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Abstract

Osteoblasts communicate both with normal cells in the bone marrow, and with tumor cells that 

metastasized to bone. Here we show that osteoblasts release exosomes, we termed osteosomes, 

which may be a novel mechanism by which osteoblasts communicate with cells in their 

environment. We have isolated exosomes from undifferentiated/proliferating (D0 osteosomes) and 

differentiated/mineralizing (D24 osteosomes) primary mouse calvarial osteoblasts. The D0 and 

D24 osteosomes were found to be vesicles of 130–140 nm by dynamic light scattering analysis. 

Proteomics profiling using tandem mass spectrometry (LC-MS/MS) identified 206 proteins in D0 

osteosomes and 336 in D24 osteosomes. The proteins in osteosomes are mainly derived from the 

cytoplasm (~47%) and plasma membrane (~31%). About 69% of proteins in osteosomes are also 

found in Vesiclepedia, and these canonical exosomal proteins include tetraspanins and Rab family 

proteins. We found that there are differences in both protein content and levels in exosomes 

isolated from undifferentiated and differentiated osteoblasts. Among the proteins that are unique to 

osteosomes, 169 proteins are present in both D0 and D24 osteosomes, 37 are unique to D0, and 

167 are unique to D24. Among those 169 proteins present in both D0 and D24 osteosomes, 10 

*Correspondence: Dr. Sue-Hwa Lin, Department of Translational Molecular Pathology, The University of Texas M. D. Anderson 
Cancer Center, 1515 Holcombe Blvd., Houston, TX 77030. slin@mdanderson.org, Tel: 713-794-1559.
±Current address: Department of Hematology and Medical Oncology, Winship Cancer Institute of Emory University, Atlanta, GA, 
USA

SUPPORTING INFORMATION:
The following files are available free of charge at ACS website http://pubs.acs.org:
3) Annotated tandem mass spectra for proteins identified on the basis of a single peptide assignment that are unique in D0 and in D24 
osteosomes.

HHS Public Access
Author manuscript
J Proteome Res. Author manuscript; available in PMC 2018 August 04.

Published in final edited form as:
J Proteome Res. 2017 August 04; 16(8): 2709–2728. doi:10.1021/acs.jproteome.6b00981.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://pubs.acs.org


proteins are likely present at higher levels in D24 than D0 osteosomes, based on emPAI ratios of 

more than 5. These results suggest that osteosomes released from different cellular state of 

osteoblasts may mediate distinct functions. Using live-cell imaging, we measured the uptake of 

PKH26-labeled osteosomes into C4-2B4 and PC3-mm2 prostate cancer cells. In addition, we 

showed that cadherin-11, a cell adhesion molecule, plays a role in the uptake of osteosomes into 

PC3-mm2 cells as osteosome uptake was delayed by neutralizing antibody against cadherin-11. 

Together, our studies suggest that osteosomes could have a unique role in the bone 

microenvironment under both physiological and pathological conditions.
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Introduction

Under normal physiologic conditions, osteoblasts are in communication with cells in the 

bone marrow to maintain tissue homeostasis. Osteoblasts have been shown to be a 

component of hematopoietic stem cell niche1–3, in which cell-cell contact between 

osteoblast and hematopoietic stem cells leads to Notch activation, which is one mechanism 

of communication by which osteoblasts influence stem cell function1. Osteoblasts were also 

shown to use the paracrine factor, BMP, to regulate hematopoietic stem cells2. In 

pathological conditions, e.g., prostate cancer bone metastasis, osteoblasts and tumor cell 

communication through paracrine factors have been shown to increase the tumor growth4–8. 

Osteoblast secreted factors have also been shown to confer tumor cell survival, resulting in 

resistance to therapy9. The unique roles of osteoblasts in the bone microenvironment in both 

physiological and pathological conditions suggest that the methods of communication 

between these cell types needs to be fully understood.

In this report, we examined whether exosomes could be an additional mechanism for 

osteoblast communication with other cells in the bone marrow. Exosomes are extracellular 

vesicles that originate by the fusion of multivesicular endosomes with the plasma 

membrane10. Exosomes are endocytic vesicles released by cells and are enriched in specific 

proteins, lipids and RNAs, indicating the existence of specialized mechanisms that control 

the sorting of molecules into exosomes11. Recent discoveries that exosomes are a powerful 

way of cell-cell communication11–17 suggested new possibilities that osteoblasts may use 

exosomes to bring proteins and genetic modifiers, e.g. miRNAs, into target cells to modulate 

cell activities. For example, exosomes that are derived from breast cancer stroma have been 

shown to increase cell migration18 and confer therapy resistance19, suggesting a role of 

stromal exosomes in modulating cancer progression.

One of the unique properties of osteoblasts is their ability to undergo differentiation to form 

mineralized bone. Whether these differentiation-induced cellular changes may affect 

exosome composition and thus exosome-mediated intercellular communication remains to 

be determined. Recently, Ge et al.20 reported the proteomic analysis of microvesicles 

isolated from nonmineralized mouse MCT3T-E1 cells, a T-antigen immortalized mouse 
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calvarial osteoblast cell line. They showed that the MC3T3-E1 exosomes contained typical 

exosomal markers, including TSG101 and Flot 120. Morhayim et al.21 reported the 

proteomic signature of extracellular vesicle (EV) from nonmineralizing and mineralizing T-

antigen immortalized human osteoblasts SV-HFO. Among the proteins identified, they 

detected 3 and 22 osteoblast-specific proteins that were uniquely present in nonmineralizing 

and mineralizing osteoblasts, respectively21.

Exosomes from primary mouse osteoblasts have never been studied. It is known that primary 

mouse osteoblasts can be induced to differentiate more extensively then immortalized 

osteoblasts under differentiation conditions, which may more closely reflect normal 

osteoblast physiology. In this study, we isolated exosomes, which we termed osteosomes, 

from both undifferentiated/proliferating and differentiated/mineralizing primary mouse 

osteoblasts and determined the proteomics profile of these osteoblast-derived exosomes. Our 

study showed that the molecular compositions of osteosomes under undifferentiated and 

differentiated conditions are different, with 225 proteins uniquely present in osteosomes 

from differentiated but not undifferentiated osteoblasts. We also showed that cadherin-11 

cell adhesion molecules play a role in the uptake of osteosomes into prostate cancer cells.

Experimental Section

Exosome-depleted FBS preparation

To deplete exosomes in serum, fetal bovine serum (FBS) was mixed with 50% polyethylene 

glycol (Fluka, polyethylene glycol 10,000) at 5:1 ratio. After incubation at 4°C for 2h, 

solution was centrifuged at 1,500g for 30 minutes at 4°C. Supernatant was collected and 

used as exosome-depleted FBS.

Osteoblast isolation and differentiation

Calvaria were isolated from 2–3 day old newborn mice. Collected bone tissue was twice 

digested using 0.1mg/mL collagenase in alpha-MEM with 1:40 diluted trypsin. These first 

two digestions were discarded and a third digestion using 0.2 mg/mL collagenase was 

performed and osteoblasts were collected. Along with undigested bone, osteoblasts were 

transferred to cell culture plates and allowed to grow to confluence with minimal disturbance 

for three days. Cell and bone fragments were trypsinized, washed, and passaged in fresh 

media containing exosome-depleted FBS. Cells were allowed to grow to confluence and 

conditioned media was collected (D0 conditioned media). The media was changed to 

differentiation media containing 10% exosome-depleted FBS, 5mM beta-glycerophosphate, 

and 100ug/mL ascorbic acid. Differentiation media was replenished every three days for a 

total of 24 days. At day 24, cell media was collected (D24 conditioned media).

Osteoblast differentiation assays

Von Kossa staining for mineralized bone matrix was performed as described elsewhere22. 

Alizarin Red S staining for calcium deposition was carried out as below: 2 g Alizarin Red S 

(C. I. 58005) was dissolved in 100 ml distilled water, and pH was adjusted to 4.1 – 4.3 with 

0.1% NH4OH to prepare the Alizarin Red S staining solution. Filter the dark-brown solution 

and store it in the dark. The cell was taken from the incubator and the medium was carefully 
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aspirated. Then the cells were washed with Dulbecco’s PBS, without Ca2+/Mg2+. For 

fixation, the neutral buffered formalin (10%) was used to cover the cellular monolayer and 

incubate at least 30 min. Then the formalin was carefully aspirated and the cells were 

washed with distilled water. Then enough Alizarin Red S staining solution was added to 

cover the cellular monolayer and incubated at room temperature in the dark for 45 min. Then 

the Alizarin Red S staining solution was carefully aspirated and was washed four times with 

1 ml distilled water. Then PBS was added to cover the cellular monolayer and analyzed in 

light microscopy.

Reverse transcription and real-time PCR (qRT-PCR)

RNA was prepared using Trizol (InVitrogen) and further purified by RNAeasy mini kit plus 

DNase I treatment (Qiagen). The relative mRNA level for each gene was quantified by Real-

time RT-PCR with SYBR Green (Applied Biosystems), using Gapdh as a control. The 

primers for RT-PCR are as follow. Alkaline phosphatase: CTCCTCCATCCCTTCCCTTC 

and CCCTGGGTAGACAGCCAAC; osteocalcin: GCTCTGTCTCTCTGACCTCA and 

TGGACATGAAGGCTTTGTCA; DMP1: CCCACGAACAGTGAGTCATC and 

GGTCTGTACTGGCCTCTGTC; SOST: ATCCCAGGGCTTGGAGAGTA and 

CTCGGACACATCTTTGGCGT; GAPDH: CCCAGAAGACTGTGGATG and 

GCAGGGATGATGTTCTGG.

Exosome isolation and analysis

Osteoblasts were isolated from 80 newborn mouse calvaria and grew to confluence in 

exosome-depleted fetal bovine serum. The conditioned medium was collected and 

centrifuged at 1000×g for 5 min to remove cells, followed by an initial filtration step (1μm) 

and a centrifugation step of 3000×g for 10 min to remove cellular debris. A total of 150 ml 

of conditioned medium was collected and ultracentrifuged at 100,000×g at 4°C overnight. 

The exosome pellet from the ultracentrifugation step was resuspended in 10 ml of PBS and a 

second step of ultracentrifugation was performed at 100,000×g at 4°C for 2 h. The pellet was 

resuspended in PBS and ultracentrifuged at 100,000×g one more time to remove fetal bovine 

serum. Osteosomes were isolated from day 0-CM and day 24-CM by serial centrifugation. 

In brief, media was centrifuged at 2,000g for 20 min, supernatant was then centrifuged again 

at 10,000g for 30 min. Supernatant was again collected and spun at 100,000g for 90 min, 

exosome pellet collected, washed with 1× PBS and spun at 100,000g for 90 min. 

Supernatant was discarded and pellet was resuspended in 1×PBS for further analysis.

Exosome particle size determination and transmission electron microscopy

The particle sizes of isolated D0 and D24 exosomes were measured by dynamic light 

scattering analysis using NanoSight LM-10 instrument (Nanosight Limited, Amesbury, UK). 

Transmission electron microscopy (TEM) was performed by MD Anderson Core facility. 

Samples were fix in the final concentration of 2% glutaraldehyde and were placed on 100 

mesh carbon coated, formvar coated copper grids treated with poly-l-lysine for 1 hour. 

Samples were then negatively stained with Millipore-filtered aqueous 1% uranyl acetate for 

1 min. Stain was blotted dry from the grids with filter paper and samples were allowed to 

dry. Samples were then examined in a JEM 1010 transmission electron microscope (JEOL, 
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USA, Inc., Peabody, MA) at an accelerating voltage of 80 Kv. Digital images were obtained 

using the AMT Imaging System (Advanced Microscopy Techniques Corp., Danvers, MA).

Proteomics profiling

The osteosome were acetone precipitated (acetone:sample=5:1 ratio) and placed in −20°C 

overnight. The precipitated proteins were resuspended in 10 μl Rapigest (2 mg/ml in 100 

mM ammonium bicarbonate) (Waters) plus 30 μl 50 mM ammonium bicarbonate, heated at 

100°C for 10 min. The samples were cooled to room temperature and digested with 200–400 

ng sequencing grade trypsin (20 ng/μl in 0.02% formic acid) (Promega) at 37°C overnight. 

The digested samples were dried down using Speedvac and reconstitute in 1% formic acid.

The resulting peptides were analyzed by liquid chromatography-tandem mass spectrometry 

(LC-MS/MS) on an Orbitrap Fusion mass spectrometer (Thermo Scientific). HPLC analyses 

were performed with Dionex RSCL 3000 Nano. Samples were injected into a Phenomenex 

core-shell C18 DB column (2.7 μm 15cm), with mobile phase compositions of A: 0.1% 

formic acid in water, B: 0.1% formic acid in acetonitrile and with a flow rate of 100. The 

gradient was held isocratic at 2% B for 2 min, ramped up to 35% at 165 min, ramped up to 

80% at 166 min, maintained at 80% until 176 min, ramped down to 2% at 177 min, held at 

2% until 190 min.

MS parameters and scan strategy were: (a) mass range for MS1: 400–1300; (b) mass 

resolution for MS1: 500,000; (c) mass window for precursor ion selection: 0.5d; (d) number 

or precursors selected for tandem MS in each scan cycle: Maximum in 2 sec; (e) mass 

analyzer for tandem-MS: MS1: Orbitrap; MS2: Iontrap. (f) charge state screening 

parameters: 2-4; (g) relative collision energy: 30%; (h) dynamic exclusion settings: 15sec.

Data processing of the MS results were as follows: (a) Database: SwissProt/2.3.02, 

SwissProt_040115.fasta, Total sequences: 548208; (b) Search engine: Mascot 2.5 via 

Proteome Discoverer 1.4; (c) Precursor and product ion mass tolerances: Peptide Mass 

Tolerance: 10, Peptide Mass Tolerance Units: ppm, Fragment Mass Tolerance: 0.8, Fragment 

Mass Tolerance Units: Da, Ions score cut-off: 20; (d) Enzyme specificity: Trypsin, 2 missed 

cleavages allowed; (e) Fixed and variable modifications: Fixed: none, Variable 

modifications: Oxidation (M), Gln->pyro-Glu (N-term Q), Trioxidation (C); (f) Additional 

search specifications: Decoy database also searched; (g) Method for FDR assessment: 

Decoy DB using Proteome Discoverer; (h) Criteria for acceptance of peptide assignments 

and protein identifications: Significance threshold: 0.05. Max. number of hits: auto. Use 

MudPIT protein scoring: not applicable; (i) Determination of probability of modification site 

location: not applicable.

Immunoblot

Proteins from osteosomes were subjected to 4–12% sodium dodecyl sulfate–polyacrylamide 

gel electrophoresis. The gel was transferred to a nitrocellulose membrane (Schleicher & 

Schnell) and stained with Ponceau S, followed by immunoblotting with specific antibodies 

as indicated. Signals were detected with a chemiluminescent detection kit (Pierce 

Biotechnology).
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Exosome uptake and antibody blocking

Osteosomes and control liposomes were labeled with the red fluorescent lipophilic dye 

PKH26 (InVitrogen)23. Next, PKH26-labeled osteosomes or liposomes (3×105 particles) 

were added to prostate cancer cells (1×104 cells), C4-2b or PC3-mm2, in RPMI1640 

containing exosome-depleted 0.1% FBS, and cells were plated on a glass-bottom dish 

(ibidi). Exosome or liposome uptake into cells was observed by live-cell imaging on a 

BioStation (Nikon), in which images were captured every 30 min over 30 h using both 

bright-field and red fluorescence channels24. For antibody blocking, PKH26-labeled 

osteosomes were preincubated with anti-Cad11 monoclonal antibody 1A525 at a final 

antibody concentration of 3 μg/ml before the osteosome-antibody mixture was added to 

prostate cancer cells for live-cell imaging analysis. PBS buffer alone and an unrelated 

antibody with similar IgG isotype were used as negative controls.

Results

Undifferentiated (D0) and Differentiated (D24) osteoblasts

Osteoblasts can be stimulated to undergo proliferation or differentiation, depending on the 

specific treatments or culture condition. It is not clear whether exosomes generated from 

undifferentiated or differentiated osteoblasts have different protein composition. To address 

this question, performed proteomics profiling of exosomes, which we term osteosomes, from 

undifferentiated or differentiated osteoblasts. The experimental scheme for the isolation and 

characterization of exosomes from primary mouse osteoblasts is shown in Fig. 1A. 

Osteoblasts isolated from newborn calvaria were cultured in the growth medium to 

confluence (undifferentiating condition) and the medium was then changed to differentiation 

medium and the osteoblasts further cultured for 24 days (differentiating condition). The 

morphologies of osteoblasts cultured in undifferentiating condition (D0 osteoblasts) and 

differentiating condition (D24 osteoblasts) are shown in Fig. 1B. Von Kossa (Fig. 1C) and 

alizarin staining (Fig. 1D) showed that D24 but not D0 osteoblasts are mineralized. qRT-

PCR for the expression of markers of osteoblast differentiation in mRNA prepared from D0 

and D24 osteoblasts was used to establish the differentiation status of osteoblasts. In one 

experiment, alkaline phosphatase and osteocalcin, markers of osteoblast differentiation, were 

increased by 20- and 2876-fold, respectively in Day 24 osteoblasts compared to D0 

osteoblasts (Fig. 1E). In another experiment, the increases were 17- and 242-fold, 

respectively (Supplemental –Fig. S1). In addition, the osteocyte markers, dentin matrix 

acidic phosphoprotein 1 (DMP1) and sclerostin (SOST1), were also increased by 730- to 

1076-fold and 1537- to 91,650-fold, respectively, in D24 osteoblasts compared to D0 

osteoblasts (Fig. 1E, Supplemental Fig. S1). These results confirm that these osteoblasts 

have undergone differentiation after culturing in the differentiation medium for 24 days.

Characterization of osteosomes isolated from D0 and D24 osteoblasts

Conditioned media were collected from D0 and D24 osteoblasts and exosomes were isolated 

using ultracentrifugation. Exosomes prepared from the undifferentiated (D0 osteoblasts) and 

differentiated (D24 osteoblasts) conditions are named D0 and D24 osteosomes, respectively. 

When examined by light scattering spectroscopy, both D0 and D24 osteosomes have particle 

sizes around 100 nm (Fig. 2A, C), which is the typical size of exosomes. Transmission 
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electron microscopy (TEM) showed that both the osteosome vesicles (D0 and D24) exhibit a 

cup-shaped morphology (Fig. 2B, 2D), which is the characteristic morphology of exosomes. 

The average sizes of D0 and D24 osteosomes from four independent experiments were 

134.9 ± 12.6 and 138.9 ± 12.5, respectively (Fig 2E). We note that the number of 

osteosomes from primary mouse osteoblasts is very low, ~ 4000 and ~3300 particles per 

million cells from undifferentiated and differentiated osteoblasts, respectively. In contrast, 

the exosomes from C4-2B4 and PC3-mm2 PCa cells are ~184,000 and 108,000 particles per 

million cells. Thus, the number of exosomes from primary mouse osteoblasts is around 2–

4% of those from PCa cells.

Comparison of osteosomal proteins with other exosomal proteins

To characterize the proteins in osteosomes, D0 and D24 osteosomes were subjected to mass 

spectrometry analysis. Proteomics profiling by mass spectrometry identified 206 and 336 

proteins with a 1% false discovery rate (FDR) from D0 and D24 osteosomes, respectively 

(Fig. 3A). 169 proteins were found in both D0 and D24 osteosomes, resulting in a total of 

373 osteosomal proteins from combining the proteins from D0 and D24 osteosomes. A 

comparison of our osteosome proteomics data with a published exosome database, i.e., 

Vesiclepedia26, showed that 256 (69%) proteins are also found in Vesiclepedia (Fig. 3B), 

resulting in 117 proteins that are unique to osteosomes. The canonical exosome proteins10 

found in osteosomes are shown in Supplemental Table S1. They include tetraspanins (CD9, 

CD81), endosomal molecules (clathrin), multivesicular body proteins (Chmp4b), membrane 

trafficking proteins (RAB proteins, annexins), cytoskeletal proteins (actin, tubulin, myosin), 

heat shock proteins (HSP90, HSP70), and adhesion proteins (integrins). The molecular 

composition of osteosomes reflects their origin in endosomes. These results demonstrate that 

osteosomes have similar characteristics as exosomes from other cell types.

Ingenuity pathway analysis of osteosomal proteins

Analysis of the 373 osteosomal proteins from combining the proteins from D0 and D24 

osteosomes using Ingenuity Pathway Analysis showed that the osteosomal proteins are 

originated from the cytoplasm (47%) and plasma membrane (31%) (Fig. 3C). We further 

analyzed these proteins based on the potential biological processes and found that these 

proteins are involved in integrin signaling, RhoGDI, and remodeling of epithelial adherens 

junctions (Fig. 3D). Importantly, the disease function analysis showed that these osteosome 

proteins are mainly involved in cell movement, cell death and survival, cellular assembly 

and cancer (Fig. 3E).

Changes in the levels of osteosomal proteins during osteoblast differentiation

Among the 117 proteins that are unique to osteosomes (Fig. 4A), 30 proteins are common 

between D0 and D24 osteosomes (Table 1). This results in 11 proteins that are unique to D0 

osteosomes (Fig. 4A, Table 2) and 76 proteins that are unique to D24 osteosomes (Fig. 4A, 

Table 3). For the 169 proteins that are common between D0 and D24 osteosomes, we 

compared their levels of expression under different differentiation status. Although the mass 

spectrometry method we used for protein identification is not quantitative, the 

Experimentally Modified Protein Abundance Index (emPAI) can provide an estimate for the 

relative levels of expression. A comparison of emPAI scores among the 169 common 
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osteosome proteins, 10 of the 169 proteins (6%) show a greater than 5-fold increase in D24 

osteosomes when compared to D0 osteosomes (Fig. 4B). Among them, the protein with the 

highest fold of increase is alkaline phosphatase (ALPL, 15-fold). When protein scores were 

used as comparison, seven of these proteins also have more than 5-fold increase (Fig. 4C). 

Measurement of the enzymatic activity of alkaline phosphatase in D0 and D24 osteosomes 

showed that there was an increase, about 3.5-fold, in D24 osteosomes compared to that in 

D0 osteosomes (Fig. 4D), confirming the results from mass spectrometry analysis. These 

observations suggest that osteosome compositions differ depending on the differentiation 

states of osteoblasts.

Osteosome proteins that mediate osteosome uptake into prostate cancer cells

Uptake of exosomes has been shown to be the mechanism by which exosomes modulate 

their target cells. It has been reported that vesicle targeting depends on the type and 

activation status of recipient cells27, 28. To assess if prostate cancer cells take up released 

osteosomes, we investigated the uptake of osteosomes by different prostate cancer cell lines. 

Osteosomes or control liposomes were labeled with PKH26 dye. PKH26-labeled osteosomes 

or control liposomes were then co-cultured with C4-2b prostate cancer cells for various 

times and monitored by live-cell imaging to detect the time course of osteosome transfer into 

C4-2b cells. We observed an increase in osteosome uptake in C4-2b cells, with close to 60% 

of cells showing osteosome uptake by 10 h and 100% by 30 h (Fig. 5A). In contrast, during 

the same time frame, little uptake of control liposomes was detected in C4-2b cells at 10 h, 

and only ~20% C4-2b cells took up liposomes by 30 h. In PC3-mm2 cells, more than 60% 

of cells showed osteosome uptake by 10 h and 100% by 30 h (Fig. 5B). In contrast, uptake 

of control liposomes in PC3-mm2 cells was very low at 10 h, reaching ~ 50% by 30 h. The 

results using two different prostate cancer cell lines show that prostate cancer cells take up 

osteosomes more readily than control liposomes. These findings raise the possibility that 

osteosomes may contain cell surface molecules that facilitate their uptake into PCa cells.

Cad11 contributes to the uptake of osteosomes into PC3-mm2 cells

We next examined whether osteosomes may contain specific membrane proteins that 

facilitate interaction with PC3-mm2 cells through cell surface adhesion molecules and/or 

receptors to favor their capture by PC3-mm2 cells. Our previous studies have shown that the 

osteoblast cadherin, cadherin11 (Cad11, also known as OB-cadherin) plays a role in the 

homing of PC3-mm2 cells, which express Cad11, to bone through interacting with Cad11 

expressed on osteoblasts25, 29. We found that Cad 11 is a common osteosomal protein in 

both D0 and D24 osteosomes (Table 1). Cad11 is a homophilic cell adhesion molecule. 

Thus, Cad11 on osteosomes may enhance the uptake of osteosomes into PC3-mm2 cells 

through interaction with Cad11 on PC3-mm2 cells. The emPAI values of Cad11 in D0 vs 

D24 osteosomes were 0.06 and 0.11, respectively, and the mascot score were 30 and 54, 

respectively (Table 1). Western blot for the levels of Cad11 in osteosomes showed that the 

level of Cad11 were similar, although D24 seemed to be slightly lower when compared to 

D0 osteosomes (Fig. 5C).

To examine the role of Cad11 in osteosome uptake into PC3-mm2 cells, we used a Cad11 

adhesion-blocking antibody mAb1A525 in live-cell imaging analysis. PKH26-labeled 
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osteosomes were preincubated for 30 min with Cad11 mAb1A5, a control antibody with 

matching isotype (IgG) or buffer alone, and the antibody-osteosome mixture was added to 

PC3-mm2 cells at a final concentration of 3μg/ml mAb. As shown in Fig. 5D, the control 

cells treated with either buffer alone or an irrelevant mAb showed a similar time course of 

osteosome uptake, with about 50% of PC3-mm2 cells positive with osteosomes at 5 h. 

Treatment of osteosomes with Cad11 mAb 1A5 delayed osteosome uptake into PC3-mm2 

cells, with 50% cell uptake reached at 9 h. These results suggest that Cad11 contributes to 

the uptake of osteosomes into PC3-mm2 cells, likely mediated through homophilic Cad11 

adhesion interactions. We note that C4-2b cells do not express detectable levels of Cad1129, 

yet osteosomes can still be efficiently taken up relative to liposomes (Fig. 5A), suggesting 

that interactions of other membrane components between osteosomes and C4-2b cells likely 

mediate osteosome uptake into C4-2b cells. Together, these observations suggest that 

osteosome uptake is dependent on the expression of cell surface adhesion molecules, and 

that diverse membrane components of different PCa cells might be involved in osteosome 

uptake into different PCa cells.

Discussion

We have identified a unique set of proteins in exosomes derived from primary mouse 

osteoblasts termed “osteosomes”. In addition, we showed that there are significant 

differences in the levels and content of proteins in osteosomes isolated from undifferentiated 

versus differentiated osteoblasts, with 167 proteins uniquely present in osteosomes from 

differentiated but not undifferentiated osteoblasts. Our studies expand the list of exosome 

proteins differentially expressed in mineralized osteoblasts and suggest that osteosomes may 

mediate different functions depending on their cellular state. Furthermore, we showed that 

the adhesion molecules, such as cadherin-11, on the osteosome surface play a role in 

osteosome uptake into PCa cells. As PC3-mm2 is a highly metastatic PCa cell line, it is 

possible that uptake of osteosomes through cadherin-11 contributes to the metastastic 

potential of PC3-mm2 cells. This is the first report on the isolation and proteomics profiling 

of exosomes from primary mouse osteoblasts. Our study offers an additional mechanism, 

besides cell-cell contact and paracrine factors, by which osteoblasts may be used to 

communicate with cells in the bone marrow microenvironment in both physiological and 

pathological conditions.

The low number of osteosomes from primary mouse osteoblasts has limited our ability to 

examine the functional roles of osteosomes on PCa cells. Despite these challenges, our 

studies raise the possibility that osteosomes play a role in modulating the activities of tumor 

cells that have metastasized to bone. Exosomes derived from tumor-associated stroma have 

been shown to increase tumor cell migration through Wnt-PCP signaling18, and stromal 

exosomes have been shown to confer therapy resistance to breast cancer cells19. PCa is a 

unique malignancy with a special affinity for the bone and a remarkable capacity to develop 

osteoblastic metastasis4. We recently demonstrated that PCa-induced aberrant bone 

overgrowth promotes tumor growth in bone7. While factors secreted from osteoblasts, such 

as osteonectin, osteopontin, osteocalcin and bone sialoprotein, have been shown to affect 

different PCa cell functions30–33, a role of osteosomes in PCa progression in bone has never 

been studied. Morhayim et al.21 showed that upon incubating the extracellular vesicles, 
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isolated from differentiated osteoblastic cell line SV-immortalized human osteoblasts, with 

PC3 PCa cells, a 2-fold increase in cell growth compare to medium control was observed. 

Whether such an effect also occurs in vivo awaits further studies.

Exosomes contain specific repertoires of proteins as well as RNAs, indicating the existence 

of mechanisms that control the sorting of molecules into exosomes. During osteoblast 

differentiation, there is a significant change in the expression of proteins, as reflected in the 

dramatic increases in osteoblast differentiation markers alkaline phosphatase, osteocalcin, 

DMP1 and sclerostin (Fig. 1E). Among the osteoblast differentiation markers examined, 

only alkaline phosphatase was found in D24 osteoblasts. In addition, the differentiation 

status of osteoblasts also affects the composition of exosomes. We found that several 

proteins are uniquely present in D24 but not D0 osteosomes. How proteins and RNAs are 

selected and sorted into exosomes is not clear34. The differential expression of proteins, and 

likely RNAs, between D0 and D24 osteosomes will likely affect the outcome of the 

communication between the osteoblasts (exosome-producer) and the recipient cells. This 

issue is under intense investigation. Isolation of osteosomes and the identification of 

components in osteosomes opened new possibilities that osteoblasts may use osteosomes to 

modulate cells in the bone marrow. Previous studies by Calvi et al.1 and Zhang et al.2 

showed that osteoblasts regulate hematopoietic stem cell activity through cell-cell contact, 

leading to Notch activation and paracrine BMP signaling, respectively. It is intriguing to 

consider that osteosomes may be an additional mechanism by which osteoblasts regulate 

hematopoietic stem cells. Because osteosomes can bring genetic modifiers, in addition to 

proteins, to hematopoietic stem cells, osteosomes may represent a novel mechanism to 

regulate hematopoiesis. Further studies on the osteosome RNA contents and their effects on 

resident bone marrow cells and metastatic cancer cells are warranted.

Conclusions

Our studies suggest that osteosomes may play a role in the interaction between osteoblasts 

and cells in the bone marrow microenvironment in both physiological and pathological 

conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Preparation of osteosomes from undifferentiated (D0) and differentiated osteoblasts (D24). 

(A) Experimental scheme for the isolation and characterization of exosomes from primary 

mouse osteoblasts, here termed “osteosomes”. (B) Morphology of D0 undifferentiated and 

D24 differentiated osteoblasts in culture. (C) Von Kossa stain for the mineralization of 

osteoblasts cultured in the absence (D0) or presence (D24) of differentiation medium. (D) 

Alizarin Red stain for mineralization of osteoblasts. Right panel, enlarged image of Alizarin 

Red staining of D24 differentiated osteoblasts. (E) Real-time RT-PCR for the expression of 

osteoblast differentiation markers, including alkaline phosphatase, osteocalcin, dentin matrix 

phosphoprotein-1, and sclerostin in D0 and D24 osteoblasts. Real-time RT-PCRs were 

performed on total RNAs prepared from calvarial osteoblasts cultured in the absence (D0) or 
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presence (D24) of osteoblast differentiation medium using gene-specific primers as 

indicated.
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Figure 2. 
Characterization of osteosomes. (A) Particle size and images of D0 osteosomes by dynamic 

light scattering analysis using a Zetasizer Nano ZS instrument. Osteosomes (see enlarged in 

insets) were found to be mainly ~50–150 nm size particles. (B) Transmission electron 

microscopy images of three representative D0 osteosomes were found to exhibit cup-shaped 

morphology (arrowheads) characteristic of exosomes. (C) Particle size and images of D24 

osteosomes by dynamic light scattering analysis as in A. (D) Three representative 

transmission electron microscopy images of D24 osteosomes. Scale bar, 100 nm. (E) 
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Average sizes of osteosomes from D0 and D24 osteoblasts. N=4. Data represent average ± 

sem.
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Figure 3. 
Proteomics analysis of osteosomes. (A) Venn diagram of proteins in D0 vs D24 osteosoms. 

(B) Venn diagram of proteins in osteosomes and in Vesiclepedia. (C) Ingenuity Pathway 

Analysis of the intracellular origin of osteosome proteins. (D) The involvement of 

osteosome proteins in various biological processes. (E) The involvement of osteosome 

proteins in disease functions. These pathways are selected based on p values (expressed as 

−log(p-value)). The marked thresholds in D and E represent p=0.05.
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Figure 4. 
Comparison of proteomics profile of D0 and D24 osteosomes. (A) Venn diagram of proteins 

in D0, D24 osteosoms versus those in Vesiclepedia. (B) Proteins that showed a more or 

equal to 5-fold increase, based on emPAI values, in D24 osteosomes when compared to D0 

osteosomes. (C) Proteins that showed a more or equal to 5-fold increase, based on protein 

score, in D24 osteosomes when compared to D0 osteosomes. (D) Enzymatic activity of 

alkaline phosphatase in D0 and D24 osteosomes.
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Figure 5. 
Osteosome uptake into C4-2b and PC3-mm2 cells. Live-cell imaging of osteosome uptake in 

(A) C4-2b cells and (B) PC3-mm2 cells. Cells (1×104) were incubated with PKH26-labeled 

D24 osteosomes or PKH26-labeled control liposomes (3×105 particles). Live-cell imaging 

was recorded at 30 min intervals over 30 h on a Nikon Biostation. Number of cells imaged 

live: C4-2b with osteosome (n=157) or liposome (n=48); PC3-mm2 with osteosome (n=118) 

or liposome (n=100) in two independent experiments. Error bars, mean ± s.d. Right panels, 

representative bright field images merged with PKH26 red fluorescence of cells treated with 
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PKH26-labeled liposomes or PKH26-labeled osteosomes. Nuclei are outlined; dash line 

separates two cells. Bars, 10 μm. (C) Western blot of adhesion molecule cadherin-11 

(Cad11) in D0 and D24 osteosomes. Right panel, quantification of Cad11 level. (D) Live-

cell imaging of PC3-mm2 was performed as in B, except that PKH26-labeled osteosomes 

were preincubated with either anti-Cad11 mAb 1A5, isotype-matched irrelevant mAb (IgG), 

or PBS buffer, prior to their addition to cells. The final antibody concentration was 3 μg/ml. 

Number of cells imaged live following osteosome pre-incubation with: PBS (n=55), IgG (n 

= 52), and Cad11 mAb (n=81).

Bilen et al. Page 20

J Proteome Res. Author manuscript; available in PMC 2018 August 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 21

Ta
b

le
 1

Pr
ot

ei
ns

 c
om

m
on

 to
 D

0 
an

d 
D

24
 o

st
eo

so
m

es

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

A
2M

G
_M

O
U

SE
A

2m
A

lp
ha
‐2
‐m

ac
ro

gl
ob

ul
in
‐P

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

2m
 P

E
=

2 
SV

=
2

16
42

48
79

11
8

7
12

2
3

1.
8

2.
4

SY
A

C
_M

O
U

SE
A

ar
s

A
la

ni
ne

–t
R

N
A

 li
ga

se
, 

cy
to

pl
as

m
ic

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

ar
s 

PE
=

1 
SV

=
1

10
68

41
57

36
2

1
2

1
3.

7
1

A
C

T
B

_M
O

U
SE

A
ct

b
A

ct
in

, c
yt

op
la

sm
ic

 1
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
ct

b 
PE

=
1 

SV
=

1

41
71

0
99

5
11

60
95

88
18

19
62

.9
62

.9

A
C

T
C

_M
O

U
SE

A
ct

c1
A

ct
in

, a
lp

ha
 c

ar
di

ac
 m

us
cl

e 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
ct

c1
 P

E
=

1 
SV

=
1

41
99

2
71

0
67

0
63

48
15

13
55

.4
48

A
C

T
N

1_
M

O
U

SE
A

ct
n1

A
lp

ha
‐a

ct
in

in
‐1

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

ct
n1

 P
E

=
1 

SV
=

1

10
30

04
17

6
44

6
4

9
3

7
3.

9
9.

2

A
R

P3
_M

O
U

SE
A

ct
r3

A
ct

in
‐r

el
at

ed
 p

ro
te

in
 3

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

ct
r3

 P
E

=
1 

SV
=

3

47
32

7
95

90
2

2
2

2
4.

8
4.

8

A
L

B
U

_M
O

U
SE

A
lb

Se
ru

m
 a

lb
um

in
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

A
lb

 P
E

=
1 

SV
=

3

68
64

8
12

8
12

1
10

10
1

1
2.

1
2.

1

A
L

D
O

A
_M

O
U

SE
A

ld
oa

Fr
uc

to
se
‐b

is
ph

os
ph

at
e 

al
do

la
se

 A
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

A
ld

oa
 P

E
=

1 
SV

=
2

39
33

1
20

6
14

4
5

4
5

4
14

.3
14

PP
B

T
_M

O
U

SE
A

lp
l

A
lk

al
in

e 
ph

os
ph

at
as

e,
 ti

ss
ue
‐

no
ns

pe
ci

fi
c 

is
oz

ym
e 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
lp

l 
PE

=
1 

SV
=

2

57
47

8
12

0
87

9
3

81
2

15
4.

8
35

.7

A
M

PN
_M

O
U

SE
A

np
ep

A
m

in
op

ep
tid

as
e 

N
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

A
np

ep
 P

E
=

1 
SV

=
4

10
95

82
15

9
75

3
5

30
4

16
6

25
.6

A
N

X
A

1_
M

O
U

SE
A

nx
a1

A
nn

ex
in

 A
1 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

nx
a1

 P
E

=
1 

SV
=

2

38
71

0
50

8
82

2
15

38
8

13
29

.5
41

.9

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 22

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

A
N

X
A

2_
M

O
U

SE
A

nx
a2

A
nn

ex
in

 A
2 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

nx
a2

 P
E

=
1 

SV
=

2

38
65

2
68

3
83

4
47

63
12

14
36

46
.9

A
N

X
A

3_
M

O
U

SE
A

nx
a3

A
nn

ex
in

 A
3 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

nx
a3

 P
E

=
1 

SV
=

4

36
36

2
65

50
2

1
2

1
7.

4
5

A
N

X
A

4_
M

O
U

SE
A

nx
a4

A
nn

ex
in

 A
4 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

nx
a4

 P
E

=
1 

SV
=

4

35
89

3
21

4
68

4
7

23
4

8
16

.6
29

.5

A
N

X
A

5_
M

O
U

SE
A

nx
a5

A
nn

ex
in

 A
5 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

nx
a5

 P
E

=
1 

SV
=

1

35
73

0
58

1
12

08
26

71
12

22
42

67
.1

A
N

X
A

6_
M

O
U

SE
A

nx
a6

A
nn

ex
in

 A
6 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

nx
a6

 P
E

=
1 

SV
=

3

75
83

7
49

5
10

26
18

47
11

22
23

.2
42

.1

A
P2

A
1_

M
O

U
S 

E
A

p2
a1

A
P‐

2 
co

m
pl

ex
 s

ub
un

it 
al

ph
a‐

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

p2
a1

 P
E

=
1 

SV
=

1

10
75

96
34

40
1

1
1

1
0.

9
0.

9

A
PO

E
_M

O
U

SE
A

po
e

A
po

lip
op

ro
te

in
 E

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

po
e 

PE
=

1 
SV

=
2

35
84

4
10

8
61

9
4

23
3

12
10

35

A
R

F1
_M

O
U

SE
A

rf
1

A
D

P‐
ri

bo
sy

la
tio

n 
fa

ct
or

 1
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
rf

1 
PE

=
1 

SV
=

2

20
68

4
26

5
20

3
11

9
6

4
43

.6
32

A
R

F4
_M

O
U

SE
A

rf
4

A
D

P‐
ri

bo
sy

la
tio

n 
fa

ct
or

 4
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
rf

4 
PE

=
1 

SV
=

2

20
38

4
10

4
10

6
3

5
3

2
23

.3
11

.7

A
R

F6
_M

O
U

SE
A

rf
6

A
D

P‐
ri

bo
sy

la
tio

n 
fa

ct
or

 6
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
rf

6 
PE

=
1 

SV
=

2

20
06

9
50

82
2

4
1

2
5.

7
12

G
D

IR
1_

M
O

U
SE

A
rh

gd
ia

R
ho

 G
D

P‐
di

ss
oc

ia
tio

n 
in

hi
bi

to
r 

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

A
rh

gd
ia

 P
E

=
1 

SV
=

3

23
39

3
10

6
12

1
3

5
2

2
15

.2
15

.2

A
T

1A
1_

M
O

U
SE

A
tp

1a
1

So
di

um
/p

ot
as

si
um

‐
tr

an
sp

or
tin

g 
A

T
Pa

se
 s

ub
un

it 
al

ph
a‐

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

tp
1a

1 
PE

=
1 

SV
=

1

11
29

10
61

6
97

2
20

35
13

17
18

.5
23

A
T

2B
1_

M
O

U
SE

A
tp

2b
1

Pl
as

m
a 

m
em

br
an

e 
ca

lc
iu

m
‐

tr
an

sp
or

tin
g 

A
T

Pa
se

 1
 

13
46

62
61

22
2

2
6

2
5

2.
3

5.
9

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 23

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
tp

2b
1 

PE
=

1 
SV

=
1

B
2M

G
_M

O
U

SE
B

2m
B

et
a‐

2‐
m

ic
ro

gl
ob

ul
in

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
B

2m
 

PE
=

1 
SV

=
2

13
77

0
59

11
0

2
10

2
2

16
16

B
A

SP
1_

M
O

U
SE

B
as

p1
B

ra
in

 a
ci

d 
so

lu
bl

e 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

B
as

p1
 P

E
=

1 
SV

=
3

22
07

4
36

4
32

1
11

7
8

6
51

.3
38

.1

B
A

SI
_M

O
U

SE
B

sg
B

as
ig

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
B

sg
 P

E
=

1 
SV

=
2

42
41

8
16

6
77

9
7

4
2

10
.3

9.
5

C
O

3_
M

O
U

SE
C

3
C

om
pl

em
en

t C
3 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
C

3 
PE

=
1 

SV
=

3

18
63

66
11

1
18

9
3

5
3

5
1.

5
3.

3

C
A

L
M

_M
O

U
SE

C
al

m
1

C
al

m
od

ul
in

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
C

al
m

1 
PE

=
1 

SV
=

2

16
82

7
29

3
27

2
16

21
5

5
38

.3
38

.3

C
A

P1
_M

O
U

SE
C

ap
1

A
de

ny
ly

l c
yc

la
se
‐a

ss
oc

ia
te

d 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ap

1 
PE

=
1 

SV
=

4

51
53

2
32

10
2

1
4

1
3

1.
7

12
.4

C
SK

P_
M

O
U

SE
C

as
k

Pe
ri

ph
er

al
 p

la
sm

a 
m

em
br

an
e 

pr
ot

ei
n 

C
A

SK
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
as

k 
PE

=
1 

SV
=

2

10
50

42
94

86
3

2
3

2
3.

7
1.

7

T
C

PB
_M

O
U

SE
C

ct
2

T
‐c

om
pl

ex
 p

ro
te

in
 1

 s
ub

un
it 

be
ta

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ct

2 
PE

=
1 

SV
=

4

57
44

1
89

79
2

2
2

2
6.

9
5.

6

C
D

44
_M

O
U

SE
C

d4
4

C
D

44
 a

nt
ig

en
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
d4

4 
PE

=
1 

SV
=

3

85
56

5
78

62
3

3
1

1
1.

5
1.

5

C
D

47
_M

O
U

SE
C

d4
7

L
eu

ko
cy

te
 s

ur
fa

ce
 a

nt
ig

en
 

C
D

47
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

d4
7 

PE
=

1 
SV

=
2

33
07

6
42

77
1

1
1

1
4.

6
4.

6

C
D

81
_M

O
U

SE
C

d8
1

C
D

81
 a

nt
ig

en
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
d8

1 
PE

=
1 

SV
=

2

25
79

7
62

94
4

6
1

1
8.

5
8.

5

C
D

C
42

_M
O

U
SE

C
dc

42
C

el
l d

iv
is

io
n 

co
nt

ro
l p

ro
te

in
 

42
 h

om
ol

og
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
dc

42
 P

E
=

1 
SV

=
2

21
24

5
17

2
21

1
7

9
4

4
25

.7
25

.7

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 24

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

C
A

D
11

_M
O

U
SE

C
dh

11
C

ad
he

ri
n‐

11
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
dh

11
 P

E
=

1 
SV

=
1

88
05

8
30

69
1

2
1

2
1.

3
2.

3

C
O

F1
_M

O
U

SE
C

fl
1

C
of

ili
n‐

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

fl
1 

PE
=

1 
SV

=
3

18
54

8
25

3
37

5
12

13
5

8
46

.4
43

.4

C
L

IC
1_

M
O

U
SE

C
lic

1
C

hl
or

id
e 

in
tr

ac
el

lu
la

r 
ch

an
ne

l p
ro

te
in

 1
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
lic

1 
PE

=
1 

SV
=

3

26
99

6
60

10
3

2
3

2
3

10
.8

14
.1

C
L

IC
4_

M
O

U
SE

C
lic

4
C

hl
or

id
e 

in
tr

ac
el

lu
la

r 
ch

an
ne

l p
ro

te
in

 4
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
lic

4 
PE

=
1 

SV
=

3

28
71

1
90

17
0

3
5

3
4

16
.6

19
.8

C
L

H
1_

M
O

U
SE

C
ltc

C
la

th
ri

n 
he

av
y 

ch
ai

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ltc

 
PE

=
1 

SV
=

3

19
14

35
22

1
55

5
7

14
6

12
6.

1
10

.1

C
O

C
A

1_
M

O
U

SE
C

ol
12

a1
C

ol
la

ge
n 

al
ph

a‐
1(

X
II

) 
ch

ai
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

12
a1

 P
E

=
2 

SV
=

3

34
00

04
45

11
5

1
4

1
4

0.
3

1.
3

C
O

1A
1_

M
O

U
SE

C
ol

1a
1

C
ol

la
ge

n 
al

ph
a‐

1(
I)

 c
ha

in
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

1a
1 

PE
=

1 
SV

=
4

13
79

48
17

28
53

9
76

27
38

10
42

8.
5

C
O

1A
2_

M
O

U
SE

C
ol

1a
2

C
ol

la
ge

n 
al

ph
a‐

2(
I)

 c
ha

in
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

1a
2 

PE
=

1 
SV

=
2

12
94

78
99

6
60

8
35

25
25

10
29

.5
9.

9

C
T

N
A

1_
M

O
U

SE
C

tn
na

1
C

at
en

in
 a

lp
ha
‐1

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
C

tn
na

1 
PE

=
1 

SV
=

1

10
00

44
52

30
9

2
8

2
7

5
12

.6

C
T

N
B

1_
M

O
U

SE
C

tn
nb

1
C

at
en

in
 b

et
a‐

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
tn

nb
1 

PE
=

1 
SV

=
1

85
41

6
55

32
1

2
10

2
7

3.
3

12
.4

D
D

A
H

1_
M

O
U

SE
D

da
h1

N
(G

),
N

(G
)‐

di
m

et
hy

la
rg

in
in

e 
di

m
et

hy
la

m
in

oh
yd

ro
l a

se
 1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
D

da
h1

 P
E

=
1 

SV
=

3

31
36

1
52

49
2

1
2

1
7

3.
5

D
E

ST
_M

O
U

SE
D

st
n

D
es

tr
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

D
st

n 
PE

=
1 

SV
=

3
18

50
9

61
79

2
2

2
2

10
.9

14
.5

D
Y

H
C

1_
M

O
U

SE
D

yn
c1

h 
1

C
yt

op
la

sm
ic

 d
yn

ei
n 

1 
he

av
y 

ch
ai

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

D
yn

c1
h1

 P
E

=
1 

SV
=

2

53
17

10
44

20
0

1
6

1
6

0.
3

1.
8

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 25

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

E
D

IL
3_

M
O

U
SE

E
di

l3
E

G
F‐

lik
e 

re
pe

at
 a

nd
 

di
sc

oi
di

n 
I‐

lik
e 

do
m

ai
n‐

co
nt

ai
ni

ng
 p

ro
te

in
 3

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
E

di
l3

 P
E

=
1 

SV
=

2

53
67

7
78

0
67

8
75

50
16

13
37

.9
34

E
F1

A
1_

M
O

U
SE

E
ef

1a
1

E
lo

ng
at

io
n 

fa
ct

or
 1
‐a

lp
ha

 1
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
ef

1a
1 

PE
=

1 
SV

=
3

50
08

2
36

9
43

8
24

32
7

9
19

.3
22

.5

E
F2

_M
O

U
SE

E
ef

2
E

lo
ng

at
io

n 
fa

ct
or

 2
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

E
ef

2 
PE

=
1 

SV
=

2

95
25

3
22

0
32

6
6

9
6

9
10

.5
13

.5

E
H

D
1_

M
O

U
SE

E
hd

1
E

H
 d

om
ai

n‐
co

nt
ai

ni
ng

 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
hd

1 
PE

=
1 

SV
=

1

60
56

5
10

5
14

7
2

5
2

3
7.

1
8.

4

IF
5A

1_
M

O
U

SE
E

if
5a

E
uk

ar
yo

tic
 tr

an
sl

at
io

n 
in

iti
at

io
n 

fa
ct

or
 5

A
‐1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
E

if
5a

 P
E

=
1 

SV
=

2

16
82

1
78

82
3

2
2

2
22

.7
22

.7

E
N

O
A

_M
O

U
SE

E
no

1
A

lp
ha
‐e

no
la

se
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

E
no

1 
PE

=
1 

SV
=

3

47
11

1
63

0
50

8
28

23
12

10
33

.6
30

.9

E
Z

R
I_

M
O

U
SE

E
zr

E
zr

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
E

zr
 P

E
=

1 
SV

=
3

69
36

4
22

2
23

3
9

8
6

6
13

.1
11

.4

FA
B

P5
_M

O
U

SE
Fa

bp
5

Fa
tty

 a
ci

d‐
bi

nd
in

g 
pr

ot
ei

n,
 

ep
id

er
m

al
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Fa
bp

5 
PE

=
1 

SV
=

3

15
12

7
32

66
1

1
1

1
6.

7
6.

7

N
IB

A
N

_M
O

U
SE

Fa
m

12
9 

a
Pr

ot
ei

n 
N

ib
an

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Fa

m
12

9a
 

PE
=

1 
SV

=
2

10
25

85
60

40
5

2
14

2
9

2.
8

12
.7

FA
R

P1
_M

O
U

SE
Fa

rp
1

FE
R

M
, R

ho
G

E
F 

an
d 

pl
ec

ks
tr

in
 d

om
ai

n‐
co

nt
ai

ni
ng

 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Fa
rp

1 
PE

=
1 

SV
=

1

11
88

01
12

0
32

2
1

2
1

2.
7

1

FL
N

A
_M

O
U

SE
Fl

na
Fi

la
m

in
‐A

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Fl

na
 P

E
=

1 
SV

=
5

28
10

46
23

4
16

3
6

5
5

4
2.

3
1.

5

FI
N

C
_M

O
U

SE
Fn

1
Fi

br
on

ec
tin

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Fn

1 
PE

=
1 

SV
=

4

27
23

68
25

49
23

19
16

5
13

7
46

42
31

.2
28

.6

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 26

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

FS
C

N
1_

M
O

U
SE

Fs
cn

1
Fa

sc
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Fs
cn

1 
PE

=
1 

SV
=

4
54

47
4

51
96

2
3

2
3

6.
9

8.
7

FR
IL

1_
M

O
U

SE
Ft

l1
Fe

rr
iti

n 
lig

ht
 c

ha
in

 1
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ft
l1

 
PE

=
1 

SV
=

2

20
79

0
70

13
0

3
5

2
3

15
.8

30
.6

G
3P

_M
O

U
SE

G
ap

dh
G

ly
ce

ra
ld

eh
yd

e‐
3‐

ph
os

ph
at

e 
de

hy
dr

og
en

as
e 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
G

ap
dh

 P
E

=
1 

SV
=

2

35
78

7
43

9
36

9
24

21
8

8
34

.5
42

.9

SY
G

_M
O

U
SE

G
ar

s
G

ly
ci

ne
–t

R
N

A
 li

ga
se

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
G

ar
s 

PE
=

1 
SV

=
1

81
82

6
35

94
1

3
1

3
1.

4
5.

3

G
D

IB
_M

O
U

SE
G

di
2

R
ab

 G
D

P 
di

ss
oc

ia
tio

n 
in

hi
bi

to
r 

be
ta

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
G

di
2 

PE
=

1 
SV

=
1

50
50

5
21

5
44

7
6

15
5

9
13

.9
28

.3

G
N

A
I2

_M
O

U
SE

G
na

i2
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(i
) 

su
bu

ni
t a

lp
ha
‐2

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
G

na
i2

 P
E

=
1 

SV
=

5

40
46

3
32

1
55

6
14

32
6

9
24

.8
33

.5

G
N

A
S1

_M
O

U
SE

G
na

s
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(s
) 

su
bu

ni
t a

lp
ha

 
is

of
or

m
s 

X
L

as
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

G
na

s 
PE

=
1 

SV
=

1

12
14

29
13

9
22

0
7

14
3

5
3.

2
4.

7

G
B

B
1_

M
O

U
SE

G
nb

1
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(I
)/

G
(S

)/
G

(T
) 

su
bu

ni
t b

et
a‐

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

G
nb

1 
PE

=
1 

SV
=

3

37
35

3
13

4
23

3
5

10
3

5
9.

1
13

.2

G
B

G
12

_M
O

U
SE

G
ng

12
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(I
)/

G
(S

)/
G

(O
) 

su
bu

ni
t g

am
m

a‐
12

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
G

ng
12

 P
E

=
1 

SV
=

3

79
92

14
2

10
0

3
2

3
2

47
.2

25

G
PC

1_
M

O
U

SE
G

pc
1

G
ly

pi
ca

n‐
1 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
G

pc
1 

PE
=

1 
SV

=
1

61
32

1
31

23
5

1
8

1
5

2.
5

14

G
E

L
S_

M
O

U
SE

G
sn

G
el

so
lin

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

G
sn

 P
E

=
1 

SV
=

3
85

88
8

67
49

5
2

17
2

12
4.

2
23

.6

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 27

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

G
ST

P1
_M

O
U

SE
G

st
p1

G
lu

ta
th

io
ne

 S
‐tr

an
sf

er
as

e 
P 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
G

st
p1

 P
E

=
1 

SV
=

2

23
59

4
13

8
20

3
5

6
3

3
20

.5
20

.5

H
A

1B
_M

O
U

SE
H

2‐
K

1
H
‐2

 c
la

ss
 I

 h
is

to
co

m
pa

tib
ili

ty
 

an
tig

en
, K

‐B
 a

lp
ha

 c
ha

in
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

H
2‐

K
1 

PE
=

1 
SV

=
1

41
27

6
10

5
16

5
4

7
2

4
5.

1
12

.2

H
B

E
_M

O
U

SE
H

bb
‐y

H
em

og
lo

bi
n 

su
bu

ni
t e

ps
ilo

n‐
Y

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
H

bb
‐y

 P
E

=
1 

SV
=

2

16
12

6
52

38
5

5
1

1
6.

8
6.

8

H
S9

0A
_M

O
U

S 
E

H
sp

90
aa

 1
H

ea
t s

ho
ck

 p
ro

te
in

 H
SP

 9
0‐

al
ph

a 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
H

sp
90

aa
1 

PE
=

1 
SV

=
4

84
73

5
23

0
35

5
7

8
6

8
10

.6
13

.2

H
S9

0B
_M

O
U

S 
E

H
sp

90
a 

b1
H

ea
t s

ho
ck

 p
ro

te
in

 H
SP

 9
0‐

be
ta

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

H
sp

90
ab

1 
PE

=
1 

SV
=

3

83
22

9
29

2
35

7
11

11
7

8
10

.8
12

H
SP

7C
_M

O
U

S 
E

H
sp

a8
H

ea
t s

ho
ck

 c
og

na
te

 7
1 

kD
a 

pr
ot

ei
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

H
sp

a8
 P

E
=

1 
SV

=
1

70
82

7
59

3
78

4
23

29
15

17
29

.3
35

.3

PG
B

M
_M

O
U

SE
H

sp
g2

B
as

em
en

t m
em

br
an

e‐
sp

ec
if

ic
 

he
pa

ra
n 

su
lf

at
e 

pr
ot

eo
gl

yc
an

 
co

re
 p

ro
te

in
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

H
sp

g2
 P

E
=

1 
SV

=
1

39
80

39
89

2
24

2
29

5
20

5
7.

6
1.

4

IF
M

2_
M

O
U

SE
If

itm
2

In
te

rf
er

on
‐in

du
ce

d 
tr

an
sm

em
br

an
e 

pr
ot

ei
n 

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
If

itm
2 

PE
=

1 
SV

=
1

15
73

3
34

40
2

5
1

1
5.

6
5.

6

IG
SF

8_
M

O
U

SE
Ig

sf
8

Im
m

un
og

lo
bu

lin
 s

up
er

fa
m

ily
 

m
em

be
r 

8 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Ig
sf

8 
PE

=
1 

SV
=

2

64
97

0
70

27
1

2
9

2
6

4.
7

15
.9

IL
K

_M
O

U
SE

Il
k

In
te

gr
in
‐li

nk
ed

 p
ro

te
in

 k
in

as
e 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Il
k 

PE
=

1 
SV

=
2

51
34

0
35

32
1

1
1

1
2.

2
2.

2

IQ
G

A
1_

M
O

U
SE

Iq
ga

p1
R

as
 G

T
Pa

se
‐a

ct
iv

at
in

g‐
lik

e 
pr

ot
ei

n 
IQ

G
A

P1
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Iq
ga

p1
 P

E
=

1 
SV

=
2

18
86

24
22

6
40

7
5

9
5

9
4.

4
9.

2

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 28

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

IT
A

11
_M

O
U

SE
It

ga
11

In
te

gr
in

 a
lp

ha
‐1

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

It
ga

11
 P

E
=

1 
SV

=
1

13
29

29
38

74
1

3
1

2
0.

8
1.

4

IT
A

V
_M

O
U

SE
It

ga
v

In
te

gr
in

 a
lp

ha
‐V

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
It

ga
v 

PE
=

1 
SV

=
2

11
52

87
16

6
50

0
6

14
5

11
7.

2
12

IT
B

1_
M

O
U

SE
It

gb
1

In
te

gr
in

 b
et

a‐
1 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
It

gb
1 

PE
=

1 
SV

=
1

88
17

3
16

1
29

8
6

10
4

7
5.

3
12

.9

IT
IH

2_
M

O
U

SE
It

ih
2

In
te

r‐
al

ph
a‐

tr
yp

si
n 

in
hi

bi
to

r 
he

av
y 

ch
ai

n 
H

2 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

It
ih

2 
PE

=
1 

SV
=

1

10
58

61
27

2
47

1
10

17
6

8
6.

7
9.

3

IT
IH

3_
M

O
U

SE
It

ih
3

In
te

r‐
al

ph
a‐

tr
yp

si
n 

in
hi

bi
to

r 
he

av
y 

ch
ai

n 
H

3 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

It
ih

3 
PE

=
1 

SV
=

3

99
29

6
42

72
1

3
1

2
1.

1
2.

7

IM
B

1_
M

O
U

SE
K

pn
b1

Im
po

rt
in

 s
ub

un
it 

be
ta
‐1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
K

pn
b1

 P
E

=
1 

SV
=

2

97
12

2
33

10
3

1
2

1
2

1.
4

3.
1

K
1C

10
_M

O
U

SE
K

rt
10

K
er

at
in

, t
yp

e 
I 

cy
to

sk
el

et
al

 
10

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

10
 P

E
=

1 
SV

=
3

57
73

5
33

3
79

29
3

6
2

10
3.

7

K
22

E
_M

O
U

SE
K

rt
2

K
er

at
in

, t
yp

e 
II

 c
yt

os
ke

le
ta

l 2
 

ep
id

er
m

al
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

K
rt

2 
PE

=
1 

SV
=

1

70
88

0
12

5
10

4
9

2
2

2
3.

3
3.

3

K
2C

5_
M

O
U

SE
K

rt
5

K
er

at
in

, t
yp

e 
II

 c
yt

os
ke

le
ta

l 5
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

5 
PE

=
1 

SV
=

1

61
72

9
20

8
60

9
2

3
1

5.
7

2.
1

K
2C

73
_M

O
U

SE
K

rt
73

K
er

at
in

, t
yp

e 
II

 c
yt

os
ke

le
ta

l 
73

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

73
 P

E
=

1 
SV

=
1

58
87

5
16

8
12

8
8

5
2

2
4.

3
4.

3

K
22

O
_M

O
U

SE
K

rt
76

K
er

at
in

, t
yp

e 
II

 c
yt

os
ke

le
ta

l 2
 

or
al

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

76
 P

E
=

1 
SV

=
1

62
80

6
96

51
6

1
2

1
3.

4
1.

5

K
2C

79
_M

O
U

SE
K

rt
79

K
er

at
in

, t
yp

e 
II

 c
yt

os
ke

le
ta

l 
79

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

79
 P

E
=

1 
SV

=
2

57
51

7
88

77
2

2
1

2
2.

3
4.

3

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 29

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

L
A

M
P1

_M
O

U
SE

L
am

p1
Ly

so
so

m
e‐

as
so

ci
at

ed
 

m
em

br
an

e 
gl

yc
op

ro
te

in
 1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
L

am
p1

 P
E

=
1 

SV
=

2

43
83

7
11

7
21

8
5

9
3

4
7.

6
11

.3

L
A

M
P2

_M
O

U
SE

L
am

p2
Ly

so
so

m
e‐

as
so

ci
at

ed
 

m
em

br
an

e 
gl

yc
op

ro
te

in
 2

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
L

am
p2

 P
E

=
1 

SV
=

2

45
65

2
63

72
3

2
2

2
4.

3
4.

1

L
D

H
A

_M
O

U
SE

L
dh

a
L
‐la

ct
at

e 
de

hy
dr

og
en

as
e 

A
 

ch
ai

n 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
L

dh
a 

PE
=

1 
SV

=
3

36
47

5
42

6
36

9
18

14
8

8
26

.8
25

.6

L
E

G
1_

M
O

U
SE

L
ga

ls
1

G
al

ec
tin
‐1

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
L

ga
ls

1 
PE

=
1 

SV
=

3

14
85

6
14

6
18

1
9

7
2

3
17

.8
25

.2

L
R

P1
_M

O
U

SE
L

rp
1

Pr
ol

ow
‐d

en
si

ty
 li

po
pr

ot
ei

n 
re

ce
pt

or
‐r

el
at

ed
 p

ro
te

in
 1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
L

rp
1 

PE
=

1 
SV

=
1

50
44

11
39

19
8

1
4

1
4

0.
2

0.
9

LY
Z

2_
M

O
U

SE
Ly

z2
Ly

so
zy

m
e 

C
‐2

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Ly

z2
 P

E
=

1 
SV

=
2

16
67

8
53

10
9

2
6

1
1

10
.1

10
.1

M
A

R
C

S_
M

O
U

SE
M

ar
ck

s
M

yr
is

to
yl

at
ed

 a
la

ni
ne
‐r

ic
h 

C
‐k

in
as

e 
su

bs
tr

at
e 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
M

ar
ck

s 
PE

=
1 

SV
=

2

29
64

4
17

3
20

1
8

10
4

4
16

.8
16

.8

M
R

P_
M

O
U

SE
M

ar
ck

sl
 1

M
A

R
C

K
S‐

re
la

te
d 

pr
ot

ei
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
ar

ck
sl

1 
PE

=
1 

SV
=

2

20
15

3
77

59
2

1
2

1
14

6.
5

M
FG

M
_M

O
U

S 
E

M
fg

e8
L

ac
ta

dh
er

in
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

M
fg

e8
 P

E
=

1 
SV

=
3

51
20

8
89

5
12

87
12

5
33

1
17

21
42

.8
44

.7

M
IF

_M
O

U
SE

M
if

M
ac

ro
ph

ag
e 

m
ig

ra
tio

n 
in

hi
bi

to
ry

 f
ac

to
r 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
M

if
 P

E
=

1 
SV

=
2

12
49

6
56

51
4

3
1

1
9.

6
9.

6

M
O

E
S_

M
O

U
SE

M
sn

M
oe

si
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
sn

 P
E

=
1 

SV
=

3
67

72
5

77
1

12
29

38
47

19
28

35
45

.2

M
V

P_
M

O
U

SE
M

vp
M

aj
or

 v
au

lt 
pr

ot
ei

n 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

M
vp

 P
E

=
1 

SV
=

4

95
86

5
62

15
6

2
4

2
4

2.
7

6.
2

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 30

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

M
Y

A
D

M
_M

O
U

SE
M

ya
dm

M
ye

lo
id
‐a

ss
oc

ia
te

d 
di

ff
er

en
tia

tio
n 

m
ar

ke
r 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
ya

dm
 P

E
=

1 
SV

=
2

35
26

1
69

77
5

5
1

1
5.

3
5.

3

M
Y

H
9_

M
O

U
SE

M
yh

9
M

yo
si

n‐
9 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
yh

9 
PE

=
1 

SV
=

4
22

62
32

53
5

82
8

16
21

15
19

12
.7

14
.5

M
Y

L
6_

M
O

U
SE

M
yl

6
M

yo
si

n 
lig

ht
 p

ol
yp

ep
tid

e 
6 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
yl

6 
PE

=
1 

SV
=

3

16
91

9
57

13
8

2
4

2
4

15
.9

29
.1

M
Y

O
1B

_M
O

U
SE

M
yo

1b
U

nc
on

ve
nt

io
na

l m
yo

si
n‐

Ib
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
yo

1b
 P

E
=

1 
SV

=
3

12
84

83
77

53
3

2
17

2
11

3.
5

16
.4

M
Y

O
1C

_M
O

U
SE

M
yo

1c
U

nc
on

ve
nt

io
na

l m
yo

si
n‐

Ic
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
yo

1c
 P

E
=

1 
SV

=
2

12
18

68
33

8
59

5
12

20
9

15
13

.8
17

.7

N
ID

2_
M

O
U

SE
N

id
2

N
id

og
en
‐2

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
N

id
2 

PE
=

1 
SV

=
2

15
38

16
16

7
75

4
2

4
2

4.
1

1.
6

N
D

K
A

_M
O

U
SE

N
m

e1
N

uc
le

os
id

e 
di

ph
os

ph
at

e 
ki

na
se

 A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
N

m
e1

 P
E

=
1 

SV
=

1

17
19

7
31

68
2

5
1

2
11

.2
21

.1

PD
C

6I
_M

O
U

SE
Pd

cd
6i

p
Pr

og
ra

m
m

ed
 c

el
l d

ea
th

 6
‐

in
te

ra
ct

in
g 

pr
ot

ei
n 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Pd

cd
6i

p 
PE

=
1 

SV
=

3

95
96

4
16

4
22

4
6

8
5

6
8.

2
8.

1

PE
B

P1
_M

O
U

SE
Pe

bp
1

Ph
os

ph
at

id
yl

et
ha

no
la

 m
in

e‐
bi

nd
in

g 
pr

ot
ei

n 
1 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Pe

bp
1 

PE
=

1 
SV

=
3

20
81

7
33

18
5

1
5

1
4

13
.9

32
.6

PR
O

F1
_M

O
U

S 
E

Pf
n1

Pr
of

ili
n‐

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pf

n1
 P

E
=

1 
SV

=
2

14
94

8
23

2
27

5
8

11
4

4
42

.1
42

.1

PI
4K

A
_M

O
U

SE
Pi

4k
a

Ph
os

ph
at

id
yl

in
os

ito
l 4
‐k

in
as

e 
al

ph
a 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pi
4k

a 
PE

=
1 

SV
=

2

23
68

89
43

60
1

1
1

1
0.

6
0.

6

K
PY

M
_M

O
U

SE
Pk

m
Py

ru
va

te
 k

in
as

e 
PK

M
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pk
m

 
PE

=
1 

SV
=

4

57
80

8
60

3
67

8
27

25
12

12
29

.8
33

PL
P2

_M
O

U
SE

Pl
p2

Pr
ot

eo
lip

id
 p

ro
te

in
 2

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pl

p2
 

PE
=

1 
SV

=
1

16
59

7
56

11
2

1
3

1
2

7.
9

24
.3

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 31

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

PP
IA

_M
O

U
SE

Pp
ia

Pe
pt

id
yl
‐p

ro
ly

l c
is

tr
an

s 
is

om
er

as
e 

A
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Pp
ia

 P
E

=
1 

SV
=

2

17
96

0
21

2
23

9
12

16
6

6
31

.7
34

.8

2A
A

A
_M

O
U

SE
Pp

p2
r1

a
Se

ri
ne

/th
re

on
in

e‐
pr

ot
ei

n 
ph

os
ph

at
as

e 
2A

 6
5 

kD
a 

re
gu

la
to

ry
 s

ub
un

it 
A

 a
lp

ha
 

is
of

or
m

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pp
p2

r1
a 

PE
=

1 
SV

=
3

65
28

1
61

57
1

1
1

1
1.

7
1.

7

PR
D

X
1_

M
O

U
SE

Pr
dx

1
Pe

ro
xi

re
do

xi
n‐

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Pr
dx

1 
PE

=
1 

SV
=

1

22
16

2
10

8
28

8
4

12
3

8
16

.1
40

.2

PR
D

X
2_

M
O

U
SE

Pr
dx

2
Pe

ro
xi

re
do

xi
n‐

2 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Pr
dx

2 
PE

=
1 

SV
=

3

21
76

5
38

74
1

2
1

2
4

17
.2

PR
IO

_M
O

U
SE

Pr
np

M
aj

or
 p

ri
on

 p
ro

te
in

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Pr

np
 P

E
=

1 
SV

=
2

27
96

0
33

81
1

2
1

2
3.

5
7.

1

PT
K

7_
M

O
U

SE
Pt

k7
In

ac
tiv

e 
ty

ro
si

ne
‐p

ro
te

in
 

ki
na

se
 7

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pt
k7

 P
E

=
1 

SV
=

1

11
74

57
28

4
18

1
12

5
8

4
11

.7
5.

6

R
A

B
10

_M
O

U
SE

R
ab

10
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ab
‐1

0 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ab
10

 P
E

=
1 

SV
=

1

22
52

7
17

3
27

2
7

12
4

5
20

26

R
A

B
14

_M
O

U
SE

R
ab

14
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ab
‐1

4 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ab
14

 P
E

=
1 

SV
=

3

23
88

2
83

19
1

5
8

2
4

8.
4

19
.1

R
A

P1
A

_M
O

U
SE

R
ap

1a
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ap
‐1

A
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ap

1a
 P

E
=

1 
SV

=
1

20
97

4
24

4
33

4
13

17
5

5
27

.2
30

.4

R
A

P2
B

_M
O

U
SE

R
ap

2b
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ap
‐2

b 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ap
2b

 P
E

=
1 

SV
=

1

20
49

1
43

83
1

2
1

2
6.

6
20

.8

R
A

D
I_

M
O

U
SE

R
dx

R
ad

ix
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
dx

 P
E

=
1 

SV
=

3
68

50
0

22
0

36
4

9
11

6
9

11
.3

18
.4

R
H

O
A

_M
O

U
SE

R
ho

a
T

ra
ns

fo
rm

in
g 

pr
ot

ei
n 

R
ho

A
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ho

a 
PE

=
1 

SV
=

1

21
76

8
11

8
20

1
2

11
2

4
13

31
.6

R
S2

7A
_M

O
U

SE
R

ps
27

a
U

bi
qu

iti
n‐

40
S 

ri
bo

so
m

al
 

pr
ot

ei
n 

S2
7a

 O
S=

M
us

 
17

93
9

10
7

18
6

8
13

2
4

16
30

.1

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 32

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

m
us

cu
lu

s 
G

N
=

R
ps

27
a 

PE
=

1 
SV

=
2

R
S8

_M
O

U
SE

R
ps

8
40

S 
ri

bo
so

m
al

 p
ro

te
in

 S
8 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ps

8 
PE

=
1 

SV
=

2

24
19

0
34

39
1

1
1

1
4.

3
4.

3

R
R

A
S_

M
O

U
SE

R
ra

s
R

as
‐r

el
at

ed
 p

ro
te

in
 R
‐R

as
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ra

s 
PE

=
1 

SV
=

1

23
74

9
90

14
7

2
4

2
4

10
.6

21
.1

R
R

A
S2

_M
O

U
SE

R
ra

s2
R

as
‐r

el
at

ed
 p

ro
te

in
 R
‐R

as
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ra

s2
 P

E
=

1 
SV

=
1

23
38

5
12

0
17

3
2

4
2

4
13

.7
23

.5

S1
0A

A
_M

O
U

S 
E

S1
00

a1
0

Pr
ot

ei
n 

S1
00
‐A

10
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

S1
00

a1
0 

PE
=

1 
SV

=
2

11
17

9
74

97
4

6
2

2
35

.1
35

.1

S1
0A

B
_M

O
U

SE
S1

00
a1

1
Pr

ot
ei

n 
S1

00
‐A

11
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

S1
00

a1
1 

PE
=

1 
SV

=
1

11
07

5
66

11
1

2
3

1
1

16
.3

16
.3

S1
0A

4_
M

O
U

SE
S1

00
a4

Pr
ot

ei
n 

S1
00
‐A

4 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

S1
00

a4
 P

E
=

1 
SV

=
1

11
71

4
41

13
5

1
3

1
3

8.
9

17
.8

S1
0A

6_
M

O
U

SE
S1

00
a6

Pr
ot

ei
n 

S1
00
‐A

6 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

S1
00

a6
 P

E
=

1 
SV

=
3

10
04

4
10

7
14

7
4

3
3

3
47

.2
47

.2

SH
3L

3_
M

O
U

SE
Sh

3b
gr

l 3
SH

3 
do

m
ai

n‐
bi

nd
in

g 
gl

ut
am

ic
 a

ci
d‐

ri
ch
‐li

ke
 

pr
ot

ei
n 

3 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Sh

3b
gr

l3
 P

E
=

1 
SV

=
1

10
47

0
43

40
1

1
1

1
10

.8
10

.8

M
O

T
1_

M
O

U
SE

Sl
c1

6a
1

M
on

oc
ar

bo
xy

la
te

 tr
an

sp
or

te
r 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Sl

c1
6a

1 
PE

=
1 

SV
=

1

53
23

2
11

6
12

9
3

3
2

2
4.

3
4.

3

SA
T

T
_M

O
U

SE
Sl

c1
a4

N
eu

tr
al

 a
m

in
o 

ac
id

 
tr

an
sp

or
te

r 
A

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Sl

c1
a4

 P
E

=
1 

SV
=

1

56
02

6
66

39
2

1
2

1
3.

6
2.

1

4F
2_

M
O

U
SE

Sl
c3

a2
4F

2 
ce

ll‐
su

rf
ac

e 
an

tig
en

 
he

av
y 

ch
ai

n 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Sl
c3

a2
 P

E
=

1 
SV

=
1

58
30

0
45

4
32

5
13

9
9

8
20

.7
16

.9

L
A

T
1_

M
O

U
SE

Sl
c7

a5
L

ar
ge

 n
eu

tr
al

 a
m

in
o 

ac
id

s 
tr

an
sp

or
te

r 
sm

al
l s

ub
un

it 
1 

55
83

6
23

3
21

3
7

5
4

4
16

16

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 33

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c7

a5
 P

E
=

1 
SV

=
2

TA
G

L
_M

O
U

SE
Ta

gl
n

T
ra

ns
ge

lin
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Ta
gl

n 
PE

=
1 

SV
=

3

22
56

1
36

62
1

2
1

2
6.

5
10

T
FR

1_
M

O
U

SE
T

fr
c

T
ra

ns
fe

rr
in

 r
ec

ep
to

r 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
fr

c 
PE

=
1 

SV
=

1

85
67

7
17

9
15

8
10

6
4

4
6

5.
8

T
H

Y
1_

M
O

U
SE

T
hy

1
T

hy
‐1

 m
em

br
an

e 
gl

yc
op

ro
te

in
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

T
hy

1 
PE

=
1 

SV
=

1

18
06

9
66

18
9

6
20

2
4

15
.4

23
.5

T
L

N
1_

M
O

U
SE

T
ln

1
Ta

lin
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
ln

1 
PE

=
1 

SV
=

2
26

96
53

10
7

35
2

2
7

2
7

1
3.

4

T
Y

B
4_

M
O

U
SE

T
m

sb
4x

T
hy

m
os

in
 b

et
a‐

4 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

T
m

sb
4x

 P
E

=
1 

SV
=

1

56
76

32
33

1
1

1
1

14
14

T
E

N
A

_M
O

U
SE

T
nc

Te
na

sc
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
nc

 P
E

=
1 

SV
=

1
23

16
59

20
9

84
5

2
5

2
3.

8
2.

5

T
PI

S_
M

O
U

SE
T

pi
1

T
ri

os
ep

ho
sp

ha
te

 is
om

er
as

e 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
T

pi
1 

PE
=

1 
SV

=
4

32
17

1
21

4
18

5
7

5
5

4
20

.4
15

.7

T
PM

4_
M

O
U

SE
T

pm
4

T
ro

po
m

yo
si

n 
al

ph
a‐

4 
ch

ai
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
pm

4 
PE

=
1 

SV
=

3

28
45

0
71

11
7

2
3

2
3

14
.9

18
.1

T
B

A
1A

_M
O

U
SE

T
ub

a1
a

T
ub

ul
in

 a
lp

ha
‐1

A
 c

ha
in

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
T

ub
a1

a 
PE

=
1 

SV
=

1

50
10

4
39

1
32

3
11

9
7

5
22

.2
17

.3

T
B

B
5_

M
O

U
SE

T
ub

b5
T

ub
ul

in
 b

et
a‐

5 
ch

ai
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
ub

b5
 P

E
=

1 
SV

=
1

49
63

9
47

2
44

9
22

24
9

10
26

.4
31

.3

U
B

E
2N

_M
O

U
SE

U
be

2n
U

bi
qu

iti
n‐

co
nj

ug
at

in
g 

en
zy

m
e 

E
2 

N
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

U
be

2n
 P

E
=

1 
SV

=
1

17
12

7
41

60
1

1
1

1
7.

2
7.

2

V
A

M
P1

_M
O

U
SE

V
am

p1
V

es
ic

le
‐a

ss
oc

ia
te

d 
m

em
br

an
e 

pr
ot

ei
n 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
V

am
p1

 P
E

=
1 

SV
=

1

12
88

2
32

43
1

1
1

1
5.

9
5.

9

V
A

T
1_

M
O

U
SE

V
at

1
Sy

na
pt

ic
 v

es
ic

le
 m

em
br

an
e 

pr
ot

ei
n 

V
A

T
‐1

 h
om

ol
og

 
43

06
9

25
2

34
5

14
16

7
7

28
.8

23
.4

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 34

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

r 
e 

(D
ay

 0
)

pr
ot

_s
co

r 
e 

(D
ay

 2
4)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 0

)

N
um

. o
f 

si
gn

if
ic

an
t 

m
at

ch
es

 
(d

ay
 2

4)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 0
)

N
um

be
r of
 

un
iq

ue
 

pe
pt

id
e 

(d
ay

 2
4)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 0

)

Se
qu

en
c e 

co
ve

ra
ge

 
(d

ay
 2

4)

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

V
at

1 
PE

=
1 

SV
=

3

V
IN

C
_M

O
U

SE
V

cl
V

in
cu

lin
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
V

cl
 P

E
=

1 
SV

=
4

11
66

44
60

28
6

2
8

2
8

3.
3

9.
9

T
E

R
A

_M
O

U
SE

V
cp

T
ra

ns
iti

on
al

 e
nd

op
la

sm
ic

 
re

tic
ul

um
 A

T
Pa

se
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

V
cp

 P
E

=
1 

SV
=

4

89
26

6
71

27
7

2
8

2
7

4
13

V
IM

E
_M

O
U

SE
V

im
V

im
en

tin
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
V

im
 P

E
=

1 
SV

=
3

53
65

5
35

8
34

9
11

11
8

8
19

.1
16

.1

W
D

R
1_

M
O

U
SE

W
dr

1
W

D
 r

ep
ea

t‐c
on

ta
in

in
g 

pr
ot

ei
n 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
W

dr
1 

PE
=

1 
SV

=
3

66
36

5
67

36
3

1
2

1
4

1.
3

Y
K

T
6_

M
O

U
SE

Y
kt

6
Sy

na
pt

ob
re

vi
n 

ho
m

ol
og

 
Y

K
T

6 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Y

kt
6 

PE
=

1 
SV

=
1

22
30

0
52

33
2

1
2

1
9.

1
4.

5

14
33

B
_M

O
U

SE
Y

w
ha

b
14
‐3
‐3

 p
ro

te
in

 b
et

a/
al

ph
a 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Y
w

ha
b 

PE
=

1 
SV

=
3

28
06

9
24

1
29

9
6

9
5

6
18

.3
24

14
33

E
_M

O
U

SE
Y

w
ha

e
14
‐3
‐3

 p
ro

te
in

 e
ps

ilo
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Y
w

ha
e 

PE
=

1 
SV

=
1

29
15

5
21

4
55

5
9

20
5

10
21

.6
45

.5

14
33

G
_M

O
U

S 
E

Y
w

ha
g

14
‐3
‐3

 p
ro

te
in

 g
am

m
a 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Y
w

ha
g 

PE
=

1 
SV

=
2

28
28

5
34

6
44

6
11

14
8

9
31

.2
35

.2

14
33

F_
M

O
U

SE
Y

w
ha

h
14
‐3
‐3

 p
ro

te
in

 e
ta

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Y

w
ha

h 
PE

=
1 

SV
=

2

28
19

4
19

5
26

7
6

7
4

6
15

.9
22

14
33

T
_M

O
U

SE
Y

w
ha

q
14
‐3
‐3

 p
ro

te
in

 th
et

a 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Y
w

ha
q 

PE
=

1 
SV

=
1

27
76

1
22

6
24

9
6

6
4

4
15

.9
15

.9

14
33

Z
_M

O
U

SE
Y

w
ha

z
14
‐3
‐3

 p
ro

te
in

 z
et

a/
de

lta
 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Y
w

ha
z 

PE
=

1 
SV

=
1

27
75

4
33

8
41

5
12

14
7

7
40

.4
35

.9

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 35

Ta
b

le
 2

Pr
ot

ei
ns

 u
ni

qu
e 

to
 D

0 
os

te
os

om
es

.

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

re

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s
Se

qu
en

ce
 c

ov
er

ag
e

A
R

F2
_M

O
U

 S
E

A
rf

2
A

D
P‐

ri
bo

sy
la

tio
n 

fa
ct

or
 2

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
rf

2 
PE

=
1 

SV
=

2
20

73
3

21
9

7
5

43
.6

H
S7

1A
_M

O
 U

SE
H

sp
a1

a
H

ea
t s

ho
ck

 7
0 

kD
a 

pr
ot

ei
n 

1A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
H

sp
a1

a 
PE

=
1 

SV
=

2
70

03
6

19
7

6
4

7.
6

K
2C

1_
M

O
U

 S
E

K
rt

1
K

er
at

in
, t

yp
e 

II
 c

yt
os

ke
le

ta
l 1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

1 
PE

=
1 

SV
=

4
65

56
5

16
8

11
2

3.
6

G
N

A
I3

_M
O

 U
SE

G
na

i3
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(k
) 

su
bu

ni
t a

lp
ha

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
G

na
i3

 P
E

=
1 

SV
=

3
40

51
2

14
4

8
3

11
.6

K
1C

17
_M

O
 U

SE
K

rt
17

K
er

at
in

, t
yp

e 
I 

cy
to

sk
el

et
al

 1
7 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

17
 

PE
=

1 
SV

=
3

48
13

2
11

3
10

3
6.

2

R
A

L
A

_M
O

U
SE

R
al

a
R

as
‐r

el
at

ed
 p

ro
te

in
 R

al
‐A

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
al

a 
PE

=
1 

SV
=

1
23

53
8

10
9

3
3

25
.2

ST
O

M
_M

O
U

SE
St

om
E

ry
th

ro
cy

te
 b

an
d 

7 
in

te
gr

al
 m

em
br

an
e 

pr
ot

ei
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

St
om

 P
E

=
1 

SV
=

3
31

35
5

95
3

3
15

.1

G
N

A
12

_M
O

 U
SE

G
na

12
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
su

bu
ni

t a
lp

ha
‐1

2 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

G
na

12
 P

E
=

1 
SV

=
3

44
06

7
85

5
2

5

G
T

R
1_

M
O

U
 S

E
Sl

c2
a1

So
lu

te
 c

ar
ri

er
 f

am
ily

 2
, f

ac
ili

ta
te

d 
gl

uc
os

e 
tr

an
sp

or
te

r 
m

em
be

r 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c2

a1
 P

E
=

1 
SV

=
4

53
94

9
81

4
2

3.
7

PG
A

M
1_

M
O

U
SE

Pg
am

1
Ph

os
ph

og
ly

ce
ra

te
 m

ut
as

e 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pg
am

1 
PE

=
1 

SV
=

3
28

81
4

78
1

1
7.

1

A
K

A
12

_M
O

 U
SE

A
ka

p1
2

A
‐k

in
as

e 
an

ch
or

 p
ro

te
in

 1
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
ka

p1
2 

PE
=

1 
SV

=
1

18
05

86
76

2
2

1.
1

N
ID

1_
M

O
U

 S
E

N
id

1
N

id
og

en
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

N
id

1 
PE

=
1 

SV
=

2
13

64
50

65
1

1
1.

4

R
A

P2
C

_M
O

 U
SE

R
ap

2c
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ap
‐2

c 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ap
2c

 P
E

=
1 

SV
=

1
20

73
1

64
2

2
14

.8

L
A

M
A

4_
M

O
U

SE
L

am
a4

L
am

in
in

 s
ub

un
it 

al
ph

a‐
4 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

L
am

a4
 P

E
=

1 
SV

=
2

20
16

92
63

2
2

1.
8

T
T

Y
H

3_
M

O
 U

SE
T

ty
h3

Pr
ot

ei
n 

tw
ee

ty
 h

om
ol

og
 3

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
ty

h3
 P

E
=

1 
SV

=
1

57
67

7
61

1
1

2.
7

A
N

T
3_

M
O

U
 S

E
Se

rp
in

c 
1

A
nt

ith
ro

m
bi

n‐
II

I 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Se

rp
in

c1
 P

E
=

1 
SV

=
1

51
97

1
60

2
2

6.
2

A
PO

M
_M

O
 U

SE
A

po
m

A
po

lip
op

ro
te

in
 M

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
po

m
 P

E
=

1 
SV

=
1

21
25

9
59

1
1

4.
2

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 36

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

re

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s
Se

qu
en

ce
 c

ov
er

ag
e

R
S2

_M
O

U
SE

R
ps

2
40

S 
ri

bo
so

m
al

 p
ro

te
in

 S
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ps

2 
PE

=
1 

SV
=

3
31

21
2

51
1

1
4.

4

G
SL

G
1_

M
O

 U
SE

G
lg

1
G

ol
gi

 a
pp

ar
at

us
 p

ro
te

in
 1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

G
lg

1 
PE

=
1 

SV
=

1
13

36
46

46
1

1
0.

9

G
A

PR
1_

M
O

 U
SE

G
lip

r2
G

ol
gi
‐a

ss
oc

ia
te

d 
pl

an
t p

at
ho

ge
ne

si
s‐

re
la

te
d 

pr
ot

ei
n 

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

G
lip

r2
 P

E
=

1 
SV

=
3

17
08

0
43

1
1

8.
4

R
A

B
5C

_M
O

 U
SE

R
ab

5c
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ab
‐5

C
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ab
5c

 P
E

=
1 

SV
=

2
23

39
8

43
1

1
6.

5

S3
8A

5_
M

O
 U

SE
Sl

c3
8a

5
So

di
um

‐c
ou

pl
ed

 n
eu

tr
al

 a
m

in
o 

ac
id

 tr
an

sp
or

te
r 

5 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Sl
c3

8a
5 

PE
=

1 
SV

=
1

52
58

2
42

1
1

1.
7

A
K

1A
1_

M
O

 U
SE

A
kr

1a
1

A
lc

oh
ol

 d
eh

yd
ro

ge
na

se
 [

N
A

D
P(

+
)]

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
kr

1a
1 

PE
=

1 
SV

=
3

36
56

4
39

1
1

5.
8

SF
3A

3_
M

O
 U

SE
Sf

3a
3

Sp
lic

in
g 

fa
ct

or
 3

A
 s

ub
un

it 
3 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sf
3a

3 
PE

=
1 

SV
=

2
58

80
5

39
1

1
1.

4

C
T

R
1_

M
O

U
 S

E
Sl

c7
a1

H
ig

h 
af

fi
ni

ty
 c

at
io

ni
c 

am
in

o 
ac

id
 tr

an
sp

or
te

r 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c7

a1
 P

E
=

1 
SV

=
1

67
04

8
35

1
1

3.
1

N
C

A
M

1_
M

 O
U

SE
N

ca
m

1
N

eu
ra

l c
el

l a
dh

es
io

n 
m

ol
ec

ul
e 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
N

ca
m

1 
PE

=
1 

SV
=

3
11

93
53

34
1

1
0.

6

R
L

8_
M

O
U

SE
R

pl
8

60
S 

ri
bo

so
m

al
 p

ro
te

in
 L

8 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

pl
8 

PE
=

1 
SV

=
2

28
00

7
34

1
1

4.
3

V
A

T
L

_M
O

U
SE

A
tp

6v
0c

V
‐ty

pe
 p

ro
to

n 
A

T
Pa

se
 1

6 
kD

a 
pr

ot
eo

lip
id

 s
ub

un
it 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

tp
6v

0c
 P

E
=

1 
SV

=
1

15
79

8
33

1
1

20

E
H

D
2_

M
O

U
 S

E
E

hd
2

E
H

 d
om

ai
n‐

co
nt

ai
ni

ng
 p

ro
te

in
 2

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
hd

2 
PE

=
1 

SV
=

1
61

13
6

33
1

1
2.

8

H
4_

M
O

U
SE

H
is

t1
h4

a
H

is
to

ne
 H

4 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
H

is
t1

h4
a 

PE
=

1 
SV

=
2

11
36

0
33

1
1

9.
7

PL
A

K
_M

O
U

 S
E

Ju
p

Ju
nc

tio
n 

pl
ak

og
lo

bi
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ju
p 

PE
=

1 
SV

=
3

81
74

9
33

1
1

2.
4

PC
D

A
A

_M
O

U
SE

Pc
dh

a1
0

Pr
ot

oc
ad

he
ri

n 
al

ph
a‐

10
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pc

dh
a1

0 
PE

=
2 

SV
=

1
10

19
94

33
1

1
0.

8

A
SN

S_
M

O
U

SE
A

sn
s

A
sp

ar
ag

in
e 

sy
nt

he
ta

se
 [

gl
ut

am
in

e‐
hy

dr
ol

yz
in

g]
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

A
sn

s 
PE

=
1 

SV
=

3
64

24
1

31
1

1
1.

6

T
C

PZ
_M

O
U

SE
C

ct
6a

T
‐c

om
pl

ex
 p

ro
te

in
 1

 s
ub

un
it 

ze
ta

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ct

6a
 

PE
=

1 
SV

=
3

57
96

8
31

1
1

3.
2

R
A

SH
_M

O
U

SE
H

ra
s

G
T

Pa
se

 H
R

as
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
H

ra
s 

PE
=

1 
SV

=
2

21
28

5
31

1
1

5.
8

PA
R

V
A

_M
O

U
SE

Pa
rv

a
A

lp
ha
‐p

ar
vi

n 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pa

rv
a 

PE
=

1 
SV

=
1

42
30

4
31

1
1

3.
8

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 37

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

re

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s
Se

qu
en

ce
 c

ov
er

ag
e

PG
K

1_
M

O
U

SE
Pg

k1
Ph

os
ph

og
ly

ce
ra

te
 k

in
as

e 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pg
k1

 P
E

=
1 

SV
=

4
44

52
2

31
1

1
4.

3

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 38

Ta
b

le
 3

Pr
ot

ei
ns

 u
ni

qu
e 

to
 D

24
 o

st
eo

so
m

es

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

C
O

6A
1_

M
O

U
SE

C
ol

6a
1

C
ol

la
ge

n 
al

ph
a‐

1(
V

I)
 c

ha
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

6a
1 

PE
=

1 
SV

=
1

10
84

22
14

41
11

7
21

26

C
O

6A
2_

M
O

U
SE

C
ol

6a
2

C
ol

la
ge

n 
al

ph
a‐

2(
V

I)
 c

ha
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

6a
2 

PE
=

1 
SV

=
3

11
02

66
87

1
50

19
23

FP
R

P_
M

O
U

SE
Pt

gf
rn

Pr
os

ta
gl

an
di

n 
F2

 r
ec

ep
to

r 
ne

ga
tiv

e 
re

gu
la

to
r 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pt
gf

rn
 P

E
=

1 
SV

=
2

98
66

0
63

0
20

13
18

.7

E
41

L
2_

M
O

U
SE

E
pb

41
l2

B
an

d 
4.

1‐
lik

e 
pr

ot
ei

n 
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
pb

41
l2

 P
E

=
1 

SV
=

2
10

98
73

60
3

19
14

16
.8

PH
E

X
_M

O
U

SE
Ph

ex
M

et
al

lo
en

do
pe

pt
id

as
e 

ho
m

ol
og

 P
E

X
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Ph

ex
 P

E
=

1 
SV

=
1

86
36

4
46

9
14

10
17

.1

M
Y

O
1D

_M
O

U
SE

M
yo

1d
U

nc
on

ve
nt

io
na

l m
yo

si
n‐

Id
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
M

yo
1d

 P
E

=
1 

SV
=

1
11

60
07

39
3

12
11

12
.8

PP
IC

_M
O

U
SE

Pp
ic

Pe
pt

id
yl
‐p

ro
ly

l c
is
‐tr

an
s 

is
om

er
as

e 
C

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pp
ic

 P
E

=
1 

SV
=

1
22

78
0

38
9

27
7

48
.6

A
C

T
N

4_
M

O
U

SE
A

ct
n4

A
lp

ha
‐a

ct
in

in
‐4

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
ct

n4
 P

E
=

1 
SV

=
1

10
49

11
38

8
9

7
10

.1

PL
C

D
1_

M
O

U
SE

Pl
cd

1
1‐

ph
os

ph
at

id
yl

in
os

ito
l 4

,5
‐b

is
ph

os
ph

at
e 

ph
os

ph
od

ie
st

er
as

e 
de

lta
‐1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pl

cd
1 

PE
=

1 
SV

=
2

85
81

9
38

3
12

8
17

.9

L
U

M
_M

O
U

SE
L

um
L

um
ic

an
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
L

um
 P

E
=

1 
SV

=
2

38
24

1
36

9
13

7
23

.4

PH
O

P1
_M

O
U

SE
Ph

os
ph

o1
Ph

os
ph

oe
th

an
ol

am
in

e/
ph

os
ph

oc
ho

lin
e 

ph
os

ph
at

as
e 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Ph

os
ph

o1
 P

E
=

1 
SV

=
1

29
89

2
31

1
12

7
31

.5

IG
SF

8_
M

O
U

SE
Ig

sf
8

Im
m

un
og

lo
bu

lin
 s

up
er

fa
m

ily
 m

em
be

r 
8 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ig
sf

8 
PE

=
1 

SV
=

2
64

97
0

27
1

9
6

15
.9

E
M

IL
1_

M
O

U
SE

E
m

ili
n1

E
M

IL
IN
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
m

ili
n1

 P
E

=
1 

SV
=

1
10

75
18

26
6

5
5

7.
3

G
B

B
2_

M
O

U
SE

G
nb

2
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(I
)/

G
(S

)/
G

(T
) 

su
bu

ni
t b

et
a‐

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
G

nb
2 

PE
=

1 
SV

=
3

37
30

7
25

3
10

5
13

.2

N
E

P_
M

O
U

SE
M

m
e

N
ep

ri
ly

si
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
m

e 
PE

=
1 

SV
=

3
85

64
8

23
6

8
6

11
.1

ID
H

C
_M

O
U

SE
Id

h1
Is

oc
itr

at
e 

de
hy

dr
og

en
as

e 
[N

A
D

P]
 c

yt
op

la
sm

ic
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Id

h1
 P

E
=

1 
SV

=
2

46
64

4
22

6
5

5
17

.1

R
A

B
35

_M
O

U
SE

R
ab

35
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ab
‐3

5 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ab
35

 P
E

=
1 

SV
=

1
23

01
1

21
6

10
4

20
.9

C
A

T
B

_M
O

U
SE

C
ts

b
C

at
he

ps
in

 B
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

ts
b 

PE
=

1 
SV

=
2

37
25

6
20

5
5

4
15

.9

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 39

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

K
A

D
1_

M
O

U
SE

A
k1

A
de

ny
la

te
 k

in
as

e 
is

oe
nz

ym
e 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

k1
 P

E
=

1 
SV

=
1

21
52

6
20

3
5

4
20

.6

C
A

T
D

_M
O

U
SE

C
ts

d
C

at
he

ps
in

 D
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

ts
d 

PE
=

1 
SV

=
1

44
92

5
19

4
5

4
12

.4

PE
D

F_
M

O
U

SE
Se

rp
in

f1
Pi

gm
en

t e
pi

th
el

iu
m
‐d

er
iv

ed
 f

ac
to

r 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Se

rp
in

f1
 P

E
=

1 
SV

=
2

46
20

5
19

4
8

5
21

.3

A
SM

3B
_M

O
U

SE
Sm

pd
l3

b
A

ci
d 

sp
hi

ng
om

ye
lin

as
e‐

lik
e 

ph
os

ph
od

ie
st

er
as

e 
3b

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Sm

pd
l3

b 
PE

=
1 

SV
=

1
51

56
7

18
0

4
4

14
.7

C
D

10
9_

M
O

U
SE

C
d1

09
C

D
10

9 
an

tig
en

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
d1

09
 P

E
=

1 
SV

=
1

16
15

57
17

4
5

4
3.

6

A
Q

P1
_M

O
U

SE
A

qp
1

A
qu

ap
or

in
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
qp

1 
PE

=
1 

SV
=

3
28

77
5

17
2

7
4

24
.5

G
N

A
11

_M
O

U
SE

G
na

11
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
su

bu
ni

t a
lp

ha
‐1

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

G
na

11
 P

E
=

1 
SV

=
1

41
99

7
16

9
5

5
17

.5

T
M

11
9_

M
O

U
SE

T
m

em
11

9
T

ra
ns

m
em

br
an

e 
pr

ot
ei

n 
11

9 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
T

m
em

11
9 

PE
=

1 
SV

=
1

29
38

3
16

1
20

4
15

.7

A
E

B
P1

_M
O

U
SE

A
eb

p1
A

di
po

cy
te

 e
nh

an
ce

r‐
bi

nd
in

g 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
eb

p1
 P

E
=

1 
SV

=
1

12
82

84
15

8
4

3
3.

1

SD
C

B
1_

M
O

U
SE

Sd
cb

p
Sy

nt
en

in
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sd
cb

p 
PE

=
1 

SV
=

1
32

35
9

15
8

4
3

21
.1

E
H

D
3_

M
O

U
SE

E
hd

3
E

H
 d

om
ai

n‐
co

nt
ai

ni
ng

 p
ro

te
in

 3
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
E

hd
3 

PE
=

1 
SV

=
2

60
78

3
15

0
6

4
9

G
ST

M
1_

M
O

U
SE

G
st

m
1

G
lu

ta
th

io
ne

 S
‐tr

an
sf

er
as

e 
M

u 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

G
st

m
1 

PE
=

1 
SV

=
2

25
95

3
14

2
4

3
17

.4

FL
N

C
_M

O
U

SE
Fl

nc
Fi

la
m

in
‐C

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Fl
nc

 P
E

=
1 

SV
=

3
29

09
37

13
4

4
3

1.
1

M
M

P1
4_

M
O

U
SE

M
m

p1
4

M
at

ri
x 

m
et

al
lo

pr
ot

ei
na

se
‐1

4 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
M

m
p1

4 
PE

=
2 

SV
=

3
65

87
7

13
2

4
4

7.
6

C
T

N
D

1_
M

O
U

SE
C

tn
nd

1
C

at
en

in
 d

el
ta
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
tn

nd
1 

PE
=

1 
SV

=
2

10
48

60
12

6
3

3
5.

1

A
T

2B
4_

M
O

U
SE

A
tp

2b
4

Pl
as

m
a 

m
em

br
an

e 
ca

lc
iu

m
‐tr

an
sp

or
tin

g 
A

T
Pa

se
 4

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

tp
2b

4 
PE

=
1 

SV
=

1
13

29
84

12
5

4
3

3.
7

N
R

P2
_M

O
U

SE
N

rp
2

N
eu

ro
pi

lin
‐2

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

N
rp

2 
PE

=
1 

SV
=

2
10

45
65

12
3

3
3

3.
8

D
L

G
1_

M
O

U
SE

D
lg

1
D

is
ks

 la
rg

e 
ho

m
ol

og
 1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

D
lg

1 
PE

=
1 

SV
=

1
10

00
58

12
2

4
3

3.
9

PA
N

X
3_

M
O

U
SE

Pa
nx

3
Pa

nn
ex

in
‐3

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pa
nx

3 
PE

=
1 

SV
=

1
44

89
9

12
2

6
3

12
.2

G
D

IA
_M

O
U

SE
G

di
1

R
ab

 G
D

P 
di

ss
oc

ia
tio

n 
in

hi
bi

to
r 

al
ph

a 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
G

di
1 

PE
=

1 
SV

=
3

50
48

9
11

6
3

3
10

.5

SA
P_

M
O

U
SE

Ps
ap

Pr
os

ap
os

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Ps

ap
 P

E
=

1 
SV

=
2

61
38

1
11

6
6

3
7.

2

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 40

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

D
PY

L
2_

M
O

U
SE

D
py

sl
2

D
ih

yd
ro

py
ri

m
id

in
as

e‐
re

la
te

d 
pr

ot
ei

n 
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

D
py

sl
2 

PE
=

1 
SV

=
2

62
23

9
11

5
3

3
9.

8

N
SM

A
2_

M
O

U
SE

Sm
pd

3
Sp

hi
ng

om
ye

lin
 p

ho
sp

ho
di

es
te

ra
se

 3
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Sm

pd
3 

PE
=

1 
SV

=
1

71
15

2
11

0
3

3
7.

5

A
N

O
6_

M
O

U
SE

A
no

6
A

no
ct

am
in
‐6

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
no

6 
PE

=
1 

SV
=

1
10

61
86

10
8

3
3

3.
4

M
Y

O
F_

M
O

U
SE

M
yo

f
M

yo
fe

rl
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
yo

f 
PE

=
1 

SV
=

2
23

31
77

10
8

2
2

1

PL
X

B
2_

M
O

U
SE

Pl
xn

b2
Pl

ex
in
‐B

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pl

xn
b2

 P
E

=
1 

SV
=

1
20

60
99

10
8

2
2

1

C
O

3A
1_

M
O

U
SE

C
ol

3a
1

C
ol

la
ge

n 
al

ph
a‐

1(
II

I)
 c

ha
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

3a
1 

PE
=

1 
SV

=
4

13
88

58
10

6
3

3
1.

9

FE
R

M
2_

M
O

U
SE

Fe
rm

t2
Fe

rm
iti

n 
fa

m
ily

 h
om

ol
og

 2
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Fe

rm
t2

 P
E

=
1 

SV
=

1
77

75
0

10
6

3
3

5.
6

T
K

T
_M

O
U

SE
T

kt
T

ra
ns

ke
to

la
se

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
kt

 P
E

=
1 

SV
=

1
67

58
8

10
6

3
3

8.
2

S1
3A

5_
M

O
U

SE
Sl

c1
3a

5
So

lu
te

 c
ar

ri
er

 f
am

ily
 1

3 
m

em
be

r 
5 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c1

3a
5 

PE
=

2 
SV

=
1

63
78

0
10

3
4

3
5.

6

M
M

P2
_M

O
U

SE
M

m
p2

72
 k

D
a 

ty
pe

 I
V

 c
ol

la
ge

na
se

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
m

p2
 P

E
=

1 
SV

=
1

74
05

5
10

2
3

3
8.

6

FM
O

D
_M

O
U

SE
Fm

od
Fi

br
om

od
ul

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Fm

od
 P

E
=

2 
SV

=
1

43
02

7
10

1
2

2
11

.2

C
A

PG
_M

O
U

SE
C

ap
g

M
ac

ro
ph

ag
e‐

ca
pp

in
g 

pr
ot

ei
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ap

g 
PE

=
1 

SV
=

2
39

21
6

97
2

2
8

U
B

A
1_

M
O

U
SE

U
ba

1
U

bi
qu

iti
n‐

lik
e 

m
od

if
ie

r‐
ac

tiv
at

in
g 

en
zy

m
e 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
U

ba
1 

PE
=

1 
SV

=
1

11
77

34
97

2
2

1.
9

D
D

A
H

2_
M

O
U

SE
D

da
h2

N
(G

),
N

(G
)‐

di
m

et
hy

la
rg

in
in

e 
di

m
et

hy
la

m
in

oh
yd

ro
la

se
 2

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
D

da
h2

 P
E

=
1 

SV
=

1
29

62
7

96
2

2
12

.3

R
B

11
A

_M
O

U
SE

R
ab

11
a

R
as
‐r

el
at

ed
 p

ro
te

in
 R

ab
‐1

1A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ab
11

a 
PE

=
1 

SV
=

3
24

37
8

96
3

3
14

.8

C
A

2D
1_

M
O

U
SE

C
ac

na
2d

1
V

ol
ta

ge
‐d

ep
en

de
nt

 c
al

ci
um

 c
ha

nn
el

 s
ub

un
it 

al
ph

a‐
2/

de
lta
‐1

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

ac
na

2d
1 

PE
=

1 
SV

=
1

12
45

51
93

2
2

3.
5

N
U

C
B

1_
M

O
U

SE
N

uc
b1

N
uc

le
ob

in
di

n‐
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

N
uc

b1
 P

E
=

1 
SV

=
2

53
37

6
93

2
2

4.
4

A
R

F5
_M

O
U

SE
A

rf
5

A
D

P‐
ri

bo
sy

la
tio

n 
fa

ct
or

 5
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

rf
5 

PE
=

1 
SV

=
2

20
51

7
90

5
2

11
.7

PL
T

P_
M

O
U

SE
Pl

tp
Ph

os
ph

ol
ip

id
 tr

an
sf

er
 p

ro
te

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pl

tp
 P

E
=

1 
SV

=
1

54
41

9
89

2
2

6.
3

T
SP

2_
M

O
U

SE
T

hb
s2

T
hr

om
bo

sp
on

di
n‐

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
T

hb
s2

 P
E

=
1 

SV
=

2
12

97
98

89
2

2
3.

2

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 41

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

N
D

K
B

_M
O

U
SE

N
m

e2
N

uc
le

os
id

e 
di

ph
os

ph
at

e 
ki

na
se

 B
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
N

m
e2

 
PE

=
1 

SV
=

1
17

35
2

84
6

2
23

.7

PC
B

P1
_M

O
U

SE
Pc

bp
1

Po
ly

(r
C

)‐
bi

nd
in

g 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pc
bp

1 
PE

=
1 

SV
=

1
37

47
4

83
2

2
5.

3

N
A

C
3_

M
O

U
SE

Sl
c8

a3
So

di
um

/c
al

ci
um

 e
xc

ha
ng

er
 3

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c8

a3
 

PE
=

1 
SV

=
1

10
29

17
79

2
2

1.
9

5N
T

D
_M

O
U

SE
N

t5
e

5~
‐n

uc
le

ot
id

as
e 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

N
t5

e 
PE

=
1 

SV
=

2
63

82
4

78
2

2
4.

2

S1
2A

2_
M

O
U

SE
Sl

c1
2a

2
So

lu
te

 c
ar

ri
er

 f
am

ily
 1

2 
m

em
be

r 
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c1

2a
2 

PE
=

1 
SV

=
2

13
09

50
78

3
3

4.
8

A
N

X
A

7_
M

O
U

SE
A

nx
a7

A
nn

ex
in

 A
7 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
nx

a7
 P

E
=

1 
SV

=
2

49
89

3
77

2
2

5.
6

O
X

2G
_M

O
U

SE
C

d2
00

O
X
‐2

 m
em

br
an

e 
gl

yc
op

ro
te

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

d2
00

 
PE

=
1 

SV
=

1
31

23
6

77
6

2
8.

6

E
N

PP
1_

M
O

U
SE

E
np

p1
E

ct
on

uc
le

ot
id

e 
py

ro
ph

os
ph

at
as

e/
ph

os
ph

od
ie

st
er

as
e 

fa
m

ily
 

m
em

be
r 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
E

np
p1

 P
E

=
1 

SV
=

4
10

31
09

76
2

2
4.

1

FK
B

1A
_M

O
U

SE
Fk

bp
1a

Pe
pt

id
yl
‐p

ro
ly

l c
is
‐tr

an
s 

is
om

er
as

e 
FK

B
P1

A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Fk

bp
1a

 P
E

=
1 

SV
=

2
11

91
5

76
1

1
13

C
H

P1
_M

O
U

SE
C

hp
1

C
al

ci
ne

ur
in

 B
 h

om
ol

og
ou

s 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
hp

1 
PE

=
1 

SV
=

2
22

41
8

75
2

2
11

.8

C
T

L
2_

M
O

U
SE

Sl
c4

4a
2

C
ho

lin
e 

tr
an

sp
or

te
r‐

lik
e 

pr
ot

ei
n 

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Sl

c4
4a

2 
PE

=
1 

SV
=

2
80

05
7

71
2

2
3.

4

C
H

M
4B

_M
O

U
SE

C
hm

p4
b

C
ha

rg
ed

 m
ul

tiv
es

ic
ul

ar
 b

od
y 

pr
ot

ei
n 

4b
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

hm
p4

b 
PE

=
1 

SV
=

2
24

92
1

70
2

2
11

.2

FA
5_

M
O

U
SE

F5
C

oa
gu

la
tio

n 
fa

ct
or

 V
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
F5

 P
E

=
1 

SV
=

1
24

70
76

70
2

2
1

K
1C

15
_M

O
U

SE
K

rt
15

K
er

at
in

, t
yp

e 
I 

cy
to

sk
el

et
al

 1
5 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

K
rt

15
 

PE
=

1 
SV

=
2

49
10

7
70

3
2

3.
5

PL
ST

_M
O

U
SE

Pl
s3

Pl
as

tin
‐3

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pl
s3

 P
E

=
1 

SV
=

3
70

69
7

70
2

2
3.

7

M
R

C
2_

M
O

U
SE

M
rc

2
C
‐ty

pe
 m

an
no

se
 r

ec
ep

to
r 

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
M

rc
2 

PE
=

1 
SV

=
3

16
69

68
69

2
2

1.
4

PR
D

X
5_

M
O

U
SE

Pr
dx

5
Pe

ro
xi

re
do

xi
n‐

5,
 m

ito
ch

on
dr

ia
l O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pr

dx
5 

PE
=

1 
SV

=
2

21
88

4
69

2
1

8.
1

SY
T

C
_M

O
U

SE
Ta

rs
T

hr
eo

ni
ne
‐‐

tR
N

A
 li

ga
se

, c
yt

op
la

sm
ic

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ta
rs

 P
E

=
1 

SV
=

2
83

30
3

69
2

2
2.

2

K
C

Y
_M

O
U

SE
C

m
pk

1
U

M
P‐

C
M

P 
ki

na
se

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
m

pk
1 

PE
=

1 
SV

=
1

22
15

1
68

2
2

11
.2

PS
A

5_
M

O
U

SE
Ps

m
a5

Pr
ot

ea
so

m
e 

su
bu

ni
t a

lp
ha

 ty
pe
‐5

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ps
m

a5
 

PE
=

1 
SV

=
1

26
39

4
68

1
1

5

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 42

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

PK
H

O
2_

M
O

U
SE

Pl
ek

ho
2

Pl
ec

ks
tr

in
 h

om
ol

og
y 

do
m

ai
n‐

co
nt

ai
ni

ng
 f

am
ily

 O
 m

em
be

r 
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Pl
ek

ho
2 

PE
=

1 
SV

=
1

53
83

9
67

1
1

2.
4

C
E

R
U

_M
O

U
SE

C
p

C
er

ul
op

la
sm

in
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

p 
PE

=
1 

SV
=

2
12

10
74

62
2

2
3.

1

D
C

T
N

1_
M

O
U

SE
D

ct
n1

D
yn

ac
tin

 s
ub

un
it 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
D

ct
n1

 P
E

=
1 

SV
=

3
14

15
88

62
1

1
0.

9

D
C

1I
2_

M
O

U
SE

D
yn

c1
i2

C
yt

op
la

sm
ic

 d
yn

ei
n 

1 
in

te
rm

ed
ia

te
 c

ha
in

 2
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
D

yn
c1

i2
 P

E
=

1 
SV

=
1

68
35

2
62

1
1

1.
6

H
T

R
A

1_
M

O
U

SE
H

tr
a1

Se
ri

ne
 p

ro
te

as
e 

H
T

R
A

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
H

tr
a1

 P
E

=
1 

SV
=

2
51

18
2

62
4

2
8.

5

SE
R

C
5_

M
O

U
SE

Se
ri

nc
5

Se
ri

ne
 in

co
rp

or
at

or
 5

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Se
ri

nc
5 

PE
=

2 
SV

=
1

51
79

5
61

1
1

2

PR
S8

_M
O

U
SE

Ps
m

c5
26

S 
pr

ot
ea

se
 r

eg
ul

at
or

y 
su

bu
ni

t 8
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Ps

m
c5

 
PE

=
1 

SV
=

1
45

59
7

60
1

1
3.

2

IF
M

5_
M

O
U

SE
If

itm
5

In
te

rf
er

on
‐in

du
ce

d 
tr

an
sm

em
br

an
e 

pr
ot

ei
n 

5 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
If

itm
5 

PE
=

1 
SV

=
1

14
65

7
59

2
1

6.
7

T
C

PQ
_M

O
U

SE
C

ct
8

T
‐c

om
pl

ex
 p

ro
te

in
 1

 s
ub

un
it 

th
et

a 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

ct
8 

PE
=

1 
SV

=
3

59
51

8
56

1
1

1.
8

ST
E

A
3_

M
O

U
SE

St
ea

p3
M

et
al

lo
re

du
ct

as
e 

ST
E

A
P3

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

St
ea

p3
 P

E
=

1 
SV

=
1

54
71

4
56

3
1

2.
7

A
PO

B
_M

O
U

SE
A

po
b

A
po

lip
op

ro
te

in
 B
‐1

00
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

po
b 

PE
=

1 
SV

=
1

50
91

13
55

1
1

0.
3

C
A

D
13

_M
O

U
SE

C
dh

13
C

ad
he

ri
n‐

13
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

dh
13

 P
E

=
1 

SV
=

2
78

13
7

54
1

1
1.

7

M
D

H
C

_M
O

U
SE

M
dh

1
M

al
at

e 
de

hy
dr

og
en

as
e,

 c
yt

op
la

sm
ic

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
dh

1 
PE

=
1 

SV
=

3
36

48
8

53
1

1
3.

9

C
R

1L
_M

O
U

SE
C

r1
l

C
om

pl
em

en
t c

om
po

ne
nt

 r
ec

ep
to

r 
1‐

lik
e 

pr
ot

ei
n 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
C

r1
l P

E
=

1 
SV

=
1

53
72

8
52

1
1

2.
3

T
SN

4_
M

O
U

SE
T

sp
an

4
Te

tr
as

pa
ni

n‐
4 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
sp

an
4 

PE
=

1 
SV

=
1

26
03

6
52

2
1

10
.5

A
R

PC
2_

M
O

U
SE

A
rp

c2
A

ct
in
‐r

el
at

ed
 p

ro
te

in
 2

/3
 c

om
pl

ex
 s

ub
un

it 
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
rp

c2
 P

E
=

1 
SV

=
3

34
33

6
50

1
1

3.
3

M
U

G
1_

M
O

U
SE

M
ug

1
M

ur
in

og
lo

bu
lin
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
ug

1 
PE

=
1 

SV
=

3
16

51
93

50
2

1
0.

5

D
D

A
H

1_
M

O
U

SE
D

da
h1

N
(G

),
N

(G
)‐

di
m

et
hy

la
rg

in
in

e 
di

m
et

hy
la

m
in

oh
yd

ro
la

se
 1

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
D

da
h1

 P
E

=
1 

SV
=

3
31

36
1

49
1

1
3.

5

H
2B

1B
_M

O
U

SE
H

is
t1

h2
bb

H
is

to
ne

 H
2B

 ty
pe

 1
‐B

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

H
is

t1
h2

bb
 P

E
=

1 
SV

=
3

13
94

4
49

1
1

11
.9

N
D

R
G

1_
M

O
U

SE
N

dr
g1

Pr
ot

ei
n 

N
D

R
G

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
N

dr
g1

 P
E

=
1 

SV
=

1
42

98
1

49
1

1
3.

6

C
PN

E
1_

M
O

U
SE

C
pn

e1
C

op
in

e‐
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
pn

e1
 P

E
=

1 
SV

=
1

58
84

9
48

1
1

1.
7

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 43

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

PA
C

N
2_

M
O

U
SE

Pa
cs

in
2

Pr
ot

ei
n 

ki
na

se
 C

 a
nd

 c
as

ei
n 

ki
na

se
 s

ub
st

ra
te

 in
 n

eu
ro

ns
 p

ro
te

in
 2

 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pa

cs
in

2 
PE

=
1 

SV
=

1
55

79
8

48
1

1
1.

9

PS
A

2_
M

O
U

SE
Ps

m
a2

Pr
ot

ea
so

m
e 

su
bu

ni
t a

lp
ha

 ty
pe
‐2

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ps
m

a2
 

PE
=

1 
SV

=
3

25
91

0
46

1
1

9

R
A

B
21

_M
O

U
SE

R
ab

21
R

as
‐r

el
at

ed
 p

ro
te

in
 R

ab
‐2

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

ab
21

 P
E

=
1 

SV
=

4
24

09
1

46
1

1
4.

5

C
L

C
A

_M
O

U
SE

C
lta

C
la

th
ri

n 
lig

ht
 c

ha
in

 A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

lta
 P

E
=

1 
SV

=
2

25
58

8
45

1
1

3.
8

PC
O

C
1_

M
O

U
SE

Pc
ol

ce
Pr

oc
ol

la
ge

n 
C
‐e

nd
op

ep
tid

as
e 

en
ha

nc
er

 1
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pc

ol
ce

 P
E

=
1 

SV
=

2
50

13
6

45
1

1
2.

1

S2
9A

1_
M

O
U

SE
Sl

c2
9a

1
E

qu
ili

br
at

iv
e 

nu
cl

eo
si

de
 tr

an
sp

or
te

r 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sl
c2

9a
1 

PE
=

1 
SV

=
3

50
15

9
45

2
1

2.
6

C
Y

T
C

_M
O

U
SE

C
st

3
C

ys
ta

tin
‐C

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
st

3 
PE

=
1 

SV
=

2
15

52
1

44
2

1
7.

9

SY
D

C
_M

O
U

SE
D

ar
s

A
sp

ar
ta

te
‐‐

tR
N

A
 li

ga
se

, c
yt

op
la

sm
ic

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

D
ar

s 
PE

=
1 

SV
=

2
57

11
1

44
1

1
2

M
A

O
X

_M
O

U
SE

M
e1

N
A

D
P‐

de
pe

nd
en

t m
al

ic
 e

nz
ym

e 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
M

e1
 

PE
=

1 
SV

=
2

63
91

3
44

1
1

3.
1

R
A

SA
3_

M
O

U
SE

R
as

a3
R

as
 G

T
Pa

se
‐a

ct
iv

at
in

g 
pr

ot
ei

n 
3 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
as

a3
 

PE
=

1 
SV

=
2

95
92

6
44

1
1

0.
8

C
D

9_
M

O
U

SE
C

d9
C

D
9 

an
tig

en
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

d9
 P

E
=

1 
SV

=
2

25
24

1
43

6
1

3.
1

G
B

G
5_

M
O

U
SE

G
ng

5
G

ua
ni

ne
 n

uc
le

ot
id

e‐
bi

nd
in

g 
pr

ot
ei

n 
G

(I
)/

G
(S

)/
G

(O
) 

su
bu

ni
t 

ga
m

m
a‐

5 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
G

ng
5 

PE
=

1 
SV

=
2

73
14

43
1

1
13

.2

PS
D

12
_M

O
U

SE
Ps

m
d1

2
26

S 
pr

ot
ea

so
m

e 
no

n‐
A

T
Pa

se
 r

eg
ul

at
or

y 
su

bu
ni

t 1
2 

O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Ps

m
d1

2 
PE

=
1 

SV
=

4
52

86
1

43
1

1
2.

2

PR
S7

_M
O

U
SE

Ps
m

c2
26

S 
pr

ot
ea

se
 r

eg
ul

at
or

y 
su

bu
ni

t 7
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Ps

m
c2

 
PE

=
1 

SV
=

5
48

61
7

42
1

1
3

R
L

15
_M

O
U

SE
R

pl
15

60
S 

ri
bo

so
m

al
 p

ro
te

in
 L

15
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

pl
15

 P
E

=
2 

SV
=

4
24

13
1

42
2

1
5.

9

T
E

N
N

_M
O

U
SE

T
nn

Te
na

sc
in
‐N

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
nn

 P
E

=
1 

SV
=

2
17

29
83

42
1

1
0.

6

PP
2A

A
_M

O
U

SE
Pp

p2
ca

Se
ri

ne
/th

re
on

in
e‐

pr
ot

ei
n 

ph
os

ph
at

as
e 

2A
 c

at
al

yt
ic

 s
ub

un
it 

al
ph

a 
is

of
or

m
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Pp

p2
ca

 P
E

=
1 

SV
=

1
35

58
5

41
1

1
2.

6

PS
B

6_
M

O
U

SE
Ps

m
b6

Pr
ot

ea
so

m
e 

su
bu

ni
t b

et
a 

ty
pe
‐6

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ps
m

b6
 

PE
=

1 
SV

=
3

25
36

2
41

1
1

4.
2

R
O

R
1_

M
O

U
SE

R
or

1
In

ac
tiv

e 
ty

ro
si

ne
‐p

ro
te

in
 k

in
as

e 
tr

an
sm

em
br

an
e 

re
ce

pt
or

 R
O

R
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
or

1 
PE

=
2 

SV
=

2
10

40
21

41
1

1
1.

1

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 44

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

N
H

R
F1

_M
O

U
SE

Sl
c9

a3
r1

N
a(

+
)/

H
(+

) 
ex

ch
an

ge
 r

eg
ul

at
or

y 
co

fa
ct

or
 N

H
E
‐R

F1
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Sl
c9

a3
r1

 P
E

=
1 

SV
=

3
38

57
7

41
1

1
2.

8

A
N

X
11

_M
O

U
SE

A
nx

a1
1

A
nn

ex
in

 A
11

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
nx

a1
1 

PE
=

1 
SV

=
2

54
04

5
40

1
1

2.
4

C
A

PZ
B

_M
O

U
SE

C
ap

zb
F‐

ac
tin
‐c

ap
pi

ng
 p

ro
te

in
 s

ub
un

it 
be

ta
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

ap
zb

 P
E

=
1 

SV
=

3
31

32
6

40
1

1
2.

9

C
H

M
1A

_M
O

U
SE

C
hm

p1
a

C
ha

rg
ed

 m
ul

tiv
es

ic
ul

ar
 b

od
y 

pr
ot

ei
n 

1a
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

hm
p1

a 
PE

=
1 

SV
=

1
21

59
4

40
1

1
4.

1

L
IN

7A
_M

O
U

SE
L

in
7a

Pr
ot

ei
n 

lin
‐7

 h
om

ol
og

 A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
L

in
7a

 P
E

=
1 

SV
=

2
25

97
7

40
1

1
4.

3

V
N

N
1_

M
O

U
SE

V
nn

1
Pa

nt
et

he
in

as
e 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

V
nn

1 
PE

=
1 

SV
=

3
57

05
4

40
2

1
2.

5

C
A

N
2_

M
O

U
SE

C
ap

n2
C

al
pa

in
‐2

 c
at

al
yt

ic
 s

ub
un

it 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

ap
n2

 P
E

=
1 

SV
=

4
79

82
2

39
1

1
1.

1

E
FR

3A
_M

O
U

SE
E

fr
3a

Pr
ot

ei
n 

E
FR

3 
ho

m
ol

og
 A

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
fr

3a
 P

E
=

1 
SV

=
1

92
55

4
39

1
1

1.
3

FA
S_

M
O

U
SE

Fa
sn

Fa
tty

 a
ci

d 
sy

nt
ha

se
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Fa

sn
 P

E
=

1 
SV

=
2

27
22

57
39

1
1

0.
4

S3
9A

A
_M

O
U

SE
Sl

c3
9a

10
Z

in
c 

tr
an

sp
or

te
r 

Z
IP

10
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Sl

c3
9a

10
 P

E
=

1 
SV

=
1

94
33

5
39

1
1

1.
2

V
PS

35
_M

O
U

SE
V

ps
35

V
ac

uo
la

r 
pr

ot
ei

n 
so

rt
in

g‐
as

so
ci

at
ed

 p
ro

te
in

 3
5 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

V
ps

35
 P

E
=

1 
SV

=
1

91
65

5
39

2
1

1.
4

A
PO

A
1_

M
O

U
SE

A
po

a1
A

po
lip

op
ro

te
in

 A
‐I

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
po

a1
 P

E
=

1 
SV

=
2

30
59

7
38

2
1

3.
8

F2
34

A
_M

O
U

SE
Fa

m
23

4a
Pr

ot
ei

n 
FA

M
23

4A
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Fa

m
23

4a
 P

E
=

1 
SV

=
1

60
53

8
38

1
1

1.
8

SE
PR

_M
O

U
SE

Fa
p

Pr
ol

yl
 e

nd
op

ep
tid

as
e 

FA
P 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Fa
p 

PE
=

1 
SV

=
1

87
88

9
38

1
1

1.
3

PT
PR

A
_M

O
U

SE
Pt

pr
a

R
ec

ep
to

r‐
ty

pe
 ty

ro
si

ne
‐p

ro
te

in
 p

ho
sp

ha
ta

se
 a

lp
ha

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
Pt

pr
a 

PE
=

1 
SV

=
3

93
63

8
38

1
1

2.
2

T
C

T
P_

M
O

U
SE

T
pt

1
T

ra
ns

la
tio

na
lly
‐c

on
tr

ol
le

d 
tu

m
or

 p
ro

te
in

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

T
pt

1 
PE

=
1 

SV
=

1
19

45
0

38
2

1
8.

1

V
A

0D
1_

M
O

U
SE

A
tp

6v
0d

1
V
‐ty

pe
 p

ro
to

n 
A

T
Pa

se
 s

ub
un

it 
d 

1 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

tp
6v

0d
1 

PE
=

1 
SV

=
2

40
27

5
37

1
1

2.
3

K
C

R
B

_M
O

U
SE

C
kb

C
re

at
in

e 
ki

na
se

 B
‐ty

pe
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
C

kb
 P

E
=

1 
SV

=
1

42
68

6
37

1
1

5.
5

E
G

L
N

_M
O

U
SE

E
ng

E
nd

og
lin

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
ng

 P
E

=
1 

SV
=

2
69

97
6

37
1

1
1.

5

E
PH

B
2_

M
O

U
SE

E
ph

b2
E

ph
ri

n 
ty

pe
‐B

 r
ec

ep
to

r 
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

E
ph

b2
 P

E
=

1 
SV

=
3

10
98

28
37

1
1

1.
8

M
A

T
N

4_
M

O
U

SE
M

at
n4

M
at

ri
lin
‐4

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
at

n4
 P

E
=

1 
SV

=
1

68
87

4
37

1
1

1.
4

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 45

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

M
R

P1
_M

O
U

SE
A

bc
c1

M
ul

tid
ru

g 
re

si
st

an
ce
‐a

ss
oc

ia
te

d 
pr

ot
ei

n 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

A
bc

c1
 P

E
=

1 
SV

=
1

17
10

75
36

1
1

0.
6

C
PN

E
2_

M
O

U
SE

C
pn

e2
C

op
in

e‐
2 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
pn

e2
 P

E
=

1 
SV

=
1

60
99

7
36

1
1

1.
6

FB
L

N
1_

M
O

U
SE

Fb
ln

1
Fi

bu
lin
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Fb
ln

1 
PE

=
1 

SV
=

2
77

98
1

36
1

1
1.

7

A
P2

M
1_

M
O

U
SE

A
p2

m
1

A
P‐

2 
co

m
pl

ex
 s

ub
un

it 
m

u 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
A

p2
m

1 
PE

=
1 

SV
=

1
49

62
3

35
1

1
1.

8

FR
M

D
8_

M
O

U
SE

Fr
m

d8
FE

R
M

 d
om

ai
n‐

co
nt

ai
ni

ng
 p

ro
te

in
 8

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Fr
m

d8
 P

E
=

1 
SV

=
2

51
79

5
35

1
1

6.
7

M
T

PN
_M

O
U

SE
M

tp
n

M
yo

tr
op

hi
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
tp

n 
PE

=
1 

SV
=

2
12

85
3

35
1

1
14

.4

M
Y

O
9B

_M
O

U
SE

M
yo

9b
U

nc
on

ve
nt

io
na

l m
yo

si
n‐

IX
b 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

M
yo

9b
 

PE
=

1 
SV

=
2

23
86

85
35

1
1

0.
4

N
PT

N
_M

O
U

SE
N

pt
n

N
eu

ro
pl

as
tin

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

N
pt

n 
PE

=
1 

SV
=

3
44

34
5

35
2

1
2.

5

PS
M

D
2_

M
O

U
SE

Ps
m

d2
26

S 
pr

ot
ea

so
m

e 
no

n‐
A

T
Pa

se
 r

eg
ul

at
or

y 
su

bu
ni

t 2
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

Ps
m

d2
 P

E
=

1 
SV

=
1

10
01

39
35

1
1

0.
9

R
A

C
1_

M
O

U
SE

R
ac

1
R

as
‐r

el
at

ed
 C

3 
bo

tu
lin

um
 to

xi
n 

su
bs

tr
at

e 
1 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ac

1 
PE

=
1 

SV
=

1
21

43
6

35
2

1
7.

3

R
E

X
O

1_
M

O
U

SE
R

ex
o1

R
N

A
 e

xo
nu

cl
ea

se
 1

 h
om

ol
og

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
ex

o1
 

PE
=

1 
SV

=
1

13
07

09
35

1
1

0.
7

G
PC

5C
_M

O
U

SE
G

pr
c5

c
G
‐p

ro
te

in
 c

ou
pl

ed
 r

ec
ep

to
r 

fa
m

ily
 C

 g
ro

up
 5

 m
em

be
r 

C
 O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

G
pr

c5
c 

PE
=

1 
SV

=
2

48
39

0
34

1
1

3

R
L

4_
M

O
U

SE
R

pl
4

60
S 

ri
bo

so
m

al
 p

ro
te

in
 L

4 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
R

pl
4 

PE
=

1 
SV

=
3

47
12

4
34

1
1

1.
9

SC
R

N
1_

M
O

U
SE

Sc
rn

1
Se

ce
rn

in
‐1

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Sc
rn

1 
PE

=
1 

SV
=

1
46

29
7

34
1

1
2.

7

TA
G

L
2_

M
O

U
SE

Ta
gl

n2
T

ra
ns

ge
lin
‐2

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ta
gl

n2
 P

E
=

1 
SV

=
4

22
38

1
34

1
1

5.
5

A
T

1B
3_

M
O

U
SE

A
tp

1b
3

So
di

um
/p

ot
as

si
um

‐tr
an

sp
or

tin
g 

A
T

Pa
se

 s
ub

un
it 

be
ta
‐3

 O
S=

M
us

 
m

us
cu

lu
s 

G
N

=
A

tp
1b

3 
PE

=
1 

SV
=

1
31

75
5

33
1

1
5

C
A

N
D

1_
M

O
U

SE
C

an
d1

C
ul

lin
‐a

ss
oc

ia
te

d 
N

E
D

D
8‐

di
ss

oc
ia

te
d 

pr
ot

ei
n 

1 
O

S=
M

us
 

m
us

cu
lu

s 
G

N
=

C
an

d1
 P

E
=

1 
SV

=
2

13
62

45
33

1
1

0.
7

C
O

5A
1_

M
O

U
SE

C
ol

5a
1

C
ol

la
ge

n 
al

ph
a‐

1(
V

) 
ch

ai
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ol

5a
1 

PE
=

1 
SV

=
2

18
35

64
33

1
1

0.
5

PS
B

5_
M

O
U

SE
Ps

m
b5

Pr
ot

ea
so

m
e 

su
bu

ni
t b

et
a 

ty
pe
‐5

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

Ps
m

b5
 

PE
=

1 
SV

=
3

28
51

4
33

1
1

3.
4

R
T

N
4_

M
O

U
SE

R
tn

4
R

et
ic

ul
on
‐4

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

R
tn

4 
PE

=
1 

SV
=

2
12

65
35

33
1

1
1.

1

J Proteome Res. Author manuscript; available in PMC 2018 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bilen et al. Page 46

pr
ot

_a
cc

G
N

pr
ot

_d
es

c
pr

ot
_m

as
s 

(D
a)

pr
ot

_s
co

 r
e

N
um

be
r 

of
 

si
gn

if
ic

an
t 

m
at

ch
es

N
um

be
r 

of
 

si
gn

if
ic

an
t 

un
iq

ue
 p

ep
ti

de
 

se
qu

en
ce

s

Se
qu

en
ce

 c
ov

er
ag

e

T
FA

M
_M

O
U

SE
T

fa
m

T
ra

ns
cr

ip
tio

n 
fa

ct
or

 A
, m

ito
ch

on
dr

ia
l O

S=
M

us
 m

us
cu

lu
s 

G
N

=
T

fa
m

 P
E

=
1 

SV
=

2
27

97
0

33
1

1
2.

9

T
C

PE
_M

O
U

SE
C

ct
5

T
‐c

om
pl

ex
 p

ro
te

in
 1

 s
ub

un
it 

ep
si

lo
n 

O
S=

M
us

 m
us

cu
lu

s 
G

N
=

C
ct

5 
PE

=
1 

SV
=

1
59

58
6

32
1

1
3.

1

D
C

T
N

2_
M

O
U

SE
D

ct
n2

D
yn

ac
tin

 s
ub

un
it 

2 
O

S=
M

us
 m

us
cu

lu
s 

G
N

=
D

ct
n2

 P
E

=
1 

SV
=

3
44

09
0

32
1

1
4.

7

G
L

O
D

4_
M

O
U

SE
G

lo
d4

G
ly

ox
al

as
e 

do
m

ai
n‐

co
nt

ai
ni

ng
 p

ro
te

in
 4

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

G
lo

d4
 P

E
=

1 
SV

=
1

33
29

6
32

1
1

3.
4

S3
9A

E
_M

O
U

SE
Sl

c3
9a

14
Z

in
c 

tr
an

sp
or

te
r 

Z
IP

14
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
Sl

c3
9a

14
 P

E
=

1 
SV

=
1

53
92

7
32

1
1

1.
8

SO
D

C
_M

O
U

SE
So

d1
Su

pe
ro

xi
de

 d
is

m
ut

as
e 

[C
u‐

Z
n]

 O
S=

M
us

 m
us

cu
lu

s 
G

N
=

So
d1

 
PE

=
1 

SV
=

2
15

93
3

32
1

1
7.

8

U
B

P5
_M

O
U

SE
U

sp
5

U
bi

qu
iti

n 
ca

rb
ox

yl
‐te

rm
in

al
 h

yd
ro

la
se

 5
 O

S=
M

us
 m

us
cu

lu
s 

G
N

=
U

sp
5 

PE
=

1 
SV

=
1

95
77

2
31

1
1

1

A
bb

re
vi

at
io

ns
 u

se
d 

fo
r 

pr
ot

ei
n 

an
d 

pe
pt

id
e 

id
en

ti
fi

ca
ti

on
 s

um
m

ar
y 

ta
bl

es
pr

ot
_a

cc
: A

cc
es

io
n 

nu
m

be
r 

ac
co

rd
in

g 
to

 p
ro

te
in

 f
am

ily
 o

r 
py

ro
se

qu
en

ci
ng

 c
on

re
ad

G
N

: G
en

e 
na

m
e

pr
ot

_d
es

c:
 D

es
cr

ip
tio

n
pr

ot
_m

as
s:

 M
ol

ec
ul

ar
 w

ei
gh

t o
f 

tr
an

sl
at

ed
 s

eq
ue

nc
e

J Proteome Res. Author manuscript; available in PMC 2018 August 04.


	Abstract
	Introduction
	Experimental Section
	Exosome-depleted FBS preparation
	Osteoblast isolation and differentiation
	Osteoblast differentiation assays
	Reverse transcription and real-time PCR (qRT-PCR)
	Exosome isolation and analysis
	Exosome particle size determination and transmission electron microscopy
	Proteomics profiling
	Immunoblot
	Exosome uptake and antibody blocking

	Results
	Undifferentiated (D0) and Differentiated (D24) osteoblasts
	Characterization of osteosomes isolated from D0 and D24 osteoblasts
	Comparison of osteosomal proteins with other exosomal proteins
	Ingenuity pathway analysis of osteosomal proteins
	Changes in the levels of osteosomal proteins during osteoblast differentiation
	Osteosome proteins that mediate osteosome uptake into prostate cancer cells
	Cad11 contributes to the uptake of osteosomes into PC3-mm2 cells

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

