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Abstract

Immunodepletion of abundant plasma proteins increases the depth of proteome penetration by
mass spectrometry. However, the nature and extent of immunodepletion and the effect of off-
target depletion on the quantitative comparison of the residual proteins have not been critically
addressed. We performed mass spectrometry label-free quantitation to determine which proteins
were immunodepleted and by how much. Two immunodepletion resins were compared:
Qproteome (Qiagen) which removes albumin+immunoglobulins and Seppro 1gY14+SuperMix
(Sigma-Aldrich) which removes 14 target proteins plus a number of unidentified proteins. Plasma
collected by P100 proteomic plasma collection tubes (BD) from 20 human subjects was
individually immunodepleted to minimize potential variability, prior to pooling. The abundant
proteins were quantified better when using only albumin+immunoglobulins removal (Qproteome)
while lower abundance proteins were evaluated better using exhaustive immunodepletion (Seppro
IgY14+SuperMix). The latter resin removed at least 155 proteins, 38% of the plasma proteome in
protein number and 94% of plasma protein in mass. The depth of immunodepletion likely
accounts for the effectiveness of this resin in revealing low abundance proteins. However, the
more profound immunodepletion achieved with the 1gY 14+SuperMix may lead to false-positive
fold-changes between comparison groups if the reproducibility and efficiency of the depletion of a
given protein is not considered.
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INTRODUCTION

The large dynamic range of protein concentration in plasma, i.e., nine orders of magnitude?,
has necessitated the removal of the higher abundance proteins to visualize the low
abundance proteins. Immunodepletion of one or more high abundance proteins using
antibody affinity immunoabsorption of specific antigens is one method used to accomplish
this purpose. Initial application of immunodepletion to proteomics consisted of the depletion
of serum albumin2. Subsequent methods, including the Qproteome (Qiagen) matrix, also
remove immunoglobulins. Further generations of immunoaffinity columns, including the
popular Multiple Affinity Removal System Columns (Agilent) and the ProteoPrep20
Immunodepletion Column (Sigma-Aldrich) remove several more proteins3-.

To accomplish depletion of a greater number of proteins, the SuperMix resin was created by
Sigma-Aldrich by immunization of rabbits with the protein fraction that did not bind to an
IgY 14 column. In principal, the medium abundance, immunogenic proteins, now enriched,
in this fraction induced antibodies for the SuperMix column. However, the targets of the
SuperMix resin have never been fully identified and the ability of the Seppro

IgY 14+SuperMix column (Sigma-Aldrich) to allow quantitation of low abundance proteins
is unstudied.

When a given protein is targeted for antibody-mediated removal, protein-protein interactions
can lead to the removal of multiple proteins. The terms albuminome and depletome have
been proposed to describe the proteins that are bound to albumin or other proteins during
immunodepletion 6-9. Estimations of the number of proteins that bind to albumin range from
24 to 67 depending on the methods used 8 °. A recent report performed an 1gY14 column
and a SuperMix column in tandem, compared their depleted proteomes and concluded that
numerous proteins were immunodepleted by taking the IgY 14 exhaustive immunodepletion
to the next higher level of exhaustive immunodepletion1?. In contrast, our report quantified
the immunodepletion efficiencies of individual plasma proteins by a single-stage pre-mixed
IgY14+SuperMix column.

Success of immunodepletion approaches has often been measured as the detection of low
abundance proteins. However, the nature and extent of immunodepletion and the effect of
off-target depletion on the quantitative comparison of the residual proteins have not been
critically addressed. We performed mass spectrometry label-free quantitation to determine
which proteins were immunodepleted and by how much. Two popular immunodepletion
resins were compared: Qproteome (Qiagen) which removes albumin and immunoglobulins
and Seppro IgY14+SuperMix (Sigma-Aldrich) which removes 14 target proteins plus a
number of unidentified proteins. We found that the 1gY 14+SuperMix column depleted a
substantial portion of the plasma proteome including 155 proteins many of which were
previously identified as disease biomarkers. The degree and variability of depletion of such
biomarkers can be an issue when comparing their expression levels between groups. Thus
exhaustive immunodepletion may lead to false positive or false negative results if both the
variability and efficiency of the immunodepletion and the off-target removal of individual
proteins are not addressed.

Finally, we combined the data from these two proteomes to yield a continuous quantitative

picture of human plasma with 5 logs of dynamic range. The abundant proteins were favored
when using only albumin+immunoglobulins removal while lower abundance proteins were

evaluated better using exhaustive immunodepletion.
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MATERIALS AND METHODS

Study Samples

Plasma samples were collected from 20 subjects using the BD™ P100 Blood Collection
Tubes that contained protease inhibitors, according to manufacturer’s instructions. The
subjects studied were Caucasian male ex-smokers enrolled in the NIH COPDGene® project,
a large multi-center, genome-wide association study designed to elucidate the genetic basis
for Chronic Obstructive Pulmonary Disease (COPD)!1-18, The use of plasma from subjects
in this study was incidental and resulted from a desire to use high quality samples in this
analysis.

Study Design

The study design for each of the two immunodepletion methods is shown in Figure 1. The
20 subjects were divided into two study groups of 10 subjects each i.e., Groups 1 and 2.
Individual samples taken from disease and control groups were not mixed. To provide
technical replicates for the study, iTRAQ 4-plex methodology was used since it allows four
replicate experiments to be performed for each immunodepletion method and has the
advantage of avoiding LC-MS/MS under-sampling.

The Depletion of High-Abundance Proteins

Two methods of immunodepletion were used according to the manufacturer’s protocols i.e.,
the Qproteome spin column approach (Qproteome albumin/IgG Depletion Kit, Qiagen,
Carson City, CA) 19 and the Seppro 1gY14+SuperMix20 (Seppro Human IgY 14 Human
SuperMix LC5, catalog number SEP000-KT, Sigma-Aldrich Inc., St. Louis, MO).
Researchers using immunodepletion have expressed concern over the possibility of run-to-
run variations in the performance of immunodepletion chromatography. One way to prevent
such potential variations from negatively impacting this study is to smooth the putative
fluctuations by pooling the samples produced by ten chromatography runs. 100 microliter of
plasma of each subject was individually immunodepleted by each method. Then aliquots of
depleted plasma of 20 subjects were pooled as two groups of 10 each after quality analysis
by SDS PAGE and quantitation.

iTRAQ Proteomics

The iTRAQ proteomic analysis procedures used in the current study have been described in
detail previously?. From the Qproteome immunodepletion, 100 micrograms of the pooled
immunodepleted plasma protein from Group 1 subjects was digested with trypsin and
labeled with the iTRAQ 114 label and as a replicate by the iTRAQ 115 label. 100
micrograms of the pooled immunodepleted protein from Group 2 was labeled with the
iTRAQ 116 label and as a replicate by the iTRAQ 117 label. These four samples were
pooled into an iTRAQ peptide isoelectric focusing fractionation experiment 21-23 using the
pH range 4.0-4.5 18 cm long region of a 24 cm IPG strip (pH 3.5-4.5 GE Healthcare)
separating the peptides into 65 fractions as previously described in detail?. An identical
approach was used for the Seppro 1gY14+SuperMix immunodepletion flow through
fraction. LC-MS/MS on an Applied Biosystems QSTAR XL qTOF mass spectrometer was
performed on each IEF fraction as previously described in detail 24 including a second LC-
MS/MS run for each sample using an exclusion list generated from the first LC-MS/MS run
to obtain better peptide coverage. Peak lists were generated by the Mascot.dll script written
by Matrix Science for the QSTAR instrument. Peptide charges +2 and +3, and
monoisotopic. Enzyme was specified as trypsin. The peak lists were combined. Data
processing of peptides based on 95% confidence for peptide assignment, with ion score >20
and at least one Bold Red by Mascot 2.2 software as described, allowing no trypsin missed
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cleavage and no methionine oxidation when calculating the emPAl score.
Carbamidomethylation (Cys) was set as fixed modification. The precursor ion m/z tolerance
was set at 150 ppm; the product ion m/z tolerance at 0.5 Da. SwissProt Database Release
2010_09 containing 519348 sequence entries was used. The false discovery rate was <3.5 %
at the peptide level as determined by Mascot using a randomized SwissProt database. To
avoid the possibility of missing identification of low abundance proteins, the database was
searched again allowing one trypsin missed cleavage and variable methionine oxidation.

Both IEF (e.g.: OFFGEL of Agilent) and strong cation exchange HPLC (IEX)
chromatography can produce the hyper-fractionation desired to minimize signal
contamination in an iTRAQ quantitation experiment. IEF was used. Peptides focus at three
tight pH ranges?2. The narrow pH range of 4.0-4.5 contains about 1/3 of the total peptides
and thus is another fractionation step. Having less peptide in the LC-MS/MS minimizes the
amount of contamination of each targeted peptide peak being quantified.

To calculate the immunodepletion efficiency of a protein, its concentration in the depleted
plasma sample and in the initial plasma sample must be compared. Since our focus is the
Seppro IgY14+Super Mix column, the Qproteome-depleted plasma was used as a surrogate
for the initial plasma sample. This allowed us to assess the effect of the Seppro

IgY 14+Super Mix column on the lower abundance proteins that are difficult to detect in
crude plasma.

Although the four samples in an iTRAQ 4-plex experiment were intended to be identical in
total peptide quantity, we sought to correct for variations in protein load caused by protein
assay, trypsin digestion, pipetting, and the labeling-chemistry efficiency in each of the
iTRAQ channels. We thus used our recently-reported method of iTRAQ data hormalization
for hyper-fractionated samples called EMMOL?! (emPAl score x molecular weight
normalization). emPAl is the exponentially modified Peptide Abundance Index. EMMOL
uses mass spectrometry data to deduce the amounts of each protein in the four iTRAQ
channels from the iTRAQ ratios. EMMOL normalization of the total protein quantity in
each iTRAQ channel is guided by weighting towards the more abundant proteins where
mass spectrometry measurements are more accurate for determining the relative values of
total protein. In contrast, an iTRAQ normalization scheme that weighs all iTRAQ-labeled
peptides equally regardless of protein abundance will suffer from the low accuracy of the
identification and quantitation of low-abundance proteins. The peptides derived from low-
abundance proteins are relatively low in intensity, producing iTRAQ reporter ions of low
intensities. Moreover, fewer of the different peptides anticipated from the protein sequences
will be observed by the mass spectrometer due to ion suppression by the higher abundance
proteins and the threshold of sensitivity of the instrument.

Protein Quantitation

Key values included in Tables 1-4 are the iTRAQ reporter ratios, UniProt ID, Title, Gene
Symbol, prot score, prot_mass, prot_matches, prot_cover, prot_pi, and emPAl.

EMMOL method of proteome normalization?! was used to calculate the protein
concentration of each protein in each pooled plasma sample. EMMOL was demonstrated to
be valid by using defined £. colilysate samples over a 20 fold range of protein quantities
and over three logs of dynamic range of protein abundance?.

EMMOL uses the relationship from equation 4 of Ishihama et al.25:
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Protein content (weight %)=(emPAI X Mr)/ Z(emPAI X Mr) x 100

where Mr = molecular weight.

emPAl score is proportional to the fraction of observed peptides/theoretical peptides for a
given protein (allowing no methionine oxidation and no missed trypsin cleavage). “emPAI x
molecular weight” value is roughly proportional to the abundance of a protein.

Thus the EMMOL data processing workflow involves:

1. Calculate (emPAI x molecular weight) for each protein as its total in four iTRAQ
channels

2. Normalize each protein to the sum of all proteins for the 4 iTRAQ channels, herein
180 g protein (the total amount loaded into the 4 channels but any arbitrary total
protein value such as the normal plasma protein concentration could have been
used instead).

3. Use the iTRAQ ratios of each protein to calculate the g of this protein in each
iTRAQ channel

4. Sum the total protein of each iTRAQ channel
5. Normalize the four channels each to 45 g of protein

6. Normalize each protein in each channel to the total protein concentration,
determined by protein assay, for the immunodepleted plasma with respect to
original plasma volume

7. Compare the corresponding concentrations from the two immunodepletion methods
for each protein

Calculation of the Efficiencies of Imnmunodepletion of Individual Proteins in Two
Immunodepletion Experiments

To calculate the immunodepletion efficiencies for removing albumin and immunoglobulins
from plasma by the Qproteome method, the values of serum albumin before
immunodepletion was stipulated as 44 mg/mL and immunoglobulins were 24 mg/mL. These
are representative values from clinical test reports. After immunodepletion, the Qproteome
depleted plasma had a protein concentration of 62.4 mg/mL when equated to the original
plasma volume. The IgY 14+SuperMix depleted plasma had a protein concentration of 7.4
mg/mL when equated to the original plasma volume. These values were used to normalize
the measurements of individual protein quantities obtained from EMMOL calculations. The
averaged results of the four iTRAQ channels are shown under the header “Average mg/mL
in depleted plasma” in Tables 1-4. The ratio of this value for each protein from the

IgY 14+SuperMix column immunodepletion compared with the value from the Qproteome
immunodepletion produces the values under the header “% immunodepletion”.

Construction of a Plasma Proteome from Two Immunodepletion Experiments

A subset of proteins was each quantified in both immunodepletion approaches. However, a
given protein may be more abundant in the depleted proteome of one immunodepletion
method than the other, resulting in better peptide statistics for identification and better
iTRAQ quantitation accuracy. The better quality of these two results where available for
each protein was used to construct a composite continuous proteome for further analysis.

J Proteome Res. Author manuscript; available in PMC 2013 December 07.
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Moreover, the comparison of the proteomes of the two immunodepletion methods (Tables
1-4) was used to identify the medium abundance proteins and the non-targeted proteins
removed by the Seppro 1gY 14+SuperMix column.

RESULTS AND DISCUSSION

A comparison of the proteins in the pooled plasma samples immunodepleted by two
procedures is shown in Tables 1-4. Supporting Information for Publication is the full
display of all the tables that are partially presented herein plus the original Mascot output
data of the Qproteome proteome and the Seppro 1gY 14+SuperMix proteome. Although the
intended quantity of protein in each label reaction was 45 micrograms, EMMOL
calculations suggested that the values of the total peptides for each iTRAQ channel during
LC-MS/MS varied by as much as 20%. For the Qproteome experiments, iTRAQ 114, 115,
116, and 117 channels were 40.1, 41.7, 47.6, and 50.6 micrograms, respectively. For the
Seppro IgY14+SuperMix experiments, iTRAQ 114, 115, 116, and 117 channels were 39.9,
43.9, 46.6, and 49.9 micrograms, respectively. A 20% bias in an iTRAQ channel would tend
to complicate accurate determination of small fold-changes among proteins that differ in
expression in two proteomes and confound proteomics pathway analysis. Hence,
normalization based on the mass spectrometry measurements of the high abundance proteins
tends to restore precision for the iTRAQ comparison.

The resulting proteome contained 412 proteins with quantitation, of which 120 were present
in both immunodepletion samples

IgY14 Depletion

The Qproteome and the Seppro 1gY 14+SuperMix methods removed most of the albumin
and the immunoglobulins according to SDS PAGE (data not shown) and the latter matrix
removed many other proteins not visualized in SDS PAGE. The 1gY14 was designed to
remove human serum albumin, 1gG, fibrinogen, transferrin, IgA, IgM, haptoglobin, alpha2-
macroglubulin, alphal-acid glycoprotein, alphal-antitrypsin, apo A-1 HDL, apo A-Il,
complement C3, and apo B. Table 1 illustrates their immunodepletion efficiencies.

SuperMix Depletion

A reasonable indication that a protein has been immunodepleted by the SuperMix resin is
that its level has decreased by about 80-90 % after passing through the SuperMix resin. This
arbitrary cutoff range seemed suitable for this dataset and revealed that the resin removed
most of another 76 proteins (Table 2), including: complement factor B, antithrombin-I11,
inter-alpha-trypsin inhibitor heavy chain H1, H2, and H4; ceruloplasmin, complement C4-A,
vitronectin, hemoglobin subunit alpha, beta and delta, plasma protease C1 inhibitor,
prothrombin, angiotensinogen, vitamin D-binding protein, histidine-rich glycoprotein, and
alpha-1B-glycoprotein. In all, most of the 20 top-abundance plasma proteins were depleted,
but not eliminated, by IgY14+SuperMix column.

Off-target Protein Removal

Many abundant proteins in serum double as carrier proteins with high affinity binding but
this phenomenon has only been studied for a few abundant proteins. The carrier role of
serum albumin for small molecules2® and proteins ? is well known. Another example is
alpha 2 macroglobulin, the most abundant globulin in the blood that is not an
immunoglobulin, is an effective protease inhibitor, blocks fibrinolysis and is a known carrier
of prostate-specific antigen PSA27: 28, However, it also binds to numerous growth factors
and cytokines, such as platelet-derived growth factor, basic fibroblast growth factor, TGF-8,
insulin, and IL-1p. Driven by affinity removal by the high-abundance carrier proteins, these
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off-target depleted proteins shown in Table 3 were not seen in the highly enriched Seppro
IgY14+SuperMix fraction in spite of their relatively ease of identification, with many
peptides each, in the Qproteome fraction. Table 3 illustrates 65 proteins of this class. Mass
spectrometry under-sampling is unlikely to explain their absence in the Seppro
IgY14+SuperMix fraction; and we designate these as off-target removals. Other
explanations are plausible, including the possibility that some of these proteins were
exceptionally immunogenic in production of SuperMix matrix. In all, about 155 plasma
proteins, 38% of the plasma proteome in protein number in this report and 94% of plasma
protein in mass, were removed from the plasma by the Seppro 1gY 14+SuperMix resin.

Proteins made Visible by Immunodepletion by IgY14+SuperMix

276 proteins were visible only in the Seppro IgY 14+SuperMix sample (Supporting
Information for Publication and partially in Table 4). Most of these proteins are of low
abundance in the plasma.

Continuous Plasma Proteome is best Constructed from Two Immunodepletion

Approaches

In general, proteins depleted by the Seppro IgY14+SuperMix column were analyzed with
better peptide coverage in the Qproteome method. The opposite is true for proteins enriched
by the IgY14+SuperMix column. Using EMMOL normalization to calculate the
approximate concentrations of each protein in the plasma and the availability of two
immunodepletion results, we combined the two proteomes to form a continuous protein
concentration range of 5 logs. For each protein that can be quantified in the proteome of
each immunodepletion protocol, the value with higher confidence level, because of higher
peptide coverage (emPAl), was selected. A portion of this proteome is presented in Table 4
and in whole in Supporting Information for Publication.

Why is Assessment of the On-target and Off-target Removed Proteins Important to Blood
Biomarker Studies?

Immunodepletion can be conveniently performed once on a pool of plasma of cases and then
once on a pool of the plasma of the controls. That approach is expedient but variation in the
efficiencies of the immunodepletion process from run to run between cases and controls can
increase the potential for false discovery. The performance of immunodepletion may vary in
different laboratories depending on the composition of the immunodepletion matrix used,
the chosen ratio of plasma volume to immunodepletion column capacity, and the age of the
column. Our comparison reported the overall immunodepletion efficiency of the combined
resin for each protein in the proteome. Thus a useful database that indicates which proteins
are at risk for false positives is provided. Based on our quantitation of the immunodepletion
efficiency of each individual protein, we hypothesize that those proteins which have the
highest percentage immunodepletion are at the highest risk of being identified as false-
positives in differential proteomic studies. For example, 98% removal of a protein in cases
versus 96% removal in controls may suggest one fold change incorrectly in the residual
proteins when the two groups were equal in the original plasma. However, the design of our
study does not allow us to identify individual at-risk proteins as false positives or false
negatives. Some of the removed off-target proteins can be relatively low abundance
proteins. Thus variation in their detection or quantification in comparator groups may cause
them to be misinterpreted as disease biomarkers. On the other hand, we noticed that proteins
that have been depleted by less than 50% in the Seppro 1gY 14+SuperMix immunodepletion
method still report protein fold-changes comparable to the Qproteome method that did not
deplete those proteins.

J Proteome Res. Author manuscript; available in PMC 2013 December 07.
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In summary, the current study illustrates that caution needs to be exercised in experiments
involving immunodepletion. Nonetheless, after proper accounting for off-target protein loss,
immunodepletion proteomics by two methods can provide accurate comparison of both
high-abundance and low-abundance proteins. One method should account for the highly-
abundant proteins and a separate method should more exhaustively deplete the less-abundant
proteins.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Work flow of an immunodepletion evaluation experiment. The process was done once for
the Qproteome method and once for the Seppro IgY 14+SuperMix method.
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