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Abstract
We report on a mouse specific SuperMix immunoaffinity separation system for separating low
abundance proteins from high and moderate abundance proteins in mouse plasma. When applied in
tandem with a mouse IgY7 column that removes the seven most abundant proteins in plasma, the
SuperMix column captures more than 100 additional moderate abundance proteins, thus allowing
significant enrichment of low abundance proteins in the flow-through fraction. A side-by-side
comparison of results obtained from 2D-LC-MS/MS analyses of flow-through samples from IgY7
and SuperMix columns revealed a nearly two-fold improvement in the overall proteome coverage.
Detection of low abundance proteins was also enhanced, as evidenced by a more than two-fold
increase in the coverage of cytokines, growth factors, and other low abundance proteins. Moreover,
the tandem separations are automated, reproducible, and allow effective identification of protein
abundance differences from LC-MS/MS analyses. Considering the overall reproducibility and
increased sensitivity using the IgY7-SuperMix separation system, we anticipate broad applications
of this strategy for biomarker discovery using mouse models.
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Introduction
The majority of disease biomarker discovery studies reported to date have been focused on
analyzing blood plasma or serum, the primary clinical specimens for disease diagnosis and
therapeutic monitoring. In spite of technological advances, the dynamic range of plasma protein
concentrations, which spans more than 10 orders of magnitude, still presents significant
challenges for analytical detection technologies, including mass spectrometry (MS)-based
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proteomics 1–3. To achieve in-depth coverage of the plasma proteome, many techniques have
been developed for separating low abundance proteins from plasma and enhancing their
detection by MS 3, 4. One of the most effective and reliable techniques is immunoaffinity
chromatography using mixed antibodies for selected abundant proteins 5–8. While this
technique has provided promising results, detection of low abundance plasma proteins is still
limited by the number of proteins that the immunoaffinity columns can effectively capture.

Besides the proteome complexity, the substantial heterogeneity among biological subjects
presents another major challenge for experiments using human samples. For this reason, animal
models such as mice are commonly employed for studies of human biology and biomarker
discovery. Because mouse can be generated from a single parental mating pair and bred with
the same food and environment, there is significantly less genetic, biological, and
environmental variability compared to human 9, 10. Mouse shares ~99% of its genome with
human 11, and recapitulates the features of many human diseases, such as diabetes, cancer, and
neurological disorders. The availability of mouse samples at early disease stages even makes
it possible to find biomarkers for early diagnosis 12. Substantial biomarker discovery efforts
using mouse plasma and proteomics tools have led to the identification of a number of proteins
potentially associated with different human diseases, such as pancreatic tumor 12, 13, breast
cancer 14, intestinal tumor 15, obesity and diabetes 16, and sepsis 17. Regardless, success
remains limited by the ability to detect low abundance proteins in mouse plasma because of
dynamic range and complexity issues similar to human plasma.

To facilitate more effective biological and biomarker discovery studies using mouse models,
we describe a mouse-specific IgY7-SuperMix immunoaffinity separation strategy that
enhances the detection of low abundance proteins within plasma. This strategy is based on a
similar strategy we developed previously for analyzing human plasma samples in which IgY12
and SuperMix columns were used serially in tandem, which allowed for effective removal of
the 12 most abundant proteins by IgY12 and ~50 moderate abundance proteins by the human
SuperMix column18. By applying mouse-specific IgY7 and SuperMix columns in tandem, the
SuperMix column can effectively capture more than 100 moderate abundance plasma proteins
in addition to the 7 most abundant proteins captured by the IgY7 column. Moreover, the results
from LC-MS/MS analyses of the SuperMix column flow-through sample reveal a >100%
increase in proteome coverage compared to the results from IgY7 flow-through samples. The
overall results illustrate the potential for enhanced detection of low abundance proteins and
improved coverage of signaling pathways, as well as the reproducibility of the separation
systems for identifying differential protein abundances.

Experimental Section
Generation of the Mouse SuperMix Column

Mouse plasma (CD-1 Mouse Plasma w/ EDTA-K3, male, 55.8 mg/mL) was obtained from
Charles River Laboratories International, Inc. (Wilmington, MA). A custom SuperMix column
was generated by GenWay Biotech (San Diego, CA) (now commercially available from Sigma-
Aldrich, St. Louis, MO). A mouse plasma sample was initially depleted of its 7 most abundant
proteins (serum albumin, IgG, fibrinogen, α1-antitrypsin, transferrin, haptoglobin and IgM) by
using a Seppro™ mouse IgY7 LC10 column (Genway Biotech). Approximately 100 mg of the
IgY7-depleted plasma were provided to GenWay Biotech as an antigen mixture for producing
the custom mouse SuperMix column. The generation of the SuperMix LC5 column (12.7 ×
39.5 mm) was similar to that previously described for producing the human SuperMix column
18.
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Tandem Separations of Mouse Plasma by IgY7 and SuperMix Columns
The HPLC setup18 used for plasma depletion was modified to allow the two separation steps
to be applied in-series on-line to make the overall experiments automatic and less labor-
intensive. Briefly, IgY7 LC10 and SuperMix LC5 columns were connected in tandem on an
Agilent 1100 series HPLC system to allow sample flow through both columns following
injection. A six-port valve (Agilent, Santa Clara, CA) was introduced between the two columns
(Figure 1, A-C). Positions 3 and 5 were plugged to prohibit back-flush towards the waste or
columns during valve switching. And a “T” connector was introduced to allow the liquid stream
from IgY7 or IgY7-Supermix columns to be directed towards the UV detector and subsequently
towards the fraction collector. This configuration allowed collection of the flow-through and
bound portions in different fractions.

For each injection, 80 μL of mouse plasma was diluted 12-fold in dilution buffer (10 mM Tris-
HCl, 150 mM NaCl, pH 7.4), filtered through 0.45 μm cellulose acetate centrifuge tube filters
(Sigma-Aldrich), and injected into the tandem IgY7 and SuperMix separation system to capture
the high and moderate abundance proteins, respectively. The flow-through was collected as
SuperMix flow-through. Elution buffer (100 mM glycine, pH 2.5) was used to collect the IgY7
bound fraction (valve connected to collecting plate, Figure 1B) and SuperMix bound fraction
(valve connected to Supermix column, Figure 1C). The separation scheme consisted of sample
loading and washing with dilution buffer (0.5 mL/min, 45 min), IgY7 eluting (2 mL/min, 15
min), SuperMix eluting (1 mL/min, 20 min), neutralization (100 mM Tris-HCl, pH 8.0) (1 ml/
min, 20 min), and re-equilibration with dilution buffer (1 mL/min, 20 min), with a total cycle
time of 120 min. The separation parameters for loading, washing, and elution were chosen
based on manufacturer’s instructions on IgY-LC10 and LC5 columns. To collect the IgY7
flow-through portion, the valve between the two columns was switched from SuperMix column
to collecting plate (Figure 1B) when plasma sample was injected, so that the sample will be
collected without passing through the SuperMix column. All collected fractions were
concentrated in Amicon Ultra-15 concentrators (3-kDa nominal molecular mass limit;
Millipore, Billerica, MA) followed by buffer exchange to 50 mM NH4HCO3, pH 8.0. Protein
concentration was determined using a BCA protein assay from Pierce (Rockford, IL).

To demonstrate the ability for measuring differential protein abundances, the following six
non-mouse standard proteins were spiked into three 80 μL mouse plasma samples at 0.8, 4,
and 20 μg/ml, respectively: 1) Bovine Carbonic Anhydrase 2 (BCA), 2) Bovine Beta-
Lactoglobulin (BBL), 3) E. coli Beta-Galactosidase (EBG), 4) Bovine Alpha-Lactalbumin
(BAL), 5) Equine Skeletal Muscle Myoglobin (ESMM), and 6) Chicken Ovalbumin (CO). The
tandem separation was performed as described above. The SuperMix flow-through and bound
fractions were collected separately for further analysis.

Protein Digestion
Protein samples were denatured using 50% 2,2,2-Trifluoroethanol (TFE) in 50 mM
NH4HCO3 buffer (pH 8.0) at 60 °C for 2 h and reduced by 2 mM DTT at 37 °C for 1 h. The
resulting protein mixture was diluted 6-fold with 50 mM NH4HCO3, and digested by
sequencing grade modified porcine trypsin (Promega, Madison, WI) for 3 h at 37 °C in a
trypsin:protein ratio of 1:50 (w/w). The final peptide concentration of the supernatant was
determined using BCA protein assay. All samples were stored at −80 °C until further analysis.

Strong Cation Exchange (SCX) Fractionation
SCX fractionation of digested peptides was performed using an Agilent 1100 series HPLC
system at a flow rate of 200 μL/min. 150 μg tryptic peptides from either the IgY7 flow-through
or SuperMix flow-through fractions were resuspended in buffer A (25% acetonitrile, 10 mM
ammonium formate, pH 3.0) and loaded onto a 2.1 × 200 mm (5 μm, 300 Å) Polysulfoethyl A
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LC column (PolyLC, Columbia, MD) preceded by a 2.1 × 10 mm guard column. The
fractionation scheme consisted of 10 min at 100% buffer A, a 40 min linear gradient from 0 to
50% buffer B (25% acetonitrile, 500 mM ammonium formate, pH 6.8), a 10 min linear gradient
from 50 to 100% buffer B, and 20 min at 100% buffer B. 25 fractions were collected for each
sample via an automated fraction collector based on the UV trace. Each fraction was lyophilized
prior to MS analysis.

Reverse-phase Capillary LC-MS/MS Analysis
Peptides were analyzed using a custom-built automated four-column high pressure capillary
LC system coupled on-line to either an LTQ or LTQ-Orbitrap mass spectrometer (Thermo
Scientific, San Jose, CA) via a nanoelectrospray ionization interface manufactured in-house.
The reverse-phase capillary column was prepared by slurry-packing 3-μm Jupiter C18 bonded
particles (Phenomenex, Torrence, CA) into a 65-cm-long, 75-μm-inner diameter fused silica
capillary (Polymicro Technologies, Phoenix, AZ). After loading 1 μg of peptides onto the
column, the mobile phase was held at 100% A (0.1% formic acid) for 20 min, followed by a
linear gradient from 0 to 70% buffer B (0.1% formic acid in 90% acetonitrile) over 85 min
with a flow rate ~500 nL/min. Each full MS scan (m/z 400–2000) was followed by collision-
induced MS/MS scans (normalized collision energy setting of 35%) for the 10 most abundant
ions. The dynamic exclusion duration was set to 1 min, the heated capillary was maintained at
200 °C, and the ESI voltage was held at 2.2 kV.

Data Analysis
LC-MS/MS raw data were converted into .dta files using Extract_MSn (version 3.0) in
Bioworks Cluster 3.2 (Thermo Scientific), and the SEQUEST algorithm (version 27, revision
12) was used to independently search all the MS/MS spectra against the mouse International
Protein Index (IPI) database that had 51,489 total protein entries (version 3.35, released October
24, 2007). The false discovery rate (FDR) was estimated based on decoy-database searching
methodology 19, 20. Search parameters and filtering criteria were applied to limit the FDR at
the unique peptide level to <5%, as described previously18. Identified proteins were grouped
to a non-redundant protein list using ProteinProphet™ software, after which one protein IPI
number was randomly selected to represent each corresponding protein group that consisted
of a number of database entries. Only those proteins or protein groups with two or more unique
peptide identifications were considered as confident identifications.

Results
Reproducibility of the Tandem IgY7-SuperMix Separations

In this study, we evaluated the application of a mouse-specific IgY7 column and a SuperMix
column as a tandem on-line immunoaffinity separation strategy. The mouse SuperMix column
was produced using mouse plasma depleted of the seven most abundant proteins as an antigen
mixture for generating IgY antibodies. Based on the theory that the abundance and
immunogenicity of the proteins correspond to the antibody titers 21, the majority of proteins
captured by the SuperMix column are assumed to be moderate abundance proteins, and most
of the proteins passing through the SuperMix column would be of low abundance.

The design of the automated two-column separation system is presented in Figure 1(A–C).
Protein patterns for all collected fractions were obtained using Coomassie Brilliant Blue G-250
staining on SDS-PAGE (Figure 1D). Most of the intensive protein bands in mouse plasma
showed up in the IgY7 bound, IgY7 flow-through, or SuperMix bound, but not in the SuperMix
flow-through. The appearance of some bands in the SuperMix flow-through fraction, but not
in other fractions suggests that the detection of these relatively low abundance proteins was
improved by the tandem separation.
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Table 1 shows protein recoveries for the tandem separation process based on five independent
experimental replicates. Starting with ~4.5 mg plasma proteins, 1155 ± 63 μg proteins in the
IgY7 flow through fraction, 1039 ± 58 μg proteins in the SuperMix bound fraction and 45 ± 4
μg in the IgY-SuperMix flow through were recovered. These data illustrate the overall good
reproducibility of the tandem separations and sample processing in terms of sample recovery.
Specifically, the protein recovery rate (Table 1) for the SuperMix flow-through and SuperMix
bound fractions were 23.3 ± 1.3% and 1.0 ± 0.1%, with a relative standard deviation (RSD) of
8.0% and 5.6%, respectively.

The reproducibility of tandem separations was also assessed on the basis of results obtained
from 1D LC-MS/MS analyses. An average of 143 ± 3 proteins was confidently identified from
the SuperMix bound fraction and 170 ± 13 proteins from the SuperMix flow-through samples.
Comparison of spectral counts 8 for proteins among replicates (Figure 2A and 2B) illustrate
the general reproducibility of the strategy; all R2 coefficients are >0.98. The reproducibility of
four individual proteins, vitamin D-binding protein (Gc), fibronectin 1 (Fn1), superoxide
dismutase (SOD1), and collagen alpha-2(I) chain (Col1a2), is also illustrated in Figure 2C.
These proteins were either completely captured or not captured by the SuperMix column, and
were identified with relatively reproducible spectral counts in all replicates with relative
standard deviations less than 10%. This relatively good overall reproducibility is important for
identifying differential protein abundances in biological and clinical applications.

Quantification of Relative Protein Abundance Differences
To assess the ability of this tandem immunoaffinity separation strategy for identifying relative
protein abundance differences in different samples, six non-mouse standard proteins were
spiked into the original mouse plasma at three different concentrations (i.e., 0.8, 4, 20 μg/ml).
For each 1D LC-MS/MS analysis, the minimum amount of peptides injected for each standard
protein was approximately 7 pg (or 0.2 femtomole) in the background of 0.5 μg total plasma
digest. Figure 3 shows the spectral count data for each protein across the three spiked samples.
Note that all six proteins were identified by LC-MS/MS in the SuperMix flow-through fraction
only. The spectral counts for all proteins increased proportionally to the increase in protein
concentrations, with the exception of bovine alpha-lactalbumin, which was not identified at
the lowest spiking level. These data demonstrate that this tandem immunoaffinity separation
system can reliably quantify abundance differences for relatively low abundance proteins.

Capture Efficiency of Moderate Abundance Proteins by the SuperMix Column
SuperMix bound and flow-through samples were analyzed by 1D LC-MS/MS and the protein
abundances were semi-quantitatively compared based on spectral count information to
evaluate the binding or capturing efficiency of the moderate abundance proteins to the
SuperMix column. A total of 161 proteins were identified by two or more unique peptides from
the SuperMix bound fraction, 79 of which were not found in parallel flow-through samples.
The capture efficiency of the SuperMix column was consistent among five replicates (Figure
2C). Table 2 lists 81 proteins with >99% capture efficiency and >5 spectral counts, including
most of the top proteins identified in the IgY7 flow-through fraction. Note that some moderate
abundance proteins were captured by the SuperMix column with an efficiency of <50%. For
example, the capture efficiency of hemoglobin Y beta-like embryonic chain (Hbb-y),
Hemoglobin subunit alpha (Hba-a), Hemoglobin subunit beta-1 (Hbb-b1), Isoform 1 of
Gelsolin precursor (Gsn), and Apolipoprotein A-IV precursor (Apoa4) were 4.3%, 5.5%, 7.4%,
18.0%, and 18.3%, respectively. These results may be due to the relative low titration of
corresponding antibodies generated by the chicken or to low reactivity between the antibody
and antigen. Similar results were observed with the human SuperMix system 18.

Zhou et al. Page 5

J Proteome Res. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Improved Proteome Coverage
1D and 2D LC-MS/MS analyses of IgY7 flow-through and SuperMix flow-through fractions
and 1D LC-MS/MS analyses of SuperMix bound portion were performed to assess the
improvement in proteome coverage by the SuperMix separations. For 2D LC-MS/MS analyses,
protein digests were further separated into 25 fractions by off-line SCX. Results indicated that
808 proteins were identified in the SuperMix flow-through and bound fractions combined (523
were confidently identified with at least 2 unique peptides) compared to 391 proteins (263 with
at least 2 unique peptides) identified in the IgY7 flow-through, a 2-fold improvement in
proteome coverage after SuperMix separation. (All of the identified proteins and peptides are
listed in supplemental Tables S1 and S2).

Figure 4 shows a side-by-side comparison of proteome coverage obtained for IgY7 and
SuperMix flow-through samples. Following 2D LC-MS/MS analysis, 263 proteins were
confidently identified (at least 2 unique peptides) in the IgY7 flow-through and 460 proteins
in the SuperMix flow-through. 288 proteins were identified in the SuperMix flow-through, but
not in the IgY flow-through, and 91 proteins were identified in the IgY7 flow-through only.
76 out of the 91 proteins not identified in the SuperMix flow-through were identified in 1D
LC-MS/MS analyses of the SuperMix bound fraction. The rest of 15 proteins absent in the
SuperMix flow-through fraction could also be captured in the SuperMix bound fraction, but
were below the detection limit of 1D LC-MS/MS analysis due to their relatively low
abundances. This assumption is further supported by the results that all 15 proteins were also
not observed by 1D LC-MS/MS analyses of the IgY7 flow-through (Supplemental table 1).

Table 3 further illustrates the improvement in the detection of low abundance proteins
following tandem IgY7-SuperMix separation. All of the selected proteins were identified in
SuperMix flow-through by 2D LC-MS/MS with at least two unique peptides. Several proteins
in the list were previously reported as potential disease biomarkers, including osteopontin
(Spp1) for breast cancer 22, mimecan (Ogn) for pituitary cancer 23, alpha-synuclein (Snca) and
DJ-1 (Park7) for Parkinson’s disease 24.

The enhanced detection of low abundance proteins also led to significantly improved coverage
of a number of canonical pathways mapped by our data based on Ingenuity Pathways Analysis
Tool 25. In Figure 5, the protein numbers in each pathway are compared between IgY7 flow-
through and the combined results from SuperMix flow-through and bound fractions. Note that
proteins were identified by at least 2 unique peptides. No obvious differences were observed
for acute phase response signaling, complement system, coagulation system and hepatic
fibrosis/hepatic stellate cell activation pathways involving relatively abundant proteins.
However, the coverage of pathways such as clathrin-mediated endocytosis, Fcγ receptor-
mediated phagocytosis in macrophages and monocytes, integrin signaling, pyruvate
metabolism, regulation of actin-based motility by Rho and glutathione metabolism improved
by >2-fold. This improvement suggests that many of the low abundance protein components
within these pathways become detectable following the SuperMix separation. Some pathways
were only identified in SuperMix flow-through but not in IgY7 flow-through; for example,
PI3K/AKT signaling, which is involved in many human diseases such as diabetes, cancer and
neurodegenerative diseases 26. A list of mapped canonical pathways is provided in
Supplemental Table S3.

Discussion
Although blood plasma represents the most promising specimen for biomarker discovery, the
vast heterogeneity across human populations presents a major challenge for confidently
identifying candidate biomarkers for diseases. Mouse models are commonly employed to
minimize the effect of heterogeneity, offering high quality matched samples when genetic
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background, breeding conditions, and sampling standards are controlled. In recent years, mice
have played a critical role in biomarker discovery and drug tests of human diseases, i.e., the
majority of full-scale tests on humans are preceded by tests on mice. Because many human
diseases can only be diagnosed at a late stage when it is often too late for effective treatment
10, 27, the relatively shorter time course of disease development in mice and availability of
mouse models at defined disease stages makes discovery of candidate biomarkers for early
diagnosis possible. Thus, proteomic biomarker discovery using mouse plasma is increasingly
attractive.

In this work, we demonstrated an automated tandem IgY7-SuperMix separation strategy for
effectively enriching low abundance proteins from mouse plasma, thus enhancing LC-MS(/
MS)-based proteomic detection of low abundance proteins in mouse plasma or serum. Our
results illustrate nearly a two-fold improvement in proteome coverage, i.e., 523 proteins were
confidently identified after SuperMix fractionation compared to only 263 proteins identified
in the IgY7 flow-through. The enhanced detection of low-abundance proteins is further
illustrated by the improved coverage of proteins in many mapped canonical signaling
pathways. Automation of the tandem two column separations resulted in good reproducibility,
decreased costs in labor and materials, and simplified experimental procedures, all of which
may be critical for large-scale experiments.

There are also some limitations of this current strategy that should be noted. First, some
moderate abundance proteins were partially captured by the SuperMix column in both mouse
and human plasma, such as Apoa4 (18.3%) 18, which is likely due to the low titration of a
corresponding antibody and the low binding affinity between the antibody and antigen.
However, because of the reproducibility of the system, these proteins are still quantifiable.
Although we optimized the amount of sample to load onto the columns and the capture
efficiency of some proteins improved when a smaller amount of sample was loaded, the reduced
amount in recovered proteins may present a sensitivity challenge for down-stream sample
processing and LC-MS analysis. Second, some proteins of potential interest in the plasma may
be bound to the higher abundance proteins 28, 29 and hard to be separated from those high
abundance proteins. Analyzing both the SuperMix bound and flow-through fractions may
address such issues.

Combining the current strategy with other protein separation methods, such as SDS-PAGE,
SCX, and/or reverse-phase fractionation may result in even greater depth of coverage for the
mouse plasma proteome. Moreover, combining this strategy with techniques to enrich modified
proteins/peptides may provide insight into plasma protein modifications, such as
phosphorylation, acetylation, ubiquitination, sumolation, oxidation, and glycosylation that are
involved in many biological processes and diseases. The incorporation of data from plasma
with the repository of data for mouse tissues 30 strengthens future biomarker discovery efforts.

Conclusion
A tandem IgY7-SuperMix immunoaffinity separation strategy designed to specifically enrich
low abundance proteins from mouse plasma improves the proteome coverage and enhances
detection of low abundance proteins by LC-MS/MS. Results also demonstrate reproducibility
for effectively determining differential abundances. Considering the overall reproducibility
and sensitivity of this automated tandem separation system, we anticipate broad applications
of this strategy for biomarker discovery using mouse models.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The tandem IgY7-SuperMix separation strategy. (A) IgY7 and SuperMix columns are
connected to ports 1 and 2 of a six-port valve. Port 1 is connected to port 2 when mouse plasma
sample is injected into the columns. The flow-through is collected as SuperMix flow-through
(SMIX_FT). (B) Port 1 is connected to port 6 following (A), and the elution buffer is injected
into the IgY7 column. The eluted sample is collected as IgY7 bound (IgY7_B). (C) After
IgY7_B collection, port 1 is again connected to port 2. Elution buffer is sent through the
SuperMix column and the eluted SuperMix bound fraction (SMIX_B) is collected. (D) 15 μg
proteins from each sample collected during steps (A) through (C) are separated on a 4–20%
SDS-PAGE (Invitrogen) and stained with Coomassie Brilliant Blue G-250. Molecular markers
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(kDa) are labeled on the left. IgY7 flow-through (IgY7_FT) is collected when the plasma
sample was injected into the IgY7 column and the valve was set as in (B). (E) LC
chromatograms of 3 replicates of the tandem depletion experiment. The collection window of
each fraction is marked on the peak.
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Figure 2.
Reproducibility of tandem IgY7-SuperMix separation evaluated by spectral count information
from LC-MS/MS analyses. (A) SuperMix flow-through fraction (B) SuperMix bound fraction.
(C) The spectral counts of selected proteins from five replicate analyses., SuperMix flow-
through; SMIX_B, SuperMix bound; Gc, Vitamin D-binding protein; Fn1, fibronectin 1;
SOD1, Superoxide dismutase; Col1a2, Collagen alpha-2(I) chain.
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Figure 3.
Spectral count quantification for six standard proteins spiked into mouse plasma at three
different concentrations. All data were obtained using 1D LC-MS/MS. Bovine Beta-
Lactoglobulin; BCA, bovine carbonic anhydrase 2; ESMM, Equine Skeletal Muscle
Myoglobin; EBG, E.coli Beta-Galactosidase; BAL, Bovine Alpha-Lactalbumin; CO, chicken
ovalbumin.
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Figure 4.
Comparison of proteome coverage of IgY7 flow-through and SuperMix flow-through samples,
as analyzed by 2D LC-MS/MS.
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Figure 5.
Improved coverage of canonical pathways by tandem IgY7-SuperMix separation. Blue bars,
IgY7 flow-through; Red bars, SuperMix flow-through and SuperMix bound combined.
APRS, Acute Phase Response Signaling; ComS, Complement System; CoaS, Coagulation
System; HepF, Hepatic Fibrosis / Hepatic Stellate Cell Activation; LMIRF, LPS/IL-1 Mediated
Inhibition of RXR Function; PUP, Protein Ubiquitination Pathway; ACS, Actin Cytoskeleton
Signaling; F/RA, FXR/RXR Activation; L/RA, LXR/RXR Activation; Glyc, Glycolysis/
Gluconeogenesis; CME, Caveolar-mediated Endocytosis; GRS, Glucocorticoid Receptor
Signaling; NMOSR, NRF2-mediated Oxidative Stress Response; CME, Clathrin-mediated
Endocytosis; FRMP, Fcγ Receptor-mediated Phagocytosis in Macrophages and Monocytes;
IntS, Integrin Signaling; PyrM, Pyruvate Metabolism; RAMR, Regulation of Actin-based
Motility by Rho; GluM, Glutathione Metabolism; XMS, Xenobiotic Metabolism Signaling;
AHRS, Aryl Hydrocarbon Receptor Signaling; PurM, Purine Metabolism; PI3K, PI3K/AKT
Signaling.
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Table 1

Protein recoveries for tandem IgY7 and SuperMix separations*

Sample μg protein Recovery (%)

Mouse plasma 4462
IgY7 flow-through 1155 ±63 25.9 ± 1.4
SuperMix bound 1039 ± 58 23.3 ± 1.3

SuperMix flow-through 45 ± 4 1.0 ± 0.1

*
Based on five replicate experiments.
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