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Introduction 
Biomarker discovery is one of the driving forces of proteomics 
programs in the life sciences. The utility of biomarkers as the 
biophysical or biochemical measurements and indicators of 
disease status or response to therapy is established in clinical 
research. However, an increased number of validated markers 
is needed, and advances in genomics and proteomics 
research have opened the door to finding them. The hope is 
high that proteomics will be the tool to identify biomarkers, 
since it is believed that the responses of an organism to a 
disease or therapy should be established first in its protein 
content. The proteome, which is highly dynamic and more 
complex than the genome due to alternative splicing events 
and posttranslational modifications, offers a rich source of 
potential biomarkers. 

In clinical proteomics, protein biomarkers are utilized either 
to detect or to monitor the progression of a disease or a 
response to a pharmaceutical treatment. Typically, protein 
changes for a given disease can be measured in tissue 
samples or body fluids; however, the invasive nature of 
biopsies makes tissue samples harder to obtain and, 
therefore, less freely available. As a result, body fluids  
such as serum, plasma, cerebrospinal fluid (CSF), and urine 
are the primary sample sources in clinical proteomics.  
Of those, plasma and serum are used the most because  
they are relatively easily and routinely obtained from patients. 
In addition, since blood is in contact with the whole organism, 
proteins leaked from all tissues should be present in blood 
samples. This presents both an opportunity and a challenge: 
the Human Plasma Proteome Project has thus far identified  
in plasma the expression products encoded by 3,778  
distinct genes and a total of 7,518 proteins and isoforms 
(www.plasmaproteomedatabase.org, Muthusamy et al. 2005). 

The proteins present in serum and plasma span a 
concentration range of 11 orders of magnitude, with the 20 
most abundant proteins representing 97–99% of the total 
protein mass (Anderson and Anderson 2002). No single 
analytical method is capable of resolving all plasma or serum 

proteins, and no detection method can cover more than  
4 or 5 orders of magnitude. Due to limitations in resolving 
power, and because of the high abundance of a relatively 
small number of proteins, most analytical schemes for  
serum and plasma involve the depletion of high-abundance 
proteins to reduce both the complexity and dynamic range  
of the samples.

Immunodepletion, the selective binding of specific antibodies 
against the proteins of highest abundance, has been used 
successfully to remove the most abundant 6, 12, or 20 serum  
and plasma proteins (Echan et al. 2005, Zolotarjova 2005, 
Huang et al. 2005). This approach involves binding the 
selected antibodies to a chromatographic support. When 
serum or plasma proteins are in contact with the antibody-
decorated beads, the high-abundance proteins are retained 
and the low-abundance proteins are eluted for use in 
downstream analysis schemes (Figure 1, panel A). Although 
this approach works quite well, its disadvantages are the 
relatively high cost of antibodies, dilution of the sample, and 
a never-ending catch-up game: after the 6 most abundant 
proteins are removed, the sample then contains a different set 
of high-abundance proteins. For further depletion, additional 
antibody sets for removing 12, 20, or more high-abundance 
proteins are available. However, this approach of raising 
antibodies against the next set of high-abundance proteins 
is a never-ending race if one believes the best chance for 
biomarker discovery is in the low-abundance (ng/ml) region  
of protein concentrations. 

ProteoMiner™ technology uses a combinatorial library of 
hexapeptides bound to a chromatographic support, an 
alternative approach that should overcome most, if not all,  
of the disadvantages of immunodepletion while still effectively 
depleting high-abundance proteins. Combinatorial synthesis 
allows the creation of a large library of products by using  
a “split-couple-recombine” synthesis method on solid 
supports with a relatively small number of building blocks.  
For example, if the “split-couple-recombine” steps (Pinella et 
al. 2003) are repeated six times with the 20 amino acids used 
in proteins as building blocks, hexapeptides are formed,  
with each bead attached to a unique peptide sequence.  
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Fig. 1. Depletion of plasma or serum samples using immunodepletion (A) or the ProteoMiner protein enrichment kit (B). Note that the eluate from the 
ProteoMiner kits contains a greater diversity of protein species.
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(1 ml, Bioreclamation Inc.) were then applied to the column, 
and, to ensure effective binding, the samples were slowly 
rotated with the ProteoMiner beads for 2 hr prior to washing 
away unbound proteins with PBS buffer. To elute the bound 
low-abundance proteins, the ProteoMiner beads were treated 
1–3 times with 100 µl of an acidic urea/CHAPS buffer (5% 
acetic acid, 8 M urea, 2% CHAPS) that is directly compatible 
with downstream SELDI and 2DGE experiments. Protein 
quantitation was performed using the RC DC™ protein assay.

One- and Two-Dimensional (1- and 2-D) Electrophoresis, Image 
Analysis, and Protein Identification

For SDS-PAGE, serum samples (1 ml) were treated with  
100 µl ProteoMiner beads. From the eluted fraction, 250, 100, 
and 50 µg total protein samples were loaded onto Criterion™ 
8–16% Tris-HCl gels, separated for 1 hr at 200 V, and stained 
with Flamingo™ fluorescent gel stain. 

For 2DGE experiments, 100 µg protein was loaded onto an  
11 cm ReadyStrip™ IPG strip, pH 5–8. Isoelectric focusing 
(IEF) was performed using a PROTEAN® IEF cell at 250 V for  
30 min followed by 8,000 V until 45,000 V-hr were reached. 
After transfer of the IPG strip onto Criterion 8–16% Tris-HCl 
gels, the second dimension was run for 1 hr at 200 V prior to 
staining with Flamingo fluorescent gel stain. 

Gels were imaged using the Molecular Imager® PharosFX™ 
system and analyzed with PDQuest™ 2-D analysis software,  
version 8.0. Selected spots were excised with the EXQuest™  
spot cutter and digested with trypsin prior to protein 
identification using an Agilent 1100 nanoflow liquid 
chromatography (LC) system coupled to an LTQ ion-trap  
mass spectrometer (MS, Thermo Scientific). Protein 
identification with tandem mass spectrometry was done  
only once per excised spot.
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A library of 206 = 64 x 106 total unique beads is thus created, 
and these hexapeptides act as unique binders to proteins. 
Unlike immunodepletion, in which the capacity of the bound 
antibodies limits the sample amount to typically less than  
100 µl, large sample volumes of 1 ml and more can be run 
over ProteoMiner beads. Since there are a limited number 
of binding sites per protein, high-abundance proteins 
quickly reach the bead capacity, and excess proteins are 
washed out. The bound proteins can be eluted using acidic 
CHAPS buffer (Figure 1, panel B), and the elution volume 
can be limited to 100 or 300 µl, effectively concentrating 
the low-abundance proteins. This is also in contrast to 
immunodepletion, where the sample volume following  
elution is increased and, therefore, the protein concentration 
is decreased. 

This tech note describes the use of the ProteoMiner protein 
enrichment kit with either serum or plasma samples in both 
surface-enhanced laser desorption/ionization (SELDI) and  
two-dimensional gel electrophoresis (2DGE) proteomics 
workflows. We demonstrate that use of the kit upstream of 
SELDI and 2DGE analysis increases peak and spot counts, 
respectively, and show that proteins of low to medium 
abundance are enriched by this method. 

Methods 
All experiments were run in triplicate unless otherwise noted. 

Sample Preparation Using ProteoMiner Kits

The ProteoMiner protein enrichment kit contains 100 µl bead 
volume of ProteoMiner beads conveniently prepackaged 
in easy-to-use mini spin columns as well as all the buffers 
required for binding, washing, and elution. After removing  
the storage solution by centrifugation, the beads were 
washed with deionized water followed by phosphate- 
buffered saline (PBS). Human serum or plasma samples  



Fig. 2. SDS-PAGE analysis of  
ProteoMiner kit-treated plasma.  
A plasma sample (1 ml) was treated 
with the ProteoMiner protein  
enrichment kit, and 75 µg protein 
each from the original sample  
(lane 2), flowthrough (lane 3),  
wash (lane 4), and elution fractions 
was analyzed by SDS-PAGE. S, 
Precision Plus Protein™ standard. 
The red ellipse shows the 66 kD 
albumin band, and the white  
ellipse highlights bands that were 
enriched in the elution fraction. 
Bands indicated by the red lines 
are the six bands used to analyze 
lot-to-lot reproducibility.
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SELDI Analysis

For this study, a ProteinChip® SELDI system, Enterprise 
Edition and ProteinChip CM10 (carboxymethyl weak cation 
exchange) were used. The arrays were equilibrated twice with 
5 µl 100 mM sodium acetate, pH 4 buffer. After equilibration, 
the liquid was removed and 0.5 µl ProteoMiner kit-treated 
serum or plasma sample was mixed with 4.5 µl 100 mM 
sodium acetate, pH 4 buffer and spotted onto the array.  
After a 30 min incubation with shaking, each spot was 
washed three times with 5 µl binding buffer for 5 min, 
followed by a quick rinse with deionized water. After air 
drying, sinapinic acid dissolved in an acetonitrile:trifluoroacetic 
acid:water mixture (49.5:0.5:50) was added twice in 1 µl 
increments and allowed to air dry. All arrays were analyzed 
with an ion acceleration potential of 20 kV and a detector 
voltage of 2.8 kV. Data processing steps included baseline 
subtraction and external calibration using a mixture of  
known peptide and protein calibrants. Peak detection  
(with signal-to-noise set to >3) and peak clustering were 
performed automatically using ProteinChip data manager 
software, version 3.2. 

Results
Plasma and serum samples were fractionated using the 
ProteoMiner protein enrichment kit. The fractions obtained 
were first analyzed by protein assay and SDS-PAGE to 
evaluate the mass distribution and mass balance of the 
samples during and after fractionation. Next, the samples 
were analyzed using the ProteinChip SELDI system and 2DGE 
to demonstrate that use of ProteoMiner technology increases 
peak and spot counts by these methods. In addition, spots 
were selected from the 2-D gels and analyzed by MS to 
demonstrate that fractionation with the ProteoMiner kit 
improves resolution on 2-D gels and leads to the enrichment 
of proteins of low to medium abundance.

SDS-PAGE Analysis and Mass Balance

SDS-PAGE was performed to determine the mass distribution 
of the different fractions obtained by treatment with the 
ProteoMiner protein enrichment kit. Various protein loads 
were analyzed, and the results obtained using 75 µg plasma 
protein are shown in Figure 2. The most abundant band  
(66 kD) in the plasma, flowthrough, and wash fractions is 
most likely albumin and was markedly reduced in the eluted 
fraction (red ellipse). In addition, a series of bands appeared 
in the range below 50 kD in the elution fraction that did not 
appear in the control plasma sample. These bands represent 
proteins that have been concentrated in the elution fraction. 

To determine the effect of fractionation using ProteoMiner 
technology on the protein mass distribution in the different 
fractions, we measured the protein mass in the starting 
sample, flowthrough, wash, and elution fraction. From the 

SELDI Analysis

Since the SELDI workflow is tailored to biomarker discovery, 
a depletion strategy combining ProteoMiner technology with 
the ProteinChip SELDI system generates a fast and high-
throughput analysis approach that also quantitates low-
abundance proteins.

Figure 3 shows the impressive increase in peak detection 
in the mass range of 2,000–10,000 Da that occurs when a 
plasma sample is treated with the ProteoMiner kit. Whereas 
the untreated plasma sample yielded 170 peaks, the 
ProteoMiner kit-treated plasma yielded 263, or 55% more, 
peaks. In similar analyses of serum samples (data not shown), 
214 peaks were found in the control sample as compared to 
284 in the ProteoMiner kit-treated sample, a 32% increase.

65.00 mg total protein present in the original 1 ml plasma 
sample, 58.83 mg (or 90.5%) was found in the flowthrough, 
3.75 mg (5.8%) was in the 3 ml wash solution, and 2.15 mg 
(3.3%) was in the 300 µl of elution buffer. Nearly 96% of  
the total protein mass of plasma was removed (in the 
flowthrough and wash fractions) using the ProteoMiner 
protein enrichment kit. 
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Fig. 3. SELDI analysis of plasma samples treated with the ProteoMiner 
protein enrichment kit. One peak (red lines) was selected to show the 
enrichment experienced after the sample was treated with the ProteoMiner kit. 
The peak was very small before treatment and much larger after treatment, 
demonstrating enrichment of the corresponding protein. From top to bottom: 
untreated plasma, flowthrough, and eluate.
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2DGE Analysis

The effects of ProteoMiner protein enrichment kit on 2DGE 
analysis of serum and plasma samples is illustrated in  
Figure 4. In this experiment, 1 ml serum or plasma was 
treated with the ProteoMiner kit, and from the resulting  
eluate, 100 µg protein was loaded onto an 11 cm, pH 5–8  
IPG strip for IEF and subsequent 2-D analysis. Table 1  
shows the peak count for each gel. 

Treatment with the ProteoMiner kit increased the spot 
count by up to a third (Table 1), and the gels obtained after 
treatment showed superior resolution (Figure 4). The streaking 
that is typical of serum and plasma was reduced, and spots 
were more defined. Moreover, because the high-abundance 
protein spots were markedly reduced, more unique spots 
were visible. 

Table 1. Peak counts obtained following 2DGE analysis of plasma and 
serum samples treated with the ProteoMiner protein enrichment kit. 
Numbers indicated are representative of those obtained in at least three  
other experiments.

Sample Type		  Treatment

	 Untreated 		  ProteoMiner Kit

Serum	 223		  296
Plasma	 223		  338

Fig. 4. 2DGE analysis of plasma and serum samples treated with the ProteoMiner protein enrichment kit. Plasma and serum samples were treated with the 
ProteoMiner kit, and 100 µg protein each from the original sample and elution fractions was analyzed by 2DGE using a pH 5–8 IPG strip. Note the improvement in 
resolution achieved with treatment of both sample types.

Untreated serum 	 Treated serum

Reproducibility 

In a typical biomarker discovery study, a large number of 
samples are run and quantitative protein expression patterns 
are compared. Therefore, the reproducibility of each step 
in the analysis influences the confidence in any observed 
differences. In the case of binding a complex protein 
sample such as plasma or serum to an equally or more 
complex stationary phase (for example, ProteoMiner beads), 
reproducibility is a crucial element.

We used two different methods to test the lot-to-lot 
reproducibility of the ProteoMiner protein enrichment kit. 
In the first method, we used SDS-PAGE to compare the 
protein profiles of the elution fractions obtained with each lot. 
Specifically, we analyzed the presence of six bands between 
20 and 50 kD (Figure 2). All four lots tested showed  
these bands.

Untreated plasma	 Treated plasma
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Fig. 6. 2DGE analysis of untreated (left) and ProteoMiner protein 
enrichment kit-treated (right) plasma. Red circles indicate regions excised  
for identification by MS. 

In the second method, we used 2DGE to compare the protein 
profiles of the elution fractions. Figure 5 shows nine different 
2-D gels obtained from three different lots of ProteoMiner 
beads, with each lot represented by three different mini spin 
columns. With the exception of the two most abundant spots 
in the middle of the right side in each image, which exhibited 
rather severe vertical streaking, the general spot pattern was 
the same in all gels, supporting the reproducibility of the 
gels. Careful spot analysis revealed 41 matching spots in all 
images. Only a handful of very faint spots could not be seen 
in all panels. 

	 Column 1	 Column 2	 Column 3

Fig. 5. 2DGE analysis of ProteoMiner kit-treated plasma samples.  
Three columns from separate lots of ProteoMiner beads (each row) were used 
to fractionate 1 ml samples of the same plasma stock, and the elution fractions 
were analyzed by 2DGE. To facilitate comparison, only details from the pH 
6.0–7.5 and 20–50 kD region from each gel are shown.

Based on these results, we concluded that use of the 
ProteoMiner kit has a negligible influence on workflow 
reproducibility. 

Protein Identification 

The purpose of any biomarker discovery study is to first  
single out the protein spots or peaks demonstrating 
quantitative differences and then to identify the proteins 
composing those spots or peaks. Following 2DGE, this is 
usually done by in-gel digestion of the spot with trypsin 
followed by either peptide mass fingerprinting on a matrix-
assisted laser desorption/ionization time-of-flight (MALDI-TOF) 
MS or by nano liquid chromatography (nanoLC) separation of 
the peptide fragments followed by MS-MS in an ion-trap MS. 
We used the LC-MS-MS approach to demonstrate that the 
additional peaks visible after a 2-D separation also result in 
the identification of medium- to low-abundance proteins.

A comparison of the gel images of an untreated plasma 
sample and a ProteoMiner kit-treated sample revealed the 
following: 1) spots that appeared in both images were more 
intense in the gels from the ProteoMiner kit-treated sample 
compared with the untreated plasma (spot 1, Figure 6), and  
2) the ProteoMiner kit-treated sample yielded more spots:  
at least three spot positions are shown in Figure 6 that 
appeared in the treated sample but not in the untreated 
sample (spots 14–16). 

We excised the circled areas in both gels, digested the spots, 
and subjected them to MS analysis. Spot 1 was identified 
as ZA protein in both cases; however, in untreated plasma, 
the protein was found with a unified score of 54, coverage of 
29%, and six peptides. In the ProteoMiner kit-treated plasma, 
the same ZA protein was identified with a higher unified score 
of 76, coverage of 36%, and eight peptides. Thus, treatment 
with the ProteoMiner kit enabled identification with increased 
confidence. 

The three spots labeled 14, 15, and 16 in Figure 6 were all 
identified as apolipoprotein E. Given the different positions 
of the spots in the gel, it is likely that the spots represent 
different isoforms, breakdown products, or posttranslational 
modifications of apolipoprotein E (Corder et al. 1993). 
Spots were excised from the same location in gels from the 
untreated serum sample, and as expected, MS analysis of 
these did not result in identification of any proteins. 

Finally, we analyzed all of the protein spots unique to the 
ProteoMiner kit-treated plasma sample (Figure 7). All spots 
circled in Figure 7 were excised, digested, and subjected 
to MS analysis for identification, and the following proteins 
were identified (Table 2): plasma glutathione peroxidase 
precursor (spot 8), apolipoprotein E (spots 10, 14, 15, and 
16), and clusterin (apolipoprotein J, spot 11). These proteins 
are known to exist at low to medium abundance in plasma 
(Anderson and Anderson 2002). In addition, a number of 
other proteins with medium to high abundance and poor MW 
or pI match were found: H factor (complement, spots 2 and 
5), complement component 4B proprotein (spots 3, 4, 7,  
and 13), factor H homologue (spot 6), fibrinogen fragment D 
(spot 9), and CD5 antigen-like (spot 12). Poor matches to  
pI and MW are fairly common in serum and plasma analysis, 
since plasma and serum samples typically contain large 
amounts of proteolytic fragments of proteins that are only in 
their uncleaved form in the databases used for identification. 
Taken together, these results demonstrate that treatment 
with the ProteoMiner protein enrichment kit leads to more 
confident protein identification and the enrichment of low-  
to medium-abundance proteins in plasma samples.
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Conclusions
The ProteoMiner protein enrichment kit represents an 
effective and novel sample preparation method that can  
both concentrate low-abundance proteins as well as shrink 
the dynamic range of protein concentrations in a sample.  
The procedure uses ProteoMiner beads conveniently 
packaged in mini spin columns and is fast, convenient,  
and applicable to serum and plasma samples, which exhibit 
an extremely wide dynamic range and contain a dozen or 
so high-abundance proteins. Therefore, the value of using 
ProteoMiner beads in biomarker discovery projects —  

Table 2. Proteins identified in plasma samples treated with the ProteoMiner protein enrichment kit. Spot numbers correlate with spots shown  
in Figure 7.

			   Peptide	 Database	 Database		   
Spot 	 Probability	 Coverage	 Sequences	 MW	 pI	 Protein Identity	 Accession	

	 1	 5.6–05	 21.37	 4	 1,537	 8.33	 ZA protein	 AAB36122.1

	 2	 1.1–09	 17.88	 3	 37,638	 8.33	 H factor (complement)-like 1 	 NP_002104

	 3	 5.2–10	 1.38	 2	 192,678	 6.00	 Complement component 4B proprotein	 NP_000583.1

	 4	 1.1–12	 8.08	 11	 192,678	 6.00	 Complement component 4B proprotein 	 NP_000583.1

	 5	 7.4–08	 6.06	 1	 37,638	 8.33	 H factor (complement)-like 1	 NP_002104

	 6	 3.9–10	 6.06	 1	 37,627	 7.17	 Factor H homologue	 AAA35947.1

	 7	 4.8–11	 1.83	 1	 192,678	 6.00	 Complement component 4B proprotein	 NP_000583.1

	 8	 4.9–13	 28.32	 7	 25,490	 8.33	 Plasma glutathione peroxidase precursor	 P22352

	 9	 3.4–13	 52.98	 12	 36,158	 6.00	 Fibrinogen fragment D	 1FZA

	10	 1.2–11	 20.50	 5	 36,133	 4.25	 Apolipoprotein E	 NP_000032.1

	11	 2.0–06	 5.35	 3	 52,462	 6.00	 Clusterin; complement-associated protein SP-40	 NP_001822.1

	12	 2.8–13	 46.11	 10	 38,064	 4.25	 CD5 antigen-like NP_005885.21

	13	 8.7–13	 5.79	 9	 192,678	 6.00	 Complement component 4B proprotein	 NP_000583.1

	14	 1.7–12	 26.50	 7	 36,133	 4.25	 Apolipoprotein E	 NP_000032.1

	15	 8.1–13	 32.18	 10	 36,133	 4.25	 Apolipoprotein E	 NP_000032.1

	16	 2.7–11	 27.13	 7	 36,133	 4.25	 Apolipoprotein E	 NP_000032.1

where most significant biomarkers are assumed to be in the 
medium- to low-abundance range — is clear. Downstream 
separation schemes can involve SELDI, 1-D, and 2DGE as 
well as LC methods (not shown). We demonstrate here that 
the use of the ProteoMiner protein enrichment kit in a SELDI- 
or 2DGE-based proteomics workflow can increase peak or 
spot counts from plasma and serum samples by 30–50%, 
thereby allowing detection and MS identification  
of medium- to low-abundance proteins. 
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Fig. 7. 2DGE analysis of ProteoMiner kit-treated plasma. Spots unique to 
the treated sample relative to an untreated control are circled and numbered 
for identification (Table 2).
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