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phosphoproteomic analysis

Table 1. Number of Identified Proteins in Each Chromosome
proteomic analysis
CRC SW480 +
neXtProt total tissue_1 HCT116 SW620
Chr.1 2065 1171 808 767 611
Chr.2 1241 753 516 481 416
Chr3 1074 642 445 428 360
Chr.4 762 412 267 251 185
Chr.5 870 508 339 319 285
Chr.6 1781 569 398 347 302
Chr.7 944 S1l 364 319 308
Chr.8 ZL7 402 270 263 196
Chr.9 821 458 312 294 229
Chr.10 763 434 298 300 254
Chr:11 1314 660 477 447 388
Chr.12 1030 603 399 409 330
Chr.13 326 194 140 127 114
Chr.14 626 400 283 252 218
Chr.15 615 353 237 234 181
Chr.16 837 508 341 333 260
Chr.17 1170 678 437 484 399
Chr.18 274 161 102 112 74
Chr.19 1418 707 479 471 362
Chr.20 552 313 223 194 182
Chr.21 254 103 78 68 64
Chr.22 464 262 187 182 153
Chr.X 869 369 261 222 222
ChrY 58 6 4 2 1
NA® 101 73 30 17
total 20845 11278 7735 7333 6108

“Not applicable in neXtProt.

CRC SW480 + CRC tissue 2 CRC tissue_2
tissue_1 HCT116 SW620 non-tumor tumor

356 494 554 568 598
259 305 378 371 414
209 275 310 321 341
126 178 176 210 224
168 210 249 25§ 281
186 233 260 272 291
160 204 269 244 253
125 177 188 176 199
161 197 212 230 225
131 186 223 232 245
227 299 340 352 360
207 274 296 294 316
62 80 97 87 99
132 166 180 203 210
121 163 184 174 197
159 230 245 236 258
239 330 339 347 361
S0 67 64 70 77
253 336 332 341 369
119 137 151 138 160
36 41 S1 47 53
93 109 123 129 130
120 144 189 175 188
1 0 0 1 2
11 11 17 18 16
3355 4352 5427 5491 5867

stable isotope amino acids (lysine and arginine). HCT116 has a
mutation in codon 13 of the ras protooncogene, while SW480
and SW620 have a mutation in codon 12. Among 8305 proteins
and 28,205 phosphopeptides, 472 proteins and 2547
phosphopeptides showed >2-fold differences between meta-
static and non-metastatic tissues and cell lines (either
upregulated or downregulated).

A total of 20,845 proteins have been registered in the
neXtProt database. Proteins identified in this study were
referred to the database and accounted for 53.6% (11,177/
20,845) of all the proteins registered in the neXtProt database;
their chromosomal locations are shown in Figure 3 and Table
1. Of the proteins registered in the neXtProt database, the
expression of 14,612 proteins (70.1% of the total of 20,845
proteins) has been confirmed by mass spectrometry or
antibody assay (protein level 'yes'), whereas 10,649 proteins
(51.1% of the total of 20,845 proteins) have been identified
only by MS analysis (proteomic level 'yes') (Table. 2). Cross-
checking the 11,278 proteins identified in this study with the
neXtProt database revealed 1,145 proteins currently lacking
evidence of protein expression by mass spectrometry or

Table 2. Number of Proteins Identified at the Protein or
Proteomic Level

evidence neXtProt this study
protein level yes 14612 10032
no 6233 1145
proteomics level yes 10649 8144
no 10196 3033

antibody assays, and 3,033 proteins lacking evidence by mass
spectrometry. These “missing proteins (protein level = no and
proteomic level = no)” are listed on a chromosome-by-
chromosome basis (Figure 4).

In contrast, 28,205 phosphorylation sites were identified
(Supplementary Table S). When these phosphopeptides were
cross-checked with the PhosphoSitePlus database, 15,353
registered phosphorylation sites were identified, or 12.2% of
all registered sites in PhosphoSitePlus (15,353/125,433). Of
these, 12,852 sites were not registered in PhosphoSitePlus
(Figure SA). The chromosomal locations of these phosphor-
ylation sites are shown in Figure SB. In order to verify the
accuracy of the identified phosphopeptides, lysine at the C-
terminus of two peptides (LYNSEESRPYTNK, SASQS-
SLDKLDQELK) was labeled by stable isotope (**Cq N,).
The SIS peptides were added to the extract of colorectal cancer
tissue, and annotated mass spectra and extracted ion chromato-
gram data of SIS peptides were compared to those of
nonlabeled endogenous peptides (Supplementary Figure 1).

Non-quantitative analyses were also performed using pooled
colorectal carcinoma tissues and tumor-adjacent normal tissues
5—10 cm remote from the tumor. To investigate the association
between phosphoproteins and biological function, gene
ontology analysis was performed by using Ingenuity Pathway
Analysis (IPA) software. Specifically identified phosphoproteins
in normal (636 proteins) and carcinoma tissues (1020
proteins) were also analyzed by IPA. Molecular functions
involved in cell cycle (normal = 9 proteins, tumor = 132
proteins; p < 0.01 Fisher’s exact test) and DNA replication
(normal = 1S proteins, tumor = 106 proteins ; p < 0.01)
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Figure 4. Chromosomal distribution of the identified proteins (gray) and total registered proteins (black) in the neXtProt database with no evidence
of expression at the protein level (A) and at the proteomic level (B).
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Figure 5. (A) Overlap between phosphorylation sites identified in this study and those
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Chromosomal distribution of the identified previously unreported phosphorylation sites (gray) and total registered sites (black).
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functions were more abundant in cancer tissues than in normal
tissues (Supplementary Figure 2).

B DISCUSSION

The objective of C-HPP is to map and annotate all protein-
coding genes on each human chromosome. C-HPP also
prioritizes particular protein subsets such as post-translational
modifications (PTMs) and low-abundance proteins. Thus, we
have integrated proteomic and phosphoproteomic data
obtained from a shotgun analysis using human cancer tissue
and cell lines prepared for various purposes. We have integrated
quantitative and non-quantitative data; quantitative analysis was

performed for the relative quantification between metastatic
and non-metastatic colorectal carcinoma samples, while non-
quantitative analysis was performed to compare the tumor and
normal tissues. As a result, we identified 11,278 proteins, 8,305
phosphoproteins, and 28,205 phosphorylation sites, and their
chromosomal locations were defined using the neXtProt
database. Furthermore, we were able to identify 3,033 missing
proteins that currently lack evidence by mass spectrometry and
12,852 unknown phosphorylation sites that are not in the
PhosphoSitePlus database.

Currently, the research group with the most advanced mass
analysis system can identify over 10,000 proteins in a single
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analysis run and identify about 50% of the proteins in their
comprehensive analyses using multiple cell lines.”® Additionally,
the number of phosphorylation sites identified has exponen-
tially increased,” largely due to improvements in phosphopep-
tide enrichment methods such as IMAC'® and TiO, affinity
chromatography.® A phosphoproteomic study of HeLa cells
identified more than 65,000 phosphopeptides using a
combination of phosphopeptide enrichment and SCX
chromatography.”® Several phosphoproteomic studies using
tissue samples have been reported and have identified 5,195
phosphopeptides from human dorsolateral prefrontal cortex*®
and 5,698 phosphorylation sites from tumor tissues of
melanoma model mice.”” In our study, we identified 11,278
proteins and 28,205 phosphorylation sites; some had been
identified in previous reports, but a number of the proteins and
phosphorylation sites are not listed in the neXtProt or
PhosphoSitePlus databases. Since mass analysis systems are
rapidly becoming more powerful, in the future an individual
research group may be able to identify all the proteins in the
human genome in one analysis. However, in order to build an
extensively annotated proteome database, which is one purpose
of the C-HPP project, it is necessary to combine the analyzed
data of various samples from many research groups.

Our analysis increased the number of identified proteins by
combining the results of proteome analysis and phosphopro-
teome analysis on identical samples. Even using commonly
studied cell lines, combining the results of post-translational
modification analysis and analysis of fractionated samples will
increase the number of identified missing proteins. The data
presented here are based on relative quantification, and thus to
confirm protein expression and examine protein abundance and
localization, validation using antibodies or selected reaction
monitoring (SRM) is required. Such validations will benefit
from information on the identified cell line, sample preparation
methods, MS analysis data, and the sequences of the identified
peptides/phosphopeptides. We and other researchers, including
Muraoka and colleagues,”® Narumi and colleagues (unpub-
lished data), and Kume and colleagues (unpublished data), are
currently using a strategy for large-scale proteomics and SRM-
based validation to discover biomarkers for various diseases and
aim to obtain additional proteomics data by SRM validation
and quantitation that will be integrated into the C-HPP project.

B ASSOCIATED CONTENT

© Supporting Information

Annotated mass spectra and retention time data from liquid
chromatography; results of phosphoproteomic analysis in
normal and carcinoma tissues; lists of identified proteins and
peptides by phosphoproteomic and proteomic analysis; list of
identified phosphorylation sites. The mass spectrometry
proteomics data have been deposited to the ProteomeXchange
Consortium  (http://proteomecentral.proteomexchange.org)
via the PRIDE partner repository” with the data set identifier
PXDO000089. This material is available free of charge via the
Internet at http://pubs.acs.org.
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ABSTRACT: The Chromosome-centric Human Proteome Project (C-
HPP) aims to define all proteins encoded in each chromosome and
especially to identify proteins that currently lack evidence by mass
spectrometry. The C-HPP also prioritizes particular protein subsets such
as membrane proteins, post-translational modifications, and low-
abundance proteins. In this study, we aimed to generate deep profiling
of the membrane proteins of human breast cancer tissues on a
chromosome-by-chromosome basis using shotgun proteomics. We
identified 7092 unique proteins using membrane fractions isolated from
pooled breast cancer tissues with high confidence. A total of 3282 proteins
were annotated as membrane proteins by Gene Ontology analysis, which
covered 45% of the membrane proteins predicted in 20859 protein-
coding genes. Furthermore, we were able to identify 851 membrane
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proteins that currently lack evidence by mass spectrometry in neXtProt. Our results will contribute to the accomplishment of the
primary goal of the C-HPP in identifying so-called “missing proteins” and generating a whole protein catalog for each

chromosome.

KEYWORDS: missing protein, shotgun proteomics, membrane protein, neXtProt, chromosome, C-HPP

B INTRODUCTION

Completed in 2003, the Human Genome Project (HGP) was a
13-year project coordinated by the U.S. Department of Energy
and the National Institutes of Health." The project was to
identify all of the approximately 20 000—25 000 genes in human
DNA."* Results were published as the human genome database.
The age of whole-genome sequencing has made the research field
of proteomics possible. In 2008, the Human Proteome
Organization (HUPO) developed a strategy for the first phase
of the human proteome project (HPP). The C-HPP is one
component of the HPP and focuses on constructing a proteomic
catalog in a chromosome-by-chromosome fashion and aims to
define the full set of proteins encoded in whole-chromo-
somes.>™> The initial goal of the C-HPP is to identify and
characterize proteins that currently lack MS evidence, referred to
as “missing proteins” , in neXtProt, a new human protein-centric
knowledge platform.® “Missing proteins” are likely due to their
very low-abundance and/or absence of expression in given cells
or tissues. Thus, more in-depth proteomic studies of cell lines
and patient tissues are needed.

The C-HPP also underscores the mapping of particular
protein subsets such as membrane proteins and/or post-
translational modifications. Membrane proteins are of great
interest, particularly because they could be key biomarkers for
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early diagnosis, progression of diseases, and suitable drug targets;
however, there have been difficulties in enrichment/solubiliza-
tion and also subsequent protease digestion in membrane
proteome analysis.”° Recently, several protocols have been
reported to increase the solubilization and digestion of proteins,
which has greatly unproved membrane proteomic analysis of
cells and tissues. "

In this study, to generate a chromosome-based membrane
protein list, we integrated membrane proteomic ana1y51s data
from human breast cancer tissues with previous data'? and
analyzed with Proteome Discoverer and Database for
Annotation, Visualization and Integrated Discovery (DAVID)
Bioinformatics Resources followed by chromosome-based
categorization using the neXtProt database.

B MATERIALS AND METHODS

Human Tissue Samples

Tissue samples were obtained from 18 patients with high-risk or
low-risk MammaPrint breast cancer who underwent surgery at
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the Osaka Medical Center for Cancer & Cardiovascular Diseases
(Supplementary Figure 1, Supporting Information). All samples
were frozen by liquid nitrogen and were stored at —80 °C until
analysis. Written informed consent was obtained from all
subjects. The Ethics Committee of our institute and the Osaka
Medical Center for Cancer & Cardiovascular Diseases approved
the protocol.

Enrichment of Membrane Proteins

For enrichment of membrane proteins, frozen tissue samples
were homogenized in PBS containing a protease inhibitor
mixture (Complete; Roche, Mannheim, Germany) using a
Dounce homogenizer (WHEATON, Millville, NJ) following
centrifugation (1000X g) for 10 min at 4 °C. The postnuclear
supernatant was centrifuged at 100 000X g for 1 h at 4 °C. The
pellet was suspended in ice-cold 0.1 M Na,CO; solution
following centrifugation (100 000X g) for 1 h at 4 °C. After
centrifugation, the pellet was treated using an MPEX PTS
reagent kit (GL sciences, Tokyo, Japan) as follows.'* Briefly, the
pellet was solubilized with PTS B buffer at 95 °C for 5 min
followed by sonication for S min using a Bioruptor sonicator
(Cosmo Bio, Tokyo, Japan). The solution was centrifuged at 100
000X g for 30 min at 4 °C. Supernatant containing membrane
proteins was stored at —80 °C. Protein concentration was
determined using a DC protein assay kit (Bio-Rad, USA).

In Solution Digestion and iTRAQ Labeling

Membrane proteins from pooled high-risk (n =9) or low-risk (n
= 9) breast cancer tissue samples were digested with Lys-C
(Wako Pure Chemical Industries, Osaka, Japan), followed by
trypsin (Proteomics grade; Roche, Swiss). Tryptic digests were
treated according to the PTS protocol and desalted using C18
StageTips."> Briefly, a sample of 90 ug of pooled membrane
proteins was reduced with 10 mM dithiothreitol (DTT),
alkylated with 20 mM iodoacetamide (IAA), and sequentially
digested by 1:100 (w/w) LysC (Wako Pure Chemical Industries,
Osaka, Japan) for 8 h at 37 °C and 1:100 (w/w) trypsin
(proteomics grade; Roche) for 12 hat 37 °C. An equal volume of
an organic solvent, ethyl acetate, was added to digested samples,
the mixtures were acidified by 1% trifluoroacetic acid (TFA), and
vortexed to transfer detergents to the organic phase. After
centrifugation, the aqueous phase containing peptides was
collected. BSA (0.4S pg) was spiked into membrane protein
samples as a quality control for iTRAQ labeling. The tryptic
digest sample was desalted using C18 stage Tips. Desalted
samples were dissolved in 30 uL of dissolution buffer and labeled
with two different iTRAQ_reagents at room temperature for 1h
and quenched by Milli-Q water. Sample labeling was as follows:
high-risk breast cancer tissue samples with 114 tag and low-risk
breast cancer tissue samples with 115 tag. Labeled samples were
mixed and dried by a Speed-Vac concentrator, dissolved in 100
uL of 2% acetonitrile (ACN), 0.1% formic acid (TFA), and
desalted with C18 stage Tips.

Separation with Strong Cation Exchange Chromatography
(SCX)

The tryptic peptide sample was fractionated using a HPLC
system (Shimadzu prominence UFLC) fitted with a SCX column
(50 mm X 2.1 mm, S um, 300 A, ZORBAX 300SCX, Agilent
technology). The mobile phases consisted of (A); 25% ACN
with 10 mM KH,PO, (pH 3.0) and (B); (A) containing 1 M
KCI. The mixed sample was separated at a flow rate of 200 L/
min using a four-step linear gradient; 0% B for 30 min, 0 to 10% B
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in 15 min, 10 to 25% B'in 10 min, 25 to 40% B in $ min, and 40 to
100% B in S min, and 100% B in 10 min.

NanoLC—-MS/MS

NanoLC—MS/MS analysis was conducted by an LTQ-Orbitrap
Velos mass spectrometer (Thermo Fisher Scientific, Bremen,
Germany) equipped with a nanoLC interface (AMR, Tokyo,
Japan), a nanoHPLC system (Michrom Paradigm MS2), and an
HTC-PAL autosampler (CTC, Analytics, Zwingen, Switzer-
land). L-column2 C18 particles (3 ym) (Chemicals Evaluation
and Research Institute (CERI), Japan) were packed into a self-
pulled needle (200 mm length X 100 ym inner diameter) using a
Nanobaume capillary column packer (Western Fluids Engineer-
ing). Mobile phases consisted of (A) 0.1% FA and 2% ACN and
(B) 0.1% FA and 90% ACN. SCX-fractionated peptides
dissolved in 2% ACN and 0.1% TFA were loaded onto a trap
column (0.3 X 5 mm, L-column ODS; CERI). The nanoLC
gradient was delivered at S00 nL/min and consisted of a linear
gradient of mobile phase B developed from $ to 30% B in 135
min. A spray voltage of 2000 V was applied.

Data Acquisition with LTQ-Orbitrap Velos

Full MS scans were performed in the orbitrap mass analyzer of
LTQ-Orbitrap Velos (scan range 350—1500 m/z, with 30K
fwhm resolution at 400 m/z). In MS scans, the ten most intense
precursor ions were selected for MS/MS scans of LTQ-Orbitrap
Velos respectively, in which a dynamic exclusion option was
implemented with a repeat count of one and exclusion duration
of 60 s. This was followed by collision-induced dissociation
(CID) MS/MS scans of selected ions performed in the linear ion
trap mass analyzer, and further followed by higher energy
collision-induced dissociation (HCD) MS/MS scans of the same
precursor ions performed in the orbitrap mass analyzer with 7500
fwhm resolution at 400 m/z. The values of automated gain
control (AGC) were set to 1.00 X 10*% for full MS, 1.00 X 10*%
for CID MS/MS, and 5.00 X 10*** for HCD MS/MS.
Normalized collision energy values were set to 35% for CID
and 50% for HCD. CID, also known as collision-activated
dissociation, is performed in the linear ion trap. It is able to
increase the number of peptide identifications, and, thus, is
applied to obtain peptide sequence information. HCD is
performed in the C-trap of the LTQ Orbitrap and is a useful
tool for elucidating the structure of small molecules, metabolites,
peptides, and PTM peptides, and for de novo sequencing of
peptides. It allows quantitative information to be obtained from
iTRAQ ions in the lower mass area. By analyzing the sample
using a combination of CID with HCD, we are able to obtain the
best conditions for both peptide sequencing and iTRAQ
quantitation.

Identification and Quantification of Membrane Proteins

CID and HCD raw spectra were extracted and searched
separately against UniProtKB/Swiss-Prot (release-2010_05)
containing 20 295 sequences of Homo sapiens using Proteome
Discoverer (Thermo Fisher Scientific, Beta Version 1.3) and
Mascot v2.3.1. Search parameters included trypsin as the enzyme
with one missed cleavage allowed; Carbamidomethylation at
cysteine and iTRAQ labeling at lysine and the N-terminal residue
were set as fixed modifications while oxidation at methionine and
iTRAQ labeling at tyrosine were set as variable modifications.
Precursor mass tolerance was set to 7 ppm and a fragment mass
tolerance was set to 0.6 Da for CID and 0.01 Da for HCD.
Protein identification required at least one unique peptide and
quantification required at least two peptides. FDR was calculated

dx.doi.org/10.1021/pr300824m | J. Proteome Res. 2013, 12, 208213



Journal of Proteome Research

by enabling peptide sequence analysis using Percolator. High
confidence peptide identification was obtained by setting a target
FDR threshold of <1.0% at the peptide level. The mass
spectrometry proteomics data have been deposited to the
ProteomeXchange Consortium (http://proteomecentral.
proteomexchange.org) via the PRIDE partner repository
(http://www.ebi.ac.uk/pride/) with the data set identifier
PXD000066.

Bioinformatics Analysis

The subcellular locations of identified proteins were annotated
by DAVID Bioinformatics Resources 6.7, available at http://
david.abce.nciferf.gov/home.jsp.** The chromosomal locations
and missing protein analysis of identified proteins were
elucidated by neXtProt, available at http://www.nextprot.org/
db/. The function of identified missing membrane proteins was
elucidated by the Ingenuity system, available at www.ingenuity.
com.

B RESULTS

C-HPP is collecting protein data identified by the chromosome-
independent shotgun approach and then sharing this data

Table 1. Comparison of the Number of Identified Membrane
Protein with Our Result and Previously Reported Results

Muraoka et al. Polisetty et al.” Han et al."”
Protein identified 7092 1834 1482
Membrane protein 3282 1027 642

according to the chromosome number to ensure a complete parts
list." In this study, we integrated membrane proteomic analysis
data from human breast cancer tissues and analyzed with
Proteome Discoverer and DAVID Bioinformatics Resources and

characterized them on a chromosome-by-chromosome basis
using the neXtProt database.

A total of 7092 unique proteins were identified with high
confidence. A list of proteins and peptides are presented in
Supplementary Tables 1 and 2, Supporting Information.
Identified unique proteins were examined with respect to
subcellular localization using Gene Ontology annotation analysis
in DAVID Bioinformatics Resources. It revealed that 3282 (46%)
were annotated to membrane proteins (Supplementary Table 3,
Supporting Information), 692 (10%) proteins were extracellular
space, 4030 (57%) proteins were cytoplasm proteins, and 1782
(25%) proteins were nucleus proteins by GO analysis. As shown
in Table 1, this number of identified membrane proteins is much
greater than previously reported.

To generate a chromosome-based membrane protein list, the
identified 3282 membrane proteins were examined with respect
to chromosomal location using the neXtProt database. The
chromosomal distribution of protein-coding genes in the
neXtProt database, identifying total proteins, and membrane
proteins are shown in Figure 1. The neXtProt database annotates
7326 proteins as membrane proteins in the 20859 protein-
coding genes, and surprisingly, we identified 45% of them in this
study (Figure 2). These results support the effectiveness of the
method to solubilize and digest integral membrane proteins,
allowing large-scale detection and identification of this protein
class with no bias against membrane proteins.

A primary goal of the C-HPP is to identify and characterize
proteins that currently lack MS evidence and are referred to as
“missing proteins”. Thus, we examined how many missing
proteins were identified in this study. We compared our
membrane protein list with a list of no proteomic proteins
(missing proteins) in the neXtProt database. Surprisingly, 851
membrane missing proteins (22.7%) were identified in this study
(Figure 3 and Supplementary Table 3, Supporting Information).
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Figure 1. Distribution of identified total and membrane proteins on a whole-chromosomal location. Black bar, neXtProt database proteins; white bar,
identified total proteins; gray bar, identified membrane proteins; N/A, no protein in the neXtProt database; MT, mitochondria.
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Lipid metabolism, small molecule biochemistry, cell-to-cell
signaling and interaction, hematological system development
and function, and immune cell trafficking were the major
molecular and cellular processes identified by IPA (Figure 4).
These results indicate that our in-depth membrane proteomic
study of breast cancer tissue samples was able to identify and
characterize a number of low-abundance missing proteins.

B DISCUSSION

The objective of C-HPP is to map and annotate all protein-
coding genes on each human chromosome, especially so-called
“missing proteins”, which only have transcriptomic evidence and

a predicted sequence. To accomplish this, deep profiling for low-
abundance proteins and subcellular proteins such as membrane
proteins is needed. In this study, we performed an in-depth
membrane proteomic study of breast cancer tissues. A total of
7092 proteins were identified, of which 3282 proteins were
annotated as membrane proteins by Gene Ontology analysis.
Furthermore, we could identify not only nearly 50% of the
membrane proteins mapped on the whole chromosome but also
851 proteins among the 3738 missing membrane proteins.
Several previously published reports have described mem-
brane proteome analysis.>'®'” Polisetty and co-workers recently
performed a large-scale proteomic study utilizing shotgun
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Figure 4. Bar chart indicating the cellular function of proteins found
with missing proteins determined using Ingenuity software.

technology and identified 1834 distinct proteins from membrane
fractions of glioblastoma multiforme patient specimens, with
56% of them (1027) being annotated as membrane proteins.” In
this study, we identified a total of 7092 proteins in the membrane
fraction; with 46% of them (3282) being known membrane
proteins associated with major cellular processes. This number of
membrane proteins is much greater than those previously
reported. Moreover, we were able to identify a number of missing
proteins that currently lack MS evidence. This is probably due to
utilization of the PTS method-based isolation of membrane
proteins and SCX fractionation before LC—MS/MS analysis.
Efficient isolation and solubilization of membrane proteins can
be achieved with PTS by allowing the use of a high detergent
concentration while av01d1ng 1nterference with tryptic digestion
before LC—MS/MS analysis.'® SCX prefractionation is also able
to improve the number of proteins identified by reducing the
complexity of clinical samples and consequently avoiding ion
suppression. We have succeeded in large scale identification of
membrane }frotems and phosphoproteins using the above
technique.’

In conclusion, a subcellular fractionation of membrane
proteins would improve low-abundance proteome coverage for
identification of missing proteins. Our in-depth membrane
proteomic studies of human cancer tissue will greatly contribute
to the progression of the C-HPP.
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