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Abstract

Results

Over the past decade the interest in proteomics research has increased dramatically. However, meaningful proteomics data
relies on the development of reproducible and rapid methods, and this has been as challenging as the biological studies
themselves. Sample preparation has received a great deal of focus, with particular emphasis on plasma and serum, two of
the most readily accessible biological fluids having direct clinical relevance. The protein concentrations of individual proteins
in these samples range from > 10s mg/mL to < pg/mL. As a result, the most abundant proteins often mask the proteins at
relatively lower concentrations. Removal of the most abundant proteins is one of the few options for scientists interested in
detecting moderate to low abundance proteins using two dimensional gel (2D gel) or mass spectrometry (MS) based
proteomic analytical methods. However, the removal of abundant proteins must be balanced with the desire to minimize
sample handling to limit protein loss while maintaining reproducibility and ease of use characteristics. Even under the best of
circumstances proteins may be lost due to indirect binding via interactions with the targeted proteins.

Comparison of HSA Binding Capacity in PBS, Urea/CHAPS, Acetonitrile, or pH 4.5 Acetate Buffer (Table 1):
• Surprisingly, HSA binding in the presence of multiple denaturants is well maintained. Protein ligand capture of a target
antigen is usually adversely affected by denaturants or low pH.
• The binding of albumin to the ligand is sufficiently tight that similar capacity is seen in the presence of 8.1 M urea + 1.6%
CHAPS or 16% acetonitrile.
• There is a decrease in capacity in the presence of 0.4 M Guanidine HCl.
• There is a slight increase in binding capacity in the presence of sodium acetate pH 4.5. It is possible that the buffer
induces a conformational change that increases the binding rather then diminishes it.

Here we present data that highlights the advantages of a ligand-based depletion method that functions in the presence of urea
and is highly specific, disposable, cost effective, and flexible. Thus, the Enchant Multi-Protein Affinity Separation Kit is a strong
addition to the product choices for scientists engaged in biomarker discovery and proteomics research.

Materials and Methods
Description of Human Serum and Plasma:
• Pooled serum and plasma (Innovative Research) is used for the double depletion samples for ELISA data. Single-donor
plasma (Seracare) is used for the single depletion experiments.
• Single-donor platelet poor plasma is generated at Pall laboratories from whole blood in ACD anticoagulant for double
depletion followed by 2D gels.
• Samples are aliquoted and stored frozen until use. They are inspected for precipitates and, if necessary, centrifuged at
14,000 rpm to remove any particulates.
Enchant Multi-Protein Affinity Separation Kit:
• Individually packaged resins for human albumin and IgG depletion
• Nanosep centrifugal devices (includes reservoir for flow through)
• Bind/wash buffer for resin preparation, sample dilution, and post binding washes
• Denaturants are not included with the kit as these should be freshly prepared and may not be appropriate for all proteomic
sample preparation methods.
Determination of HSA Binding Capacity:
• A solution of 40 mg/mL HSA (Sigma) in PBS is diluted 5-fold in Enchant buffer or buffer containing denaturants (see Table
1 for listing) and rotated for 15 minutes at room temperature.
• The HSA depletion columns are prepared as per manufacturer’s instructions except that 200 µL of slurry is used and
equilibration is done with the matched binding buffer (including denaturant).
• 250 µL of diluted HSA sample (2 mg HSA) is added to the column and incubated, with rotation, for 1 hour.
• The resin is washed 4 times with 400 µL Enchant buffer to remove unbound protein.
• The flow through and wash fractions are collected by centrifugation at 900 x g for 1.5 minutes.
• BCA protein assay kit (Pierce) is used according to manufacturer’s instructions to measure HSA in starting and flow through
samples.
• The following formulas are used:
◆ Amount of unbound HSA = [HSA] x Volume of pooled samples (flow through and wash)
◆ HSA capacity = HSA load (2 mg) – unbound HSA
Single Depletion of HSA or IgG from Plasma for ELISA:
• The serum or plasma samples are diluted 5-fold in bind/wash buffer.
• The depletion columns are prepared as per manufacturer’s instructions for native samples.
• Depletion in the presence of urea and CHAPS was performed at final concentrations of 1.5, 2.25, and 3.0 M urea + 0.33,
0.5, and 0.67% CHAPS.
• The sample is added to the column and incubated, with rotation, for 15 minutes.
• The flow through fraction is collected by centrifugation (800-900 x g) for 1.5-2 minutes.
Double Depletion of HSA and IgG from Serum for ELISA:
• Same method as above except:
◆ Both depletion resins are added to a single Nanosep device.
◆ Additional albumin and IgG is added to the plasma sample to raise the final concentration to ~50 and 15 mg/mL
respectively, slightly above the normal range. This was done to ensure that small changes in the capture efficiency in
the presence of the denaturants would be seen in the ELISA data.
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Pure HSA (40 mg/mL in PBS) is diluted in indicated buffer. Final denaturant concentration during depletion step is also shown. BCA protein assay
is used for capacity determination. Capacity is reported for 400 µL of slurry as that is the amount recommended for a typical depletion.

Percent Depletion of HSA and IgG from Singly and Doubly Depleted Serum or Plasma (Fig. 2):
• ELISA data indicates very efficient depletion (> 97%) of the HSA from plasma after single depletion, with no significant
change in the presence of urea and CHAPS.
• Depletion of HSA and IgG from serum in the presence of urea and CHAPS is similar to depletion of under-native
conditions. Note that this sample was spiked with additional albumin and IgG to bring those concentrations to ~50 and
15 mg/mL, hence the somewhat reduced depletion of albumin (~93%) relative to that typically seen.
Figure 2
Percent Depletion of HSA and IgG from Plasma

% Depletion

Pall Life Sciences has developed the Enchant™ Multi-Protein Affinity Separation Kit for the depletion of human serum albumin
(HSA) and/or human IgG which can be used in the presence of denaturants (e.g. urea and CHAPS) to eliminate protein-protein
interaction and reduce non-specific binding. The kit utilizes a protein-based specific capture method to achieve maximal
depletion of the target proteins and minimal loss of other proteins. Depletion of HSA and IgG is typically > 97%. The inclusion
of denaturants minimizes the loss of other proteins that might occur as a result of protein interaction with albumin or IgG, or
through non-specific binding to exposed surfaces. The single-use Enchant Multi-Protein Affinity Separation Kit Nanosep® spin
devices loaded with HSA and/or IgG depletion resin are designed for depletion of 50 µL of plasma or serum. The resins are
mixed by the user making it easy to alter the ratios of HSA and IgG depletion media if desired when working with unusual
samples containing higher or lower than normal concentrations of these proteins (e.g., specific disease states, tissue samples
contaminated with blood).
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Comparison of HSA Binding Capacity With or Without Denaturatants
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HSA and human IgG are independently measured by ELISA. Single donor plasma is used for HSA depletion. Serum spiked with additional HSA
and IgG to final concentrations of ~50 and 15 mg/mL is used to ensure that reductions in capture efficiency are detected by the ELISA.

2D Gel Electrophoresis of Plasma Before and After Double Depletion in the Absence or Presence of Urea/CHAPS (Fig. 3):
• The depletion of albumin and IgG dramatically increases the number and intensity of spots that can be seen in this plasma
sample (whole plasma vs depleted native or denatured plasma).
• There are some differences between plasma samples depleted with or without urea/CHAPS. A few unique lower
intensity spots appear in each gel, and some spots are more intense in one gel as compared to the other. It seems
reasonable to assume only proteins at moderate concentrations that are almost completely associated with albumin
would show up in this type of gel analysis, thus this result is consistent with expectations.
Figure 3
Two Dimensional IEF + SDS-PAGE Analysis of Plasma Before and After Double Depletion in the Absence or
Presence of Urea/CHAPS
Denatured
Three 2D gels of whole plasma and
plasma HSA and IgG depleted in Tris
buffer alone (native) or with 2.25 M
urea/0.5% CHAPS (denatured) are
shown. 50 µg of total protein is
focused with a pH 5-8 linear IPG
strip followed by reduced SDS-PAGE
on a 4-12% Bis-Tris gel. SYPRO Ruby
stain is used for protein detection.

Double Depletion of HSA and IgG from Plasma for 2D Gel Electrophoresis:
• Same method as above except:
◆ Single-donor plasma is used without the addition of albumin or IgG.
◆ Only 1 denaturant concentration is used: 2.25 M urea + 0.5% CHAPS for the binding (as per manufacturer’s instructions).
◆ A bind and wash buffer for native samples of 20 mM Tris, pH 8.0, was used to eliminate salt in the flow through for
direct loading onto the 2D gel.
Enzyme-Linked Immunosorbent Assays (ELISA) to Measure HSA and IgG Concentration in Flow Through (FT) and
Eluate Samples:
• Human Albumin ELISA Quantitation Kit and the Human IgG ELISA Quantitation Kit (Bethyl Laboratories) are used for these
determinations.
• FT and starting samples are diluted appropriately for measurement with this kit. 100 µL of diluted sample or standard
protein is used in the ELISA.
• Assays are performed according to manufacturer’s recommendation except that some buffers are changed.
• ELISA plate is coated with 200 ng of the Capture Antibody per well.
• Secondary/Detection Ab is used at a 1/15,000 dilution.
• The percent of HSA and IgG depletion is calculated using the following formula:

% HSA Depletion

Native

[HSA or IgG in start sample] – [HSA or IgG in the FT sample]
x 100
[HSA or IgG in the start sample]
2 Dimensional Gels of Human Plasma Before and After Depletion:
• 50 µg of total protein are loaded onto each gel.
• First dimension isoelectric focusing is done on a pH 5-8 linear IPG strip (BioRad).
• Second dimension SDS-PAGE is done with 4-12% Criterion XT gels (BioRad) run with MOPS buffer and stained with SYPRO*
Ruby fluorescent dye (Invitrogen).

PPP

Results
Methods Flow Chart (Fig. 1):
• A flow chart for albumin or IgG depletion is shown for the Enchant Multi-Protein Affinity Separation Kit, which is used to
highlight overall speed and ease of use.
• The double depletion has an additional spin step, adding ~2-3 minutes to the protocol time.
Figure 1
Schematic of Depletion Method
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Conclusions

Step 1:

Step 2:

Preparation of Nanosep - 5 minutes
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Depleted
Sample in
Flow Through

Step 3:

Depletion - 15 minutes

, and Enchant are trademarks of Pall Corporation. ® indicates a trademark registered in the USA. SYPRO is a trademark of Cambrex Corporation.

The Enchant Multi-Protein Affinity Separation Kit is designed for the specific depletion of HSA and IgG from human plasma and
serum. The challenge of abundant protein depletion for proteomic applications is the need to balance increased detection with
minimal protein loss while maintaining reproducibility and ease of use characteristics. Albumin and IgG alone comprise ~70%
of the total protein in serum and plasma by weight. Thus, the removal of just these two proteins can dramatically increase the
detection of less abundant species while minimizing sample handling and concomitant protein loss or degradation. The added
option of depleting these abundant proteins in the presence of urea/CHAPS to minimize loss of proteins through interaction with
albumin or IgG or due to nonspecific binding is unique to the Enchant ligands.
• There is no significant decrease in the efficiency of HSA and IgG removal in the presence of up to 3 M urea + 0.67%
CHAPS. This is surprising as specific ligand capture is often dependant on the structure of the target protein.
• HSA binding capacity is maintained even in the presence of 8.1 M urea/1.6% CHAPS, 20% acetonitrile, or NaAcetate pH
4.5 buffer.
• Although there is an approximately 40% decrease in HSA capacity in the presence of 0.4 M guanidine HCl, the amount
of sample could be decreased or resin could be increased to accommodate this drop.
• Taken together, these data indicate that the HSA and IgG ligands used for this depletion product are highly stable.
• The option of including a denaturant in the depletion step allows users to increase the overall specificity of capture by
eliminating or minimizing the indirect capture of proteins resulting from protein interaction with HSA or IgG.
• Additionally, depletion in a salt-free buffer to increase compatibility with 2D gel analysis shows high efficiency depletion.
• Single-use spin columns eliminate the possibility of cross contamination.
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