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Abstract

Metaproteomics is one approach to analyze the functional capacity of the gut microbiome but is
limited by the ability to evenly extract proteins from diverse organisms within the gut. Herein, we
have developed a pipeline to optimize sample preparation of stool obtained from germ-free (GF)
mice that were gavaged a defined community of 11 bacterial strains isolated from the human gut.
With 64% more proteins identified, bead-beating was confirmed to be an indispensable step for the
extraction of bacterial proteins, especially for Gram-positive bacteria. Bacterial enrichment from
mouse fecal samples was further optimized by evaluating three different methods: (1) a high-speed
differential centrifugation (HCE) or (2) a low-speed differential centrifugation (LCE) and (3) a
filter-aided method (FA). The HCE method was associated with dramatic loss of bacteria and 71%
less recovery of bacterial proteins than the LCE method. Compared with LCE, the FA method also
showed dramatic loss of the amount of bacteria recovered and decreased protein identifications
from Gram-positive bacteria in the stool samples. Ultimately, LCE may provide an alternative and
complementary method for enriching bacteria from small amounts of mouse fecal samples, which
could aid in investigating bacterial function in health and disease.
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INTRODUCTION

The human intestinal tract harbors trillions of microbes, representing over 1000 bacterial
species, which play a significant role in both intestinal health and disease.! Abnormal
alterations in the composition of the gut microbiome, also known as dysbiosis, have been
implicated not only in intestinal pathology but also in cardiovascular disease and obesity.2 In
contrast, in the absence of dysbiosis, the gut microbiota could largely benefit the host by
promoting the development of the gut immune system, facilitating dietary metabolism and
preventing pathogen colonization.34 Human microbiome studies have demonstrated that
there is significant diversity in the membership of individual gut communities, but the
functional pathways represented by community metagenomes were less variable and more
uniform, suggesting some level of redundancy in the gut microbiome.® Similarly, studies of
lean and obese twins have also demonstrated that despite interindividual variability in the
composition of the gut microbiota, the genes represented have common functionalities, and
deviations from this core microbiome on a functional level are associated with disease.
Thus, understanding what genes are expressed by the gut microbiome will likely provide
important insight into how changes in the gut microbiota that lead to dysbiosis can
contribute to disease pathology.

Metaproteomics studies allow the understanding of the actual expression of genes from the
gut microbiota by the detection and identification of proteins in a sample by mass
spectrometry (MS); "~ however, an important consideration is to effectively enrich bacteria
from fecal samples and extract microbial proteins from a sample that evenly represents all
bacteria. In the current study, we humanized the microbiome of GF mice by orally
administering a simple community of 11 bacterial strains that have been isolated from the
human gut. Bacterial strains were selected to represent some of the major phylotypes found
in the human gut and consist of both Gram-positive and Gram-negative bacteria that have
different cell-wall components. To identify the functional expression of these bacteria by
mass spectrometry, we optimized a method to enrich these bacteria from stool samples while
removing host mouse proteins that allowed the measurement of the functional expression of
these bacteria by mass spectrometry.

With advances in mass spectrometry and proteome bioinformatics, several studies have
successfully applied the metaproteomics approach to analyze bacterial proteins from fecal
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samples.19-12 |n these studies, different sample preparation procedures were employed and
differed in the application of bead—beating for protein extraction. Herein, by comparing the
efficiency of protein identification with or without bead-beating, we confirmed that bead-
beating is essential for sample preparation for metaproteomics analysis.

Because proteins from untargeted species (i.e., host and dietary proteins) may preclude
medium-to-low abundant microbial peptide identification, it is important to enrich bacteria
within fecal samples with high purity. To date, there are two main methods used for bacteria
enrichment: one is a differential centrifugation method; the other is a filter-aided method,
which has been reported to have high efficiency in the removal of host and food proteins.10
Herein, we have compared the differential centrifugation method to the filter-aided method
in terms of their performance in reducing host and food protein identification and the
improvement in bacterial protein identification, especially for Gram-positive bacteria, which
are important microbes in the human gut and aid in keeping the digestive and immune
system healthy.13.14 On the basis of a comparison of these methods, an alternative pipeline
has been developed for the processing of fecal samples for metaproteomics analysis, which
provides a foundation for future work in this field.

MATERIALS AND METHODS

Gnotobiotic Mouse Model

The following bacterial strains were isolated from the human gut: Bacteroides vulgatus,
Bacteroides uniformis, Bacteroides thetaiotaomicron, Escherichia coli, Barnesiella
intestinihominis, Parabacteroides distasonis, Faecalibacterium prausnitzii, Bifido-bacterium
longum, Eubacterium rectale, Lactobacillus reuteri, and Roseburia inulinivorans and
cultured under anaerobic conditions at 37 °C using an anaerobic chamber to saturation.
Equal volumes of overnight saturated cultures (O.D. ~ 1) of each bacterial strain were
combined and subsequently gavaged into GF mice. Stable community membership within
the stool was determined by gPCR using bacterial-specific primers (Supplemental Figure
S1). Primer sequences are provided in Supplemental Table S1. Animal experiments used
protocols approved by the University Committee on Use and Care of Animals.

Microbial Cell Extraction from Fecal Samples

Fecal samples were collected from mice and immediately stored at —80 °C until use. The
samples were processed in parallel by three methods: a centrifuge-low speed method (LCE),
a centrifuge-high speed method (HCE), and a filter-aided method (FA). For the LCE method,
25 mg of fecal sample was suspended in 500 z1L of phosphate-buffered saline (PBS) with 5%
protease inhibitor cocktail (PI), physically disrupted by pipetting and by vortexing
thoroughly. Disrupted pellets were centrifuged at 250¢ for 5 min to precipitate insoluble
materials, to which 500 L of PBS with Pl was added to suspend the pellet again as
described above (this step was repeated four times). The suspension was then combined and
ultra-centrifuged (30 000g, 15 min, 4 °C) to pellet bacteria, which were then washed three
times with PBS containing 5% PI.
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For the HCE method, fecal samples were disrupted as described in the LCE method.
Disrupted pellets were centrifuged at 2500¢ for 5 min to precipitate insoluble materials, and
this process was repeated four times. The combined suspension was then ultracentrifuged at
30 000g, 15 min, 4 °C to pellet bacteria.

The FA method was performed as described by Xiong et al.1% with some modifications.
Fecal samples (25 mg) were suspended in 2 mL of Tris-based saline buffer (TBS) with 5%
Pl and filtered through a 20 m vacuum filter unit to remove insoluble materials. The filtrate
was then homogenized with a Tissue Tearor (Biospec products, USA) at 30 000 rpm for 30 s
once, then twice, with a 30 s interval between pulses to remove the remaining mouse cells.
The homogenates were then centrifuged at 4000g for 10 min to pellet bacteria. The bacterial
pellet was then filtered through a 0.22 xm vacuum filter unit to capture microbial cells,
followed by washing twice to remove attached mouse proteins.

Protein Extraction and Digestion by FASP

LC-MS/MS

The five Gram-positive bacterial mixture and microbial cell pellet extracted from mouse
fecal samples were lysed in 50 £ of lysing buffer containing 20 mM Tris-HCI (pH7.4), PI
(1:20), and 2% w/v SDS at 95 °C for 30 min. The lysates were then transferred to 2 mL
conical tubes containing 100 mg of 100 xm diameter low binding zirconium beads (OPS
Diagnostics, Lebanon, NJ). The samples were bead-beaten at a maximum speed of the mini-
beadbeater (BioSpec Products, Bartlesville, OK) for 1 min pulses, three times, with a 30 s
interval on ice between pulses, followed by centrifugation at 13 000 rpm for 15 min. The
concentration of protein extracts was measured by the BCA protein assay (Thermo
Scientific, Waltham, MA).

The filter-aided sample preparation (FASP) method was then used for SDS-depletion,
protein reduction and alkylation, and digestion as described previously,1%16 with some
modification. In brief, the concentrates were diluted in 200 zL of uranyl acetate (UA)
solutions (8 M urea in 100 mM Tris-HCI, pH 8.8) in Microcon Ultracel YM-30 filtration
devices (Millipore, Billerica, MA) and centrifuged at 14 000g for 15 min (this step was
repeated once). After centrifugation, the concentrates were reduced with 25 mM tris(2-
carboxyethyl)-phosphine (TCEP) in 100 zL of UA solution at 37 °C for 1 h, followed by
alkylation with 50 mM indole-3-Acetic Acid (IAA) in the dark for 20 min. Filters were
subsequently washed twice with UA, followed by two washes with 50 mM NH4HCOs.
Enzymatic digestion was performed by adding trypsin (Promega, Madison, Ml) in 75 gL of
50 mM NH4HCO3 to the filter 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).

One microgram of peptide mixtures was analyzed by an LTQ-Orbitrap Velos mass
spectrometer (Thermo Scientific) interfaced with a Sciex Eksigent Nano 2D-LC system (AB
SCIEX), or by an Orbitrap Fusion Tribrid Mass Spectrometer (Thermo Scientific) equipped
with an Easy 1000 nano UHPLC system (Thermo). The peptide separation was performed
using a C18 column (Acclaim PepMap RSLC, 75 zm x 25 cm, 2 zm, 100 A) at a flow rate
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of 300 nL/min using a 152 min gradient from 2 to 35% eluent B (0.1% formic acid in
acetonitrile) in eluent A (0.1% formic acid in water). The MS instrument was operated in
positive ion mode. Survey MS scans (from m/z 375-2000) were acquired in the Orbitrap
analyzer with resolution r= 60 000, 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.18

Data Analysis

All protein databases were downloaded from the Universal Protein Resource
Knowledgebase (UniProtKB, released 2014 _5). The combined host, food and bacterial
protein database was constructed by appending the mouse and food (wheat, corn, soybean,
yeast, alfalfa) proteins to those of the 11 microbes (Bacteroides vulgatus, Bacteroides
uniformis, Bacteroides thetaiotaomicron, Escherichia coli, Barnesiella intestinihominis,
Parabacteroides distasonis, Faecalibacterium prausnitzii, Bifido-bacterium longum,
Eubacterium rectal, Lactobacillus reuteri, and Roseburia inulinivorans). Peptide
identification was performed using SEQUEST incorporated into Proteome Discover
software 1.4 (Thermo Scientific). The search parameters were set as follows: precursor ion
my/ztolerance, £10 ppm; fragment ion m/ztolerance, £0.5 Da; two missed cleavages
allowed; static modification, carbamidomethylation (+57.02146 Da, C); dynamic
modifications, oxidation (+15.99492 Da, M). Identified peptides were filtered using a 1%
peptide-level false discovery rate (FDR). All of the samples were run in duplicate to evaluate
the reproducibility of LC separation and MS identification steps (technical replicates). For
the five Gram-positive mixtures, two independent samples were performed to assess the
reproducibility of the whole pipeline (pipeline replicates). To compare the LCE and FA
methods for isolating and identifying bacterial proteins, stool samples from 5 mice were
processed and analyzed (biological replicates). Peptide and protein grouping according to
Proteome Discoverer’s algorithms were allowed, applying strict maximum parsimony
principle. For protein identification, there is at least one unique peptide that matches to the
protein. Gene Ontology (GO) annotation was applied to elucidate the molecular functions
and biological process of the proteins identified.

RESULTS AND DISCUSSION

Inoculation of Germ-Free Mice with Defined Bacterial Community

To develop a simple in vivo system to evaluate bacterial protein expression within the gut,
we colonized GF mice with a defined bacterial community consisting of 11 bacterial strains
that were isolated from the human colon and belonged to the four major bacterial
phylotypes, namely, B. vulgates, B. uniformis, B. thetaiotaomicron, E. coli, B.
intestinihominis, P. distasonis, F. prausnitzii, B. longum, E. rectal, L. reuteri, and R.
inulinivorans. All 11 strains were detectable and stably colonized GF mice by day 14, as
assessed by gPCR (Supplemental Figure S1). Using this simplified system, we wished to
establish a protocol that would optimally allow the identification and measurement of
functional expression of all bacterial strains by mass spectrometry. The pipeline for
metaproteome analysis in this study is shown in Figure 1.
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Evaluation of the Effects of Bead-Beating in Protein Identification from Gram-Positive

Bacteria

Because of the distinct differences between Gram-positive and Gram-negative cell walls,
bead-beating is generally required to disrupt Gram-positive cell walls, while SDS buffer is
sufficient for lysis of Gram-negative cells.1® Several studies have investigated bead-beating
in DNA extraction from Gram-positive microbes,2021 while few studies have evaluated the
impact of bead-beating for protein extraction and identification from Gram-positive bacteria.
In this study, using a mixture of five Gram-positive bacterial strains that were included in the
11-bacteria cocktail inoculated to mice, we evaluated the effect of bead-beating in protein
extraction and identification from these Gram-positive bacteria. In total, 518 and 560
proteins were identified, respectively, without bead-beating for pipeline replicates 1 and 2,
while 804 and 857 proteins were identified with bead-beating (Table 1). For pipeline
replicates 1 and 2, we observed similar results and found that 64% more proteins were
identified with bead-beating compared with those without bead-beating, indicating the high
reproducibility of the entire pipeline. The reproducibility of the pipeline was further
confirmed by the good correlation of PSM values between pipeline replicates at protein level
(r=10.9840 and 0.9735 for bead-beating (=) or (+), respectively, as shown in Figure 2a).

We further compared the number of proteins identified for each bacterium with or without
bead-beating. As shown in Figure 2b, using bead-beating, more proteins were identified for
all of these five bacteria, especially for Bifidobacterium longum, for which about four times
more proteins were identified with bead-beating from pipeline replicates 1 and 2. Our
findings confirm that bead-beating is essential for protein extraction from Gram-positive
bacteria due to their cell wall, especially for Bifidobacterium longum, the primary
constituent of probiotic formulations that have been suggested to have protective effects
against colon cancer development?2 and in the treatment of inflammatory bowel disease?3

Optimization of Strategy for Mouse Fecal Proteomics Analysis with Differential
Centrifugation

To reduce the complexity of peptide analysis, efficient extraction of bacteria with high purity
is critical because proteins from untargeted species (host mouse and food) may preclude
identification of medium-to-low abundant microbial peptides. The differential centrifugation
approach has been used as an effective method for extraction of bacteria from fecal samples.
This method consisted of three steps: (1) removal of insoluble material derived from
undigested food with low speed centrifugation, (2) pelleting of bacteria and disruption of
mouse cells with ultracentrifugation, and (3) thorough washing of captured cells to remove
attached mouse proteins. Recently, several studies have used this method to perform
metaproteomics analysis of stool samples but with a different centrifugation paradigm.11.24

We have evaluated the efficiency of two different centrifugation speeds (low-speed 200g
versus higher speed 2500g) in insoluble material removal as well as their impact on bacterial
protein identification. With low-speed centrifugation (LCE), a total of 2240 proteins
including 1870 bacterial proteins, 205 mouse proteins, and 165 food proteins were identified
from the GF mice with the inoculated bacterial cocktail, while a total of 1142 proteins was
identified using high-speed centrifugation (HCE), including 536 bacterial proteins, 446
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mouse proteins, and 160 food proteins. Because of the dramatic loss of bacteria with the
HCE method, 2.5 times more bacterial proteins were identified with the LCE method
(Figure 3a). The protein identification from food remains almost the same between these two
methods (165 for LCE and 160 for HCE). Our results indicate that centrifugation using high
speed (up to 25004) for the removal of insoluble materials as reported in a previous study?#
could not reduce interference from food protein identification but resulted in significant loss
of bacteria.

The mouse cell wall is more susceptible and easier to disrupt than bacterial cells, so
ultracentrifugation was employed to pellet bacteria and disrupt the mouse cells. This was
confirmed by our results demonstrating that more than 70% of the identified mouse proteins
were located in the membrane (Figure 3a), while the dominant cytoplasmic proteins were
released with the mouse cell disruption during the process of ultracentrifugation.

Because a higher centrifugation speed allows the removal of insoluble material, less
precipitate was observed with HCE compared with LCE. To minimize loss of bacteria, one
wash rather than three washes was performed for removing attached mouse proteins.
However, we found that a single wash of the precipitate led to greater mouse protein
contamination (446 mouse proteins for HCE versus 205 proteins for LCE), with increased
abundance of mouse cytoplasmic proteins in particular (177 (43%) for HCE versus 59 (32%)
for LCE), as shown in Figure 3a. Therefore, multiple washes are critical for reducing host
protein contamination.

Comparison of the Differential Centrifugation Method to the Filter-Aided Method in
Enrichment of Bacteria

To deepen microbiome characterization by reducing untargeted protein identification, Xiong
et al.10 recently developed a filter-aided method to enrich bacteria from human infant fecal
samples. With effective removal of untargeted proteins, significant improvement in the depth
of the bacterial proteome measurement was observed by this filter-aided method. Herein, we
have compared this method with our LCE method in terms of their performance in reducing
host and food protein contamination and enriching for bacterial proteins.

As indicated above, using LCE, a total of 2240 proteins including 1870 bacterial proteins,
205 mouse proteins, and 165 food proteins were identified from GF mouse inoculated with
the 11-bacteria cocktail by the LTQ-Orbitrap Velos mass spectrometer. The same fecal
sample was applied to the filter-aided method, and a total of 2134 proteins including 1851
bacterial proteins, 179 mouse proteins, and 104 food proteins were identified with this filter-
aided method. We also analyzed protein expression from the 11-bacteria cocktail by the
LTQ- Orbitrap Velos mass spectrometer prior to their inoculation to the mice. In total, 3015
bacterial proteins were identified. Of note, the greatest number of proteins were detected
from bacteria that colonized GF mice most abundantly, that is, Bvu/, Buni, and Bthe
(Supplemental Figure S2). In addition, the number of identified proteins associated with
several bacterial strains significantly decreased after inoculation, which may reflect their
relative low abundance after colonization in the gut, suggesting perhaps a decreased ability
to compete as effectively as the Bacteroides species for nutrients (Supplemental Figure S2).
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Regardless, a high level of reproducibility between LC— MS/MS runs was observed, with 7=
0.9821 and 0.9778 at protein level for the FA and LCE methods, respectively (Figure 3b).

To further evaluate the performance of the two methods for identification of bacterial
proteins, we processed five stool samples from five different mice inoculated with the 11-
bacteria cocktail. Protein identification was performed using the Orbitrap Fusion Tribrid
mass spectrometer. The total number of proteins identified from bacteria, mouse, and food in
the five stool samples is shown in Table 2. There were not significant differences in the
number of identified bacterial and food proteins with either the LCE and FA methods (o >
0.05), while a slightly reduced number of mouse proteins was obtained using the FA method
(p=10.04). Because mouse proteins accounted for <10% of the total proteins identified, the
slightly higher number of mouse proteins enriched by the LCE method did not preclude the
identification of bacterial proteins as such that a similar number of bacterial proteins were
identified by both the LCE and FA methods, as shown in Table 2.

It should be noted, however, that with the FA method, dramatic loss in protein recovery was
observed because only ~2 pg proteins was obtained per milligram of fecal samples
compared with ~18 1g proteins per milligram obtained using LCE with a similar amount of
starting material (see Table 3). A higher level of protein recovered by LCE would facilitate
quantitative proteomics analysis of these bacteria, especially for the low abundant bacteria to
reveal their functions in the gut. Because the peptide-spectrum matches (PSMs) assigned to
mouse and food species were not significantly different with either the LCE and FA
methods, we confirmed that the significantly high protein/bacteria recovery using LCE
method was not from the possible high protein content from untargeted species of mouse
and food. Also, the dramatic loss of bacteria using the FA method precluded the
identification of bacterial proteins with low abundance from complex bacterial mixtures by
mass spectrometry. This issue was verified by our findings that more protein groups were
identified from relatively lower abundant Gram-positive bacteria using the LCE method
compared with the FA method (p < 0.05) (Table 2 and Figure 3c). This is especially
important when stool amounts are limited, as is the case with fecal collections from mice.

Overlap in identified proteins from the five stool samples from the five different mice using
the LCE and FA methods is shown in Figure 4. For the LCE method, 2909 bacterial proteins
were commonly identified from the five mice, and 2946 proteins were commonly identified
for the FA method. More than 70% of overlapping proteins were identified between any two
stool samples, and the number of proteins assigned to each bacterial species in the five mice
(Figure 3c) was similar, indicating that the methods we used are robust and effective to
process different sets of stool samples. Our results also show that stool samples from
different mice inoculated with the 11-bacteria cocktail have low heterogeneity, indicating the
applicability of this gnotobiotic mouse model to study the functional capacity of these
bacteria in mice.

Overlapping proteins identified between using LCE and FA methods were further
investigated. In total, 6224 bacterial proteins were identified by these two methods from the
five stool samples, as shown in Supplemental Table 2, and 4798 proteins were commonly
identified (Figure 5). Therefore, a high number of overlapping proteins (up to 77.0%) were
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found between using LCE and FA methods, as shown in Figure 5. However, because of the
dramatic loss of bacteria/proteins and lower number of proteins identified from Gram-
positive bacteria using the FA method, the LCE method was confirmed to be the optimal
method for processing stool sample with a limited amount of starting materials.

Gene Ontology (GO) annotation was applied to elucidate the common functions and
biological processes of the proteins identified. As shown in Figure 5, the identified proteins
were involved in metabolic processes, transport, response to stimuli, cell organization and
biogenesis, cellular homeostasis, cell division, cell communication, and cellular component
movement. More than 70% of the total proteins were involved in metabolic processes, which
mainly include glucose metabolism, pyruvate metabolism, fatty acid biosynthesis, oxidative
phosphorylation, and purine metabolism. Analysis of functions and biological processes of
bacterial proteins identified may aid in understanding bacterial functions during health and
disease.

CONCLUSIONS

This work presents an integrated pipeline for metaproteome analysis of fecal samples. By
comparison of protein identification from Gram-positive microbes with and without bead-
beating, it was confirmed that bead-beating is essential for efficient protein extraction for
metaproteome analysis. The pipeline for bacteria enrichment from mouse fecal samples was
further optimized in this study. By evaluating three different methods (LCE, HCE, and FA)
in terms of their performance in untargeted protein removal, protein content recovery, and
bacterial protein identification, LCE showed improved performance in bacterial protein
identification from fecal samples that are limited in amount, especially for Gram-positive
species. However, the LCE and FA methods appear complementary in terms of number and
types of protein identifications and may be used together to improve the overall number of
proteins detected.

In future studies, to investigate the importance of bacterial protein expression during health
and disease, improved profiling of proteins from gut microbiomes can be achieved by
employing the optimized bacterial protein extraction pipeline reported here together with the
most advanced MS method and metaproteome bioinformatics.

Supplementary Material

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

Workflow of differential centrifugation/filter-aided methods for processing mouse fecal
samples for metaproteome analysis. Image courtesy of Jing Wu, Copyright 2016.
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Figure 2.

Evaluation of the impact of bead-beating in protein extraction and identification from five
Gram-positive microbes. (a) Analysis of pipeline reproducibility at protein level. Scatter plot
showing the correlation between the number of PSMs identified in the two pipeline
replicates (r= Pearson correlation coefficient). (b) Protein identification from five Gram-
positive microbes prepared with or without bead-beating. Histogram showing protein
identification results (means of two run replicates; error bar indicates standard deviation).
Fold-change values were obtained by dividing the number of proteins identified with bead

—beating by the number of proteins identified without bead beating. Abbreviations: Blon: B.

longurm, Lreu: L. reuteri, Fpra: F. prausnitzii, Erec: E. rectal, Rinu: R. inulinivorans.
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Figure 3.

Evaluation of the performance of the three methods, HCE, LCE, and FA, in untargeted
protein removal and bacterial protein identification from mouse fecal samples. (a)
Percentage of the identified bacterial, mouse, and food proteins with the LCE (left), HCE
(middle), FA (right) methods. (b) Analysis of run reproducibility at the protein level. Scatter
plot showing the correlation between the number of PSMs identified in the two runs (r=
Pearson correlation coefficient). Each point in the plot represents an identified protein. (c)
Numbers of proteins identified for each bacterium from five mouse fecal samples with the
FA and LCE methods. Error bars represent standard error of the mean (SEM).
Abbreviations: Bvul: B. vulgates, Bthe: B. thetaiotaomicron, Buni: B. uniformis, Pdis: P
distasonis, Ecol: E. coli, Blon: B. longum, Erec: E. rectal, Rinu: R. inulinivorans, Bint: B,
intestinihominis, Fpra: F. prausnitzii, Lreu: L. reuterr.
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Figure 4.
Overlap in protein identification among the five mouse stool samples using the LCE (a) and
FA methods (b).
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Figure 5.
Microbial protein groups identified using the LCE and FA methods. The pie charts illustrate

the overlap of proteins identified with the two methods from the five stool samples. Bar
charts show GO analysis of microbial protein groups according to their molecular functions
and biological processes identified with the two methods.
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Table 1

Summary of Proteome Obtained from Five Gram-Positive Microbes Prepared with or without Bead-Beating

identification
spectral counts
peptide counts
unique peptide counts

protein group counts

pipeline replicate 1 pipeline replicate 2

bead-beating(-) bead-beating(+) bead-beating(-) bead-beating(+)

8125 12793 8178 13763
1786 3414 2120 3719
1579 2965 1835 3220
518 804 560 857

J Proteome Res. Author manuscript; available in PMC 2017 October 07.



Page 18

Wu et al.

900 965¢ 0€T€ 8TIE ¥S.E L0SE [TSC 669€ G¢6E CTOF 888E
600 8GGE 96G€ LT.E 6.1 €EIvE TEYE GOEE 9EPE GOCE  6IEE
100 /1S 89S  vS 2L 289 689 6€9 ¢89 T9. 88/
900 ¢0¢ G¢¢ Tl¢  60c 8¢ €T¢ 6¢¢  ¥eCe TS¢  8¢€¢
v0'0 €0 9ee 9% /8¢  ¥8E  ¥OE  SS€  6TF  Ocy  Tev
€Yo 9/0v G9Tvy G9¢v 906E 960V TCTv GV6E 6TTF L96E  8SIY
anjead S ¥ € 4 T S 14 € 4 T
V4 SA 3071 v4 3071

sa10ads pajelrejun woly SINSd
annebau-wels wouy suisyoid
anisod-wels wouy suisyoid
suiajoid pooy

sula)o.d asnow

suiajo.d [eraioeq

SPOUIBIN 4 pue 397 ayp Buisn 801\l 3A14 8y} Jo sajdwes |00)S ayp Wolj palnuap| (SINSd) SaydlelNl wniosds-apidad pue suisiold 40 JIaquinN

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Proteome Res. Author manuscript; available in PMC 2017 October 07.



Page 19

Wu et al.

Author Manuscript

9'6T 1'6T sa|duwes [edsy welboidiw Jad paureiqo (67) Junowe uiziold

x4 L'T X4 87 €¢ vel v'LT ¥'61
9ve 99y Gev Ll <¢LE T99¢ T8Sr 6'/86 996¢ 006€
§ST 0/¢ 88T TSI €97 8Vl €9¢ 00¢ TsT 8’61
S 14 € 4 T S I € 4 T

V4 301

(67) paureiqo uisyold Jo Junowe

(Bw) sajdwes [eda} Jo Junowe Buieis

SPoYIBIA W4 pue 307 8yl Aq passado.d sajduies |001S asnojAl aAI4 aU1 Wwoly A18A0d8Y UIg10Id

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Proteome Res. Author manuscript; available in PMC 2017 October 07.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Gnotobiotic Mouse Model
	Microbial Cell Extraction from Fecal Samples
	Protein Extraction and Digestion by FASP
	LC–MS/MS
	Data Analysis

	RESULTS AND DISCUSSION
	Inoculation of Germ-Free Mice with Defined Bacterial Community
	Evaluation of the Effects of Bead-Beating in Protein Identification from Gram-Positive Bacteria
	Optimization of Strategy for Mouse Fecal Proteomics Analysis with Differential Centrifugation
	Comparison of the Differential Centrifugation Method to the Filter-Aided Method in Enrichment of Bacteria

	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

