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Abstract
High abundance proteins in serum and plasma (e.g., albumin) are routinely removed during
proteomic sample processing as they can mask lower abundance proteins and peptides of
biological/clinical interest. A common method of albumin depletion is based on immunoaffinity
capture, and many immunoaffinity devices are designed for multiple uses. In this case, it is critical
that the albumin captured on the affinity matrix is stripped from the column prior to regeneration
of the matrix and processing of subsequent samples, to ensure no carryover and that maximal
binding sites are available for subsequent samples. The current study examines the ability of a
manufacturer’s protocol to remove the proteins and peptides captured by an immunoaffinity spin
column. The data presented in the current work illustrate the difficulty in completely removing
albumin from the immunoaffinity device, and consequently, may explain the variability and
decreased efficiency shown for this device in previous studies. In summary, the current data
present important considerations for the implementation of multiple-use immunoaffinity devices
for processing subsequent clinical samples in a proteomic workflow.
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1 Introduction
High abundance proteins in serum and plasma (e.g., albumin) are commonly removed
during proteomic sample processing as they can mask lower abundance proteins and
peptides of biological interest. Albumin depletion, for example, is a routine first step in the
processing of serum and plasma for proteomic studies, and its use has been described in
numerous publications (for reviews see [1–3]). This need has led to the development of
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chemical-based [4–6], as well as multiple commercial technologies for the depletion of
albumin from serum and plasma samples. The commercially available devices include both
dye (e.g., cibacron blue) and immunoaffinity-based methods and are available in a variety of
formats including spin columns and on-line LC columns. Importantly, in addition to albumin
depletion, these albumin-capture devices are also useful for studying albumin itself, which
has been suggested to be modified, both in concentration and metal binding properties, in
correlation with myocardial ischemia [7–9]. Other disease states such as diabetes mellitus
[10], liver disease [11, 12], and renal dysfunction [13, 14], have also been associated with
changes in albumin oxidation states [7, 8, 12, 15, 16]. In addition to changes to the primary
sequence of albumin, it is known that albumin binds various ligands including proteins,
peptides and small molecules [16–22], and a number of recent studies have discussed the
utility of capturing the “albuminome” (albumin and its bound proteins/peptides) as a means
to enrich for potential disease biomarkers [23–27]. Examples of interesting potential
biomarkers that have been found to be associated with albumin, and thus may be removed
during albumin depletion, include BRCA2 peptides, C-reactive protein, cystatin C [23],
apoliprotein CIII, lumican, and angiotensinogen [28].

Immunoaffinity devices have been shown to typically be more specific than dye based
methods [29–33], and thus are often the method of choice for both albumin-depletion and
albumin-capture studies. Due to the expense of the antibody-based devices, they are
typically designed for repeated use. Importantly, however, several previous studies have
compared the effectiveness of a number of the commercially available affinity based
methods and have shown that these affinity based devices are vulnerable to nonspecific
binding of proteins/peptides to the ligand and column materials and carryover between
experiments in the case of LC columns [30, 32, 34–37]. These studies highlight the
importance of validating that the protein captured by the column is completely removed
prior to processing subsequent samples, to ensure no carryover and that maximal binding
sites are available for subsequent samples. This is critical both for studies that are interested
in examining the albumin-depleted sample, as well as those interested in albumin and its
bound proteins/peptides.

In proteomic analyses, optimal sample preparation methods must be highly reproducible
while minimizing the potential carryover among multiple samples in order for meaningful
comparisons, for example differences among disease states, to be interpreted. For these
reasons, it is critical that sample preparation methods are validated prior to implementation
into the proteomic workflow. Thus, immunoaffinity depletion methods should be examined
for their reproducibility, specificity, and potential to introduce sample carryover when used
for multiple samples. The specificity (i.e., ability to capture only the desired protein) of
albumin depletion using immunoaffinity based methods has been previously examined [29–
33]. In particular, the specificity of spin columns [38] and on-line LC formats [38, 39] of
chicken IgY based immunoaffinity devices has been examined. In a separate study, the
reproducibility of the same chicken IgY-based immunoaffinity spin column was assessed by
analyzing the resulting albumin-depleted fraction of serum using SELDI-TOF MS [40]. The
data presented showed variability in this approach, with inconsistencies observed across
both the MS profiles and the concentration of albumin that remains in the depleted fraction
of multiple samples. Furthermore, the efficiency of depletion was shown to decrease with
increased uses of the same spin column. These data suggest a loss of binding capacity of the
column with increased usage, possibly through the loss of antigen binding or the
inaccessibility of the antibody due to incomplete stripping of the bound albumin between
subsequent samples.

The current study adds to the assessment of the chicken IgY immunoaffinity spin column for
processing multiple samples by specifically examining the ability to remove the proteins and
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peptides captured by the spin column between samples. By evaluating the ability of the
recommended standard operating procedure (SOP) to sufficiently strip the captured proteins
from the column, such that there would be no carryover to the next sample, this study aims
to complement previously published studies. Assessment of the protein that is left bound to
the column, rather than the albumin-depleted fraction, is necessary for validating the use of
such spin columns for studies that examine the discrete albuminome of multiple clinical
samples. The data presented in the current work illustrate the difficulty in completely
removing albumin from the immunoaffinity device, and consequently, may explain the
variability and decreased efficiency shown in previous studies [40]. In summary, the current
data present important considerations for the implementation of multiple-use
immunoaffinity devices for processing subsequent clinical samples in a proteomic
workflow.

2 Materials and methods
2.1 Reagents

IgY-anti-HSA spin columns and all kit reagents were kindly provided by Beckman Coulter
(Fullerton, CA). Normal human serum (Scantibodies, Santee, CA) was processed using the
IgY-anti-HSA column. The same serum sample was used for all spin column experiments.
Purified HSA was obtained from Sigma–Aldrich (St. Louis, MO).

2.2 Sample processing using the IgY-anti-HSA spin column
For each experiment, 20 μl serum was used and each experiment was performed in
triplicate. As recommended by the manufacturer, the serum was passed through a 0.45 μm
spin filter to remove particulates and fibrin clots. Also, prior to the first use of the column,
two cyclings of the SOP were performed without the addition of serum in order to remove
uncoupled IgY and other chemical components as well as to condition the resin. The SOP as
written by the manufacturer was followed for all experiments except where the following
components were changed: the concentration of the stripping buffer was either 0.1 M (1×) or
0.25 M (2.5×) glycine-HCl (pH 2.5), the concentration of neutralization buffer was either
0.1 M (1×) or 0.25 M (2.5×) Tris-HCl (pH 8.0), and the number of sample strips ranged
from 2 to 6. It is noted that the recommended SOP at the time this work was begun included
using two sample strips with 1×stripping buffer, though more recent distributions of the SOP
recommend four sample strips with 1×stripping buffer.

For all experiments, the serum was allowed to bind to the column for 15 min at room
temperature with gentle end-over-end rotation. The column was then washed three times
with 500 μl dilution buffer (10 mM Tris-HCl, pH 7.4, 150 mM NaCl) followed by 3–6
sample strips with stripping buffer. For some experiments, a high salt elution step after the
glycine-HCl stripping step was also performed with either 0.25 or 0.5 M Tris-HCl, pH 8.0, 1
M NaCl, as high salt conditions are often successful in disrupting protein-protein
interactions. Immediately following the stripping steps, the column was neutralized with the
appropriate concentration of neutralization buffer to match the concentration of the stripping
buffer. The column was then stored in dilution buffer until the next cycling. The overview of
the method is illustrated in Fig. 1 and the combinations of the various components used to
remove the bound protein are summarized in Table 1. Since the previous study by Seam et
al. [40] showed decreased efficiency after >.17 cyclings of the spincolumn, we validated our
results for each approach using new columns for each new experimental series.

2.3 Evaluating protein stripping efficiency
To evaluate whether any albumin was left on the column after processing the serum sample,
a “blank” sample containing only dilution buffer was processed in the same manner as the
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serum sample, except that two sequential incubations with stripping buffer were performed
(Fig. 1). The stripping buffer collected after incubation with this “blank” sample is termed a
“blank strip,” whereas it is termed a “sample strip” when performed after incubation with
the serum sample. Examining the blank strips provided information about the amount, if
any, of protein that would carryover after stripping of one sample and potentially be present
in subsequent sample strips. All strips were collected and dried in vacuo and resuspended in
0.1% TFA prior to injection onto RP-HPLC. RP-HPLC was chosen as the detection method
for this work due to the fact that it provides an easy, antibody-independent method for
quantitation that is compatible with the buffers used for washing, stripping, and neutralizing
the IgY-anti-HSA spin column. RP-HPLC can be quantitative when measured at 210 nm as
the absorbance is relative to the number of peptide bonds present. Other methods, such as
the bicinchoninic acid assay, were considered for protein quantitation but not selected
because of their incompatibility with the buffer compositions used in processing the spin
column. For RP-HPLC, a Jupiter 5 μ C18, 300 Å, 250×4.6 mm2 (Phenomenex, Torrance,
CA) column was used on a System Gold (Beckman Coulter) HPLC. The gradient ran 5% B
for 10 min, 5–95% B in 25 min, 95% B to 5% B in 5 min, and 5% B for 15 min at 1 mL/min
with mobile phase A = 0.1% TFA in water and mobile phase B = 0.1% TFA in ACN.
Absorbance was monitored at 210 nm. Duplicate runs of 0.1% TFA only (i.e., no sample)
were performed between each sample injection to ensure that any absorbance detected by
UV was due to the protein stripped from the IgY-anti-HSA column and not carryover from
the RP-HPLC column (data not shown). In addition to the glycine-HCl strips (Figs. 2 and 3),
the high salt strips and the neutralization buffers from each experiment were also examined,
but no protein was detected in these samples (data not shown). In order to obtain reference
absorbencies for comparison to the processed serum samples, various amounts of purified
HSA (1.18–100 μg) were directly injected onto the RP-HPLC (Fig. 4A) and a calibration
curve (Fig. 4B) was used to calculate the amount of protein observed in the blank strips (Fig.
4C).

Additionally, for selected conditions, a Western blot was used to determine the presence of
albumin. Dried IgY column elements were solubilized in 40 μl ddH2O. One microliter of
that solution was separated on a 4–12% NuPage Bis– Tris gel (Invitrogen, Carlsbad, CA),
transferred to a NC membrane (GE Water & Process Technologies, Trevose, PA) then
blocked overnight at 4°C with Western Blocking Reagent (Roche Diagnostics, Indianapolis,
IN) diluted 1:10 in TBS-T (20 mM Tris, pH 7.4, 150 mM NaCl, and 0.1% Tween-20). The
immunoblots were probed with 1:10 000 mouse monoclonal antihuman albumin antibody
(clone HSA-11, Sigma, St. Louis, MO) as primary and 1:10 000 goat antimouse IgG
conjugated to alkaline alkaline phosphatase (AP; Jackson Immunologicals, West Grove, PA)
as secondary antibody. Blots were developed by Immun-Star AP Substrate Pack (BioRad,
Hercules, CA) according to the manufacturer’s protocol. For the gel, various different
sample dilutions were attempted (1:1–1:20), though due to the high concentration of
glycine-HCl, dilutions less than 1:8 resulted in poorly resolved protein bands (data not
shown). For the Western blot, less than 5 s exposure time was required to detect the antigen.

3 Results
Three sample strips with 1×stripping buffer (condition 1, Table 1; see Fig. 1 for schema) is
the recommended SOP, but it was not sufficient to completely remove the protein bound to
the spin column, as shown by the elution of albumin in the subsequent three blank strips
(Fig. 2A). This is further confirmed in Fig. 2B, where even more albumin was detected in
the blank strips when a higher than recommended concentration of stripping buffer (2.5×vs.
1×) was used for the blank strips (condition 2, Table 1). The albumin detected in each blank
strip with the 2.5×stripping buffer was quantified and results are shown in Fig. 4C. In
summary, more than 40 μg of protein remains on the column after three strips with
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1×stripping buffer. These results were not anticipated, and it is important to reiterate that the
initial goal of this study was not to determine the optimum conditions for removing all of the
bound protein, but rather to validate the manufacturer’s SOP for use in future examinations
of the albuminome in clinical samples. Any changes to the SOP for the purpose of
improving the efficiency of albumin removal were made in such a way to minimize the
potential adverse affects on the antibody, as drastic changes would require investigation of
the impact of such conditions on the lifetime of the antibody.

The number of sample strips was increased from 3 to 4– 6, and only after six strips with
1×stripping buffer, did it appear by UV, that nearly all of the protein was successfully
removed (Fig. 3A). To determine if it would be possible to observe the same results with
fewer strips, the same process was also examined using the 2.5×stripping buffer, but again it
appeared that the minimum number of sample strips required to observe a blank strip at
baseline UV levels was six sample strips (Fig. 3B). The marginal difference in the amount of
albumin eluted in the blank strips after using six sample strips with 1×or 2.5×stripping
buffer, compared to the removal due to increasing the number of strips from 3 to 6, suggests
that the volume of stripping buffer that the column is incubated with is perhaps more critical
than the stripping buffer concentration, at least under these conditions. This could, however,
be due to the longer incubation time that the stripping buffer is in contact with the column
rather than the number of strips, per say. To test this, a longer stripping time (6 min) with
2.5×stripping buffer (compared to the 3 min with 2.5×stripping buffer) was als otested. In
this case, six total strips were still required in order to observe a baseline chromatogram in
the blank strip (data not shown). Taken together, the amount of sample dilution which
increases with each sequential incubation of stripping buffer appears to be more critical for
the removal of protein bound to the column rather than the total amount of incubation time.

It was considered that increasing the concentration and number of strips alone may not be
sufficient to completely remove the captured albumin from the column. For this reason,
several experiments used a high salt elution step after the sample strip step (see Table 1 for
conditions). However, no protein was detected in these high salt elutions (data not shown),
even though subsequent blank strips after this high salt treatment did reveal detectable
peaks. Thus it appeared that the high salt elution was also unable to remove the bound
albumin. We therefore concluded that given the apparent lack of improvement in stripping
efficiency and potential incompatibilities with downstream analysis (e.g., MS examination),
the high salt elution was deemed to be not beneficial in this case.

As shown in Fig. 4A, the detection limit of the UV detector on the RP-HPLC is close to 1
μg. Therefore, anti-albumin Western blots were carried out on the improved conditions (6
strips with 2.5×stripping buffer) to determine whether any albumin was present in the blank
strips at a level below the UV detection limit. It is clear that albumin still remains on the
column even after six sample strips with 2.5×stripping buffer and this represents the
potential carryover to the subsequent samples (Fig. 4D). There is less carryover potential,
however, with 2.5×versus 1×stripping buffer.

Finally, it is important to point out that the first strip following both the sample and blank
loading conditions contained less protein (Figs. 2–4) than subsequent strips. This may seem
counterintuitive, as it would be expected that the majority of albumin would be removed in
the first strip. However, this phenomenon is reproducible, as it is observed in every
experimental series for both the data shown here and data not shown. Therefore, the fact that
the first strips contain less protein than subsequent strips is attributed to the fact that the
stripping buffer in the first strip is somewhat diluted by any remaining dilution buffer (i.e.,
void volume) from the preceding washing step, thus reducing the effectiveness of stripping
buffer.

Gundry et al. Page 5

Proteomics. Author manuscript; available in PMC 2013 June 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4 Discussion
It is critical for proteomics analyses that multiple-use devices are implemented in a manner
that minimizes the carryover between samples, regardless of whether the investigator is
interested in the proteins and peptides that are captured by the column or rather what
remains after depletion. The consequences of incomplete stripping can include both
decreased binding capacity as well as carryover to subsequent samples, and thus impede
efforts to find proteins and peptides that change with disease. Results presented here clearly
demonstrate that the manufacturer’s SOP does not completely remove the protein bound to
the column and these results are consistent with previous observations [40] that the binding
efficiency of the spin column is variable with increased usage. While the current study has
focused on a single spin-column device for removing albumin, the importance of such an
assessment is applicable to other types of multiple-use immunoaffinity devices.

The current study does not attempt to find the optimum conditions for completely removing
albumin from the IgY-anti-HSA spin column, but aims rather to illustrate the difficulty in
removing albumin captured from normal human serum using the manufacturer’s SOP and
several variations thereof. While the methods used here do present an improvement in the
removal of albumin compared to the manufacturer’s SOP, the results indicate that it may
indeed be difficult to find optimal conditions that would allow for complete removal of
albumin and associated proteins, while preserving the antibody. The affect on the antibody
lifetime and binding capacity under any new stripping conditions is important for
determining the applicability of any protocol. Additionally, optimum stripping conditions
should also allow for analysis of albumin and any albumin-bound proteins or peptides in
typical downstream proteomic analyses, such as MS. In this case, salt, detergents, and other
components that are incompatible with MS should be avoided or kept to a minimum. Also,
sample handling and any opportunity for sample degradation should be kept to a minimum
to preserve integrity of any bound proteins/peptides, which may be present in low
abundance. Furthermore, differences in the sample, such as lipid content and pH will affect
the column effectiveness either by plugging the column/filter or hindering the initial
antigen-antibody binding, thus reducing the binding capacity of the column. In these cases,
the sample would need to be delipidated and neutralized prior to affinity chromatography.
Consequently, until the optimum method is developed, the percentage of binding sites that
are occupied between samples and/or the amount of carryover that is acceptable for a
particular proteomic analysis is for the investigator to determine, and will likely depend on
the downstream analysis methods and biological questions. As the results shown here
illustrate, it is critical that the potential for sample carryover on multiple-use devices is
acknowledged prior to implementation of any method into the proteomic workflow. Finally,
the current study suggests that an alternative composition for the stripping buffer, or
alternative protocol, which would allow for more efficient removal of the albumin from the
column, while also allowing for regeneration of the column (i.e., not prove detrimental for
the antibody), would be beneficial to the proteomics community.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviation

SOP standard operating procedure
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Figure 1.
Schematic illustrating one cycling of the IgY-anti-HSA spin column. First, serum is
processed through the column. Secondly, a “blank” sample containing only dilution buffer is
processed in order to determine whether any protein left on the column after processing of
the first sample would carryover into the subsequent sample.
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Figure 2.
RP-HPLC chromatograms illustrating protein removed using three sample strips. Panel A
shows results when 1X stripping buffer was used for both sample strips and blank strips.
Panel B shows results when 1X stripping buffer was used for sample strips and 2.5X
stripping buffer was used for blank strips.
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Figure 3.
RP-HPLC chromatograms illustrating protein removed using six sample strips. Panel A
shows results when 1X stripping buffer was used for sample strips and 2.5X stripping buffer
was used for blank strips. Panel B shows results when 2.5X stripping buffer was used for
both sample strips and blank strips
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Figure 4.
Quantification of albumin standard and protein stripped from the immunoaffinity column.
(A) RP-HPLC chromatograms overlaid illustrating reference absorbencies observed for
various amounts of an albumin standard directly injected onto the RP-HPLC. (B)
Corresponding calibration curve for the albumin standard concentrations shown in (A).
Concentrations which saturate the detector (.50 μg) were not included in the calibration
curve. This calibration curve and resulting equation was then used to calculate the amounts
of albumin removed in three replicate blank strips whose chromatograms are shown in Fig.
2B. The result of these calculations are listed in (C). (D) Western blot probing for albumin
after six sample strips with 2.5×stripping buffer (correlates to blank strips in Fig. 3).
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