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1. INTRODUCTION 

 

In biomarker research, the study of the human plasma proteome is of special 

significance. Plasma accounts for approximately 55% of the total blood volume, and 

contains a wide concentration range of proteins with diverse biological functions. 

Due to its high complexity, the characterization and identification of medium or low 

abundant proteins often represents a difficult and time-consuming task. The lower 

the protein concentration in the plasma, the higher the analyte volumes it requires 

for the analysis. In addition, labour-intensive and time-consuming sample 

preparation methods are needed before individual proteins can be adequately 

purified by various bioanalytical techniques, which methods sometimes alter the 

native state of the proteins. In addition to the difficulties related to the extremely 

wide concentration range, plasma and biomarker research deal with the 

identification of protein isoforms and post-translational modifications, which may 

cause slight but considerable changes in the function of a protein. 

The majority of the approaches addressing the study of the plasma proteome use 

mass spectrometry for the identification of proteins of biomarker potential. 

However, these technologies are not always suitable to cover the dynamic range 

necessary for global proteome analysis, due to sensitivity, reproducibility, and 

throughput limitations. 

Monoclonal antibody proteomics uses specific antibodies, which recognize most 

proteins at low concentration. The numerous produced antibodies make the 

comprehensive screening of the plasma possible and may detect different protein 

variants (isoforms, post-translational modifications, etc.), followed by mass 

spectrometric protein identification. 

My doctoral thesis reports on the development of a method that aims to maintain the 

native state of proteins during the sample preparation phase, and then uses the 

workflow of monoclonal antibody proteomics–mass spectrometry for protein 

identification. 
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2. OBJECTIVES 

 

1. Generation of a comprehensive Analyte Library representing the human plasma 

proteome, using specific depletion, protein precipitation and chromatographic 

techniques, expecting hundreds of fractions, each containing of some 10-100 intact 

proteins, balancing the existing 11-12 order of magnitude differences, which make 

isolation and identification of proteins occurring at low concentrations extremely 

difficult. The goal of the work was to generate a human plasma proteome library 

serving as a depository of potential biomarkers, providing sufficient amount of 

analyte for immunoseparation-linked liquid chromatography-mass spectrometry-

based identification of medium- and low-abundant plasma proteins and their 

variants. 

2. Characterization of the Analyte Library and the determination of its applicability 

for monoclonal antibody proteomics-based antigen identification. Following the 

separation route of vitamin D-binding protein through the different levels of 

fractionation to study the possible – even discrete – accumulation of the protein in 

the less complex final fractions compared to the upstream (interim), more complex 

ones. Comparison of the distribution of seven plasma proteins with the expected 

distributions predicted based on physical, chemical and biochemical properties and 

data in the literature comprehensive screening of the Library with monoclonal 

antibodies specific for known antigens. 

3. The application of the Library fractions for monoclonal antibody proteomics-

based antigen identification with mAb-s of a complex antibody library developed for 

the global profiling of the human plasma proteome. 
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3. MATERIALS AND METHODS 

 

3.1. Analyte Library generation 

For the generation of the Analyte Library, 500 mL commercially available normal 

human plasma, collected from single healthy donors between the ages of 18 and 65, 

pooled by FDA regulations and tested for blood-borne viruses was used. 

First, the most abundant plasma component, human serum albumin (HSA) was 

depleted from 500 mL normal pooled human plasma by Blue Sepharose affinity 

chromatography. For the removal of HSA, twenty runs (each with 25 mL plasma) 

were applied, and the flowthroughs were collected for downstream fractionation. 

The albumin (with the associated proteins) was eluted from the column by 1 M KCl 

and after each run, and the column was regenerated by 8 M guanidine hydrochloride. 

The fractions (flowthrough, elution, and regeneration) obtained at this step were 

analyzed by SDS-PAGE and kept at -70°C until further processing. 

For the depletion of the immunoglobulins, thiophilic interaction chromatography 

was used. After each individual Blue Sepharose chromatography step, the albumin 

depleted flowthrough was mixed with Pierce Thiophilic Adsorbent and potassium 

sulphate (concentration: 0.5 M), and after an overnight stirring it was loaded into a 

preparative chromatography column and the flowthrough and the first two wash 

fractions were collected. The bound immunoglobulins were eluted by 50 mM 

sodium phosphate (pH 8.0) and the column was regenerated by 8 M guanidine 

hydrochloride. The fractions (flowthrough, elution, and regeneration) obtained at 

this step were analyzed by SDS-PAGE and kept at -70°C until the next separation 

step. 

The albumin and immunoglobulin-depleted plasma solution was concentrated by 

centrifugal filter devices (cut-off: 10 kDa) and buffer exchange to PBS (pH: 7.4) 

was performed by a 24 h dialysis at 4°C. The volume of one dialysed sample was 96 

mL (290-mL plasma solution was divided into three parts), while that of the external 

PBS solution was 2 L. 

For the pre-fractionation of the concentrated and dialyzed plasma ammonium 

sulphate precipitation was applied at four consecutive saturation levels of 35, 45, 
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65, and 75%. One salting out step was performed for a minimum of 1 h at 4°C. The 

protein precipitates were collected by centrifugation and redissolved in PBS (pH 

7.4). The fractions were analyzed by SDS-PAGE and kept at -70°C until further 

processing. 

Each PBS-solubilised precipitate was further fractionated by size exclusion 

chromatography (SEC, a.k.a. gel filtration) using Sephacryl S-200 media. One mL 

fractions were collected and analyzed by SDS-PAGE, the fractions with similar 

electrophoretic profiles were pooled and kept at -70°C. 

Prior to the subsequent step, the cation exchange chromatography, the PBS buffer of 

every pooled size exclusion chromatography fraction was changed to 50 mM 

phosphate buffer (pH 5.5) by Amicon Ultra centrifugal filter units. Each SEC 

fraction was separated using a strong cation exchange resin-filled column (HiTrap 

HP SP) and the flowthoughs were collected. The bound proteins were eluted by a 

linear (0-0.5 M) KCl gradient in 50 mM phosphate buffer (pH 5.5), 0.5-1 mL 

fractions were collected depending on the protein amount in the loaded samples. The 

fractions were analyzed by SDS-PAGE and kept at -70°C. 

Prior to anion exchange chromatography, the buffer of each cation exchange 

chromatography flowthrough was changed to 20 mM TRIS-HCl (pH 8.5) using 

Amicon Ultra centrifugal filter devices and were fractionated applying a strong 

anion exchange column (HiTrap HP Q). The bound proteins were eluted by a linear 

(0-0.5 M) KCl gradient in 20 mM Tris-HCl (pH 8.5) and 0.5-1 mL fractions were 

collected depending on the protein amount in the loaded samples. The collected 

fractions were analyzed by SDS-PAGE and kept at -70°C. 

The 20 most concentrated ion exchange chromatography fractions (>8.0 mg/mL) 

were further separated by hydrophobic interaction chromatography using a phenyl 

sepharose resin-filled column (HiTrap Phenyl Sepharose HP). For precipitates with 

45% ammonium sulphate saturation level, 1 M ammonium sulphate containing 

20 mM Tris-HCl buffer (pH 7.1) was applied, while for precipitates with 65 and 

75% ammonium sulphate saturation level, 2 M ammonium sulphate containing 

20 mM Tris-HCl buffer (pH 7.1) sample/starting buffer, respectively. The elution 

was performed by a descending ammonium sulphate gradient (100-0%) in 20 mM 
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Tris-HCl buffer (pH 7.1), and 1 mL fractions were collected. The fractions were 

analyzed by SDS-PAGE, and kept at -70°C. 

 

3.2. Fraction coding 

The reference codes for the chromatography fractions comprise the mark for the % 

ammonium sulphate saturation level (35, 45, 65, or 75), the number of the pooled 

gel filtration fraction (G1-G4), specify the cation (C) or anion exchange 

chromatography fractions (A) and, designate the hydrophobic interaction 

chromatography fractions (H). CF stands for cation-exchange chromatography 

flowthrough. Numbers after C, CF, A, and H represent the position of fractions in 

the collection tray. For example, 65%-G2-A19-H9 codes a sample obtained by 65% 

ammonium sulphate precipitation followed by gel filtration (fraction #2), anion 

exchange chromatography (fraction #19), and hydrophobic interaction 

chromatography (fraction #9). 

 

3.3. Characterization of the Analyte Library: dot blot and Western blot 

Depending on the concentration of the actual fractions of interest, a total amount of 

3 or 1 µg protein per fraction was spotted onto Protran BA 85 nitrocellulose 

membrane placed in a dot blot vacuum manifold designed for 96 samples and 

10 kPa vacuum was applied. The dried membrane was treated for 30 min with the 

blocking buffer of 0.5% polyvinylpyrrolidone in 0.05% Tween 20 containing PBS, 

following 1 h incubation with the relevant monoclonal antibody diluted to 1 µg/mL 

in the blocking buffer. The membrane was washed for 5*1 min in water, 5*1 min in 

the blocking buffer, and 5*1 min in PBS-T (0.05% Tween 20 containing PBS). Goat 

anti-mouse IgG-HRP, diluted 8000-fold in the blocking buffer, was used as 

secondary antibody. The membrane was incubated with the secondary antibody for 

1 h and washed for 5*1 min with PBS-T. Chemiluminescent signals were developed 

by the application of Pierce ECL Western Blotting Substrate and detected with Gel 

Logic 2200 PRO gel imaging system. An aliquot of 0.05 µg of the primary antibody 

was spotted on the membrane as a positive control for the reaction and the blocking 

buffer was used as a negative control. The increasing signal intensities were 
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evaluated by scores from 0.5 to 5.0; 0.5 was given to fractions with signal intensities 

barely distinguishable from the background, while score 5 meant a signal intensity 

that was comparable with that of the positive control (identical or higher). Fractions 

with scores above 3 were considered as useful for further examinations. Fractions 

with scores 1 or 2 were considered as unsuitable, although their signal intensities 

were distinguishable from the background, indicating antigen-antibody reaction, but 

it was presumed that these fractions may not contain enough proteins for the further 

analysis. 

In the case of the Western blot analyses, 2 µg protein per fraction was separated by 

SDS-PAGE and transferred onto nitrocellulose membrane and blotting was carried 

out for 1 hour by Mini Trans-Blot Cell blotting equipment. The same buffer was 

applied for the blocking (1 h), and the membrane was incubated at 4 ºC with 

5000-fold diluted primary monoclonal antibody containing blocking buffer. The 

membrane was washed as described earlier and incubated with 5000-fold diluted 

HRP conjugated goat anti-mouse IgG containing blocking buffer. The membrane 

was washed in PBS-T and the chemiluminescent signals were developed by the 

application of Pierce ECL Western Blotting Substrate and detected with Gel Logic 

2200 PRO gel imaging system. The membrane was stained with 0.05% Amido black 

(in 10% acetic acid) for 1 h at room temperature, washed 2*10 min with 5% acetic 

acid, and visualized with UVIPro Gold Gel Documentation System. 

 

3.4. Immunoprecipitation, SDS-PAGE and Western blot analysis of the eluates 

During the Analyte Library project, I was in cooperation with BioSystems 

International Kft. a biotechnology company located at the campus of the University 

of Debrecen. The company provided the monoclonal antibodies for the 

investigations and colleagues contributed to the preparation of Analyte Library 

fractions for the mass spectrometric analyses by immunopecipitation experiments 

(Invitrogen Dynabeads Protein G kit), SDS-PAGE and Western blot studies. The 

brief outline of the method is as follows: 

Immunoaffinity magnetic beads were prepared for each antibody selected during the 

dot blot screening, by mixing the antibody with protein G-coupled Dynabeads 
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followed by covalent cross-linking. The antigen was immunoprecipitated by mixing 

the beads with the fractions. The beads with bound antigens were washed and the 

antigen was eluted. The proteins in the eluates were separated by SDS-PAGE and 

the gels were subjected to Coomassie Blue staining. 

 

3.5. Antigen identification by mass spectrometry 

The in-gel trypsin digestion and follow-up mass spectrometric analysis were 

performed at the Laboratory of Proteomics Research at the Biological Research 

Centre of the Hungarian Academy of Sciences (Szeged, Hungary), using a Thermo 

LCQ Fleet three-dimensional ion trap coupled with Eldex nanoHPLC system. The 

“in-solution” mass spectrometric analyses of the specifically immunoprecipitated 

proteins were performed at the Institute of Structural Chemistry at the Chemical 

Research Center of the Hungarian Academy of Sciences (Budapest, Hungary). The 

samples were processed for mass spectrometric analysis using a Q-TOF Premier 

mass spectrometer coupled with a nanoflow Ultra HPLC system. 

 

3.6. Composition of the applied buffers and solutions  

SDS-PAGE running buffer: 25 mM TRIS, 192 mM glycine, 0.1% SDS, pH 8.6 

SDS-PAGE staining solution: 0.2% Brilliant Blue R, 7.5% acetic acid, 50% ethanol 

SDS-PAGE destain 1 solution: 10% acetic acid, 20% ethanol 

SDS-PAGE destain 2 solution: 10% acetic acid, 5% ethanol 

PBS: 3.8 mM sodium dihydrogen phosphate, 16.2 mM disodium hydrogen 

phosphate, 150 mM sodium chloride, pH 7.4 

Albumin depletion, elution buffer: 1 M KCl in PBS 

Albumin and immunoglobulin depletion, regeneration buffer: 8 M guanidine 

hydrochloride 

Immunoglobulin depletion, binding buffer: 0.5 M potassium sulphate 

Immunoglobulin depletion, elution buffer: 50 mM sodium phosphate, pH 8.0 

Ammonium sulphate: 35%, 45%, 65%, and 75% saturation 

Cation exchange chromatography, sample buffer: 50 mM phosphate buffer, pH 5.5 
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Cation exchange chromatography, elution buffer: 0-0.5 M KCl in 50 mM phosphate 

buffer, pH 5.5 

Anion exchange chromatography, sample buffer: 20 mM TRIS-HCl, pH 8.5 

Anion exchange chromatography, elution buffer: 0-0.5 M KCl in 20 mM TRIS-HCl, 

pH 8.5 

Hydrophobic interaction chromatography, sample and elution buffer: 1 and 2 M 

ammonium sulphate in 20 mM TRIS-HCl, pH 7.1 

Dot blot, Western blot, blocking buffer: 0.5% polyvinyl pirrolide and 0.05% Tween 

20 in PBS, pH 7.4 

Dot blot, Western blot, washing buffer: 0.05% Tween 20 in PBS, pH 7.4 

Western blot, blotting buffer: 25 mM TRIS, 192 mM glycine, 20% methanol 

Amido Black staining solution: 0.05% Amido Black, 10% acetic acid 
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4. RESULTS 

 

4.1. Analyte Library generation 

The Analyte Library generation was a multi-step plasma fractionation process 

applying specific depletion, protein precipitation and chromatographic methods. 

As the first step toward the generation of the comprehensive Analyte Library, the 

large human serum albumin content of 500 mL human plasma was depleted by Blue 

Sepharose chromatography. This affinity chromatography step resulted in (1) the 

albumin-depleted flowhtrough along with the (2) eluted albumin and (3) 

regeneration fractions. According to the SDS-PAGE analysis of the obtained 

fractions, the HSA content in the flowthrough significantly decreased. The elution 

step resulted in a fraction containing the majority of the depleted albumin and 

proteins showing affinity to Blue Sepharose. The regeneration eluate still contained 

some remaining HSA and other proteins not eluted by the 1 M KCl. 

After the albumin removal, immunoglobulin depletion was conducted by thiophilic 

interaction affinity chromatography. After this step, a large volume (~3.6 L) of 

albumin- and immunoglobulin depleted flowthrough was obtained for further 

separation. The bound immunoglobulins were eluted from the adsorbent beads and 

were collected for storage. The amount of immunoglobulins significantly decreased 

in the flowthrough and the proteins were detected in the eluate. 

Centrifugal concentration and dialysis of the albumin- and immunoglobulin 

depleted plasma solution were performed to remove K2SO4 and as a result of these 

operations, its total volume decreased to 335 mL. 

The albumin- and immunoglobulin depleted flowthrough was pre-fractionated by 

salting out with ammonium sulphate in four consecutive concentrations of 35, 45, 

65, and 75%. At lower ammonium sulphate concentrations (35, 45%), mostly the 

hydrophobic/less water-soluble proteins were salted out, while at higher ammonium 

sulphate concentrations (65, 75%), the less hydrophobic/more water-soluble proteins 

were precipitated. The supernatant of the 75% precipitation step did not contain 

detectable amount of proteins, thus this fraction was not used for further processing. 
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The next step of the fractionation process was the size exclusion chromatography 

(gel filtration) of the four ammonium sulphate precipitates. The fractions were 

analyzed by SDS-PAGE and the fractions with similar profile were pooled, i.e. 

similar number of bands of the same molecular weight range and their approximate 

amounts. This step generated 14 interim Analyte Library fractions: 3–3 from the 35 

and 45% ammonium sulphate precipitation steps, and 4–4 from the 65 and 75% 

ammonium sulphate precipitation steps, respectively. 

Every (14) size exclusion chromatography fraction was further separated by strong 

cation exchange chromatography (SCX). The flowthroughs containing the unbound 

proteins were collected and the bound ones were eluted by an ascending linear KCl 

gradient and 322 final Analyte Library fractions were obtained. 

Each (14) individual cation exchange chromatography flowthrough was fractionated 

by strong anion exchange chromatography (SAX). The bound proteins were eluted 

by an ascending linear KCl gradient and 316 final Analyte Library fractions were 

collected, whose SDS-PAGE analyses revealed higher complexity and less overlaps 

between neighbouring fractions than observed in the case of the SCX fractions. The 

flowthroughs did not contain any detectable amounts of proteins. 

The 20 most concentrated ion exchange chromatography fractions (>8.0 mg/mL) –

all anion exchange ones – were further separated by hydrophobic interaction 

chromatography (HIC) with a phenyl type stationary phase. The bound proteins 

were eluted by a descending ammonium sulphate gradient and 145 fractions were 

collected to have altogether 783 final Analyte Library fractions. The SDS-PAGE 

analysis of the fractions suggested that the separation of the more hydrophobic 

fractions (45% ammonium sulphate saturation level) resulted in better resolution 

than that of the rather hydrophilic ones (65 and 75% ammonium sulphate 

saturation). The flowthroughs did not contain any detectable amounts of proteins. 
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4.2. Characterization of the Analyte Library I: investigation of the separation 

route of vitamin D-binding protein  

To assess the applicability of the Analyte Library, as a representative example, the 

separation route of vitamin D-binding protein was followed through the different 

levels of fractionation by dot blot and Western blot assays. 

Altogether 46 fractions were selected from all levels of the separation process on the 

basis of their complexity (defined by SDS-PAGE) and protein concentrations. The 

selection included eight interim fractions from three early levels of the Library 

generation: the albumin- and immunoglobulin-depleted plasma, the four ammonium 

sulphate precipitates, three size exclusion chromatography fractions; and 38 from the 

higher fractionation levels: 14 cation exchange, 16 anion exchange and 8 

hydrophobic interaction chromatography fractions. 

A dot blot assay was conducted spotting the 46 Analyte Library fractions on the 

membrane (antigens), using vitamin D-binding protein (VDBP) specific monoclonal 

antibody for the reaction. The increasing chemiluminescent signal intensities were 

scored from 0.5 to 5.0. 

Out of eight interim fractions seven evolved signals with intensities between 1 and 

2, while out of the 38 final fractions only 19 contained the antigen – signal 

intensities varied between 0.5 and 1 –, mainly the ones derived from the 45 and 65% 

ammonium sulphate precipitates, suggesting that during the Library generation 

process the complexity of the fractions gradually decreased. The highest enrichment 

of VDBP – signal intensity reached 5.0 – was observed in the hydrophobic 

interaction chromatography fraction 65%-G3-A17-H10. 

The identity of VDBP in the fraction 65%-G3-A17-H10 was verified by Western 

blot. In addition, its neighbouring fractions and also the ones on its separation 

lineage were studied. The analysis revealed the enrichment of the antigen from the 

most complex fraction (plasma) to the less complex (hydrophobic interaction 

chromatography) final Analyte Library fractions. 
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4.3. Characterization of the Analyte Library II: hi gh-throughput screening of 

the Library  

The Analyte Library was further characterized with mAb-s specific for known 

antigens by means of a dot blot array system to study and compare the separation 

routes of plasma proteins by screening with their corresponding monoclonal 

antibodies. The selected plasma proteins – fibrinogen, vitamin D-binding protein, 

haptoglobin, complement component C9, alpha-2-macroglobulin, hemopexin, 

human serum albumin – were abundant ones to obtain intensive signals in favour of 

following their accumulation. Their known physical, chemical and biochemical 

traits were also of great importance in terms of comparing the observed distribution 

patterns to the expected ones. 

Out of the total 783 final Analyte Library fractions, 638 were used selected by 

concentration and complexity: 244 cation exchange, 273 anion exchange, and 121 

hydrophobic interaction chromatography fractions. The signal intensities were 

evaluated and fractions above 3 were considered as positives. 

In the case of fibrinogen, almost discrete accumulation of the protein was observed 

in cation exchange chromatography fractions of the 35% ammonium sulphate 

precipitation (35%-G1, the highest in molecular mass). 

In the case of vitamin D-binding protein, in addition to the HIC fractions described 

earlier, some positive signals were observed in anion exchange fractions of the 45, 

65 and 75% ammonium sulphate precipitates in every molecular weight range. 

In the case of haptoglobin, hemopexin and human serum albumin, ‘smear’-like 

distribution was experienced, the antigens performed positive signals in factions of 

different characteristics in terms of hydrophobicity/hydrophilicity, size and shape. 

Strong positive reactions with the alpha-2-macroglobulin specific mAb were 

observed mainly in fractions of the 35 and 45% ammonium sulphate precipitates in 

the higher molecular weight range and less strong in 45%-G2, 45%-G3 SAX and 

45%-G2 HIC ones. 

No positive final fractions were detected after screening the Analyte Library for the 

presence of complement component C9. As a result of the dot blot study on the 

interim fractions – HSA depleted plasma, KCl eluted HSA fraction, regeneration 
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fraction of the Blue Sepharose column, albumin and immunoglobulin depleted 

plasma and the first wash fraction of immunoglobulin depletion –, strong signals 

were experienced in the KCl eluate (albumin and other proteins, score 5) of the 

albumin depletion and less positive in the regeneration fraction (score 3). 

 

4.4. Monoclonal antibody proteomics-based antigen identification 

The monoclonal antibody proteomics-based identification was conducted as a multi-

stage process of (1) high-throughput dot blot array screening of the above mentioned 

638 fractions with the mix of selected monoclonal antibodies raised against protein 

mixtures in which the exact antigen was not known and (2) individual antibody 

screening of the most pronounced positive fractions of the mass screening stage, 

also with dot blot. Altogether 21 mAb-s were examined divided into mixes #1, #2 

and #3 of 6, 10 and 5 antibodies, respectively. In the case of mix #2, an intermediate 

screening step of three sub-mixes (3, 3 and 4 mAb-s) was performed prior to the 

individual screening step. 

Positive fractions were selected after reaction with individual antibodies on the basis 

of their complexity and concentration and they were then prepared for antigen 

identification in cooperation with BioSystems International Kft. The selected 

fractions were analyzed with Western blot to study the molecular weight of the 

protein reacted with the antibody. The fractions were subjected to 

immunoprecipitation and the eluate was examined by SDS-PAGE. After the 

evaluation of the results, the immunoprecipitated proteins were subjected to either 

in-gel or “in-solution” trypsin digestion and mass spectrometric analysis. The 

studies resulted in the cognate protein identification of eight monoclonal antibodies, 

which represents approximately 38% of the examined mAb-s: 

Bsi0051 – vitamin D-binding protein, Bsi0080 – alpha-1-antitrypsin, Bsi0099 – 

ceruloplasmin, Bsi0115 – alpha-2-antiplasmin, Bsi0142 – alpha-1-antichymotrypsin, 

Bsi0144 – alpha-1-antichymotrypsin, Bsi0177 – ceruloplasmin, Bsi1521 – 

transthyretin. 
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5. DISCUSSION 

 

5.1. Analyte Library generation 

A 783-fraction containing Analyte Library was generated a by comprehensive 

fractionation of the human plasma proteome. Multi-step fractionation was applied, 

which technique is usually used to enrich proteins of interest for downstream 

characterization. Different depletion – Blue Sepharose affinity chromatography and 

thiophilic interaction chromatography for the depletion of albumin and the 

immunoglobulins, respectively –, protein precipitation (salting out with ammonium 

sulphate) and chromatographic – size exclusion, cation exchange, anion exchange, 

hydrophilic interaction – techniques were used. The different separation steps were 

based on several physical, chemical and biochemical features (solubility, size, 

charge) of proteins in favour of obtaining fractions of various characteristics. All 

chromatography and precipitation steps were carefully designed aiming to maintain 

the native forms of the intact proteins throughout the fractionation process. In some 

instances, the results of the SDS-PAGE analyses of the fractions suggested overlaps 

between certain neighbouring fractions. However, the protein bands detected at 

apparently identical molecular masses could correspond to different proteins. 

Detection methods, which are more sensitive than Coomassie staining, could reveal 

minor proteins in even one or only a few fractions. As expected, gradual decrease in 

the complexities of the fractions was observed with the progression of the 

fractionation. Based on these results, the Analyte Library was considered as 

applicable for further studies. 

 

5.2. Characterization of the Analyte Library 

The characterization and the evaluation of the feasibility of the Analyte Library for 

mAb proteomics was carried out by two different methods. The separation route of 

vitamin D-binding protein (VDBP) was analyzed in 46 fractions derived from the 

different levels of the fractionation process by dot and Western blots using VDBP 

specific mAb-s. As a result of the dot blot studies, one fraction (65-G3-A17-H10) 

was found in which the antigen accumulated almost discretely. The Western blot 
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analysis of neighbouring and downstream interim fractions showed the gradual 

accumulation of the protein in the fractions of decreasing complexity. This 

confirmed the initial theory of the existence of final fractions with an almost discrete 

accumulation of a protein providing higher specificity for the protein identification 

process than that of more complex samples, such as whole plasma. 

The second step of the characterization was a high-throughput dot blot screening of 

the Library with mAb-s of known plasma components. The plasma proteins were 

abundant ones with known and specific physical, chemical and biochemical traits 

(hydrophobicity/hydrophilicity, size, shape, associative character) and were also 

potential biomarkers. 

The distribution of fibrinogen matched the expectations. Fibrinogen can be salted 

out with ammonium sulphate of lower concentration (22.5%), its molecular weight 

is 340 kDa thus, it accumulated in fractions deriving from the 35% ammonium 

sulphate precipitate and of the highest molecular weight (G1). It was detected only 

in the 35%-G1 cation exchange fractions, therefore its accumulation was considered 

almost unique. 

Vitamin D-binding protein (VDBP) performed almost distinct accumulation in 

fractions matching its molecular weight of 52-59 kDa (G3, G4 fractions). According 

to its known acting binding character, it could be observed in the medium (G2) size 

range, while due to its binding with very-low density lipoproteins (VLDL), it could 

be found in the highest molecular weight range (G1). VDBP has three polymorphic 

variants in humans. Differences in the structures of isoforms involved biochemical 

consequences and changes in the hydrophobic-hydrophilic character, solubility, thus 

they could accumulate in fractions of different physical, chemical and biochemical 

characteristics (fractions deriving from the 45, 65 and 75% ammonium sulphate 

precipitate). 

The ‘smear’-like distribution in the case of haptoglobin can be a result of its genetic 

polymorphism. In humans, three phenotypes of this protein exists and their 

molecular masses vary between 86 and 900 kDa. The differences in the structures of 

the three isoforms could explain its presence in all four ammonium sulphate 

precipitation levels, while the size differences influenced the size exclusion 
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chromatographic profiles. In addition, haptoglobin binds haemoglobin with great 

affinity. Molecular complexes could perform different characteristics than individual 

proteins, therefore they could accumulate in Library fractions of different traits. 

The study of complement component C9 revealed the possibility of binding to the 

albumin or immunoglobulin depleting media and/or albumin and consequently the 

lack of detectability of an antigen in the final Analyte Library fractions. Co-

depletion of non-albumin type proteins by the Blue Sepharose is a known fact 

discussed in several studies. The investigation of the initial fractions obtained during 

the depletion steps could make the identification of potential biomarkers that cannot 

be detected in the final fractions possible. 

As a result of the comprehensive screening with alpha-2-macroglobulin specific 

mAb, distribution of the antigen matched the expectations predicted based on its 

characteristics. As a globular protein, alpha-2-macroglobulin was assumably 

precipitated at lower ammonium sulfate concentrations, and as expected, it was 

represented mainly in the 35 or 45% ammonium sulfate precipitation fractions. As 

one of the largest plasma glycoproteins (molecular weight: 720 kDa) it mainly 

accumulated in the higher molecular weights size exclusion chromatography 

fractions (G1) as expected. Its presence in the lower molecular weight range could 

be the consequence of e.g. proteolysis or some other unknown phenomenon. 

Hemopexin is a 57 kDa glycoprotein which binds haem with the greatest affinity 

(dissociation constant <10-9 M), with equimolar stoichiometry. The size of the 

complex would not change to a great extent by the binding of one haem molecule, 

thus corresponding signals were observed in the 45%-G3 (lowest molecular weight) 

fraction suggesting the presence of individual hemopexin molecules or 

hemopexin/haem complexes. In certain proteins, e.g. matrix metalloproteinases 

(MMPs) there is a sequence called hemopexin domain, which can be homologous to 

hemopexin to various extents. It could be possible that the hemopexin specific 

monoclonal antibody recognized the homologous domains of MMPs and therefore 

reacted with the metalloproteinases of various sizes (e.g. positive signals in fractions 

45%-G1 and 45%-G2). 



19 
 

Human serum albumin is known to be associated with several proteins and also 

binds fatty acids, steroid hormones, vitamins, amino acids and metabolites. The 

phenomena that albumin existed in the Library bound to these molecules and caused 

the ‘smear’-like distribution of HSA – 28% of all fractions were considered as 

positive – should be taken into account. It is considered that some complexes formed 

by albumin were not depleted by Blue Sepharose chromatography. 

Different outcomes were experienced in terms of the distribution of the proteins, but 

the majority of the results was in accordance with the expected distributions and/or 

was explainable by data in the literature. Therefore, the Analyte Library was 

considered to be appropriate for monoclonal antibody proteomics-based antigen 

identification. 

 

5.3. Monoclonal antibody proteomics-based antigen identification 

The selection and preparation of the antigens for mAb proteomics-based antigen 

identification was conducted as a multi-step experiment. The Library was screened 

with mAb-s of unknown proteins by means of a dot blot array system. The fractions 

considered as positives were subjected to the workflow of Western blot, 

immunoprecipitation, SDS-PAGE and mass spectrometric analyses. Approximately 

half (8) of the antigens corresponding to the studied mAb-s were successfully 

determined; this can be considered as a very good ratio in terms of the utilization of 

the workflow in the future as a possible tool of biomarker research. 

 

5.4. Concluding remarks 

The results suggested that the method developed during my PhD work was 

applicable for monoclonal antibody proteomics-based antigen identification. By the 

multi-step fractionation of the human plasma (Analyte Library generation), a 

sufficient amount of fractions was obtained of much less complexity than plasma for 

the subsequent studies. The dot blot screening of the Library was fast, simple and 

high-throughput. The plasma proteins distributed in the Analyte Library fractions in 

accordance with their physical, chemical and biochemical features, which also 

confirmed the successfulness of the separation and the applicability of the Library 
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for antigen identification. The monoclonal antibody proteomics-based antigen 

identification was successful since the antigens corresponding to eight antibodies 

could be identified. These findings are encouraging with respect to the application of 

the workflow in biomarker or other protein identification studies. 
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6. SUMMARY 

 

Human plasma contains a wide concentration range of proteins (12 orders of 

magnitude) with diverse biological functions. Due to its high complexity, the 

characterization and identification of medium or low abundant proteins often 

represent a difficult and time-consuming task and require a large amount of sample. 

Monoclonal antibody proteomics uses a large number of monoclonal antibodies of 

unknown antigen specificity raised against complex biological samples. The antigen 

identification process includes the reaction of biological samples with antibodies, 

immunoprecipitation, SDS-PAGE analysis, Western blot validation and mass 

spectrometric identification. 

The aim of this work was to generate and characterize an Analyte Library that 

contained hundreds of fractions of native plasma proteins, and to use the Library for 

antigen identification in conjunction with mAb proteomics. First the albumin and 

immunoglobulins were depleted from 500 mL normal human plasma followed by 

pre-fractionation by ammonium sulphate precipitation steps. Each precipitate was 

then further fractionated by size exclusion chromatography, followed by cation and 

anion exchange chromatography and hydrophobic interaction chromatography. To 

demonstrate the characterization process of the Analyte Library, the separation route 

of vitamin D-binding protein was followed in all major fractionation levels by dot 

blot and Western blot. Comprehensive screening of the Library with seven mAbs of 

known abundant antigens of biomarker potential was also part of the study to reveal 

the distribution of these proteins. The identification of antigens corresponding to the 

mAb-s was conducted by the workflow of monoclonal antibody proteomics. 

A 783-fraction containing Analyte Library comprising of native protein fractions 

was generated. The individual fractions contained some 10 or 100 proteins. As a 

result of the characterization, the Library was considered as applicable for 

monoclonal antibody proteomics-based antigen identification; and the antigens 

corresponding to eight mAbs have been successfully identified. 

My studies demonstrated that the Analyte Library and the developed method was 

applicable for monoclonal antibody proteomics-based antigen identification, and 
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suggests the potential of the developed workflow in biomarker and protein 

identification research. 
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7. NEW RESULTS, FINDINGS AND THEIR SIGNIFICANCE 

1. Starting from 500 mL human plasma, a 783-fraction containing Analyte Library 

was generated by the multi-step fractionation of the human plasma proteome. 

Besides the overlaps between the closely related ones, the compositions of the 

Library fractions differed from each other in accordance with the applied 

specific depletion methods and the precipitation and chromatographic techniques 

based on the various physical, chemical and biochemical features of the proteins. 

All chromatography and precipitation steps were carefully designed aiming to 

maintain the native forms of the intact proteins throughout the fractionation 

process. 

2. By the characterization of the Analyte Library, it was considered as applicable 

for monoclonal antibody proteomics-based antigen identification. The 

accumulation route of vitamin D-binding protein was traced in the different 

levels of the fractionation process. Gradual decrease in the complexities of the 

fractions in parallel with the progression of the fractionation was experienced 

and final fractions were found in which the protein accumulated in almost 

exclusively. After the high-throughput screening of the Library with monoclonal 

antibodies specific for known plasma proteins, the distributions of the antigens 

matched the expectations based on physical, chemical, biochemical traits and 

literature data. 

3. The Analyte Library fractions were successfully utilized for monoclonal 

antibody proteomics-based antigen identification. By applying the workflow of 

dot blot, Western blot, immunoprecipitation and mass spectrometric analysis, the 

cognate antigens corresponding to eight monoclonal antibodies could be 

identified.  
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