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Abstract
Outer membrane vesicles (OMVs) are nanosized spheres secreted by bacteria that are similar to the vesicles known as 

exosomes, which are secreted by most mammalian cell types. In contrast to many studies focusing on optimizing methods for 
enriching exosomes from biological fluid, few studies have been conducted to investigate outer membrane vesicles from fecal 
samples. Herein, we have developed a pipeline comprised of membrane filtration and multiple cycles of ultracentrifugation (UC) to 
isolate OMVs from fecal samples for proteomics analysis, where multiple cycles of UC are required for removal of contaminants. 
By iTRAQ labeling quantitative proteomics analysis, different filter sizes (0.22 µm and 0.45 µm) were compared in terms of their 
performance in enriching OMVs and eliminating background fecal material. Using the 0.45 µm filter, a slightly higher protein yield was 
obtained but no additional contaminating proteins from bacteria were identified compared to those from the 0.22 µm filter. The 0.45 
µm filter together with the multiple cycles of UC were thus used to isolate OMVs for proteomics analysis. To our knowledge, this is the 
first study profiling a large number of OMV proteins from fecal samples. Such capabilities may help provide valuable information in 
understanding the communication between the host and microbiota, which is critical in preventing cancer and disease development..
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Introduction
Gut microbiota have the central role in maintaining intestinal 

homeostasis and the well-being of the host, which is regulated by 
communication between the host and microbiota. Recently, bacterial 
outer membrane vesicles (OMVs) have been found to be the key player 
in bacteria-host communication [1]. OMVs are typically 20 to 300 nm 
nanostructures that are produced by most Gram-negative bacteria. 
OMVs produced by Gram-positive bacteria have been implicated in 
the pathogenesis of many diseases [2]. Moreover, the ability of OMVs 
to transfer proteins, lipids and nucleic acids to tissues, affords potential 
application in therapy delivery. 

Interaction between bacterial OMVs and the host modulates 
development and function of the immune system, which plays a critical 
role in disease and cancer development. Kim et al. [3] reported that 
bacterial OMVs are capable of inducing long-term antitumor immune 
responses within the tumor microenvironment. Emerging evidence 
has shown that dysbiosis of gut microbiome is closely related to the 
development of Crohn's disease, one type of inflammatory bowel 
disease (IBD) [4]. OMVs secreted by the human commensal Bacteroides 
fragilis showed the ability to protect from colitis by inducing an anti-
inflammatory cytokine (IL-10) production [5]. Several studies have 
shown that bacterial RNA contained within OMVs were involved 
in modulating the host immune responses [6-8]. The identification 
of specific protein components within OMVs may have great value 
for understanding the mechanism by which the OMVs interact with 
and regulate the innate immune responses in the host. Isolation of 
bacterial OMVs from culture medium has been reported [9-11], but 
bacterial OMVs from fecal samples may provide better insight into the 
functioning of the gut microbial community. Herein, we present an 
integrated methodology for enriching OMVs from human and mouse 
stool samples for identification of proteins carried in these bacterial 
OMVs. Multiple cycles of ultracentrifugation were performed to pellet 
OMVs and remove contaminants. Different size filters (0.22 µm and 0.45 
µm) were compared for sample processing in terms of the performance 

in reducing contamination from bacteria and the improvement in 
OMV protein identification. On the basis of these comparisons, we 
developed an integrated pipeline to process fecal samples for OMV 
proteomic analysis (Figure 1). Such methodology is needed for future 
investigations of OMVs function in immune regulation and their roles 
in pathogenesis.

Materials and Methods
Fecal samples

Germ-free mice (GF) were gavaged with a defined community 
of 11 bacterial strains including Bacteroides vulgatus, Bacteroides 
uniformis, Bacteroides thetaiotaomicron, Escherichia coli, Barnesiella 
intestinihominis, Parabacteroides distasonis, Faecalibacterium 
prausnitzii, Bifidobacterium longum, Eubacterium rectale, Lactobacillus 
reuteri, and Roseburia inulinivorans [12]. Fecal samples were collected 
from mice and immediately stored at -80°C. Colonization by all 11 
members was confirmed by isolating bacterial DNA using the DNeasy 
Powersoil Kit (Qiagen) followed by qPCR using bacterial-specific 
primers at one and four weeks post-gavage. Animal experiments 
used protocols approved by the University Committee on Use and 
Care of Animals. Human stool samples were prospectively collected 
from patients with Crohn's disease at the University of Michigan. IBD 
diagnoses required prior endoscopic and histologic evidence supporting 

*Corresponding author: David M. Lubman, Department of Surgery, University 
of Michigan Medical Center, 1150 West Medical Center Drive, Building MSRB1, 
Rm A510B, Ann Arbor, MI 48109-0656, United States, Tel: + (734)-615-5081; 
Fax: + (734)-615-2088; E-mail: dmlubman@umich.edu

Received February 25, 2019; Accepted March 11, 2019; Published March 18, 
2019

Citation: Wu J, An M, Zhu J, Tan Z, Chen GY, et al. (2019) A Method for Isolation and 
Proteomic Analysis of Outer Membrane Vesicles from Fecal Samples by LC-MS/MS. J 
Proteomics Bioinform 12: 038-042. doi: 10.4172/0974-276X.1000494

Copyright: © 2019 Wu J, et al. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

mailto:dmlubman@umich.edu


Citation: Wu J, An M, Zhu J, Tan Z, Chen GY, et al. (2019) A Method for Isolation and Proteomic Analysis of Outer Membrane Vesicles from Fecal 
Samples by LC-MS/MS. J Proteomics Bioinform 12: 038-042. doi: 10.4172/0974-276X.1000494

J Proteomics Bioinform, an open access journal 
ISSN: 0974-276X Volume 12(2) 038-042 (2019) - 39 

either ulcerative colitis or Crohn’s disease with diagnostic agreement 
from the treating gastroenterologist. Written informed consent for each 
subject was obtained following a protocol approved by the University 
Review Board. Patient’s stool samples were collected using gloves, a 
tongue depressor, collection hat and transfer into a sterile container. 
Selected patients had not been exposed to antibiotics or probiotics for 
1 year prior to stool collection and were on stable medical therapy (no 
changes for a minimum of 3 months). Collected stool was immediately 
refrigerated and frozen at -80°C within 12 hours of production. For the 
purpose of developing the methods herein 1 each of human and mouse 
stool samples were used.

Isolation of outer membrane vesicles (OMVs) by multiple 
cycles of ultracentrifugation

Fecal samples (150 mg human stool and 25 mg mouse stool) were 
thoroughly suspended in 500 µL PBS by extensive vortex. Disrupted 
pellets were centrifuged at 500 x g for 10 min to precipitate insoluble 
materials, to which 500 µL PBS was added to re-suspend the pellets. 
This step was repeated four times. The suspension was then combined 
and centrifuged at 10,000 g for 30 min to pellet bacteria. This nominally 
bacteria-free supernatant was further filtered through 0.45 µm or 0.22 
µm filters, respectively, to further remove any bacteria. The OMVs 
were pelleted by ultracentrifugation at 110, 000 g for 2 hr at 4°C in a 
Beckman Optima XL-70 (Beckman Coulter, Indianapolis, IN). After 
removing the supernatant, OMVs were suspended in 4 mL PBS and 
ultracentrifuged at 110,000 g for 70 min at 4 °C. This step was repeated 
three times where multiple cycles of ultracentrifugation were used to 
remove possible contaminants as shown in prior work [13,14]. 

Transmission electron microscopy (TEM)

The morphology of isolated OMVs was evaluated by TEM as 
described previously [13,14]. Briefly, 5 μl of each of the OMV samples 
was added to a carbon film and incubated for 2 min. After removing 
the supernatant liquid by filter paper, 5 μL of 2.5% w/v glutaraldehyde 
in PBS were added to fix OMVs onto the carbon film. After washing 
the carbon film three times, the OMVs were negatively stained with 5 
μL of 1% uranyl acetate for 1 min, then imaged with a Philips CM-100 
TEM instrument.

Protein extraction, trypsin digestion and iTRAQ labeling

The isolated OMVs were lysed with 2% SDS buffer at 95°C for 
10 min. The suspension was centrifuged at 13,000 rpm for 30 min to 
collect the lysates, whose soluble protein concentration was measured 

by the BCA protein assay (Thermo Scientific, Waltham, MA). Twenty 
micrograms of protein extract were reduced by 25 mM TCEP at 56 °C 
for 1 h. The concentrates were then diluted in 200 μL of 8M urea in 50 
mM TEAB solution, followed by alkylation with 50 mM IAA in the dark 
for 20 min. The concentrates were transferred to Microcon Ultracel 
YM-30 filtration devices (Millipore, Billerica, MA) and centrifuged at 
14,000 g for 15 min. Filters were subsequently washed twice with 8M 
urea, followed by three washes with 50 mM TEAB. Enzymatic digestion 
was performed by adding 400 ng of trypsin (Promega, Madison, MI) 
in 75 μL of 50 mM TEAB to the filter (enzyme to protein ratio 1:50) 
and incubated overnight at 37°C. Released peptides were collected by 
centrifugation and desalted with C18 spin columns (Thermo Scientific), 
followed by dryness using a SpeedVac concentrator (Thermo Savant, 
Milford, MA). The resulting tryptic peptides were labeled by iTRAQ 
4-plex reagent according to the instructions [15,16]. The iTRAQ tags 
were used so that we could obtain a quantitative comparison between 
the results of using the 0.22 μm versus the 0.45 μm filter in one run. 
The labeled samples were mixed, and desalted using C18 spin columns. 
The eluted samples were dried by SpeedVac prior to mass spectrometry 
analysis. The iTRAQ labeled samples were analyzed by Orbitrap mass 
spectrometry in duplicate.

LC-MS/MS and data analysis

One microgram of peptides was separated on an Easy 1000 nano 
UHPLC system (Thermo) equipped with a C18 column (Acclaim 
PepMap RSLC, 75 μm × 25 cm, 2 μm, 100 Å) at a flow rate of 300 
nL/min using a 60 min gradient from 2 to 35% acetonitrile in 0.1% 
formic acid. The eluted peptides were analyzed by an Orbitrap Fusion 
Tribrid Mass Spectrometer (Thermo Scientific) operated in positive 
ion mode. MS1 spectra (from m/z 375−2000) were acquired in the 
Orbitrap analyzer with resolution r = 60 000 at m/z 200, and the top 10 
most intense ions were selected for tandem MS analysis by collision-
induced dissociation (CID) in the linear ion trap. The normalized 
collision energy was set to 35. Dynamic exclusion was enabled, with 
a mass exclusion width of 10 ppm and exclusion duration of 20 s. In 
addition, the samples were also run using the spectral count method 
without the iTRAQ labels to determine the maximum number of OMV 
proteins detected. This procedure was performed in quadruplicate. The 
raw data were searched against the protein database using SEQUEST 
incorporated into Proteome Discover 2.1 (Thermo Scientific). The 
protein sequences for human, mouse, and food were downloaded from 
the Universal Protein Resource Knowledgebase (UniProtKB, released 
2014_5). The protein sequences for bacteria in mice were downloaded 
from the JGI IMG database (https://img.jgi.doe.gov/cgi-bin/pub/
main.cgi). For bacteria from human samples, the protein sequences 
were downloaded from the human microbiome project (https://www.
hmpdacc.org/hmp/HMRGD/). The combined host, food, and bacterial 
protein database was constructed by appending the human/mouse 
and food (wheat, corn, soybean, yeast, alfalfa) proteins to those of 
microbes in mouse or human stools. The search parameters were set 
as follows: precursor ion m/z tolerance, ± 10 ppm; fragment ion m/z 
tolerance, ± 0.05 Da; two missed cleavages allowed; static modification, 
carbamidomethylation (+57.02146 Da, C), 4-plex iTRAQ (N-term and 
K); dynamic modifications, oxidation (+15.99492 Da, M). Identified 
peptides were filtered using a 1% peptide-level false discovery rate 
(FDR).

Results and Discussion
OMVs are small spherical structures enclosed with a membrane 

bilayer typically ranging between 20 to 300 nm in size. To avoid any 

Figure 1: The workflow of OMVs isolated from stool samples. This 
involved a pipeline comprised of membrane filtration and multiple cycles of 
ultracentrifugation (UC) to isolate OMVs from fecal samples for proteomics by 
LC-MS/MS.
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bacteria or cell debris contamination, the suspension of feces should be 
filtered with a pore size filter prior to UC. Due to the upper limit size of 
around 300 nm, it has been reported that processing the samples with a 
0.22 μm filter may lead to a low yield of OMVs that are captured by the 
filters, while using a 0.45 μm filter may result in contamination from 
the bacteria. Therefore, in this study, we compared two different sizes 
of filters (0.22 μm vs. 0.45 μm) in terms of their performance in OMVs 
enrichment and contaminant removal. 

Size distribution of OMVs

In Figure 2, TEM images of OMVs enriched from human (Figure 

2a and 2b) and mouse stools are shown (Figure 2c and 2d). In the 
images obtained from mouse stool, it should be noted that one cannot 
distinguish between mouse-derived extracellular vesicles versus 
bacterial OMVs. Also, in the human samples there are tubules observed 
extending from the OMVs; this has been reported in recent work, 
although their function is not known. In Figure 3, the corresponding 
size distribution of OMVs enriched from human (Figure 3a) and 
mouse (Figure 3b) stool samples using 0.22 μm and 0.45 μm filters as 
obtained by TEM is shown. The size distributions from 0.22 μm and 
0.45 μm filters were found to be similar where the average diameters 
of OMVs from mouse stools were 78 (± 22) nm and 76 (± 23) nm, 
respectively, and from human stools were 113 (± 30) nm and 110 (± 29) 
nm, respectively.

Protein yield of OMVs

To determine whether the use of 0.22 μm filters could lead to 
significant loss of OMVs, we measured the protein yield of OMVs using 
these two different filter sizes based on the BCA assay. The amount of 
OMV proteins obtained from 150 mg of human stool was 73.1 (± 1.3) 
μg with the 0.22 μm filter and 76.1 (± 1.4) μg with the 0.45 μm filter, 
while from 25 mg of mouse stool, the amount of OMV proteins isolated 
was 12.6 (± 0.8) μg with the 0.22 μm filter, and 14.2 (± 0.3) μg with the 
0.45 μm filter. A slightly higher protein yield was achieved using the 
0.45 μm filter as compared to that of the 0.22 μm filter but the difference 
was not significant. However, it should be noted that the 0.22 μm filters 
tend to clog more than the 0.45 μm filters, which may lead to potential 
sample loss.

Protein identification by LC-MS/MS

The OMV proteins processed with different sizes of filters and 
multiple cycles of UC were labeled with iTRAQ reagents for comparison 
of protein identification. The reporter ions could be identified if the 
protein was present in the sample and vice versa.  Therefore, by iTRAQ 
labeling assays, we could quantitatively compare the number of proteins 
presented in the samples using these two different sizes of filters.   

From human stool samples, we identified 376 proteins labeled 
with iTRAQ from the OMVs processed with both 0.22 μm and 0.45 

Figure 2: TEM images of OMVs enriched from human and mouse stools 
processed with the 0.22 μm (2a for humans and 2c for mouse) and 0.45 μm 
filters (2b for humans and 2d for mouse). 

Figure 3: The size distribution obtained by TEM of the outer membrane vesicles extracted from the human and mouse stool samples processed with 0.22  μm and 
0.45 μm filters for humans (figure 3a) and mouse(figure 3b). 
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μm filters, including 87 human proteins from EVs and 289 bacterial 
proteins from OMVs. Quantitative proteomics analysis of OMVs 
isolated from human stools is shown in Supplemental Table S1. 
In the mouse stool samples, 626 proteins were identified from the 
iTRAQ labeling samples, including 363 proteins from mouse EVs 
and 263 proteins from bacterial OMVs (Supplemental Table S2). No 
difference in protein number was observed from samples processed 
with the 0.22 μm or 0.45 μm filters. These results indicated that the 
processing of mouse and human stool samples with either the 0.22 
μm or 0.45 μm filters produced no significant differences in protein 
identification. In addition, two extracellular vesicle markers, CD63 and 
CD82, were identified from the mouse stool samples based on mass 
spectrometric analysis, and their abundance ratios between filter sizes 
were 1.5 for CD63 and 0.8 for CD82.  This result indicates that there 
are no significant differences between using the two different sizes of 
filters in this workflow, where similar performance of these two filters 
in enriching OMVs was achieved. To evaluate whether using the 0.45 
μm filter can lead to bacterial contamination during processing, we 
processed fecal samples from nominally germfree mice using the 0.45 
μm filter. We identified 322 mouse proteins and no bacterial proteins, 
indicating the absence of bacterial contamination when samples were 
processed with the 0.45 μm filters. 

In order to profile proteins from stool-derived OMVs, we identified 
proteins without isobaric labeling. From four replicate MS runs, 746 
OMV proteins (623 bacterial proteins and 123 human proteins) were 
identified from the OMVs enriched from human stools. These bacterial 
proteins were from more than 95 different bacterial species, more than 
half of which are Bacteroides including Bacteroides caccae, Bacteroides 
cellulosilyticus, Bacteroides dorei, Bacteroides ovatus, Bacteroides 
uniformis, Bacteroides vulgatus, and Bacteroides xylanisolvens. All of 
the proteins identified from OMVs enriched from human stools are 
listed in Supplemental Table S3. From mouse stools inoculated with the 
11-bacteria, we identified 944 OMV proteins (531 mouse proteins and 
413 bacterial proteins) (Supplemental Table S4).  Ingenuity Pathway 
Analysis (IPA) was performed to determine cellular locations and 
functions of the identified proteins. OMV proteins from the human stool 
samples from the cytoplasm, extracellular space, and plasma membrane 
account for 33.1, 32.2, and 22.9% of the total protein, respectively 
(Figure 4a), which were mainly involved in antimicrobial response, 
inflammatory response, and organismal injury and abnormalities. These 
OMV proteins may vary with the degree of intestinal inflammation and 
Crohn’s disease phenotype. The impact of OMVs on the pathogenesis 
of IBD will be examined further in future work as the sample size and 

disease activity variance was not examined in this feasibility study. 
OMV proteins from the mouse samples derived from the cytoplasm, 
plasma membrane, and extracellular space accounted for 51.9, 31.7, and 
9.2% of the total protein, respectively (Figure 4b), and these proteins 
correlated with gastrointestinal disease, inflammatory response and 
immunological disease. Since the majority of the bacterial proteins lack 
location and functional information, pathway analysis related to these 
bacterial proteins could not be performed. 

Conclusion
An integrated pipeline was developed to enrich OMVs from human 

and mouse stool samples. Two different filter sizes (i.e. 0.45 µm vs. 
0.22 µm) were compared in terms of their performance in enriching 
OMVs and eliminating background fecal material. Based on the BCA 
and a quantitative mass spec-based assay, a higher protein yield with 
removal of bacteria was achieved with the 0.45 µm filter compared to 
that with 0.22 µm filter, and therefore, the larger 0.45 µm filter together 
with multiple cycles of ultracentrifugation appears optimal for OMV 
protein extraction from stool samples. With this strategy, 746 and 944 
proteins were identified from human and mouse fecal samples derived 
from OMVs and EVs. Surprisingly, these proteins were principally 
involved in microbial defense and inflammatory response. To our 
knowledge, this is the first study profiling OMV proteins from fecal 
samples where we have developed the appropriate methodology for 
their isolation and proteomic analysis. There are various procedures 
that could be implemented in further work to improve on current 
results. The method could be further improved with regard to purity 
by using methods such as density gradient ultracentrifugation [17] to 
eliminate any unwanted contaminants after the procedures described 
herein. Also, methods such as negative stain EM could be used to 
distinguish human or mouse EVs from OMVs in the TEM procedures. 
In addition, flow cytometry might also be used as a final step to separate 
out human or mouse EVs from bacterial OMVs. Future prospects for 
this work will be in its applications to biological problems. For example, 
our results could provide invaluable information in understanding the 
communication mechanism between the host and bacteria, which plays 
a critical role in gut health and preventing disease.

Acknowledgement

We thank Nicholas A. Pudlo and Eric C. Martens (University of Michigan) for 
providing bacteria used for gavaging germfree mice.

Disclosure Statement
No potential conflict of interest was reported by the authors. 

Figure 4: The subcellular distribution obtained from proteomic analysis for (a) human stool and (b) mouse stool which shows that a large number of proteins 
identified from human and mouse stool samples are from plasma membrane and extracellular space. 



Citation: Wu J, An M, Zhu J, Tan Z, Chen GY, et al. (2019) A Method for Isolation and Proteomic Analysis of Outer Membrane Vesicles from Fecal 
Samples by LC-MS/MS. J Proteomics Bioinform 12: 038-042. doi: 10.4172/0974-276X.1000494

J Proteomics Bioinform, an open access journal 
ISSN: 0974-276X Volume 12(2) 038-042 (2019) - 42 

Funding

This work was supported by the National Cancer Institute under grant 
R21CA189775 (D.M.L.), R21 CA 191744 (G.C) and the National Institutes of 
Health under grant R01GM49500 (D.M.L.). We acknowledge the assistance of the 
Wayne State University Proteomics Core that is supported through NIH grants P30 
ES020957, P30 CA 022453, and S10 OD010700. 

References

1.	 Pathirana RD, Kaparakis-Liaskos M (2016) Bacterial membrane vesicles: 
Biogenesis, immune regulation and pathogenesis. Cell Microbiol 18: 1518-
1524.

2.	 Brown L, Wolf JM, Prados-Rosales R, Casadevall A (2015) Through the wall: 
extracellular vesicles in Gram-positive bacteria, mycobacteria and fungi. Nat 
Rev Microbiol 13: 620-630.

3.	 Kim OY, Park HT, Dinh NTH, Choi SJ, Lee J, et al. (2017) Bacterial outer 
membrane vesicles suppress tumor by interferon-gamma-mediated antitumor 
response. Nat Commun 8: 626.

4.	 Knights D, Lassen KG, Xavier RJ (2013) Advances in inflammatory bowel 
disease pathogenesis: linking host genetics and the microbiome. Gut 62: 1505-
1510.

5.	 Chu H, Khosravi A, Kusumawardhani IP, Kwon AHK, Vasconcelos AC, et 
al. (2016) Gene-microbiota interactions contribute to the pathogenesis of 
inflammatory bowel disease. Science 352: 1116-1120.

6.	 Ghosal A, Upadhyaya BB, Fritz JV, Desai MS, Yusuf D, et al. (2015) The 
extracellular RNA complement of Escherichia coli. Microbiologyopen 4: 252-
266.

7.	 Kunsmann L, Ruter C, Bauwens A, Greune L, Glüder M, et al. (2015) Virulence 
from vesicles: Novel mechanisms of host cell injury by Escherichia coli O104:H4 
outbreak strain. Sci Rep 5: 13252.

8.	 Koeppen K, Hampton TH, Jarek M, Scharfe M, Gerber SA, et al. A Novel 
Mechanism of Host-Pathogen Interaction through sRNA in Bacterial Outer 
Membrane Vesicles. PLoS Pathog 12: e1005672.

9.	 Eddy JL, Gielda LM, Caulfield AJ, Rangel SM, Lathem WW, et al. Production 
of outer membrane vesicles by the plague pathogen Yersinia pestis. PLoS One 
9: e107002.

10.	Gamalier JP, Silva TP, Zarantonello V, Dias FF, Melo RCN, et al. (2017) 
Increased production of outer membrane vesicles by cultured freshwater 
bacteria in response to ultraviolet radiation. Microbiol Res 194: 38-46.

11.	Gao XJ, Li T, Wei B, Hu N, Yan ZX, et al. (2018) Bacterial Outer Membrane 
Vesicles from Dextran Sulfate Sodium-Induced Colitis Differentially Regulate 
Intestinal UDP-Glucuronosyltransferase 1A1 Partially Through Toll-Like 
Receptor 4/Mitogen-Activated Protein Kinase/Phosphatidylinositol 3-Kinase 
Pathway. Drug Metab Dispos 46: 292-302.

12.	Wu J, Zhu J, Yin H, Liu X, An M, et al. (2016) Development of an Integrated 
Pipeline for Profiling Microbial Proteins from Mouse Fecal Samples by LC-MS/
MS. J Proteome Res 15: 3635-3642.

13.	An M, Zhu J, Wu J, Cuneo KC, Lubman DM, et al. (2018) Circulating 
Microvesicles from Pancreatic Cancer Accelerate the Migration and Proliferation 
of PANC-1 Cells. J Proteome Res 17: 1690-1699.

14.	Kim J, Tan Z, Lubman DM (2015) Exosome enrichment of human serum using 
multiple cycles of centrifugation. Electrophoresis 36: 2017-2026.

15.	Tan Z, Yin H, Nie S, Lin Z, Zhu J, et al. (2015) Large-scale identification of 
core-fucosylated glycopeptide sites in pancreatic cancer serum using mass 
spectrometry. J Proteome Res 14: 1968-1978.

16.	Yin H, An M, So PK, Lubman DM, Yao Z, et al. (2018) The analysis of alpha-1-
antitrypsin glycosylation with direct LC-MS/MS. Electrophoresis 39: 2351-2361.

17.	Bu H, He D, He X, Wang K (2018) Exosomes: Isolation, Analysis, and 
Applications in Cancer Detection and Therapy. ChemBioChem 20: 451-461.

https://doi.org/10.1111/cmi.12658
https://doi.org/10.1111/cmi.12658
https://doi.org/10.1111/cmi.12658
https://doi.org/10.1038/nrmicro3480
https://doi.org/10.1038/nrmicro3480
https://doi.org/10.1038/nrmicro3480
https://doi.org/10.1038/s41467-017-00729-8
https://doi.org/10.1038/s41467-017-00729-8
https://doi.org/10.1038/s41467-017-00729-8
https://doi.org/10.1136/gutjnl-2012-303954
https://doi.org/10.1136/gutjnl-2012-303954
https://doi.org/10.1136/gutjnl-2012-303954
https://doi.org/10.1126/science.aad9948
https://doi.org/10.1126/science.aad9948
https://doi.org/10.1126/science.aad9948
https://doi.org/10.1002/mbo3.235
https://doi.org/10.1002/mbo3.235
https://doi.org/10.1002/mbo3.235
https://doi.org/10.1038/srep13252
https://doi.org/10.1038/srep13252
https://doi.org/10.1038/srep13252
https://doi.org/10.1371/journal.ppat.1005672
https://doi.org/10.1371/journal.ppat.1005672
https://doi.org/10.1371/journal.ppat.1005672
https://doi.org/10.1371/journal.pone.0107002
https://doi.org/10.1371/journal.pone.0107002
https://doi.org/10.1371/journal.pone.0107002
https://doi.org/10.1016/j.micres.2016.08.002
https://doi.org/10.1016/j.micres.2016.08.002
https://doi.org/10.1016/j.micres.2016.08.002
https://doi.org/10.1124/dmd.117.079046
https://doi.org/10.1124/dmd.117.079046
https://doi.org/10.1124/dmd.117.079046
https://doi.org/10.1124/dmd.117.079046
https://doi.org/10.1124/dmd.117.079046
https://doi.org/10.1021/acs.jproteome.6b00450
https://doi.org/10.1021/acs.jproteome.6b00450
https://doi.org/10.1021/acs.jproteome.6b00450
https://doi.org/10.1002/elps.201500131
https://doi.org/10.1002/elps.201500131
https://doi.org/10.1021/acs.jproteome.5b00068
https://doi.org/10.1021/acs.jproteome.5b00068
https://doi.org/10.1021/acs.jproteome.5b00068
https://doi.org/10.1002/elps.201700426
https://doi.org/10.1002/elps.201700426
https://doi.org/10.1002/cbic.201800470
https://doi.org/10.1002/cbic.201800470

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Fecal samples
	Isolation of outer membrane vesicles (OMVs) by multiple cycles of ultracentrifugation
	Transmission electron microscopy (TEM)
	Protein extraction, trypsin digestion and iTRAQ labeling
	LC-MS/MS and data analysis

	Results and Discussion
	Size distribution of OMVs
	Protein yield of OMVs
	Protein identification by LC-MS/MS

	Conclusion
	Acknowledgement
	Disclosure Statement
	Funding
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

