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Abstract

Defining the mechanisms governing myogenesis has advanced in recent years. Skeletal-muscle
differentiation is a multi-step process controlled spatially and temporally by various factors at the
transcription level. To explore those factors involved in myogenesis, stable isotope labeling with
amino acids in cell culture (SILAC), coupled with high accuracy mass spectrometry (LTQ-
Orbitrap), was applied successfully. Rat L6 cell line is an excellent model system for studying
muslce myogenesis in vitro. When mononucleate L6 myoblast cells reach confluent in culture
plate, they could transform into multinucleate myotubes by serum starvation. By comparing
protein expression of L6 myoblasts and terminally differentiated multinucleated myotubes, 1170
proteins were quantified and 379 proteins changed significantly in fully differentiated myotubes in
contrast to myoblasts. These differentially expressed proteins are mainly involved in inter-or
intracellular signaling, protein synthesis and degradation, protein folding, cell adhesion and
extracelluar matrix, cell structure and motility, metabolism, substance transportation, etc. These
findings were supported by many previous studies on myogenic differentiation, of which many
up-regulated proteins were found to be involved in promoting skeletal muscle differentiation for
the first time in our study. In sum, our results provide new clues for understanding the mechanism
of myogenesis.

Keywords
Quantitative proteomics; SILAC; Skeletal-muscle differentiation; 2D-LC-LTQ-Orbitrap

1 Introduction

Skeletal-muscle differentiation is a complicated process coordinated by several transcription
factors [1,2]. Under the control of those transcription factors, proliferating myoblasts
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withdraw from the cell cycle, and then elongate, adhere, and fuse into multinucleated
myotubes. Finally, matured myotubes convert into myofibres, which are capable of muscle
contraction. A number of muscle differentiation factors have been discovered such as the
myogenic regulatory factors (MRFs) and the myocyte enhancer binding-factors (MEFs). The
expression of these transcription factors, such as MyoD, Myogenin, Myf5 and Mef2, are
controlled positively by the P38/MAPK, Wnt and Sonic hedgehog (Shh) pathways, and are
inhibited by BMPs and the Notch/Delta pathway in muscle precursors [1,3]. When the
positive regulation factors are dominant, the transcriptions of muscle-specific genes are
activated and the differentiation process is initiated. Although the main factors orchestrating
skeletal-muscle differentiation are well defined, little is known about how these growth
factors and signal pathways act on myogenic differentiation synergistically [1-3]. When
myoblasts proliferate to skeletal cells, many characteristics, from the morphological to the
conformational, will change significantly. It is reasonable to speculate that many additional
cellular components are involved in myogenesis. Accumulating evidences suggest that
myogenesis was regulated spatio-temporally by many cellular components; therefore,
identifying additional components underlying networks that promote skeletal-muscle
differentiation could lead to new insights into the process of myogenesis.

Quantitative proteomics allows measurement of differential protein expression [4,5]. Tannu
et al examined total cellular proteins, membrane-, and nuclear-enriched proteins using 2-D
gel electrophoresis between proliferating mouse myoblasts of C2C12 cells and fully
differentiated myotubes. [6]. The proteins they identified are mainly involved in cell
signaling, cell cycle and cell shape in differentiating C2C12 cells. Gonnet and colleagues
identified 105 proteins with expressional variance in differentiating human myoblasts of
different myogenic period by 2D DAGE. They found that some unique proteins may
participate in human muscle differentiation [7]. Kislinger et al used a gel-free shotgun
proteomics method together with label-free quantitative proteomics to profile expression
changes in crude nuclei during differentiation stages [8]. Hierarchical clustering of the
resulting protein profiles and gene expression found that several types of proteins may be
involved in myogenic process, such as integrin, septin. On the whole, these studies have
presented more information in principle about the characterization of skeletal muscle
differentiation by proteomics methods, but hard work on myogenesis still need to be done
because of the very complex myogenic process. Moreover, there are many divergences
amongst the previous studies based on molecular methods or proteomics methods. To
further discover additional information about the differentiation process, we sought to use
stable isotope labeling methods together with shotgun proteomics to quantitate protein
expression. Stable isotope labeling with amino acids in cell culture (SILAC) has been
combined with highly sensitive tandem mass spectrometry to create a simple,
straightforward, and efficient approach for large-scale protein quantification [5,9,10].
SILAC relies on metabolic incorporation of a “light” or “heavy” isotopic form of the amino
acid into cellular proteins [9]. SILAC have been applied in various biological fields to detect
the biological changes of protein abundance, protein modifications states, and protein-
protein interactions [10]. Ong and colleagues used the myogenic differentiation of C2C12
cells as a model to establish and confirm the SILAC method, but they didn’t present the
myogenesis-related proteins in details [9]. In this study, we employed SILAC method with
2D-LC and LTQ-Orbitrap Hybrid Mass Spectrometer to determine protein expression
differences between rat L6 myoblasts and myotubes for the first time.

2 Materials and Methods

Materials

Analytical grade chemicals were obtained from Sigma (St. Louis, USA). Milli-Q water was
used unless otherwise mentioned. Normal high glucose DMEM media, fetal bovine serum
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(FBS), glutamine, sodium pyruvate, PBS, penicillin and streptomycin were purchased from
Invitrogen (Carlsbad, CA, USA). DMEM media deficient in arginine was purchased from
JRH Biosciences (Lenexa, KA, USA). Dialyzed FBS was purchased from Biological
Industries (Kibbutz Beit Haemek, Israel). Both Light 12C¢ 14N, L- arginine and

heavy 13Cg 15N, L-arginine were obtained from Spectra Stable Isotopes (Columbia, KS,
USA). Protease inhibitor cocktail tablets were obtained from Roche (Basel, Switzerland).
Sequence grade trypsin was purchased from Promega (Madison, WI, USA). HPLC grade
acetonitrile, methanol, and formic acid were obtained from J. T. Baker (Phillipsburg, PA,
USA). Primary antibodies to tubulin-f, MyoD, desmin, 14-3-3y, Prohibitin-2, and HRP-
conjugated secondary antibodies were purchased from Abcam (Cambridge, UK). HRP-
conjugated Primary antibody to GADPH was purchased from Kangcheng (Shanghai,
China). SuperSignal® west Femto trial kit was obtained from Pierce (Rockford, IS, USA).

Cell culture and isotopic metabolic labelling

Rat L6 myoblasts were maintained in DMEM with 4mM L-glutamine, 4.5g/L glucose, 50
Ul/ml Penicillin and 50 ug/ml streptomycin, additionally supplemented with 10% (v/v) FBS
(growth medium,GM). Once myoblasts reached confluence, differentiation was induced by
lowering the serum concentration to 2% (differentiation medium, DM). For western blot, L6
myoblasts in common media were subcultured into six 100mm of culture plates. After
differentiation was induced, media were changed every 48hrs. At day 0, dayl, day2, day3,
day4, and day8, one plate of cells was washed by cold PBS separately and kept at —80 °C
for protein extraction later. For isotopic metabolic labeling, newly subcultured L6 cells were
transfered into DMEM supplemented with 8% dialyzed FBS plus 2% normal FBS and light
12C6 14N4 L-arginine or heavy 13C6 15N4 L-arginine instead of common GM. L6
myoblasts in light media were induced into myotubes. L6 myoblasts were subcultured in
heavy 13C6 15N4 L-arginine for at least seven population doublings. Light myotubes and
heavy myoblasts were washed three times with ice-cold PBS separately for protein
extraction.

Protein extraction

The process of protein extraction for either MS analysis or western blot is same. The
following steps were carried out at 4 °C. Cells were scraped into 8M urea with protease
inhibitor cocktail tablet (Roche, Basel, Switzerland) and sonicated for cells lysis separately.
After centrifugation for 30 min at 20,000g in a bench-top centrifuge (Thermo Fisher
Scientific, Waltham, MA, USA), the supernatants were collected and kept at —80°C for
analysis. Protein concentrations were measured using the Bradford method.

In-solution digestion

Extracted protein samples from heavy myoblasts and light myotubes were combined at a 1:1
ratio.In-solution digestion was performed with the following protocol. Briefly, 100ug of
protein mixture was dissolved in 8M urea and 25mM NH4HCOg3, reduced with 10mM DTT
for 1 hour, alkylated by 40mM iodacetamide in the dark for 45 minutes at room temperature,
and then 40mM DTT was added to quench the iodacetamide for 30 min at room
temperature. After diluting 8M urea with 25mM NH4HCO3 to 1.6 M, sequence grade
trypsin was added at a ratio of 1:30 and digested at 37 °C for overnight. Tryptic digestion
was stopped by adding formic acid to a 1% final concentration.

2D-LC-MS/MS analysis

Digests were centrifuged at 16000g for 10 min prior to analysis. The supernatant was
analyzed by two dimensional liquid chromatography (2D-LC) on an LTQ Orbitrap XL
(Thermo Fisher Scientific, Waltham, USA) following the method below [11]. For single
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analyses, 100 pug of peptide mixtures were pressure-loaded onto a two-dimensional silica
capillary column packed with 3cm of C18 resin (Synergi 4u Hydro-RP 80A, Phenomenex,
CA, USA) and 3cm of strong cation exchange resin (Luna 5u SCX 100A, Phenomenex,
USA) . The buffer solutions used were 5% acetonitrile/0.1% formic acid (buffer A), 80%
acetonitrile/0.1% formic acid (buffer B), and 500 mM ammonium acetate/5% acetonitrile/
0.1% formic acid (buffer C). The two-dimensional column was first desalted with buffer A
and then eluted using an eight-step salt gradient ranging from 0 to 500 mM ammonium
acetate. The effluent of the two-phase column in each case was directed onto a 10cm of C18
analytical column (100 pm i.d.) with a 3-5 pm spray tip. Step 1 consisted of a 100-min
gradient from 0%-100% buffer B. Steps 2-9 had the following profile: 3 min of 100%
buffer A, 3 min of X% buffer C, a 10-min gradient from 0%-15% buffer B, and a 97-min
gradient from 15%-55% buffer B. The 3-min buffer C percentages (X) were 5%, 10%, 15%,
20%, 30%, 40%, 55%, and 75% respectively, for the 8-step analysis. The final step, the
gradient contained: 3 min of 100% buffer A, 20 min of 100% buffer C, a 10-min gradient
from 0%-15% buffer B, and a 107-min gradient from 15%-70% buffer B. Nano-
electrospray ionization was accomplished with a spray voltage of 2.5 kV and a heated
capillary temperature of 230°C. A cycle of one full-scan mass spectrum (400-2000 m/z)
followed by six data-dependent tandem mass spectra was repeated continuously throughout
each step of the multidimensional separation. All tandem mass spectra were collected using
normalized collision energy (a setting of 35%), an isolation window of 3 m/z, and 1 micro-
scan. Application of mass spectrometer scan functions and HPLC solvent gradients were
controlled by the XCalibur data system (Thermo Fisher, Waltham, USA).

Data analysis and bioinformatics

MS and tandem mass spectra were extracted from the XCalibur data system format ((RAW)
into MS1 and MS2 formats (Mc-Donald et al. 2004) by RAW_Xtractor [12]. The target
database was the EBI-IPI rat database; the target database was attached with common
contaminants such as keratins; the whole database (target + contaminants) was then reversed
and attached. Tandem mass spectra were interpreted by SEQUEST using an EBI-IPI rat
database (Version 3.17, 2006). Sequences for common contaminants such as keratins, 1gGs,
protease autolysis products are added to the database and then a copy is reversed and
appended. Results were filtered, sorted, and displayed using the DTASelect2 program [13].
Only peptides with > 95% confidence score, maximum Sp rank of 1000 and a ACn score of
> 0.1 were considered. In addition, a minimum sequence length of seven amino acid
residues was required. The false positive rate for protein identification was kept below 1%.
Quantitative ratios were determined by the software CenSus version 0.9 [14]. The
annotations of proteins were obtained from SwissProt and TrEMBL protein database. For
proteins without descriptions, annotations was done by searching the IPI, SwissProt and
TrEMBL protein database with BlastP for homologous proteins with descriptions. The
PANTHER classification system was used for protein sorting (www.pantherdb.org) with
slight modification where a few protein groups with similar annotation were combined. The
STRING (http://string.embl.de/), a proteins and their interactions prediction system, was
used to retrieve protein associations.

Western blotting

L6 cells were washed three times with cold PBS and protein was extracted as described
above. Equivalent amounts of protein (10pug per lane) were separated by SDS-PAGE and
electroblotted onto 0.45-um HybondTM-P PVDF membranes (GE healthcare, Piscataway,
NJ, USA) by the semi-dry method. Binding of nonspecific proteins to membranes was
blocked by incubating these in blocking buffer consisting of 5% non-fat milk in TBS plus
0.05% Tween 20 (TBST) for 1 h at 25°C. Membranes were then incubated at 4°C overnight
with primary antibodies diluted in blocking buffer. Membranes were washed three times
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with TBST, incubated with HRP-conjugated secondary antibodies for 1 h, and then washed
three times again with TBST. Finally, immunoreactive proteins on the membranes were
detected by SuperSignal® west Femto trial kit and exposed to x-ray film. Western blots
were scanned and gray scales were quantified by ImageQuant TL (GE healthcare,
Piscataway, NJ, USA). L6 cells cultured for western blotting were harvested three times.
Western blotting for every selected protein was repeated three times for every batch of total
protein extract.

3 Result and discussion

3.1. Morphological conversion of L6 Cells

Rat L6 cell is an excellent model system for developmental biology associated with cell
proliferation, signal transduction and cell fate determination. Normally, L6 myoblast cells
were cultured in DMEM media supplemented with 10% fetal bovine serum. In our
experiments, with fetal bovine serum decreasing from 10% to 2% in DMEM media,
mononucleate L6 myoblast in good conditions fused and transformed into multinucleate
myotubes very quickly. One day latter after serum deprivation, myocytes are scattered in the
cell culture plate. In spite of that, the shapes of L6 cells were distinct from myoblasts. After
2 days, about 35% area of culture plate was occupied by myocytes. After 3 days more than
85% of cells have fused into elongated myotubes. At the end of day 4, giant elongated
multinucleate myotubes have outspread apparently everywhere on the culture plate. As Fig.
1 shows, the morphology of cells from myoblasts to myotubes has changed significantly
(Figure 1). Accompanied with the morphological conversion of myoblast into myotubes,
some muscle-specific proteins were expressed in high level in myotubes in comparison with
myoblasts. We examined muscle-differentiation marker desmin and MyoD by western blot
(Figure 2a). As the figure 2a shows that the expressional levels of these proteins were
increased gradually during myogenic process but decreased in D8 myotubes. In addtion, our
SILAC results show that some other muscle-differentiation markers, such as myosin heavy
chain (MHC), skeletal muscle actin alpha, and myosin heavy polypeptide 2, also were up-
regulated during myogenic process. In conclusion, L6 myoblasts had well differentiated into
myotubes.

3.2. Protein identification and quantification

The morphological conversion of L6 cells from myoblasts to myotubes is presumed to be
driven by proteins that follow tissue- and cell specific expression. The goal of this work was
to find expression differences between rat L6 myoblasts and myotubes. The tryptic peptides
were analyzed by 2D-LC-LTQ-Orbitrap MS system [11]. For protein identification, a decoy
database was used and the false positive rate for protein identification was kept below 1% in
this study. After filtering with stringent parameters, 12,729 peptides and 2,767 proteins were
identified from all experiments (see supplementary table 1). Among these proteins, 1170
proteins were quantified with high confidence (see supplementary table 1 and 2). 780
proteins (about 67%) were quantified with two or more peptides (see supplementary figure
1). Among the quantified proteins, 342 proteins were up-regulated (=1.5-fold changes, see
Tablel) and 37 proteins were down-regulated (<0.5-fold changes) in fully differentiated
myotubes (see Table 2). The left proteins were considered as no significant changes (see
supplementary table 1). Our results show that the expression of many conserved proteins,
such as tubulin beta chain, tubulin beta 2, tubulin B 5, and actin B (actin, cytoplasmic 1),
remains stable, which suggests the accuracy of the quantitative results in our experiment to
some extent. To further validate the accuracy of the quantitative results by different
methods, several proteins with different SILAC quantitative ratio were quantified again by
western blotting. Figure 3 shows the results of western blotting for tubulin-p, 14-3-3y,
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prohibitin-2 and GADPH are strongly consistent with the quantitative results determined by
mass spectrometry.

3.3. The comparative profiling of protein expression

Many of the differentially expressed proteins observed in this study have been reported to be
involved in myogenic regulation, and some were newly discovered by this study.

Proteins increased in expression (ratio >1.5) were sorted by the PANTHER Classification
system (Figure 3 and Table 1). These proteins are mainly involved in inter-or intracellular
signaling, protein synthesis and protein degradation, protein folding, cell adhesion and
extracellular matrix, cell structure and motility, metabolism, substance transportation, etc.
These patterns of up-regulation were consistent with the functional and structural
characteristics of skeletal muscle cells. In order to explore functional modules of the
proteins we quantified, protein interaction network was predicted by STRING (see
supplementary Figure 2).

Mediators of signaling pathway—Myogenic differentiation is regulated by positive and
negative signals from surroundings. After switching the cells from nutrient rich media to
nutrient poor medium by lowering FBS content from 10% to 2%, L6 myoblasts are able to
sense the physical and chemical signals of lowered FBS through specific membrane
receptors [2]. Once L6 myoblasts sense these signals, a series of intracellular events will be
triggered. The final result of these events is increased expression of MyoD and Myogenin.
MyoD and Myogenin initiate multiple muscle differentiation-specific genes transcription for
myogenic process [1,2]. Although the role of mitogen-activated protein kinase (MAPK)
signaling cascades in myogenesis is controversial, accumulating studies have shown that
MAPK is activated during the differentiation of myogenic cell lines and is essential for the
expression of muscle-specific genes [15,16]. Activation of MAPK signaling cascades in
myoblasts can modulate the activity of MyoD establishing dynamic modulation of the
MyoD-induced programs of gene expression [3]. We observed that terminally differentiated
myotubes increase the expression of some MAPK-pathway associated proteins, for example,
Map4k4, MAPKK 1, etc. But, the amount of most MAPKSs remains stable, because they are
modified as functional executors at different stages of differentiation [17]. A kinase (PRKA)
anchor protein 2, exhibiting protein kinase A binding, involved in actin filament
organization, protein localization and the trans-membrane receptor protein serine/threonine
kinase signaling pathway. Interestingly, prohibitin (PHB), a ubiquitously expressed and
evolutionarily highly conserved protein, was found up-regulated once myoblasts initiated
differentiation. This result is supported by western blot data (figure 2b) and the results from
Tannu [6]. PHB has been found to be presented in the nucleus, the mitochondria and the
plasma membrane. Gamble et al. reported that PHB participates in the activation of the Raf-
MEK-ERK pathway [18,19]. Sun and colleagues reported that PHB-2 can repress muscle
differentiation by inhibiting MyoD and MEF2 in C2C12 cells [20]. From these clues,
prohibitin may belong to MAPKSs cascade and play important role in muscle differentiation.
Besides MAPK related factors, we also found some other signaling molecules were up-
regulated in muscle cells, such as inositol 1, 4, 5-triphosphate receptor 3 (IP3R-3), latent
transforming growth factor beta binding protein 1 (LTBP-1), phosphatidylethanolamine-
binding protein, SH2-containing inositol phosphatase 2 (SHIP2), and guanine nucleotide-
binding protein G (i), alpha-2, etc. IP3R-3, in connection with acetylcholine signaling,
adrenergic signaling, endothelin signaling, PDGF signaling, chemokine and cytokine
signaling and Wnt signaling etc, is the receptor for inositol 1,4,5-trisphosphate to mediates
the release of intracellular calcium. The alteration of IP3R-3 abundance in muscles may be
S0 as to match the excitation-contraction coupling of muscle cell. LTBP-1 targets latent
complexes of transforming growth factor beta to the extracellular matrix. It interacts with
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architectural extracellular matrix macromolecules—fibrillins that form ubiquitous
extracellular microfibril suprastructures in the connective tissue space. It is unknown
whether or not LTBP-1 participates in myogenic initiation and myoblast fusion [21,22]. In
addition, we identified one non-muscle differentiation-promoting protein, transcriptional
activator protein Pur-beta (3.76 fold). This protein is known to regulate myeloid cell
differentiation. It remains unclear how these proteins function in myogenic differentiation.
In our study, many myogenesis-control factors, such as MyoD and Myogenin, were not
observed, probably because these proteins were very low abundance in cells.

Protein Synthesis-and Degradation-related Proteins—Synthesis of Muscle-specific
protein increases significantly during the myogensis process. Many proteins associated with
proteins synthesis were found up-regulated in this study, including many amino acid-tRNA
synthetases, eukaryotic translation elongation factors, eukaryotic translation initiation
factors and ribosomal proteins. These types of proteins also have been reported by previous
studies [6-9]. Protein synthesis and degradation is a finely coordinate process [23]. It is well
known that the protein degradation system serves as a quality-control system for abnormal
proteins to maintain cellular homeostasis [24]. And yet, as early as 1997, Gardrat
hypothesized that ubiquitin-proteasome pathway was involved in muscle cell differentiation
[25]. In 2005, Schwartz group discovered that both MyoD and inhibitor of DNA binding
1(1d1) are rapidly degraded by the ubiquitin-proteasome pathway during the differentiation
of myoblast to myotube in mouse C2C12 myoblast cells, but the reduction of Id1 is more
than MyoD markedly [26]. Rapid reduction of Id1 can release repression on MyoD, then,
which will trigger muscle-specific gene transcription. This shows that ubiquitin-proteasome
pathway is essential to initiation of mygenic differentiation by controlling muscle
differentiation-specific gene expression [26]. Proteasomes, performing ATP-dependent
proteolysis, are large protein complexes formed by many subunits. In this study, we found
many proteasomal proteins, such as PSMAL, PSMA 2, PSMA 3, PSMA 4, PSMAS5,
PSMB1, PSMB2, PSMD2, PSMD3, the 26S protease regulatory subunit 7 and 26S protease
regulatory subunit 4, were up-regulated during myogenic process. From the STRING
network view, it can be seen directly that these proteins have the strong interactions
(supplemented figure 2). Obviously, the changes of proteolytic system we found support the
theory of myogenesis addressed by preceding publications [25,26].

Molecular Chaperone—Molecular chaperones are a group of proteins whose roles are to
assist newly translated proteins to fold properly as functional mature proteins or lead the
misfolded proteins to degradation mentioned above. In differentiating muscle cells, the
single nascent myosin molecule must go through folding and assemble into motor thick
filament with associated proteins. It has been reported that Hsp90 and Hsc70 forms a
complex with newly synthesized myosin and these chaperones promote myofibril assembly
[27]. In this study, Hsp90, Hsc70 (heat shock cognate 71 kDa protein), Hsc70-interacting
protein, have been up-regulated by 1.50, 1.58 and 1.83 fold respectively in L6 myotube
cells. In addition, glucose-regulated protein precursor, hypoxia up-regulated 1 and heat
shock 70 kDa protein 4, belonging to Hsp70 family chaperone, were also up-regulated in our
study. That Hsp70 were increased during differentiation of myotubes has been proved by
western blot [28]. T-complex protein 1 subunit alpha (TCP-1-alpha, CCT-alpha), a
molecular chaperone of actin and tubulin, has also been found to be up-regulated by 1.7
fold. CCT activity is required for cell cycle progression and cytoskeleton organization in
mammalian cells [29]. In this study, we also identified some small heat shock proteins, such
as HspB1 (Hsp27), HspB8 (Hsp22), and aB-crystallin. These proteins can confer resistance
to apoptosis during myogenic differentiation [30]. In addition, Hsp27 controlled by P38/
MAPK pathway can modify actin polymerization. These behaviors of such proteins are
beneficial to myogenic differentiation. Hsp27 and Hsp22 were up-regulated 2.55 and 2.09
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fold respectively. Alpha B-crystallin also has important effect on myotubes development.
This protein was identified in our experiment with no quantified SILAC ratio here. But, with
manually check the MS spectra intensities and integral area of peptides of aB-crystallin, we
found that aB-crystallin was up-regulated during myogenic process (Data not shown). In
sum, the observed up-regulated molecular chaperones of cytoskeleton proteins play the
important role in the muscle differentiation.

Cell-adhesion Proteins—Myoblasts-myotubes conversion requires cell-cell mutual
interaction and fusion between myoblalsts. No doubt, adhesion molecules must be involved
in this process. Some cell adhesion molecules have been reported to be involved in
controlling the fusion of myoblasts during muscle development [31,32]. Grossi and
colleague have shown that mechanical stimulation can promote C2C12 cells differentiation
through the laminin receptor [33]. In this study many extracellular matrix linker proteins
were identified and showed increased expression in the L6 terminal differentiation stage,
such as integrin beta-1 precursor (2.3 fold), isoform 1 of fibronectin precursor (2.3 fold),
splice isoform 2 of fibronectin precursor (2.3 fold), procollagen C-proteinase enhancer
protein (2.44 fold), protein-lysine 6-oxidase precursor (2.56 fold), splice isoform short of
collagen alpha-1(XII) chain (1.73 fold) and vinculin (1.55 fold).. These proteins are
involved in cell adhesion, cell communication, cell motility, and maintenance of cell shape.
Integrin beta-1 is a subunit of several integrin proteins. Integrin is a receptor for fibronectin,
collagen, and laminins. Brzoska has shown that integrin a3 subunit participates in myoblast
adhesion and fusion in vitro [34]. When o331 integrin binds to its ligands, intracellular
signaling will be triggered, and then elicits cytoskeleton reorganization to keep cell
adhesion, cell motility and cell shape. Intergin also drives RaffMEK/ERK pathway [35],
therefore, myoblast cell to cell adhesion maybe is one trigger for the transcription of muscle-
specific gene. It is reasonable that enhanced expression of these proteins in terminally
differentiated myocytes strengthened cell-cell, cell-matrix adhesion and provided physical
stabilization and tenacity against the tensile forces generated during muscle contraction.

Cell Structure and Motility Associated Proteins—Skeletal myogenic differentiation
involved in extensive changes in cell morphology and subcellular architectures. During the
differentiation process, myoblasts fuse to form multinucleated myotubes. This
morphological change reflects a massive structural reorganization of cytoplasmic
components including subcellular organelles [36]. Two dynamic filament systems,
microtubules and microfilaments, have been considered to participate actively in generating
the spatial organization of the cell [37]. Realignment of nascent a-actin and myosin into
sarcomeres of myofibrils depended on microtubules network reorganization [37].
Responding to this cell-shape change, many cytoskeleton proteins are up-regulated in L6
myotubes, for instance, microtubule-associated proteins, actin related protein 2/3 complex
subunit 1A (Arpcla), transgelin, dynamin-2 and kinesin-1 etc. Microtubule-associated
protein 4 is found to be required for myogensis. Antisense inhibition of muscle-specific
microtubule-associated protein-4 during differentiation severely perturbed myotube
formation, but had no effect on growth and cell fusion [38]. Actin-related protein 2/3 formed
complex with WASP or WAVE protein to mediate the actin polymerization and the
formation of branched actin networks. Transgelin, an actin cross-linking/gelling protein, is
also up-regulated 4.90 fold. Dynamin-2, a microtubule-associated force-producing protein
involved in producing microtubule bundles and vesicular trafficking processes [39], may be
also associated with myoblasts fusion. Kinesin-1, a microtubule-dependent motor required
for normal distribution of cellular components, was up-regulated by 4.4 fold, which
indicates that myotube is a critical dynamic cellular component in myoblast differentiation
[40]. Besides microtubules, intermediate filament is another important family of cytoskeletal
proteins associated with myotubes transformation. Muscle-specific intermediate filaments
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(IFs) include desmin, nestin, vimentin and so on [41,42]. These proteins are synthesized by
muscle cells depends on the type of muscle and its stage of development. Desmin is
presented in all muscles at all stages of development and the others appear transiently or in
only certain muscles [41,42]. In our experiment, desmin was identified but its relative
expression ratio in myotubes compared to myoblast wasn’t showed by Census software.
However, western blot result shows the expression of desmin was up-regulated along with
myogenic process. Our SILAC data shows that nestin is highly up-regulated in Day4 L6
myotubes (7.23 fold). It is well known that nestin is a crucial component in neuron
differentiation, but it is less clear how nestin functions during myogenic development.

Once myocytes form, muscle-specific contractile proteins also highly express. Skeletal
muscle actin a, a basic component of thin filament, was up-regulated 2 fold. Myosins are
actin-based motor proteins and the main component of thick filament. Myosin heavy chain
(MHC), a myotube-specific marker, was up regulated 220 fold. Myosin heavy polypeptide 2
and myosin light polypeptide 4 also were found increased intensely in L6 myotubes
comparing to myoblasts. Splice isoform 1 of tropomyosin 1 alpha and Splice Isoform 2 of
tropomyosin beta increased by up to about 2 fold compared with myoblasts. Tropomyosins
bind to actin filaments and in association with the troponin complex regulate muscle
contraction in a calcium-dependent manner.

Taken together, all of these observations are consistent with a muscle contractility function.
The up-regulation of microtubule, intermediate filament and microfilament can facilitate
reframed-shape of myotubes during myogensis and maintain the structural and functional
integrity of skeletal muscle.

Metabolism-related Proteins—Because skeletal muscle is force-producing contractile
machinery, various metabolic events, such as ATP producing, are very active during skeletal
muscle contraction. In myotubes, there is an extreme demand for ATP for muscle
contraction and ATP-dependent calcium signaling. To meet this demand, skeletal muscle
metabolizes large mount of glucose, fatty acids and amino acids to produce energy [43].
Consistent with which, myotubes express a large number of proteins and enhance
mitochondrial function to metabolize the energy-providing products. In this study, we
identified 92 proteins whose expression increased at least 1.5 fold and have been annotated
to be related to energy metabolism. Among this type of proteins, 24 proteins were mapped to
glucose metabolism, 19 proteins to fatty acid metabolism, 21 proteins to oxidative
phosphorylation/electron transport, 13 proteins to amino acid metabolism, and 24 proteins to
other metabolic functions. For example, the expression level of glyceraldehyde-3-phosphate
dehydrogenase was increased by 2.76 fold, long-chain fatty acid-CoA ligase by 14.26 fold,
fructose-bisphosphate aldolase A by 3.16 fold, pyruvate dehydrogenase beta by 2.91 fold,
mitochondrial malate dehydrogenase by 2.04 fold, citrate synthase by 2.1 fold, all of which
are consistent with Ong’s result [8]. ATP synthase B chain, ATP synthase D chain, ATP
synthase beta chain and ATP synthase delta chain, the enzymes for oxidative
phosphorylation, have increased significantly. GADPH, a housekeeping protein, is usually
used as a control for relative protein quantification by Western blot. In this study, cells
increase GADPH expression from the start of differentiation (Figure 2b), but GADPH
expression was down-regulated after four days starvation (day 8) because of a decrease in
glycolysis. In contrast to the Western blot results for other proteins, the decreasing
expression of GADPH at day 8 suggests that GADPH may not be dominant factor in
differentiation.

Transporters or Channel Proteins—Consistent with excitable and contractile

characteristic of muscle, some transporter or channel proteins are highly expressed in
mytubes. Skeletal muscle cells are stimulated by acetylcholine released at neuromuscular
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junctions by motor neurons. lon Na* flow into cell by Na*-K* transporters and subsequently
cells produce action potentials. Once the cells are excited, their sarcoplasmic reticulums will
release through sarcoplasmic/endoplasmic reticulum calcium ATPase. Ca2* interacts with
the myofibrils and induces muscular contraction. During muscular contraction, cells
consume a mass of ATP and produce substantive H*. Moreover, increase of ion Ca2* could
enhance myoblasts differentiation during the myogenic process [44]. These substrates need
the help of ion transporters to pass through the cytoplasmic membranes. lonic sodium,
potassium, calcium, hydrogen transporter and cationic amino acid transporter were highly
expressed in finally differentiated cell.

Among the proteins with the expression ratio of <0.5 (Table 2), some have been shown to be
associated with myogenic process, such as prostaglandin F2 receptor negative regulator
(PTGFRN) and prostaglandin-endoperoxide synthase 1 (COX-1). PTGFRN can inhibit the
effect of PG F2 by binding to PG F2 receptor. COX-1 is a rate-control enzyme of PGs
synthesis. Many studies have shown that PGs including PG F2 can promote the myogenesis
by different ways [45]. If it is the case, down-regulation of PGF2 receptor negative regulator
can facilitate the positive effect of PG F2 on myogenic process. But down-regulation of
COX-1 looks controversial to this case. And yet, Bondesen showed recently that PG 12 can
inhibit myogenesis in vitro by blocking myoblast migration and fusion [46]. So, these data
indicate that there are still some controversies in myogenesis and need more detailed
investigations.

4 Conclusions

In conclusion, stable isotope labeling and quantitative mass spectrometry was succeeded in
analyzing skeletal-muscle differentiation. In this study, isotopic arginine was introduced in
the SILAC approach, therefore, only tryptic peptides with arginine carboxyl-terminal were
quantified and peptides with lysine carboxyl-terminal weren’t available for quantification.
Provided that SILAC labeling with arginine and lysine would improve the accuracy of
protein quantification and increase the number of peptides/proteins quantified. From our
data, most of the up- or down-regulated proteins we quantified in the terminally
differentiated L6 cells may provide principal or accessory support for the myogenesis
process. Proteins whose expressions remained unchanged during differentiation suggest
alternate mechanisms, such as modification or interactions, may be involved in muscle
differentiation. For example, MAPK1 and B-catenin is the pivotal node of the signaling
pathway that plays an important role in the myogenic process. Their roles are still needed
further data and experiment mining. By and large, SILAC was effective in trying to
elucidate the molecular mechanisms of skeletal-muscle differentiation in this study, and our
data can present more clues on myogenic development. Whereas, as mentioned at the very
beginning of this article, skeletal-muscle differentiation is a very complicated and dynamic
process that is controlled spatio-temporally by multifarious type of factors at different
transcriptional levels. The transcriptions of most proteins are dynamic, and that depends on
the type of muscle, its stage of development and different species. To our viewpoint, it is
essential and challenging in the future how to systematically grasp the dynamic changes of
different type of proteins and their tuneful integrated functions during skeletal-muscle
differentiation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

The light micrographs of cultured L6 cells were enlarged by 10*10. DO represents that the
myoblasts before differentiation initiation were grown in DMEM supplemented with 10%
FBS. D1, D2, D3 and D4 indicates that L6 cells have been cultured in DMEM with 2% FBS
for one, two, three and four days, respectively. D4 were fully differentiated myotubes. D8
indicates myotubes have been serum-starved for another four days starting from D4.
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Figure 2.

Western blotting. (A) Western blotting of L6 differentiation marker or differentiation
associated prtoteins in L6 blasts to L6 myotubes. (B) Validation of SILAC ratio by western
blotting.
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Figure 3.

Functional annotations of the proteins with > 1.5 ratio in L6 myotubes compared to
myoblasts. The pie chart shows the distribution of biological processes to all up regulated
proteins in L6 myotubes compared to myoblasts in this study using panther classification
system with modification.

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 17

Cuietal.

NIH-PA Author Manuscript

02SPTT S0¥8Sd 14 6T'0FLET 2'8€€9.1001dI € u1g104d Buipulg uinpowes ‘ulells
I . u1104d Z suoInau Ul 8)esIsgns aseuly
T9v¥eT LTADB0 T VNFSS'T T1°912T€200IdI UIBSED PUE 3 BSEUIY| UIBI0Id JO § WI00S] 391jdS
€62T9¢ TALAYO T VNF8L'T T'GGGT9S001dI eyde ‘Jo1dsoal ouanbas [eubis
8£059 €4AMB0 14 0T'T%20°€ T1'16250200IdI Z asereydsoyd [oysout Bulureiuod-gHs
TR 1% 66€€90 T VN¥F.6'GS §'050202001dI urewop Buipulg wniofed puey-43 ‘g ulgreao|ndnay
85159 2T.50d T VNF0S'T 1°0£520200IdI VZ-qey utsloud pajejal-sey
€6605 6MUSO € 2007812 1°G8TGSS00IdI Ajiwey 8usboouo Sy Jequisw ‘0TavY
99/¥1T LHIXSO 14 8T'0F¥6'T 2'1GS06T00IdI Z-umiqiyoid
£85€8 ¥6€5€0 T VNTF8T'Z 1°G96802001dI T uraj04d J01dsooe gey parejAusid
181962 T VN¥88'T €:05922€001dI 2€ unoydewss o} Jefiwis :3101a34d
o . G uigjoud Buroueyus
8€89¢ 14 2C0FVEE 2'9¥209€00IdI uoissaidxa 101d3031 0} JejIis a9 01a3Md
96ET9IE T VNF./8'T Z'78TS9€00IdI 0T ursioud Buipuig-uey o3 Jefiwis :3101AQ3dd
- . (PPdeIN) Wwioyos i aseuy
€9€T0E T VN¥82C €'G88/G€001dI uran01d pareAnoe-usBoI 0 JejILIS ‘31 D1aTNd
. . ¢ asejeydsoyd
£00861 T VNFS6'T T°T15895001dI uie0ad Aonyioads [eng o) Jepiws :a3101a34d
20862 10eNSO T VNFS0't £'85879£001dI Z uoud Joyoue (YMHd) sseuny v :a3.101a34d
Zrs6e ¥¥0TEd T VN¥29'T ¥'2€60€2001dI urgjoud Buipuig-autwejoueyys|Apieydsoyd
P . Z Jusuodwiod
0v6T9€ 6NIXSO 14 GT'0FST'C T°L6TELE00IdI 1018981 3U019153601d PaTRIN0SSE BUBIGUIAN
o . T usloud
L0T6S 876000 z 00°0¥08'T T°T€E68€001dI BUIPUIQ ©19 10198} Y0P BUILLIOJSURI 1UaTe]
61952 692£90 T VNFSG'T 1°98690200Id]I (e-ded1) 8dAy J01da0a1 sreydsoydsiii-G'y'T onsou|
02TT9€ 1100%0 T VNFES'T 2 LT9¥9€001dI 02T19¢0071 utsjoud [eansyrodAH
PR . nungns
79918 168%0d € T00F6LT 1'5Z6T€Z00IdI Z-eydpe ‘(1) uis104d BUIPUIG-3pN03INU BUILENS
. . (T MMdVIN)
TS80LT 986700 T VNFGL'T 8'/¥2TE2001dI T aseuny uia104d pateanoe-usbonw Anouioads end
Aemuyred BuifeuBis Jo sio1e1pa|n

ov/al wnp apndad as¥abelany
aisuss aMioidiun  uoneoynuend)  oney sbessay aridi uonduoseq

T alqel

G'T< OIeY AU} YIM SUIBI0Id JO UOIIIIHISSE|D

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 18

Cuietal.

708908 (W)PMXNID T VYNF0'Z €'€8/G9€00Id]  2SEJAUIUAS YNMI-8UIaNa|os! 0 Jeiwis :3101a3Hd
€T162  ¥901SO € 900 06T  Z'29Zr9E00IdI aselayIuAS YNHI-I1A9A1D 01 Jejiwis :3101d3Md
grizez  0Z09vd 2 TT0F65T  Z0T8ZLE00Id] oy e
Trzeoe 1 UNTSr'Z  T'6689.700IdI wonelsuEs oKy on 1 _Hc__mswwmwu_mm“m_w
TLETIE  6dIOV z OT0¥0ST  T'68T¥IE00IdI urajoud TSI 01 Jepiwis :g3101a3dd
G2/€62 944890 4 €0'0F v0'E €'L1€0.7001dl uoneBUO|d UOIR|SURL) o:oamv_:% mmrmwmoﬁ_mwwm
pPSI0E  L14890 £ TEOFTLT  T'6LE20200IdI 1UNQNS €130 ‘@)1|-9SeIBUIUAS YNHI-auIUeR|AUBd
29162 90ddSd 1 VNFLST 2'962£92001d aselayIUAS YNYI-|Aona ]
2.9¢29¢ 14 00'0% 00'C T'2LT65€001dl (pero1paud) /1 Buureuod yeadas you sutone
0eLPTE  9rvVASD £ S00%29T  T'8LL66T00Id] uri01d TdIMI
Or¥eT9  L6IXGD z S00F¥9T  T'618T0Z00IdI 0r¥6T9007 ut104d [eanauIodAH
25€682 63X190 € 2E0F 86'T 2'L5€T2Y00IdI aselRuiuAs wNUI-IAj0ld-1Awein|
LTT6S 182060 T VNFI6'T €'6257T200Idl g6dy30
Tege0s  (W)TOMZSD L 960 07  €£565E6T00IdI 2\'¥ 10108} UOIRINUI UOIE|SUBL} O1J0AIR)NT
915882 T909HD 9 9007 05T  £TZLEIE00II 6 1UNGNS € J0JoB} UOIRNIUI UONEISUEL) 910AIRYNT
8TEYS 10189d T WNFEL'T ¥°0£80€2001d| T 1UNGNS Z J0J9B} UONEIIUI UONE|SURL) dN0AIRNT
€6000€ 644890 8 L00% L0 Z'SZSTL00IdI B12p T 10306} UOLEBLOJ3 UONe|sURL) dnoAiynT
9999TT £ 900 ¥ST  Z'9TTOTZOOId 10s1n931d ural01d £5-019U3
59562 16150d 81 OT0FT9T  §¥TZE0Z00Id Z 1019ey uoieBuo|3
T98TLT 0£929d e1 V00T 85T T'2LES6T00Id] T eydie-1 103} uonEBUO|3
10269 s€752d € SO0TS9T  Z'65088TOO0IdI ! mwmwwgM%w%c:omommowmw%ﬂ%ﬂ ﬂg__»mm_o_wﬁ
6GL206  €TdLLO 1 VNFIT'Y 1°26T28€001d| 290
95516 anLed L LT0F 66T T'ETETZHO0IdI aselaupuAs wNY-1AuGeredsy
£9/18 56860d 5 CLEFERE  ¥TB0EZOONdI 57 urejod [ewosoqn 09
8€6€9 99262d 1 UNFS0Z  T8S9202001dl oy nuouo0ui ‘aseuaBoipAyap a1eiingos: %ow__%m_m
SIS3UIUAS uI8104d
6v5867  ¥26290 1 VNF8'T T'¥6T0T2001d] TT utaj04d Joyoue aseuny-y/
v8/18 £10800 1 VNFL9'T 2'68596T00IdI nungns ewwed uiajoid PajeIoosse-UoID|sUEl L
arame OV oounend  onen ey Q11

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 19

Cuietal.

GZy6e €5XT60 T VNF0S'C ¥°2660€2001dI (uredosgew ‘swosoid) swosesjoid :q3101AFHd
85505 ZAIN8D S ST0¥7 222 1°0022.€001dI aAIsuss urdAwoind ssepndsdoulwe :q3101a34d
o . 10sIn2aid [eLipuoyd0)W
86TH9 9re£00 T VNFSE'T 5'086602001dlI quungns e1aq asepidad BUISSA004C-[ELIPUOLOONIA
252vs 85+28d T VNF59'C ¥'8/ST€2001dI T-aUllpPIN
9T60.T asyz60 € T0'0F 612 1°920502001dI uoT
¥97G9 SMZ060 14 YZOFITY 1'62€66T001dI  @ses1oid g uiajoud Buipuig J01oe) YIMolB axj1l-ulinsul
Y¥SeLE 84dN9d T VNTFEL'T 2'16506£00IdI euxd
66.€8 194360 T VYNFTE 7'9760€2001dI Josindald g ssepndad-jApndadig
2€560€ T VNFSS'T 1°929995001dI T u1glo4d Bulurelu0d-ureWop v Ajiwey ased1v
1856¢ 17€£90 4 0T0F8LT £'009TZ¢00IdI £ nungns Aloye|nBa ssesioid s9z
€92.TT £6729d T VNT88'T T°€£2112001dI ¥ nungns Asorenfal ssesrod S92
SISA|09104d
69.0T€ G800 T VNF65'T 1°91689€001dI L/ urewop Jeadas am
L¥0ETE BYNMTO T VNF99'T 2'58299€00IdI 8SeIBUIUAS \WNYI-1AS0IA L
€799TT 29v9%d €T ET'0F0S'T Z'¥1027200IdI 8sed | vV Winjnopal olwse|dopus [euonisuel |
L0v86Y T2v890 € 08'0¥92°€ 2'85£68100IdI ©19g-Ind ulel0id Jo1eAnJe [euonduosuel |
0T8Y62 SAHXSO € ¥0'0¥86'T 1°088655001dI o1wse|doiAo ‘asersyiuAs WYNYI-1Auoaly L
€€059 G8E880 T VNFL'T 2'65.80200IdI 2T uIxeluds
616992 66.d90 4 60°0F 0F'Z €0TYELENOIdI T 8sejayIuAs YN YI-|Aoeoulwe-|Aiss
9655¢ 1V1d90 S 0T'0F€9'T 2'S9£702001d| | unoydoqry
92509¢ z 00°0FLL'T 2'0/€2.€001dI J0sin2aid nungns z-eydje asejAxolpAy-v 1Ajoid
Sl¥9 T00YSd Z 920F L6T 2'€98602001dI J0sindaid Hungns T-eydje asejAxopAy-v 1Ajoid
1S657C 08,290 T VNTF6S'T 2'99280200IdI 97X aq 8sedljay YNy Juspuadap-d 1YV 8|qeqold
A A . |elIpuoy0HW 10308}
18v€62 Z 0007 95'T 2'9€2TLE00IdI UONEBUOd UOITE(SUE N 0} JE[IWIS }03.1 O1aT4d
PR . aselayIuAs
e 09.d90 € 2007 0V’ Z'¥1659£00IdI VNY-1AueydoydAi L o} sepiwis :q3.101A34d
e . 89
10/€9€ z YZ0F €9'T Z'7ET89200IdI ajorvied uoniuBosas [2uBiS 01 e[S ‘3L 01ATNd
. . 0€S ulsoud jewosoqu
L9.v62  (W)090d6d T VNF99'T £'€06v7200Id! S8Z [BLIPUOLIONIAl 0 JENILIS ‘31 D1aTHd
PR . aselayIuAs
158662 Z 00°0FTLT 2'16£99200IdI WNI-SUILOILIAA O Je[IWIS ‘31 D1aS4d
ov/dl wnNspndad  asFabessny
drsuso aMioidiun  uonesynuend  oney abetsay aridi

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 20

Cuietal.

L195¢ 19/90d €1 90'0% GL'T T'729902001dl Josnoaud utajoud paye|nBai-asoon|f eay 82
898€9 6£0€9d 8 70'0F €51 Z'8VT6EE00IdI  40sind3ud [eLpuOYd0}L ‘urBload X20ys Jeay ea 09
29v5e 2L192d € v0'0¥02C  OT'€E9ZE00IdI [eLpuoy0HW ‘Utziold 4o0ys 1esy eaX 0T
auoJdadeyD Jejnasjon
126182 L9/NLO 4 CT0F .91 2'0706££001dI 2 ueLieA g3 awAzua Bunebnfuod-uninbign
G818 095790 T VNF6S'T 2'6.GETZ00IdI 2 asepndad-|ApndaduiL
911205 78AV9D T VNFES'T T'£29202001dl T UIUI828s
15262 2628Td T VNF8T'S 1°186681001dI (suswiBeiq) Josinoaid uiguioyI0Id
0,£962 ESAV9D z 00'0% T6'T T'G8.v97001dl asepisojoe|eB-e1aq Joj Uls10.d aANDS)0Id
26682 6.0d90 4 G007 0L'T T'€97681001d| 9 uungns Aloye|nbas ased | v-uou ‘S9g ‘awiosesioid
5885 L90¥vEd T VNF09'T €'G0ST6T00Id! Josinoaud  adAy eleq HUNGNS BwIOsE810.d
GL962 LOE0Vd € 200¥ 19T T'78588T001d| Z adA) e39q 11UNGNS BLIOSEa)0Id
8616 T2y8Td € 82°0% ¥9'T §'672T6T00IdI (TaNsd) T 8dAs eleq HUNgNs Bwiosesl0.d
21962 790ved S €0°0F0S'T §'Z0ST6TO0IdI g adAy eydje 1UNgNS awoses]0.d
1,96 0,9T2d z 000 19T 8'9v0T€200IdI  8dA) eydje yungns swiosesiold
87280 193190 z 10°0%2r' ¥ 2'8LT9.%00IdI € 8dA} eydje nungns swosesjold
69962 022.1d € 1007 LT TT°2S.T€2001dI 2 8dAy eydje 1ungns awioses)o.d
89962 0zv8Td T VN¥ZLT €'87.T6T00IdI (TVINSd)T 2dA) eydie 3ungns awoses)old
0,982 152NS0 S S0'0¥ 95'T T'6000€001dl € ‘85ed 1 \V-UOU ‘HUNQNS S9¢ 8Woses)old
v86.87  61Z47D ot 6TOT8ST  T'9SY0LE0OI] ngns S5z (Urdoion ) £ PR Ly o
119627 695€90 T VNFZST  £26506T00IdI q1UnGNS S9Z (uredoI0pL ‘BLI0S01) ANOSERO
20€97C §INB60 T VNFG'T T1°08086T00IdI Josindaid asepixo suaisAajAuaid
066682 6Mdzed T VN¥Z8'T T'G0TZ9E001dI utajoid gowsd o} fejiwis :d3.101a34d
9€/29¢ T VN¥F.6'T Z'TT9S9€001dl T Burureyuod urewiop 193H 0} Jejiwis :d3101A3dd
96IeTE € 80°0%9LT ¢vETL9E00IdI aouanbas memwaxm 0] Jejlwis “Dm_._ﬁww.ﬂ,m.ﬁmﬂuw__/m
0T qc . gord
88£59€ 2LAMBO z 67'0% 85'T 1'€82202001dl Jungns awoseaioad S9z 01 fepuns :q3LIaTNd
€geE0e  2€988D € €00F2ST  T'Z8E0LE00Id swosea _“ﬁ__:mmmwmm_ﬁ_wsowmwk_/m%m“
G 9dA} e18q ‘HuUNgns

arews G OVl onegend  onen sbeiony Q114!

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 21

Cuietal.

9 laquiaw Ajiweyadns

€1€208  €2rHsSO 4 000¥8T€  T'€5.T0Z00IdI y UBIQUIBWSUBL | 0} JENWIS :031 D1a3Hd
16862 14 S0'0F0S'T ¢'¢rSS9€001dl Td uluiure] 0y Jejlwis :q3191d34d
= o . T J8deIBUI
G886 L GT0T €8T 1°298667001dI [LQUOIOIL UNSE|T 01 eI :q311a3Yd
P . 10s1noaid T wioyosi
ETEL9E v 0T0¥18T  2'LELO9E0ONI uabe||0o 1A 8041 € eydie ) Jepiuis :g3101d3dd
8¥7¢c0€ 28NSO 6 EE0FEV'C €'98.¢.€001dl Z usbopiu :q3101a34d
9€0LTT 29G.6d T VNF0LC ¢'6¥8€9€001dI T ewweb ‘uluiwel :g3101a34d
EEVOVT 9€90.d T VN*FL2¢C ¥',/.G06T00IdI G eydje ‘uluiwel :g3101a34d
oo . Josinoaid
98Sv¢  €HTLED/96SETd T VN+88'€ T'1669.¥001dI WLI0J0S1 B OFT ‘T 8IN98]oW UOIS3YPE |13 [eInaN
11¢S¢ 06¥0.d 8 LT'0¥CEC 1°96888100IdI J10s1nd31d unBypeloe]
T1G¥¢ YET6Vd T VNF0EC T'18916T00IdI Josinoaud T-e18¢ ULIBa|
02689 €3605€d 0T ¢T0F0LT S'0€616TO0IdI Josinoaud T-ueatdA|o
SuI8104d uoisaype-[|0
8.v¥8 €55360 T VN+FEI'T ¥'8¥7256T00IdI T WwJoyos! 81-T uonepelbap uoisny uninbign
818¥7¢ 0818¢d € €0'0+19°T T',¥800¢00IdlI eydje yungns T uislold xa|dwod- |
PR . T-dD1 Buiureiuod uluosadeyd
907262 4 TZOFOLT  2'982ZY9800Idl i 40 yungns e1o ‘el 197 01 JelIwis :A3101AT4d
. . T u1a104d paje1oosse uigloid pare|al-101dadal
§959TT 890660 T VNFOS'T T'¥2TY9e00ldl uiaroJdodiy ANsUap Mo| ‘a3 L D1a34d
¥0¢Z6T 17€480 T VNFT0'€ T'T.200c00IdI Jayduld
LEGLTT 0€4360 T VN+96'6 T'LT¥06TO00IdI 0T utalold Bulureluod-urewop g1.g pue jeadal yofa
GETC6T L1990 T VNF6'T 1'8€655001dl T payejnBai-dn eixodAH
00818 €0505d € SO0+ €8T T'€L266T00IdI uraroid Bunoessiul-0L9sH
906€ETT 0Xd360 T VN+60C T'¥2968T00IdI g8-e18q u1a104d Yo0ys-JesH
19A %474 0€6¢vd 14 ¥¢'0+ §5°¢C T°98510¢00IdlI T-e19q UIa104d ¥o0ys-1esH
2G¢10e 8G0v€d 6 600+ 09T S'¥8ST.¥00IdI ©130-06 (dSH) uraloud >o0ys yeaH
89¢ 8T0€9d 8 L0°0+ 89T 1°502¢80¢001dlI uraroad e@y T/ 81eubod o0ys 1eaH
oo . uig)o.d eay
65.99¢ 009880 € ¢T0+E8'T £'898.8€001dI 6 oAIsu0dsal BILBYIS|/ Urelold B3 02 YI0US JeaH
02988¢ BSHNED 9 90'0+0S'T T'TT188T00IdI ®g Jungns uluosadeyd
Yv16¢ §G965€d 8 €C°0+9.L'T T°9€966T00IdI 10sIndald uixsufed
ov/al wnp apndad as¥abessny
a1 suso asoidiun  uoneadynuend  oney abelsay aridi

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 22

Cuietal.

18529¢ z 87'0% L0°E £'€0065€001dI UIo® pue JUsLIe|1J0IOIW 0} Jejilis :a3101a3¥d
zeez9e  (WIXHASD 8 82'0F 06’7 2'SLT8SE00IdI ulweiy-ewweb oy fejiwis :q3.101034d
¥ ureroud
65829 9 LT0F 99T 1°28659€001dl Pale100sse-U0a[8Xs01Ad 01 Je[iwis :d3LO1dTdd
2999 2665hd T VNF6Y ¥ Z'6T69€00IdI u1j1409 0} Jejiwis :a3101a34d
T6V5C €9z72d 8 v8'0F €7'L T°€0TY6T00IdI unsaN
79169 070900 T VNFS0'Ery 2'80€¥S5001dI 1npe ‘ajosnwi [e1s]axs ‘Z apndadAjod Aneay ‘uisoA
822889 602.Td S 60'GEFIV'/2T  T'LS¥¥T200IdI  apndadAjod B1| uisoA
€851C ¥821d 4 Oy'ZFI8'6TC  T'8/GT0Z00IdI  OluoAiquia ‘ajosnu [e3afads Isey ‘ureyd Aneay uisoAi
gv886c  TLIXSO 1 VNTSEE  T'882098001d K110} G/ U101 PaTeIB0sSe-alngmOmIN
TLT.9E SMLINGO 4 60'0F TL'T 2'5.6€6€001dI ¥ U13101d pajelo0sse-a|ngnioIoIN
28162 9z6ved T VNF9L'T 2'€6966T00Idl VT U18)04d pajeroosse-a|ngniool N
0SS.TT 6v0dz0 0T G 0FEYY Z'706v9€00Id| ureyd Aneay T-uisaury
LSSLTT 0T9€90 S G9'0¥8S'T ¥'652¢.€001dI (ewd1)ureys g-eydye uisoAwodoi L JO T Wioos|
1GEL0E 0ADOYO GT 7' 1¥60C T'€2956T00IdI /8850£TADY utalold [eanayiodAy
27095 2rSTYd z 0Z'0F /ST €'8T9¥2e00Idl GTTd J010e} LiodSueL) JeINJISAA [RIBUSD
58€8 58800 1 WNFEFTT  Z'Z0ZELE00I] JuapUBdap-UIINpOLIIED \Es_o_m%m_hw m.._m_mw_w_ W___%%m
079062 T VNFI8'T T'T€929€001dI ST ur9jold payeroosse-aiNgniosdI
72818 6N0d90 T VNF6T'C 1'5¥8002001d|I VT Hungns xs|dwod g/z ulaloid pate|al-unoy
LEV6Z 9£189d 1 8¢ TF 86'T T°€1868T00Idl ajosnui [ejalaxs eydye ‘unoy
61262 G€089d 0T ET'0FIOT €'/8076T00IdI aelpied eyde ‘undy
10|\ pue aJnlanas |19D
£8528¢ 190080 8 06'0%G5'T €'/G288€001d|I Z-ulnqyy o3 Jefiwis :g3.101A34d
T6TSTE T VN¥26'T Z'TTY0.£00IdI Josinaaid T-Ulngi4 0} fejiwis :q3.101a34d
09572 8T2Z¥0d T VNF9Z'S 2'196€6T00IdI (00zp2D)40s1ndaud u18)01d02A|6 suBIqISW Z-XO
19962 1€6v0d 0S LT0F0E°C 1°26,002001dl 10s1n931d UIY3UOIGIS JO T WI0jos| d21|dS
141524 9£99Td T VNFI5'Z T°T99¥TZ00Idl 10s1nd3.1d 8sePIX0-g BUISA|-UIS}0Id
69562 829800 4 90'0F ¥7'C 1°995v6T001dI J0sindaud T 490uBYUS dsepndadopus-O usbe||0d0.d
61950 €0S360 1T ZT0FSST £'98259€001dl unnauIA o3 Jejiwis :d3101d3yd
69086¢ 720910 4 SrOFICE 2'898v9€00Id| uabej0o AX 8dAy 03 Jejiwis :3.101A3Hd
T R A S AT

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 23

Cuietal.

/8501 G4HABD 4 €€°070T'C 1°226902001dI aseyiuAs arento
665911 v¥89¥d T VNFO0Z'L 0T'7280€2001d| 10sIn%aid \y 8selonpal uipJel|ig
€L9v62 PUXVI0 T VNTGS'T T'8TS797001d! 10sIn921d Ureyo e1aq asepluIULIESOXaY-LIeg
/SL00€ EXTY90 € 60°0FVL'T T'€5E¥6€001dI Josindaid ureyd eydie asepluiwesoxay-eleg
0S69TT  0NOd9Dd T VNFIZZ  T'90696£00Id S H@wﬂ_ﬁm%mﬁmm&rmmwc%_mu_mw
YEYTYY 66€T€d z 00°0F 8¥'C '8€80€2001d| [BLIPUOYDONW ‘Ureyd q aseyuAs d1v
G96572 vEvSed z S0°0¥70°C 1'02986T00Id| 1051n23.d [21IPUOYI0N ‘UTRYD B)[3P BSBUIUAS d 1V
VIETLT 6T.0Td z €107 80°C T'Z181S5001d! 10sIn92.1d [e1IPUOYONW ‘UTeYD 18] 3SBLIUAS d 1V
GIETIT T1561d z 00'0¥€2°C T'£0T96T00Id! 10s1n931d [eLIpUOYI0NW ‘UIRYD g BSBLIUAS d 1V
29259 6665Td g 620 €6'T T'0T696€001dl 10s1n231d [eripuoydoNW ‘ureyd eydie sseuuAs d1v
TovYe 122€Td T VNTEQ'T 9'€TSTZH00Id! 21wise|doiAo ‘aselsjsuenouIue sjeledsy
¢195¢ 8806%d T VNFOT ¥ S'806T.¥00IdlI aselayiuAs auibesedsy
125062 LLIXSO T VNFIL'T Z'T29¥9001dI TTV UIXauuy
11182 SVIXSO T VNFT0'C Z'7€002£00IdI asepiulLuesoon|B6|A1eoe-N-eyd|v
eeere ¥9.%0d T G0'0¥09T  OT'ST8Y9r00IdI ase|ous-eyd|y
26T €v6.0d € ¥0'0F G9'T 'L€1T€2001d| 35BJONPaI SOPIY
76199 858.Yd T VNFLG'T 9'€62T€2001d| adAy ajosnw ‘aseunioloniyoydsoyd-9
EYSLTT 165790 € 6T°0F ¥6'T €'659€TC00IdI  J0sinoaid [eripuoydoNW ‘aselonpal yoQ-|Aouatp-i'z
wsljogelsiN
15885 022760 5 2007527 2'062602001d] peneIo0sSE-UIe10sd SUBIGUIAL u%_oamww__%_%_\m
YR 795800 z 00'0F 06'% #'96TTEC00Id| utjabsue. |
£0286¢ 0LZ4rd T VNF08'T 1'825£02001d| Z i11-(z°29d3) unewors
0517005 G//8Sd € GG'0FGL'C ¥'T€./8T00IdI ureyd ©1aq uIsoAwodos] Jo g wiojos| ao1jds
1987¢C 26970d € 0T'0¥90°C 2'888.6700IdI ureyo eydje T uisoAwodol | J0 T wio40s| 801jds
65TY9 8190 8T 60°0F /ST '852602001d| ureiq ‘ureyd eydye utioads
€E918 0€0€90 T ET'EF69C T'6¢T.L6T00IdI unoe-eydje ajasnw yloows
16579 8MOAZY v YT0F 28T 1'668702001d| L-undas
STOY8 098.6d T VNTG9'L 1'66£795001d| 9-ZN WI0J0S! Ui 0} Je[iuis :3101a3dd
620TTE T VNFEVE 2'2L02L£001dI ulIngau 0} Jeiwis :q3101a3xd
® WJ0J0SI U18104d JayuI1]-SS0J9 Juswe|iy

arawe DI omognend  oneusbeiny  Ql1dI

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 24

Cuietal.

GLST6T 286500 L SO0F ¥S'T S'70rY6T00Id! W aseupy| ajeydsoydip apisosjonN
8LE0TE €2ras0 z 92'0%06'T 1'692555001d| aseuaBolpAysuel) 8prO3|aNU 3PILIBURODIN
§€05C 0.002d 8 L00F 0S'T §'299T€2001d! asejonpal §q 8WoIy20Ik-HAYN
6518 L0975d Z 00°0¥.T°2 1'29T702001d| asesawida-g auiwresoon|BjAoe-N
889967 69002d € S00F90Z  TTSSSOTO0M!  yunqns eydpe asepndad Buisssooid-foupUOLOLA
80,18 £52200 1 VNFIT'Y 2'810502001dI oseuaBoip »mwﬁwmﬁ_mﬂ_ﬁ%% mvﬂo_ﬁw&__ﬁ_ﬁm
62818 8 60°0¥70°C 1'€85995001d| [eLipuoyoOHW ‘sseusBolpAyap srefeln
85€667 T VNF00'Z €'62996T001d| €TT00LOHYT
206.6Y 9T0LL0 T VNFIEC €21€28001dI ursjoud Burpuig-suouinbign ssew Jenosjow Mo
330174 2v9v0d 9 TT'0¥0T°C T'TTLL6T00IdI urey v aseuabioipAyap ayejoe-
02eV6C 70Ld90 € TO'0FES'T Z'70€88T00IdI aseA| auolyren|Biholoe-
€LTr6  0X4890 y STOFTST  T'26/S€001dl w100 wungns [awN] m_mmw%wmmmu% areno08|
GL609¢€ 8LIXSO ¥ 80°0F 99'T T1'€605T2001d| 616090071 utaioid [eanaypodAH
96519 749090 v LT'0FES'T T'268797001d| 965T9£007 [eanoUiodAH
v26L 6ENI9O z 00°0¥99°T 2'8v692€001dI uiaold yqTPSH
95692 TT¥62d Z 90°0F 8€°C 9'€7229€001d| [eLpuoyooNW ssesaysuenoydsoyd dNY:d LD
€8EVC 16.¥0d 0T 6T0F9LC 2'1¥9212001d| aseuaBopAyap sreydsoyd-g-apAuysplesadk|o
295.9¢ 6Y.d90 S G907 19T 1'6.5007001dl p1oe eydje ‘asepisoan|o
08262 0A9d9D ¥ 0T'0¥60°2 T'TTEIE00Id! aselawos! areydsoyd asoan|o
89evC 80v¥Td v G807 16T L'TT9T€2001dI 10s1n921d [eripuoy0NW ‘sserelpAy ajerewing
68T §9050d €1 0T'0F 9T'E ¥'7ELTE2001dI v ase|opye ajeydsoydsig-asojoniy
8267 €N4890 T VNFI6'T Z'TZEY9E001dI Hungns-ejeq u1ejoidonely Jajsuel} uosos|3
5918 T9¥80d v 99'0% 29T €'YTLTEC00Id! aseJaysuen|A1zoe-g apiweodijoipAyiq
26862 249d90 14 9T'0F ¥9'C T'GYSS9€001dl aseuabioipAyap apiweodijoipAyia
G£88S 159800 4 00'0F 09'T 2'€85.7001dl aseuaBoipAyap ayessoh|Boydsoyd-g-a
6052 86829d € €0°0706'T '798TE2001d| OITeWOS ‘2 3W0IYI0IAD
ve6Zsc  OVZTid £ £00F8rZ  T'9r2Z6T00Id] e spadodiod e IEBLO T
. . uisjoud
T6€60€ 69TLED T VNFLT ¢'STETOE0OIdI AlqWasse sepIxo 2 w010} ‘Bojowoy STX0D
arawe DI omognend  oneusbeiny  Ql1dI

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 25

Cuietal.

62€29€ T VN+2L'T ¢'Lv.08¥00IdI areydsoydouow suisour 01 Jejiwis :a3121d3Hd
ove LT99Td L 9T'0F LT'C G'9¢vTECO0IdI T aseury a1eJ90A|6oydsoyd
88252 €9181d € LTTF 627 1'68688T00Id| T asebi| y0--ploe-Ayey-ureyd-Guo-
o) o) o . T uRjoud
0860€ BOAV9 1 VN#5C ¢'80.89€001d! Buiureluod-urewop ase|oJpAy aye1aoe01ade|Alewn
T6S¢ €Md660 T VN+.0C §'95¥10200IdI 'd0SdNO3dd T-3ISvalvIS
L¥000€ 14 9G'0+ 09'¢ T'9T¥99€00IdlI T-0 8WO0JY20142 01 Jejiwis :d3101a3dd
8vE6C T6G¢Ed 14 ¥5°0+8L°¢ 1°508087001dI 11 ura04d 2109 8sEIONP3I 9 3WOJYI01A0-|ouInbign
TT0T0E 0A4890 4 9€'0¥7 2S¢ T'2/ST/¥001dI 1 u13)01d 2100 asBIONPaI 3 AW0IYI0MA0-Jounbign
617877¢ 005817d 4 T6'0F¢L'E ¥',9.7€200IdI aselawos! ayeydsoydason |
e . Josindaid
GGTTLT 185090 T VN+99'T T',9¥86T00IdI |eLIPUOYO0IIW “NUNQNS ©18q aWAZUS [euoIlouNyLI |
PR . Josinoaid
0/90.T 827790 0T 800+ TL'T T'¢ec9cteooldl [ELIPUOY2CHW “HUNGNS eydye aWAZUB [EUORIUNLLL
18Lv¢C G968.0d 4 000+ /ST T'€6ST1TC00IdI Josinoaud [eripuoyooiiw ‘[u] esemnwsip spixolsdng
78€9TE 86H990 T VNFIV'E T'9T¥29€00IdI urajoud ssuodsas uoneAldap wnies
e . 10s1n2a1d [eLIpUOYd0W
05668¢ ceverd € SLT+16°¢C T'¥Zer6T00IdI ‘8}aq NUNgNs jusuodwod T3 aseuaboipAyap 81eAnIAd
o . 10sIn23.d [eLIPUOYI0MW ‘WIOJ J1IBWOS ‘HUNgns
3562 v8292d 3 16T 2y €0/T6100IdI 2ydfe 1Uau0dwI0D T3 a5eUsBOIPALID AEANIA]
e . (rerpuoydonw
TLEV9 9N0Z60 € L0'0F 102 T'ST2802001dl  agmanpa; apixoiad juapuadap-uIxopaioiy L) 111 Xud
e . WJ0J0SI 110ys aseIayluAs
§G/T9E 6 ce0F ST €'7eSGeLe00Id! ayeIAX00RI-G-auloAd 0} Jejius ‘g3 1 O1aTHd
o . asenw
60TE9E 4 90'0¥ 08°C €'€09502001dI auIWesoan|BiA18aeoydsoyd 01 Jejiwuis ‘q3.101a34d
o) . aseuaboipAysp areydsoyd-g-spAysplelsdk|b
660861 0T T2C0¥8LC T'6€0755001dI 0} JeqIWIs :Q3.LDIATHd
\n— on . qIA apndadAjod
265205 v TT0¥897T €'¢5T68E00Id! 9SePIX0 0 BWOIYI0IA] 01 Jejiwis :d31D1d3Hd
¥909T€E 6,082d T VNF67'C 2'50559€001dI urajoud |ge/x0Q 0} Jefiis :a3.LD1a34d
- . T Bulurelu0s urewop asesajsuenjAy1aw-O-[0ydsred
G89S0€ T VN7¥86'T ¢'€6¢59€001dlI 01 JBIWIS :q3.101a34d
S . 23 asejAoesuen)
11962 9Nd660 4 000¥96'T €'8T¥ELE001dI ureyd payauelq apiweodijoIpAYIp "3 LO1a34d
808262 £Ao0IsO T VNF8L'T Z'70EYIE00IdI Q asepndad
ov/al wnp apndad as¥abessny
arsusy aMioidiun  uoneoynuend  oney sbessay aridi

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 26

Cuietal.

996/6¢ ZN2d9d 14 IT'T+€9'T T'ST900v00IdI T Wwuogost 3 Hungns TA ‘Buriodsuel +H ‘ased 1 v
9/15¢ €,0600 € 8C'0+8L'T ¢'99%002001dI ¢ 9seao|suen) d1v/dav
Jauuey 4o as3i0dsued |
[Aa44%% 00eNS0O 8 700+ €9'T ¢'Ly€89E00IdI ZevyT1€007 utsjoid eanaylodAH
1/900€ /NAdod T VN+85¢ T'TT.L1ZY00IdI Vd-G0T99D 01 Jejlwis
S99TT 4 CT0+9LT €'G99¢21200I1dl uislold e@y /8
8GYT0E T4H990 T VNFL9'T T'€€08G€001dI T utajoid -2 (auounbign) aseusfoipAysp HAVN
9TST.LT 8AXT60 T VN+G5'€¢ ¢'68T681001dI aseusBolpAysp prosisAxoipAy-eydieoz
- . Josindaud [eupuoydonw ‘uraold
87799 GI6INGO T VNF8Y'Z T'€6069€001d] gy 17 xo;dwioo asE1NPOI 0 ALIOIYEOMKD-jouInbIgN
TPv069  (Yegd190 T VNFES'T 2'98006£00Idl uisjoid e@¥ TT
08€.8¢ YALYSO T VNF60€ Z'SYS69€001dl 9/ Jaquisw (Ajiwey YAS) eseronpal/eseushoipAysa
65.9¢ 655790 T VN+/8'T T'T.GETCOO0IdI / 8sela1saoly) Yo-|Aoe
80550d T VNFGS'T 1°28v00200Idl v nungns aseusboipAysp HQVN
€2262 0SNM60O T VNFIr'9 TTIEX02001dI [eLIPUOYI0NIW ‘¢ BWAZUBOSI 8seun| a1ejAuspy
. . € aWAzuUa0s] ‘aseury|
678962 T VNF86'T €'€ETZ6T00d! aseuaBoIpALap aeANIA 0 SIS a3 L IaTNd
- . 2V epndadAjod
sogv0g 189350 z 8C'0¥6ZC  ZTLTLEOOII ‘¢ a1 95EINPAIOPIXO AUOLINb (YN
y2orTT 151€90 € 0L'0+S¢C'€ 1°80650¢001dI ¢ 8sebl| y0O--proe-Aney-ureyo-buoT
. . T asejoipAyoydsoyd
69EV9 95800 T VNT6S Y T'€9.€6T001dl areydsoyd pidi J0 T w0J0s| ao1jdS
158662  1ZENSO z 800 08T  €£60TS6TOOIdI z asesgysuen [ApswAxoipAy auniss
=) . 2 9seunjAxoqued
ZyOT9E z EVOFLLT  €TEZ88E00IdI areAnIAdjousoydsoud o) Jepwis -q31 91a34d
. . Z ugoud
TysTe T VNF19'T €TL2Z9001dl PATRIBI-ULIEINGMOAIA 01 B[S “q3LO1030d
0r920¢  TLTSSO z 000¥¥9T  Z'86¥83E00IdI [ELIPUOLONL ‘Z BSBIAISB0IY) \f SWIAZUB0D-1KOY
v2S5e 0960Td z Z€0% LT T'09TS6TOONdI J0sindaud T uia101dodA|6 pareying
o . Josingaud [eLpuoydoW ‘T
155911 590£90 T VNFL57 T'256¥0c001d! awAzos! aseury [spiweodi|] aseusaboipAysp sreAniAd
— . T J0)3e} Alquiasse ‘Xajdwoagns eydje T (suouinbign)
980962 T VNFY'Z ¢'80TELEOOIdI aseuaBoIpAysp HaWN O3 Jejiwis :a3101a3dd
g Wi0j0si T aseusabolpAysp
ov/al wnp apndad as¥abessny
arsuwd  qvioigiun uoneoynuENd  oney abelsay aridi

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 27

Cuietal.

yOEYS  2v08ed 2 0Z0F 28T TOSLOSTOON!  1yupuouponu ‘Uotoid BUIPUIG-YNG PopUEhe el
80667 z 0007 69°C TTE0Y9E00Idl jousou ajdnjnw U:SMM@%JM_W_%M o%wmwﬁwﬁ
18T19¢ 1 VNFIOT  Z'789Y9E00Id] W UIlINo 0} Jewis :43101a34d
¥89T9E z S00FEST  E£0TTI9E00Id 7 1T Us1o1d A|quiasse aw0s0ajoNN
ISTP9  1SS800 1 UNFI8T  pP6IIEZ00IdI T 9Sel0IpAUOUILRIAYaWID auIUIBIRAUIWIp-ON'ON
6vG9TT  6ET6Td 1 VNT69T  T'98526T00IdI eydje NuNqnS |1 aseupy uased
UoITeNUBIaHIQ PUB UONEIBNIOA [8D'BI9AD 118D
£8000€ T VNF98'T T1'35799€001d| [esBaul [ewosixolad 0} ha__&__wuwmﬁ_m_w.%mwmﬁ
7999TT  80v0d 1 VNFLOT  TT6286T00ldI 4 MUNGNS 8SeLIUAS d L JEIONJeA
96G/TT  S1829d S TT0F96T  T'G0E66100IdI WIOJOS} UFeIq ‘g WUNGNS SSEUIUAS o 1Y JEIoNJeA
1552 2506€d 1 UNF6ST  Z'61€01Z00Id Z-UIWRUAQ JO VIl Wiojos] 9d1ds so1jds
Z esedly
£6967  ZZNTLO z 000¥02Z  £02006100Idl Wniofed wWinnanas owsejdopua/oiwse|dooes
10 82vOU3S Wiojos] 201ds
yov6z  €v9lEd z L007197  Z'€S6/Z€00ldI  JauodsUen aupine) Juapuadap-apLIojyo puE -Wnipos
656G 9HUIO g €00¥15Z  Z'STT602001d uisoid ge5z0lS
7v1389 £ TZ0¥65T  Z'662598001d] Joquiaw *A|iuuey ausb patefel 703 01 JejIIS
8/9Y9€  G96£90 1 UNTS6  Z'SELETZO0IdI T-UIXalj0JaPIS
GE90TE  ZOAdSD € S00F99T  ZLT989E00IdI 10108} aBURIX? BPI0BINU BUIUEN Je1/0UY
£08.82 1 UNTBY'E  Z'ZET9E00IdI Z Bojowoy A1sem L 0} Jejiwis :q310134d
128092 8NEX8D 1 UNT6ST  ZErveseoold] upydounwi 6gd 0} Jejiwis :d3101A34d
6£680¢ £ 2907687  Z7£290200Idl £ uroduwy o) Jejwis :q3101034d
9TL09€ z TVOFOBT  TOLOELE00I!  fuodsuen +H ‘sSed Ly or oo i)
69799 BNMIEO 1 UNTZGT  G/E090Z00IdI € Uteloid aueiquiaw Jalued I0jaloss :03101QTHd
6E90VT  ¥SS360 1 VNFIST  2Z6vI6T00IdI Bojowoy ¢ ureload uonezifeao] ualoid Jesjonn
62968 0IXOBO 1 UNFEZ  T'06521200ldI JaUI0dSUI100 [O-Y-EN
0z9  00.46d 1 UNTL6T  OTOZIEZ0OII  Utoloid Jaliied afefews/alesein|BoXo-Z [eLpUOLIOHIA
126796 T8IXSO £ PEOTET'E  ZPBTELE00IdI PUL0SOIE T 813 LOMEPIEIa) (eI vmw__ﬁ_u%wu
8v952  6YIASD 1 VNFIST  T'86v06T00IdI T-Jap0dSUe PIo. OUIWE JIUOTED
arawe DI omognend  oneusbeiny  Ql1dI

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 28

Cuietal.

UrewIop X1ay-{109-pa{109-X113y-|109-pa[10D

9EVL6T [4 00'0F ¥0°C 2°02S79€001d| o1 Je|IIs ‘aa.L21aTNd
98960€ z 000¥6LT Z'€¥S09€001dI 08440TZD 0} Jejiwis :d3101a3dd
151862 0v2950 T VNFLT'Z €'66759€001d| 2dI97TdV 03 BjIwis :q3LD1A3¥d
606662 z 00'0% 28T Z'50799€001dI uizjeld Y1490V TO00T60 OF Jeiwis :q3101aTd
925208 ¥SXV90 T VNFIZTZ  TB0BSE00II  puososk BUnodSUE H 0stter e
99052 T VNFOT'8 TT'¥6592€001dI J01dadal sniIAoljod
266682 6TIXSO € YT'0¥ 66T 2'90T29€00Id! O Ajnwey ‘Buturejuod urewop ABojowoy uLlsod|d
28901¢€ YZNITO T VYNFIE'Z T1'€000T2001d| QTT J0)0e} SIS3UdBOIq [BWOSIX0Iad
01650 YHIMPO T VNFZST 1'€62£02001d| T utsjoid apoadsered
896vST SCIA8D 1 VNFTY LT 1'25T802001d! 85B0VYN9|D-0
€898 188290 Z 80°0F 5€'C 1'£62602001d| € urajoid JejoajonN
8YovTe TVIXSO T VNFST'Z Z2'59v69€001dI Josindaud utfedIN
TEVYS 9rd360 14 200 18T €'109T2001dl T asejospAyopiure suisoburyds|Aoe-N
9T069¢€ SOaA90 T VYNFLT'Z T'L006€€001d| 19>{1eLU UOIJRNUBIBHIP PaJeId0sse-PIOfRAIN
7899 199290 z €007 26T L'T8ETEZ00IdI uzjold 3ynea Jofe
667005 0LNMPD T VNF09'T '6/9702001d| uajold 66700500
12562 9A4890 Z 00'0¥ 55T 1'92296T001d| T9-NON ulaloid Jueuiwopaid Asupry
7.1882 817470 z 02'0F 9¥'Z 1'968.6T001d| 67990£TADY utajeld [eanapodAH
.1867 80M¥SO T VNFY8'T 2'88v¥6£001dI 2186v0071 utajold [eanaypodAH
€88989 TOIXSO T VYNFL8'T 2'09668€001dI uajold [eanaipodAH
€21L62 ¥6H990 z 00'0F /ST T'06TST2001d! Josinoaid 6 uraloud BuIpuIg-90GMid
89ZTE  ZALAYD T VNFI8Z  T0Z5202001dI - Weroud UIRUOP S5 W I
J0sindaid |eripuoyaonw _c_wuoa
18962 96.5€0 1 ST'0¥92¢ '989T9€001d| Buipuig
-usuodwoagns O ‘T uauodwod Juswajdwo)
08TLTT G6€8Td z 00'0¥29'T T'1.606T00Id! T3 u1s101d Buiureu0d-UTBWOP %90YS PloD
909€0€ 9XZNso 4 0007 26'T T'#9€02001dl 10snda.d 2 ursjoud Buureyuod-urewop 1109-pa|i0d
Z LL0F 82T T'LET295001d| uiglold e 6
T VNF6'C T'G7£295001d| uizlold e@y L€
PalLISSeIOUN UoI1ouUNS 1e|NJ3JOIA PUE SI8Y10

arawe DI omognend  oneusbeiny  Ql1dI

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 29

Cuietal.

Josinoaid
T0600€ EVII80 14 CE0F VLT 1°88880¢001dI 2 aseushAxolp-g syesein|foxo-g suisA|-usbe||0o0.d
10 Z wiojos| d211ds
7990T¢€ £9AVI0O T VNFLTE T'97989€001dI TW3INNYd 01 Jejlwis
T6.v¢ G/69Td L ST0+7S'¢ T'5.1/.55001d1 u18101doaA|6 Yo suteIsAd o1pIoe payeIdes
SY60vT ITITV 14 020+ 19’1 T°90ST¢v00IdI TV WJojos! ‘¢ uojnansy
gs821€ z 0007€9T  T'¥8629500Idl (1 e1s
undi) T wisloud Buipuiq ‘uisiold Bunoessiul 44d.1d
EVSr0e yON4SO 14 000+ ¢E'¢ C'ELTTLEQOIdI Josnoaud ZGTOVVIM uteloid
€/8ETE TLM4SO T VN+FEL'T T'180%755001dI V86NV Uldloid
—on- . T€1Vvd
¥2.0.T 915360 T VNF89'T 1'9€£Z6T001dl Wiaaoud oL BUIANa| JIpIE PaTelal UoNesalIjold
e . Josingaid
£€8588¢ 19ensO € CC0+ 16T ¥'¢LLTEE00IdI ¢ 05eUaBAX0Ip-G areseIn|hoxo-z auIsAl-uabe|j0d0id
S . eydre-d4nd uteroid
867.0€ 4 600+ 29T T'TTr.6T001d!I J07eAI9e [euondudsuel | 0} Jejiwis :q3.L01a3yd
. . nungns ey z/‘s|onJed
98066V € YT 0+79'T 1°680595001dI uonIuBoaal [eubis o} 1|1 :gaLola3ydd
¥8250€ z 0007 LL'T  Z'ZTZb9g00Id ausb
€0IYEY0ELS YNAD NIMIY 031 Jefiwis :d3101d34d
—na . 20avTyeens
888€67 1 VNF06'T 2'€97602001d| VNGO NI 03 Jejius :qa 13103
P . 80>8000T20
S8TT9E z 000%/.2Z  Z'TZ50TZ00Id VNGO NI 01 Jejiuns ‘3.1 01a34d
e . T uigjold Bunoelsiui 103oey uonduosues
¥r90TE  ZIAAZY z 69VF007  €%8S8T0OZ00II BIweNNe] [|20-G-ald O] JENWIS ‘G Ia9Nd
- . surewop |\ pue ABojowoy uiuodjes yum
0¢Sv6¢ T VN+0T'¢ ¢'L96T.LE00IdI urel0ad BunoeIsIUl QTN O3 JejIIs :a31D1a3dd
9¥ST10S €6G15d € 70'0+8S9'T ¥'¥1696T00IdI u12104d ZTEOVVIMW 01 fejiwis :d3101a3dd
ATTO . 2 uxoad Buipuig-spnosjonu
T6YETE 4 00'0+18'T ¢'L5/85€001dl PeL aUIPNSIH 0} JejIwis :03.L01a34d
ueaA|boayoud
TISLTT 086290 vz TZOFEET  Y'E2E88800IdI ovey1ns Uesedal 03 JelILIS Lo
e e . J10s1n231d 1 -9|d Jusuodwod
09962 z 000%0ST  T'6YEELEOOII SSEQIIESUR.] 1) 0] JEQIANS {1 TR
e . asnow - 10sindaid
506062  BAMLSO € 0007 LST  T'L88ZIE00NI ey (A1)T eydye uabe|jo0 01 s 3.1 01034d
9 Buluieluod
ov/al wnp apndad as¥abessny
arsuwd  qvioigiun uoneoynuENd  oney abelsay aridi

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 30

Cuietal.

2519V 10460 T VNF0E'C 9°'€€9502001dI ursjoud Bulureiuod-am
oo . S

690TLT EMIC60 Z 00'0¥ 822 T'TTT202001dI uie01d [IMoIB ajasnu [eIefeys Buunp patenBal-dn
12L09€ ENOOYO T VNF.8¢C T°8€7809001dI uraloud 7Z209€0071
2ELT9E 7OAV9I0O T VNFIZ'C T'6672.£001dI Josinoaud 60T utslold sueqIBWSURI |
P . 6 Bulureluod

102T9€ /30150 Z 000FT6'T T°20/79€001dI urewop podsuen uiE0id yzdws sueIqUIBWSURL |
69905 2T€€9d T VNF19'C §'669T€Z00IdI 0T-e13q UIsowAy L

69160€ EINOCSO T VNFSS'¥ 2'162€0200IdI uriebue |

ov/al wnp apndad as¥abessny
arsudd  gonoidiun uonedUEND  oney abelaay aridi uondiiaseq

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 31

Cuietal.

NIH-PA Author Manuscript

Bojowoy 6 1d1IoSuURI) UONBIAP BWOIPUAS

20089¢ 99920 T VNF62'0  T'€€€0LE00IdI UaINBG-SLUBI||IAA 01 JEJIWIS ‘A3 L ITMd
7,£069 T YNFE0  THESTIE00IdI v ureioud ynow spisedi | 0} Jejiwis :a3.L01A34d
v18262 1 VNFEE0  ZLYSET00I] w1 stsordod T-wLL o1 EILS ‘o bl
J0sindaid g

01182 T VN¥8E'0  T'SS969€00Id]  J010B} PAALISP-|[9D [eWwoAS 0} fejiwis :a3LD1a34d
§29667 T YN¥ 20 €06T99€00IdI urajold Zquw o} Jejiwis :3101a3dd
#0290€ 9 ZU0F Ly'0  2'ZSLELE0OII g ulwe|i4 0} ejIwis :q3101a34d
£L29TE 1 UNFHYO  ZTBLTLE00N!  psuaon uoneandel WNG OF JelIS ‘a3 1ol daets
9/619¢ T VNF7'0  ¢'699T9€001dl  fyysyg0y uopeonidas wNG 03 ejiwis “mm__\m,__ww,“m_ﬁwwm
T8I0 09ANCE £ OVOTEED  E'STOBBE00II bLuouiq unoe UILOI0D 0} LIS ‘05 Lol
125108 4 0007 9¥'0  Z'¥G¥8SE00IdI uiaold Y1460470E0TIZ O3 Jejiwis :a3L01a3dd
L0vv8 ZMICBD z Z00F €70 Z'€88TTZO0IdI TT uMayped :q3101a34d
VEVILT 216890 1 VNFIE0  2'£28L02001dI g ALy ‘Urewiop axi1-ABojoL0y UiSYosLd
16,68 G60SE0 T YN¥7'0  T'96€50200IdI NISHON
€2666¢ 9e3r90 T VNFEE'0  T'68ETZY00IdI T auab payenbas weansumop dAw-N
L5¥62 8XAV90 T VNFIE0  ¢'Lyy2T12o0ld] (wuawBe.d) ureroid gdeln
265882 125d10 ¥ L0'0¥6%°0  Z'ZTOTLEOOII / U1101d 30UBUBIUIBLI BLUOSOWOIYIIUIN
L2L18 952.1d T VNF020  T'€951200IdI aseupy| 81euO[RASIN
SY0r9 9HS360D 4 L0'0F 670 9'T6TTEL00IdI T-UIxopa.ein|o
18.€8 66980d S T00F ¥7'0 ¥’ TYEYETO0IdI £-unosfe
05€09 169€90 T VN¥20  §676TE200IdI usbnue y1aD
6£€.62 7OAV90 14 00'0F6€'0  T'029¥9¥00IdI utsjoud Burdded
9TT6L €4d660 T VN¥870  T'8T600200IdI (wuawbeiH) X3dv
PYSLTT €evsed T VYNFEF'0  T'61986T00IdI Josindaud asesaysuen|Asoqroydsoydopiuy
8LTTLT 289Tvd € €007 8€0  T'EVLPTe00Idl urey ewbis/nui  ssejo aseuaBiolpAysp [0yod|y
a1 ouss Ov/dl  wnNspnded  as¥eleseny aran uonduase

gioidiun  uoneaynuend

oney abesany

¢?olqel

NIH-PA Author Manuscript

G0> oljey sy} YUM sulslodd 4o 31 ay L

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



Page 32

Cuietal.

T18.6% 68622d € L0'0F 050  9'¥69TEZ00IdI asepixo/aseusboipAyap autypuex
o . uiaoud

8EG/TT 9eNI190 T VNFE'0  §'2€20.7001dI BUNoEIRUI-UIE10.d ALIOIDUAS LOLIDIY-TIONSI
2L7E8 66T0LO z 0770 T'€0856T00IdI aseuaBoipAyap-9 ssoan|B-dan
9z.€8 7ATY60 T VNFLF0  2'2LT202001dI 4010 Jossaidal [euonduiosuel |
070005 9dv 120 1 VNF7'0  2'87T095001dI 1duosuel) panLIap sisa L
62.26¢C ¥12NSO z 00'0¥02'0 € ¥0Y9E00IdI v dpndadAjod urejoidoajonuoqu sesjanu jlews
88YYTT 095260 z 00'0F 050  €'LE29€00IdI ¢ uejoid Jnow BuipuIg-wNY
GBES6Z 854890 T VNT L£0  T'€rrT0200IdI T urewiop ase|a4d ajeydsoyd [eurtuia) vVNY
02€59¢ S0ZNSO 1 VNF.#'0 2’ TSTTIE00IdI TIA 8selonpal apnoajonuogry
88VETE 1 VN¥87'0  ¢'06/85S€00Idl yum uiajoud co:.mc_Sm>o-mc_o:uc_.:o_mmw_%% _V«_WUNMM
120289 SNIXSO T VNFL20  ¢'T6LT6€001dI Hungns TEld J0MgIYul BWoses)old
€692 EMHI90 € TO'0F8Y'0  T'9€829500IdI T 8seyiuAs apixoladopus-uipue|feisold
20962 982290 € [T0F Ly'0  2:082802001d] JoreinBo sneBau Joydenas 24 c_uc%m%w__m
dl auso m_v:owu_\%m :M_ﬁ_w__ wﬂ%%mn_u o_mwﬂwmmw»« ar idi uondiiossq

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Proteomics. Author manuscript; available in PMC 2010 September 27.



