expression and verified by positive SA-/gal staining (top left).
Error bars are standard deviation. After positive senescent cells were obtained, growing and
Ras-induced senescent (R or RIS) cells were separated by molecular weight using GELFrEE
(visualized using a silver-stained slab gel, bottom left). Fractions containing <30 kDa
proteins were analyzed by Fourier transform mass spectrometry. (Top) First, MS!-only
spectra were acquired and processed through a linear statistical model. Fold-changes in
proteoform abundance between senescent and growing cells were displayed in a volcano
plot (upper right). (Bottom) Aurorror acquisition generates confident identifications of
previously quantitated proteoforms by tandem MS. Identification-centric runs were
performed only after all proteoform quantitation was complete.
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Figure 2.

Top-down quantitation yields changes in abundance of 1038 cytoplasmic proteoforms. (A)
Differences in proteoform abundance are mapped according to their log, fold change (x-
axis) and the —log( of a confidence metric (y-axis) best described as an instantaneous FDR
(also called a g-value). The dotted line indicates the arbitrary 5% FDR threshold (i.e., ¢-
values of 0.05 and below). Negative values on the x-axis signify a decrease in the level of
the proteoform in senescence, while positive values indicate an increase. Each QMT/
proteoform is indicated with a dot, with the identified QMTs denoted by a yellow color. The
three large circles are selected examples highlighted in panels B-D. (B) A proteoform of the
enhancer of rudimentary homologue (P84090) was downregulated by 3.6-fold in OIS
compared to growing cells; the g-value associated with this observation was 0.00005, which
converts via —log;g into 4.3. (C) One of the largest decreases in senescence was nine-fold,
observed with a g-value of 0.0016 for Isoform 1 of FAM107B (large green circle; Q9H098).

J Proteome Res. Author manuscript; available in PMC 2017 March 04.




1duiosnuey Joyiny 1duosnuepy Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Durbin et al.

Page 15

(D) Guanine nucleotide-binding protein subunit gamma-5 (GBGS; P63218) was upregulated
6.1-fold in senescence with a g-value of 5.0 x 10719 (or converted via —logj, 9.3). In the
box and whisker plots, the first and third quartiles are the ends of the boxes with the median
included. The whisker demarcate the minimum and maximum data points for the

proteoform.
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Figure 3.
Advanced Aurornor acquisition confidently identified 1599 unique Uniprot accession

numbers from one subcellular fractionation experiment. (A) Multitiered searching was
utilized to maximize total proteome coverage. Absolute mass searches (windowed search
type based around intact mass) yielded 1555 identifications <30 kDa at a 5% FDR threshold.
Through additional GRBM searches aimed at improving proteoform characterization, 44
new proteins were identified, while 653 were shared. The main goal of GRMB searching
was to improve proteoform characterization. (B) A comparison of the number of confident
identifications found under 30 kDa between this study and a previous one is shown.2
Additionally, a comparison of the number of LC-MS runs needed to achieve each set of
results reveals the same number of protein identifications were obtained in 1/4 of the time.
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