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ABSTRACT 

Serum contains proteins that possess important information about diseases and their progression. Unfortunately, these 
proteins, which carry the information in the serum are in low abundance and are masked by other serum proteins that are 
in high abundance. Such masking prevents their identification and quantification. Therefore, removal of high abundance 
proteins is required to enrich, identify, and quantify the low abundance proteins. Immunodepletion methods are often used 
for this purpose, but there are limitations in their use because of off-target effects and high costs. Here we presented a 
robust, reproducible and cost-effective experimental workflow to remove immunoglobulins and albumin from serum with 
high efficiency. The workflow did not suffer from such limitations and enabled identification of 681 low abundance proteins 
that were otherwise undetectable in the serum. The identified low abundance proteins belonged to 21 different protein 
classes, namely the immunity-related proteins, modulators of protein-binding activity, and protein-modifying enzymes. 
They also played roles in various metabolic events, such as integrin signalling, inflammation-mediated signalling, and 
cadherin signalling. The presented workflow can be adapted to remove abundant proteins from other types of biological 
material and to provide considerable enrichment for low-abundance proteins. 
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INTRODUCTION 

Serum is an easily accessible biological material, which pro-
vides important information about a person’s past, current, and 
future health status [1]. Compared to the other medically im-
portant biological materials, collecting serum is practical and 
ethically convenient. For this reason, there may be more than 
150 FDA-approved laboratory tests that use serum as a starting 
material for the diagnosis or prognosis of various diseases [2].  
However, the need for more clinically useful serum biomarkers 
is still ongoing and far from over.  

A recent detailed serum proteome study showed that there are 
at least 4826 proteins in human serum, underlining its capacity 
as a biomarker source [3]. However, discovering novel serum 

biomarkers is a challenge for researchers primarily because pro-
teins leak from tissues that are the potential disease biomarkers 
could not be detected unless immunoglobulins, albumin and 
other abundant proteins are removed [4]. Among the abundant 
proteins, removal of albumin is the most important but also the 
most challenging since albumin accounts for more than 55% of 
the total serum protein mass by weight. The second highly abun-
dant group of proteins present in the serum are immunoglobulins 
which account for more than 35% of the total protein content. 
Therefore, when albumin is efficiently removed from the serum 
together with immunoglobulins, then most of the high abundant 
protein content is removed [5]. 

Numerous strategies have been developed and applied to 
remove albumin from serum [6,7]. Some of these strategies 
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employed chemical depletion methods while others used affin-
ity-based approaches. The use of chemical depletion methods 
did not provide strict selectivity between albumin and the other 
serum proteins [7]. Similarly, an affinity-based depletion method 
failed to remove albumin selectively [7]. In contrast, immu-
noaffinity-based methods using antibody-coupled resins are 
more successful in removing albumin and also other abundance 
proteins from serum [5,6]. Another commonly used method to 
reduce high abundance proteins involves a large, highly diverse 
bead-based library of combinatorial peptide ligands [8-10]. In 
this approach, complex biological samples are mixed with the 
beads and high abundance proteins saturate their high affinity 
ligands and the excess is washed away. In contrast, the medium 
and low abundance proteins are concentrated on their specific 
affinity ligands, resulting in a reduction in the dynamic range of 
protein concentrations while maintaining representatives of all 
proteins within the original sample [11,12].   

Despite the success demonstrated, there are significant limita-
tions regarding to the use of immunoaffinity-based approaches 
and bead-based library of combinatorial peptide ligands.  Some 
of these limitations include extreme costs, inter-assay variations, 
carry-over problems and most importantly the off-target effects 
most of which are caused by serum albumin [7,13,14]. Experi-
mental evidence shows that a significant number of proteins are 
eluted from immunoaffinity columns along with albumin [15]. This 
off-target effect of albumin, called “the sponge effect”, creates a 
protein pool known as “albuminome” [16,17]. Albumin’s sponge 
effect occurs because the pI of albumin differs significantly from 
that of other serum proteins, making it a highly negatively charged 
and sticky protein at physiological pH. To prevent the off-target 
effect caused by albumin, treatment of the bound proteins with 
mild solvents, salt-out precipitation, molecular sieve filtration, 
and the design of non-protein binding resins have been tried with 
limited success [18]. 

One of the most effective ways to prevent the interactions 
between albumin and low abundant proteins is to use strong ionic 
detergents in binding buffers during immunoaffinity chromatog-
raphy. However, strong ionic detergents prevent protein-antibody 
interactions resulting in inefficient removal of abundant proteins 
by immunocapture. Therefore, if a fractionation system is devel-
oped without binding concerns, then abundant proteins can be 
removed in the presence of a strong ionic detergent without having 
off-target effects. Denaturing preparative gel electrophoresis is 
a well-suited experimental approach to perform fractionation 
in the presence of a strong ionic detergent. Therefore, in this 
study, we used preparative gel electrophoresis to localize and 
remove albumin from serum samples in the presence of SDS, 
a strong ionic detergent. The albumin-reduced serum was then 
analysed by nHPLC coupled to LC-MS/MS. A total of 681 low 
abundance proteins were identified. The identified low abun-
dance serum proteins play roles in various metabolic pathways, 
including integrin signalling, inflammation-mediated signalling, 
and cadherin signalling.

MATERIALS AND METHODS

Ethics Approval
This study was approved by the Local Ethics Committee of 

Kocaeli University under the approval number of KOU GO-
KAEK 2020/18.19

Procurement of a serum sample
Blood samples were collected from a healthy 49-year-old 

male volunteered three times at different dates and kept at room 
temperature for 30 minutes before centrifugation at 1500 xg for 
15 minutes. The serum was separated from the blood, aliquoted 
and stored at −80°C until use. For depletion of IgG and reduc-
tion of albumin, three serum samples were separately processed 
and analysed as biological replicates. Following reduction by 
preparative gel electrophoresis, protein samples were pooled 
for nLC-MS/MS analyses.

Depletion of serum IgG
A protein G column with 1mL bed volume (GE HiTrap® 

Uppsala, Sweden) connected to a fully automated NGC chro-
matography system (BioRad, CA) was used to deplete lgG from 
the serum samples. The column was first equilibrated with five 
volumes of binding buffer composed of 20 mM sodium phosphate, 
pH 7.0 at a flow rate of 1 mL/min. Then a 5-fold diluted serum 
sample of 0.2 mL was loaded onto the column at a flow rate of 
1 mL/min. lgG-depleted serum was collected in flow through. 
IgG bound to the column were eluted with 2 mL of elution buf-
fer and labeled as an IgG-containing fraction. Bradford assay 
(BioRad, CA) with BSA as the standard was used to measure 
protein concentrations in the serum, lgG-depleted serum and the 
lgG-containing fraction.

Evaluation of the reproducibility of lgG depletion
The IgG depletion procedure was repeated three times using 

serum samples collected from the same individual at differ-
ent dates. For each experiment, SDS-PAGE gels were run to 
visually examine reproducibility of the depletion. Briefly, 20 
µg protein from the serum, the IgG-depleted serum and the 
IgG-containing fraction was loaded into the wells of a 12% 
SDS-polyacrylamide gel and the gel was run at 180 V for 50 
minutes before staining with Colloidal Coomassie blue (Bio-
Rad, CA). Images of the gels were captured by VersaDoc MP 
4000 imaging system (BioRad, CA) and analysed with Quantity 
One software (BioRad, CA). 

Denaturing preparative gel electrophoresis
Denaturing preparative gel electrophoresis was performed 

with PrepCell Model 491 instrument (BioRad, CA) to separate 
albumin from other serum proteins.  For separation, three different 
gel formats were tested; (1) a stepwise gel that was composed 
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of 1.5 cm 15%, 3 cm 12% and 1.5 cm 10% polyacrylamide gel 
layers and (2) an 8% ‒ 15% gradient gel and (3) a 12% poly-
acrylamide gel. Total length of each separating gel was kept at 6 
cm. Each separating gel was also topped with 1 cm, 4% stacking 
gel. The bottom of PrepCell instrument was sealed with a di-
alysis membrane that had a molecular weight cut-off limit of 5 
kDa. For each run, 15 mg protein from an lgG-depleted serum 
sample was mixed with 6X loading dye and incubated at 62°C 
for 20 minutes. After incubation and a brief cooling on ice, the 
sample was loaded onto a preparative gel and run at 25 mA for 
20 minutes. The current was then raised to 45 mA and the gel 
was run with this constant current till the experiment was com-
pleted. The collection of the fractions was started right after the 
front blue dye eluted off the column. Three hundred fractions 
(0.5 mL/fraction) were collected using an automated fraction 
collector (BioRad, CA) to which a peristaltic pump (EP-1 Econo, 
BioRad, CA) was attached. The pump was set to a speed of 0.5 
mL/min. Three independent experiments were carried out to 
assess reproducibility.

Locating albumin-reduced preparative gel electro-
phoresis fractions

To locate the exact position of the albumin-reduced PrepCell 
fractions, 20 μL of each fraction were loaded into the wells of 15% 
SDS-PAGE gels and the gels were run at 180 V for 60 minutes 
before silver staining. The images of the stained gels were then 
captured with VersaDoc MP 4000 and the albumin-reduced frac-
tions were located and pooled. The pools were concentrated and 
buffer-exchanged with 20 mM phosphate buffer at pH 7.0 using a 
stirred cell (Millipore, CA) equipped with a cut-off limit of 5 kDa 
PM membrane (Millipore PBCC02510; Millipore Sigma, MA).  

In-solution tryptic digestion and nHPLC LC-MS/
MS analysis

In-solution digestion was performed using in-solution tryptic 
digestion and guanidination kit (Cat #89895, Thermo Fisher Scien-
tific, MA) following the instructions provided by the manufacturer. 
The protocol can be summarized as follow: 10 µg protein sample 
was added to 15 µL 50 mM ammonium bicarbonate containing 
100 mM DTT solution. The volume was completed to 27 µL 
and incubated at 95°C for 5 minutes. Iodoacetamide (IAA) was 
added to the heated sample to a 10 mM final concentration and 
incubated in the dark for 20 minutes. Then, 1 µL of 100 ng/µl 
trypsin solution was added and incubated for 3 hours at 37°C. 
Another 1 µL of 100 ng/µL trypsin was added to the peptide 
mixture and incubated overnight at 30°C. After incubation, the 
solution was concentrated with a SpeedVac centrifuge (Eppen-
dorf, CT) to dryness and the peptides were resuspended in 0.1% 
Formic Acid solution (FA) for the nLC-MS/MS analysis.

Nano-liquid chromatography mass spectrometry 
(nLC-MS/MS)

For analysis of peptides Ultimate 3000 RSLC nano system 
(Dionex, Thermo Scientific, CA) coupled to a Q-Exactive mass 
spectrometer (Thermo Scientific, CA) was used. The entire 
system was controlled by Xcalibur 4.0 software (Thermo Fisher 
Scientific, CA). High performance liquid chromatography (HPLC) 
separation was performed using mobile phases of A (0.1% Formic 
Acid) and B (80% Acetonitrile + 0.1% Formic Acid). Digested 
peptides were pre-concentrated and desalted on a trap column. 
The peptides were then transferred to an Acclaim PepMap RSLC 
C18 analytical column (75 μm × 15 cm × 2 μm, 100 Å diameter, 
Thermo Scientific, CA). The gradient for separation was 6% for 
8 minutes, 6% ‒ 10% B for 12 minutes, 10% ‒ 30% B for 160 
minutes, 30% ‒ 50% B for 25 minutes, 50% ‒ 90% for 10 min-
utes, 90% for 15 minutes, 90% ‒ 96% B for 5 minutes and 6% B 
for 5 minutes with the flow rate of 300 nL/min in a 240-minute 
total run time. Full scan MS1 spectra were acquired with the 
following parameters: resolution 70.000, scan range 400 ‒ 2000 
m/z, target automatic gain control (AGC) 3×E6, maximum in-
jection time 60 ms, spray voltage 2.3 kV. MS/MS analysis was 
performed by data dependent acquisition selecting the top ten 
precursor ions. The MS2 analysis composed of collision-induced 
dissociation (higher-energy collisional dissociation [HCD]) with 
the following parameters: 

a.	 resolution 17.500;
b.	 AGC 1E6;
c.	 maximum injection time 100 ms;
d.	 isolation window 2.0 m/z normalized;
e.	 collision energy (NCE) 27. 
The instrument was calibrated using a standard positive cali-

brant (LTQ Velos ESI Positive Ion Calibration Solution 88323, 
Pierce, FL) prior to each analysis.  

nHPLC LC-MS/MS data analysis
Analysis of the raw data was performed with Proteom Discover-

er 2.2 software (Thermo Scientific, MA) for protein identification 
and the following parameters were used; peptide mass tolerance 
10 ppm, MS/MS mass tolerance 0.2 Da, mass accuracy 2 ppm, 
tolerant miscarriage 1, minimum peptide length 6 amino acids, 
fixed changes cysteine carbamidomethylation, unstable changes 
methionine oxidation and asparagine deamination. The minimum 
number of peptides identified for each protein was 1 and obtained 
data were searched against Uniprot/Swissprot database.

Bioinformatics analysis
The PANTHER Protein Analysis THrough Evolutionary Re-

lationships, http://PANTHERdb.org/) and STRING analyses 
were carried out using the Uniprot accession numbers of the 
identified proteins. The organism was specified as Homo sapiens 
and functional classifications were viewed as bar charts. Selected 
ontologies included molecular function, biological process, cellu-
lar function, cellular component, protein class and pathway. For 
each of the ontology, manual analysis was performed by listing 
the selected proteins and cross-checking their given properties 
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with Uniprot entries.

RESULTS

Depletion of IgG and removal of albumin from the 

serum samples
An experimental workflow was designed to deplete IgG and 

reduce albumin from the serum samples to enrich low abundance 
proteins, which were then identified by nHPLC coupled to LC-
MS/MS (Fig. 1).

Figure 1 Schematic representation of the experimental workflow used in this study. Serum samples were processed to deplete IgG and reduce 
albumin before being subjected to nHPLC coupled LC-MS/MS analysis. The identified proteins were then grouped based on their presence in the pro-
cessed samples.

A 49-year-old healthy male with no known chronic or acute 
medical condition volunteered to donate blood samples for this 
study. His blood tests revealed nothing unusual about his current 
health. Blood was collected from this person for three times at 
different dates and serum samples were prepared and stored. 
IgG was depleted from the serum samples using a prepacked 
Protein G column. To prevent run-to run variation, each depletion 
was performed with an automated protein purification system 
using the recommended conditions. SDS-PAGE analysis of 
the IgG-depleted serum samples from three independent runs 
showed that the two protein bands belonging to the heavy and 
light chains were absent in the flow-through fractions while they 
were clearly visible in the bound fractions (Fig. 2).  There were 
other minor bands observed in addition to the major two IgG 
bands in the eluted fractions. This is a common phenomenon 
observed on SDS-PAGE gels of IgG runs. These bands might 
have been caused by the dimers/oligomers of heavy and light IgG 
chains. Moreover, isomers of IgG appear as separate bands in 
SDS-PAGE gels [19]. Last but not least incomplete denaturation 

of IgG bands might have caused appearance of minor protein 
bands on the gels.

The IgG-depleted flow-through fractions from the protein-G 
column were pooled and loaded onto denaturing preparative 
gels for reduction of albumin. Three different preparative gel 
types, namely a stepwise gradient gel, a linear gradient gel and 
a straight 12% gel, were used. All three gel types separated 
albumin from the other serum proteins (Fig. 3). Although there 
are a few advantages of using gradient gels such as resolution 
of a broader range of proteins on a single gel, production of 
sharper bands and better separation of similar-sized proteins, 
gradient gels require more nuanced preparation than standard 
single concertation gels [20]. As to the stepwise gels, they are 
easier to prepare than gradient gels and provide better resolution 
than standard single concentration gels. However, in our case all 
three gel types used served the purpose and separated albumin 
from the other proteins. Therefore, due to the convenience in gel 
casting, 12% gels were used in subsequent experiments. 
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Figure 2 SDS-PAGE analysis of IgG-depleted serum samples from three independent runs. The same amount of protein was loaded into each 
well and a commercial 1 µg antibody (Santa Cruz: sc-69879) was used as the standard for the IgG profiling. The IgG-depleted serum samples lacked 
the immunoglobulin heavy and light chains, while the eluted fractions contained both chains. Analysis of each lane showed a consistent banding pattern 
in the corresponding protein loadings.

Figure 3 SDS-PAGE analysis of fractions collected from preparative gels. The experiments were carried out to optimize the gel concentration to 
achieve sufficient resolution for the separation of albumin from other proteins. Three different separating gel formats were tested; a stepwise gel composed 
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of 1.5 cm 15%, 3 cm 12% and 1.5 cm 10% polyacrylamide gel layers and an 8% ‒ 15% gradient gel and a 12% polyacrylamide gel. The total length of 
each separating gel was kept at 6 cm. Each separating gel was also topped with 1 cm, 4% stacking gel. The bottom of the preparative gel electropho-
resis instrument was sealed with a dialysis membrane that had a molecular weight cut-off limit of 5 kDa. A total of 300 fractions, 0.5 mL of each, were 
collected. SDS-PAGE gels were silver stained and visualized with VersaDoc MP4000 imaging system.

Three separate runs were performed to demonstrate reproduc-
ibility. A total of 300 fractions were collected in each run. To 
locate albumin-containing fractions, samples from every tenth 
fraction were subjected to SDS-PAGE analysis using silver 
staining. Analysis showed that albumin was eluted from the 

columns after Fraction 200. Fractions 210 and above contained 
distinct bands of albumin and were therefore considered albu-
min-containing fractions. To determine the exact location of 
albumin, each protein fraction between Fractions 201 and 209 
was subjected to SDS-PAGE analysis (Fig. 4).

Figure 4  SDS-PAGE analysis of fractions from three independent preparative gel electrophoresis runs. Three hundred fractions were collected 
and every tenth fraction was subjected to SDS-PAGE analysis to roughly determine the albumin-containing fractions. Fraction 210 and above contained 
distinct bands of albumin. The exact location of the albumin-containing fractions was determined by SDS-PAGE analysis of each protein fraction between 
201 and 209 (the outlet gel image). SDS-PAGE gels were silver stained and visualized with VersaDoc MP4000 imaging system.

Fractions up to 202 were not only depleted in IgG but also 
significantly reduced in albumin and were thus combined to 
generate IgG-depleted and albumin-reduced protein pools. The 
protein pools, although depleted in IgG and reduced in albumin, 
contained SDS carried over from the 12% preparative denaturing 
gels. SDS is an ionic detergent that could interfere with LC-MS/

MS experiments. To overcome this interference, the protein pools 
were concentrated and buffer exchanged. An SDS-PAGE gel 
was then run to analyse the success of the whole process (Fig. 
5).  Analysis of the gel images revealed that IgG-depleted and 
albumin-reduced protein pools were enriched and reproducibly 
showed similar protein band patterns. 
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Figure 5  (A) SDS-PAGE analysis of the proteins from unprocessed serum samples (Lanes 1 and 2), IgG-depleted flow-through fractions from the 
protein G column (Lanes 3 and 4) and albumin-containing fractions eluted from preparative gel fractions (Lanes 5 and 6). The last three lanes marked 
with asterisks were run to demonstrate the absence of IgG and albumin bands in IgG-depleted and albumin-reduced serum samples. (B) Graphic rep-
resentation of the albumin reduction. The graph was generated by measuring the intensities of albumin bands on the gels using Quantity One software.

Identification of low abundance proteins by nHPLC- 
LC-MS/MS

nHPLC- LC-MS/MS  analyses were performed using (1) an 
unprocessed serum sample (2) an IgG-depleted serum sample 
(3) albumin-containing fractions and (4) IgG-depleted and albu-
min-reduced protein fractions to assess the level of enrichment 
(Fig. 6). A total of 358 proteins were identified in the unprocessed 
serum. Among these proteins, 194 were high abundance proteins 
(Table S1). As for IgG-depleted and albumin-reduced serum 
samples, there was at least a 2.7-fold increase in the number of 
identified low abundance proteins compared to the unprocessed 
serum samples. A total of 979 proteins was identified, among 
which, 681 were classified as low-abundance proteins (Table 
S2).  IgG-depletion itself did not provide much enrichment. 
Approximately 50% of the proteins identified after depletion of 
IgG were high abundance proteins (Table S3). We also analysed 
the albumin-rich protein fractions and detected a few high and 

low abundance proteins carried by the albumin (Table S4).

Bioinformatic analyses of low abundance proteins
Bioinformatic analyses was performed to assess the char-

acteristics of low abundance proteins identified throughout the 
enrichment process. Differences after each enrichment step were 
elucidated by comparisons. Unique low abundance proteins were 
identified in each enrichment step (Fig. 7A). When these low 
abundance proteins were subjected to PANTHER analysis, the 
proteins from IgG-depleted and albumin-reduced serum samples 
displayed the most versatile biological process and pathway 
involvement followed by the low abundant proteins from un-
processed serum, IgG-depleted serum and albumin-containing 
serum samples (Fig. 7B). A similar analysis was also performed 
with STRING. Low-abundance proteins from unprocessed serum 
samples were associated with immune response, complement 
activation and transport, while the proteins unique to IgG-deplet-
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ed serum samples were involved in RNA splicing and binding.  
Interestingly, proteins associated with DNA replication,  hae-
moglobin binding and displaying oxygen carrier activity were 
found in the albumin-containing fractions. In the IgG-depleted 

and albumin-reduced serum samples, due to the large number of 
low-abundance proteins, a complex protein interaction network 
connecting various metabolic events and biological processes 
was detected (Fig. S1). 

Figure 6 Graphical representation of low and high abundant proteins in the samples throughout the process. Proteins were identified by nHPLC 
coupled to LC-MS/MS. (A) un-processed serum; (B) IgG-depleted serum sample; (C) albumin-containing fractions eluted from preparative gels and 
(D) IgG-depleted and albumin-reduced protein fractions collected from preparative gels. White bars represent low abundance proteins and grey bars 
represent high abundance proteins.

DISCUSSION

Serum is a valuable source of biomarkers with a rich repertoire 
of biomolecules [21]. However, analysing serum to discover novel 
biomarkers is a difficult task and many serum-based proteomics 
studies have not provided satisfactory results [22]. This deficiency 
is due to the fact that the sought-after biomarkers in the serum 
are present in low concentrations and are overshadowed by the 
presence of proteins with high abundance [23]. Albumin is the 
most abundant protein in serum accounting for more than 50% 
‒ 55% of the total protein content (the normal concentration 
range is 35 – 50 mg/mL) [24,25]. If it can be removed from the 
serum along with immunoglobulins, then more than 75% ‒ 85% 
of the abundant protein content is removed.  Scientists have 
worked on this task using various approaches. Some of these 
approaches such as immuno-depletion have been successful in 
removing high abundance proteins and enriching low abundance 
proteins [26]. However, the off-target effect which is the ability 
of albumin to non-specifically carry proteins with biomarker 
value is problematic [13]. It was determined that albumin can 
carry over 100 or more low abundance proteins when removed 
from serum [15]. Therefore, a novel technology, approach or an 
experimental workflow that could eliminate the off-target effect 

of albumin is required to further advance serum-based biomarker 
studies. Here, we, aimed to develop an experimental workflow 
that is affordable, reproducible, and compatible with downstream 
applications while preventing the off-target effect of albumin 
during enrichment of low abundance proteins.

In previous studies, serum proteins were fractionated using 
ion exchange chromatography, IEF, HIC and HILIC to reduce 
high abundance proteins [18]. These approaches have met with 
limited success because their resolution was limited. In addition, 
the off-target effect of albumin in chromatographic separations 
could not be avoided. Our workflow also relied on fractionation 
of the serum proteins but involved the use of Protein G column 
along with preparative gel electrophoresis system. The protein 
G column effectively depleted serum IgG while the preparative 
gel electrophoresis system reduced albumin. In particular, the 
use of preparative gel electrophoresis provided two benefits 
over classical fractionation approaches; (1) By utilizing the 
strong separating power of polyacrylamide gels, high resolution 
was achieved with the ability to collect proteins into fractions. 
During the runs, proteins were separated into sharp bands and 
were collected from the bottom of the gel. (2) The use of SDS 
in polyacrylamide gels reduced the sponge effect of albumin.
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Figure 7  (A) Venn diagram of low abundant proteins. (B) PANTHER analyses of group specific low abundant proteins which was presented as biological 
processes and pathways. 

  The IgG-depleted and albumin reduced fractions collected 
from the preparative gels were pooled, concentrated, buffer 
exchanged and analysed by nHPLC coupled to LC-MS/MS. A 
total of 681 low abundance proteins were identified, accounting 
for 69.7% of the total identified proteins. This is a significant 
improvement in coverage of the low abundance proteins. 

Several studies analysed the methods of depleting high 
abundance proteins and enriching low abundance proteins 
[6,7,14,15,27,28]. One of the points of contention among these 
studies is their definition of proteins of high abundance in serum. 
There does not appear to be a universally accepted list of high 
abundance proteins that can be used to assess serum proteome 
data. Therefore, we established a criterion using the calculated 
concentrations from human proteome database. Proteins with 
concentrations more than 10 ng/mL were accepted as high abun-
dance (Table S5) [14]. A total of 162 proteins were classified as 
high abundance. This is one of the most exclusive lists provided 

in the literature for high abundance proteins.  
In the presented study, the denaturing power of SDS was 

used during fractionation. Despite this, the fractionated albu-
min still contained some proteins and created an albuminome. 
We believe that some of these proteins were the fragments of 
albumin itself since in human serum, albumin fragments with 
molecular weights of 45, 28 and 19 kDa can account for more 
than 2% of total albumin [18]. The SDS-PAGE concentration 
that was used can be increased gradually to prevent binding of 
albumin with low abundance proteins. In other words, further 
optimization of the workflow may allow significant elimination 
of albumin’s off-target effect.

A disadvantage of the presented workflow was the lack of 
proteins, which can have higher molecular weights higher than 
albumin. While this appears to be a disadvantage, it is import-
ant to note that the proteins that have biomarker value in serum 
are those that can leak from tissues into serum. These proteins 
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generally do have molecular weights less than 40 kDa [29]. 
Therefore, the search for high molecular weight biomarkers may 
not worth the effort and the investment. Low abundance proteins 
detected in the IgG-depleted and albumin-reduced serum sam-
ples created a complex protein interaction network connecting 
various metabolic events and biological processes. More than 
40 different pathways and 18 biological processes were detect-
ed. When all of the low abundant proteins were subjected to 
bioinformatics analysis, more than 150 different pathways were 
revealed reflecting complexity of the serum proteome. When 
low-abundant proteins from IgG-depleted serum samples were 
analysed, pathways associated with neurotransmitter receptor 
complex, complement system and spliceosome were highlighted. 
Specifically, neurotransmitter receptor complex members such 
as kinesin, spliceosome proteins such as CDC5L, and some of 
the complement system-related proteins were underlined. In 
addition, surprisingly, quite number of low abundant proteins 
were detected in albumin containing fractions and they were 
found to be associated with oxygen transport and haemoglobin 
binding. Apparently, haemoglobin or haemoglobin-based oxy-
gen carriers covalently bind to albumin and were not separated 
during fractionation [30]. This explains the fact that even under 
strong denaturing conditions, albumin-containing fractions still 
contained low-abundance proteins.

Twenty-one different protein classes have been detected. The 
top three protein classes were formed by defence /immunity 
proteins, modulators of protein-binding activity and protein-mod-
ifying enzymes. The identified proteins played roles in various 
metabolic processes. Proteins related to integrin signalling were 
the prominent ones, but proteins related to inflammation mediated 
signalling and cadherin signalling were also evident. It was sur-
prising to detect proteins associated with two neurodegenerative 
disorders, namely Alzheimer’s and Huntington. 

CONCLUSION

Serum has a high dynamic range of proteins reaching over 10 
orders of magnitude [6]. The complexity of the serum proteome 
is not fully captured and resolution needs to be improved in pro-
teomics studies. Any attempt in this direction should be applauded. 
One way to reduce this complexity is to reduce the number and 
amount of high abundance proteins so that low abundance proteins 
become enriched and detectable.  In this study, we presented an 
experimental workflow to deplete and reduce two of the most 
abundant proteins, namely IgG and albumin from serum. The 
depletion of IgG and reduction of albumin enabled us to detect 
and identify many of the proteins that are low in abundance and 
otherwise undetectable. In addition, the presented approach 
was affordable, reproducible and compatible with downstream 
applications. We predict that it can also adapted to remove other 
abundant proteins from other biological sources, e.g., removal of 
Ribulose bisphosphate carboxylase (Rubisco) from plant protein 

extracts. If necessary, further optimization of the presented work 
is possible to increase the resolution of the separation power and 
reduce the sponge effect of albumin. 
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