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1. INTRODUCTION

In biomarker research, the study of the human pdagmoteome is of special
significance. Plasma accounts for approximately S6%he total blood volume, and
contains a wide concentration range of protein$ wliverse biological functions.
Due to its high complexity, the characterizationl #&hentification of medium or low
abundant proteins often represents a difficult ame-consuming task. The lower
the protein concentration in the plasma, the higheranalyte volumes it requires
for the analysis. In addition, labour-intensive anidne-consuming sample
preparation methods are needed before individuatems can be adequately
purified by various bioanalytical techniques, whistethods sometimes alter the
native state of the proteins. In addition to th#idlilties related to the extremely
wide concentration range, plasma and biomarker arebe deal with the
identification of protein isoforms and post-trantigiaal modifications, which may
cause slight but considerable changes in the fumai a protein.

The majority of the approaches addressing the stidye plasma proteome use
mass spectrometry for the identification of proteiof biomarker potential.
However, these technologies are not always suitableover the dynamic range
necessary for global proteome analysis, due toitsgtys reproducibility, and
throughput limitations.

Monoclonal antibody proteomics uses specific amtibs, which recognize most
proteins at low concentration. The numerous produeatibodies make the
comprehensive screening of the plasma possiblenzand detect different protein
variants (isoforms, post-translational modificapnetc.), followed by mass
spectrometric protein identification.

My doctoral thesis reports on the development wfeghod that aims to maintain the
native state of proteins during the sample prefmaraphase, and then uses the
workflow of monoclonal antibody proteomics—mass ctpametry for protein
identification.



2. OBJECTIVES

1. Generation of a comprehensive Analyte Libragresenting the human plasma
proteome, using specific depletion, protein preatwn and chromatographic
techniques, expecting hundreds of fractions, eactaiing of some 10-100 intact
proteins, balancing the existing 11-12 order of nitagle differences, which make
isolation and identification of proteins occurriagj low concentrations extremely
difficult. The goal of the work was to generate wan plasma proteome library
serving as a depository of potential biomarkergvisling sufficient amount of
analyte for immunoseparation-linked liquid chrongaphy-mass spectrometry-
based identification of medium- and low-abundanaspia proteins and their
variants.

2. Characterization of the Analyte Library and tfetermination of its applicability
for monoclonal antibody proteomics-based antigeentification. Following the
separation route of vitamin D-binding protein thgbuthe different levels of
fractionation to study the possible — even discreecumulation of the protein in
the less complex final fractions compared to thstrgam (interim), more complex
ones. Comparison of the distribution of seven pkagroteins with the expected
distributions predicted based on physical, chemacal biochemical properties and
data in the literature comprehensive screeninghef Itibrary with monoclonal
antibodies specific for known antigens.

3. The application of the Library fractions for nomtonal antibody proteomics-
based antigen identification with mAb-s of a compaatibody library developed for

the global profiling of the human plasma proteome.



3. MATERIALS AND METHODS

3.1. Analyte Library generation

For the generation of the Analyte Library, 500 mangnercially available normal
human plasma, collected from single healthy dobets/een the ages of 18 and 65,
pooled by FDA regulations and tested for blood-karinuses was used.

First, the most abundant plasma component, humamsalbumin (HSA) was
depleted from 500 mL normal pooled human plasmaBlme Sepharose affinity
chromatography For the removal of HSA, twenty runs (each withn2s plasma)
were applied, and the flowthroughs were collectedd downstream fractionation.
The albumin (with the associated proteins) wasedlditom the column by 1 M KCI
and after each run, and the column was regenebgt8dV guanidine hydrochloride.
The fractions (flowthrough, elution, and regenena}i obtained at this step were
analyzed by SDS-PAGE and kept at -70°C until furfitrecessing.

For the depletion of the immunoglobulintiophilic interaction chromatography
was used. After each individual Blue Sepharoserohtography step, the albumin
depleted flowthrough was mixed with Pierce ThiojghAdsorbent and potassium
sulphate (concentration: 0.5 M), and after an dgétnstirring it was loaded into a
preparative chromatography column and the flowtghoand the first two wash
fractions were collected. The bound immunoglobulimere eluted by 50 mM
sodium phosphate (pH 8.0) and the column was regeste by 8 M guanidine
hydrochloride. The fractions (flowthrough, elutioand regeneration) obtained at
this step were analyzed by SDS-PAGE and kept &G 1til the next separation
step.

The albumin and immunoglobulin-depleted plasma temiuwas concentratedoy
centrifugal filter devices (cut-off: 10 kDa) andffam exchange to PBS (pH: 7.4)
was performed by a 24dialysisat 4°C. The volume of one dialysed sample was 96
mL (290-mL plasma solution was divided into threetg), while that of the external
PBS solution was 2 L.

For the pre-fractionation of the concentrated amalyred plasmaammonium

sulphate precipitationrwas applied at four consecutive saturation lewéI85, 45,



65, and 75%. One salting out step was performed foinimum of 1 h at 4°C. The
protein precipitates were collected by centrifugatand redissolved in PBS (pH
7.4). The fractions were analyzed by SDS-PAGE aspt lat -70°C until further
processing.

Each PBS-solubilised precipitate was further fawied by size exclusion
chromatography(SEC, a.k.a. gel filtrationusing Sephacryl S-200 media. One mL
fractions were collected and analyzed by SDS-PAGGE, fractions with similar
electrophoretic profiles were pooled and kept 8f€7

Prior to the subsequent step, tation exchange chromatographiie PBS buffer of
every pooled size exclusion chromatography fractwas changed to 50 mM
phosphate buffer (pH 5.5) by Amicon Ultra centrdildilter units. Each SEC
fraction was separated using a strong cation exghaesin-filled column (HiTrap
HP SP) and the flowthoughs were collected. The dqumoteins were eluted by a
linear (0-0.5 M) KCI gradient in 50 mM phosphateffeu (pH 5.5), 0.5-1 mL
fractions were collected depending on the proteinunt in the loaded samples. The
fractions were analyzed by SDS-PAGE and kept £tG70

Prior to anion exchange chromatographthe buffer of each cation exchange
chromatography flowthrough was changed to 20 mM SFRCI (pH 8.5) using
Amicon Ultra centrifugal filter devices and wereadtionated applying a strong
anion exchange column (HiTrap HP Q). The boundgimstwere eluted by a linear
(0-0.5 M) KCI gradient in 20 mM Tris-HCI (pH 8.5nd 0.5-1 mL fractions were
collected depending on the protein amount in tredéal samples. The collected
fractions were analyzed by SDS-PAGE and kept £&tG70

The 20 most concentrated ion exchange chromatogrégplations (>8.0 mg/mL)
were further separated lydrophobic interaction chromatographysing a phenyl
sepharose resin-filled column (HiTrap Phenyl SepsarHP). For precipitates with
45% ammonium sulphate saturation level, 1 M ammungulphate containing
20 mM Tris-HCI buffer (pH 7.1) was applied, whilerfprecipitates with 65 and
75% ammonium sulphate saturation level, 2 M ammuonsulphate containing
20 mM Tris-HCI buffer (pH 7.1) sample/starting terif respectively. The elution
was performed by a descending ammonium sulphatiiegna(100-0%) in 20 mM



Tris-HCI buffer (pH 7.1), and 1 mL fractions werellected. The fractions were
analyzed by SDS-PAGE, and kept at -70°C.

3.2. Fraction coding

The reference codes for the chromatography frastammprise the mark for the %
ammonium sulphate saturation level (35, 45, 657%); the number of the pooled
gel filtration fraction (G1-G4), specify the catiofC) or anion exchange
chromatography fractions (A) and, designate the rdpldobic interaction
chromatography fractions (H). CF stands for cat@anhange chromatography
flowthrough. Numbers after C, CF, A, and H reprégbe position of fractions in
the collection tray. For example, 65%-G2-A19-H9 e®é sample obtained by 65%
ammonium sulphate precipitation followed by getrdition (fraction #2), anion
exchange chromatography (fraction #19), and hydsbjgh interaction
chromatography (fraction #9).

3.3. Characterization of the Analyte Library: dot blot and Western blot
Depending on the concentration of the actual foastiof interest, a total amount of
3 or 1 pg protein per fraction was spotted ontotrBro BA 85 nitrocellulose
membrane placed in dot blot vacuum manifold designed for 96 samples and
10 kPa vacuum was applied. The dried membrane rgatetl for 30 min with the
blocking buffer of 0.5% polyvinylpyrrolidone in (@ Tween 20 containing PBS,
following 1 h incubation with the relevant monodidrantibody diluted to 1 pg/mL
in the blocking buffer. The membrane was washedfarmin in water, 5*1 min in
the blocking buffer, and 5*1 min in PBS-T (0.05%&em 20 containing PBS). Goat
anti-mouse 1gG-HRP, diluted 8000-fold in the blaogki buffer, was used as
secondary antibody. The membrane was incubatedthétsecondary antibody for
1 h and washed for 5*1 min with PBS-T. Chemilumuesg signals were developed
by the application of Pierce ECL Western BlottingbStrate and detected with Gel
Logic 2200 PRO gel imaging system. An aliquot @fug of the primary antibody
was spotted on the membrane as a positive comtrahé reaction and the blocking

buffer was used as a negative control. The inangasignal intensities were



evaluated by scores from 0.5 to 5.0; 0.5 was giedractions with signal intensities
barely distinguishable from the background, whitere 5 meant a signal intensity
that was comparable with that of the positive aanfidentical or higher). Fractions
with scores above 3 were considered as usefulufthdr examinations. Fractions
with scores 1 or 2 were considered as unsuitaftleolagh their signal intensities
were distinguishable from the background, indiga@mtigen-antibody reaction, but
it was presumed that these fractions may not coradugh proteins for the further
analysis.

In the case of th@Vestern blotanalyses, 2 g protein per fraction was sepatayed
SDS-PAGE and transferred onto nitrocellulose memrand blotting was carried
out for 1 hour by Mini Trans-Blot Cell blotting egument. The same buffer was
applied for the blocking (1 h), and the membranes wacubated at 4 °C with
5000-fold diluted primary monoclonal antibody cantag blocking buffer. The
membrane was washed as described earlier and tecukdth 5000-fold diluted
HRP conjugated goat anti-mouse IgG containing bfarlbuffer. The membrane
was washed in PBS-T and the chemiluminescent sigware developed by the
application of Pierce ECL Western Blotting Sub&trahd detected with Gel Logic
2200 PRO gel imaging system. The membrane wasestaiith 0.05% Amido black
(in 10% acetic acid) for 1 h at room temperaturastred 2*10 min with 5% acetic
acid, and visualized with UVIPro Gold Gel Documeimta System.

3.4. Immunoprecipitation, SDS-PAGE and Western blotinalysis of the eluates
During the Analyte Library project, | was in coopgon with BioSystems
International Kft. a biotechnology company locatégédhe campus of the University
of Debrecen. The company provided the monoclonatibadies for the
investigations and colleagues contributed to thepgration of Analyte Library
fractions for the mass spectrometric analyses hyunopecipitation experiments
(Invitrogen Dynabeads Protein G kit), SDS-PAGE aMdstern blot studies. The
brief outline of the method is as follows:

Immunoaffinity magnetic beads were prepared foheattibody selected during the

dot blot screening, by mixing the antibody with f@io G-coupled Dynabeads



followed by covalent cross-linking. The antigen vimsnunoprecipitated by mixing
the beads with the fractions. The beads with boamibens were washed and the
antigen was eluted. The proteins in the eluate® weparated 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 cipEmetric analysis were
performed at the Laboratory of Proteomics Reseatcthe Biological Research
Centre of the Hungarian Academy of Sciences (Szedgadgary), using a Thermo
LCQ Fleet three-dimensional ion trap coupled witde nanoHPLC system. The
“in-solution” mass spectrometric analyses of thec#irally immunoprecipitated
proteins were performed at the Institute of Strradt@Chemistry at the Chemical
Research Center of the Hungarian Academy of Scie(®edapest, Hungary). The
samples were processed for mass spectrometricsialging a Q-TOF Premier

mass spectrometer coupled with a nanoflow Ultra EIRLstem.

3.6. Composition of the applied buffers and soluties

SDS-PAGE running buffe25 mM TRIS, 192 mM glycine, 0.1% SDS, pH 8.6
SDS-PAGE staining solutioB:2% Brilliant Blue R, 7.5% acetic acid, 50% etblan
SDS-PAGE destain 1 solutiohd% acetic acid, 20% ethanol

SDS-PAGE destain 2 solutioh®% acetic acid, 5% ethanol

PBS: 3.8 mM sodium dihydrogen phosphate, 16.2 mM disodihydrogen
phosphate, 150 mM sodium chloride, pH 7.4

Albumin depletion, elution buffet: M KCI in PBS

Albumin and immunoglobulin depletion, regeneratiboffer: 8 M guanidine
hydrochloride

Immunoglobulin depletion, binding buffé:5 M potassium sulphate
Immunoglobulin depletion, elution buffé&d® mM sodium phosphate, pH 8.0
Ammonium sulphat&5%, 45%, 65%, and 75% saturation

Cation exchange chromatography, sample burmM phosphate buffer, pH 5.5



Cation exchange chromatography, elution buffe0.5 M KCI in 50 mM phosphate
buffer, pH 5.5

Anion exchange chromatography, sample buférmM TRIS-HCI, pH 8.5

Anion exchange chromatography, elution buftef.5 M KCl in 20 mM TRIS-HCI,
pH 8.5

Hydrophobic interaction chromatography, sample adtion buffer:1 and 2 M
ammonium sulphate in 20 mM TRIS-HCI, pH 7.1

Dot blot, Western blot, blocking buffed:5% polyvinyl pirrolide and 0.05% Tween
20in PBS,pH 7.4

Dot blot, Western blot, washing buffé&.05% Tween 20 in PBS, pH 7.4

Western blot, blotting buffe25 mM TRIS, 192 mM glycine, 20% methanol
Amido Black staining solutior2.05% Amido Black, 10% acetic acid
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4. RESULTS

4.1. Analyte Library generation

The Analyte Library generation was a multi-stepspia fractionation process
applying specific depletion, protein precipitatiamnd chromatographic methods.

As the first step toward the generation of the c@hpnsive Analyte Library, the
large human serum albumin cont@ft500 mL human plasma wadspletecby Blue
Sepharose chromatography. This affinity chromatolgyastep resulted in (1) the
albumin-depleted flowhtrough along with the (2) tetlh albumin and (3)
regeneration fractions. According to the SDS-PAGHalgsis of the obtained
fractions, the HSA content in the flowthrough sfgrEintly decreased. The elution
step resulted in a fraction containing the majoofythe depleted albumin and
proteins showing affinity to Blue Sepharose. Thgereeration eluate still contained
some remaining HSA and other proteins not elutethbyl M KCI.

After the albumin removaimmunoglobulin depletiomwas conducted by thiophilic
interaction affinity chromatography. After this gtea large volume (~3.6 L) of
albumin- and immunoglobulin depleted flowthrough swabtained for further
separation. The bound immunoglobulins were elutethfthe adsorbent beads and
were collected for storage. The amount of immuniaglios significantly decreased
in the flowthrough and the proteins were detectetthé eluate.

Centrifugal concentration and dialysisf the albumin- and immunoglobulin
depleted plasma solution were performed to remoy®0fand as a result of these
operations, its total volume decreased to 335 mL.

The albumin- and immunoglobulin depleted flowthrbugas pre-fractionatedby
salting out with ammonium sulphaite four consecutive concentrations of 35, 45,
65, and 75%. At lower ammonium sulphate concemtnati(35, 45%), mostly the
hydrophobic/less water-soluble proteins were sadtgt while at higher ammonium
sulphate concentrations (65, 75%), the less hyaoigfmore water-soluble proteins
were precipitated. The supernatant of the 75% pitation step did not contain

detectable amount of proteins, thus this fractias wot used for further processing.
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The next step of the fractionation process wassthe exclusion chromatography
(gel filtration) of the four ammonium sulphate precipitates. Trectfons were
analyzed by SDS-PAGE and the fractions with simpeofile were pooled, i.e.
similar number of bands of the same molecular weighge and their approximate
amounts. This step generated 14 interim Analytedripfractions: 3-3 from the 35
and 45% ammonium sulphate precipitation steps, &t from the 65 and 75%
ammonium sulphate precipitation steps, respectively

Every (14) size exclusion chromatography fracticasviurther separated Isyrong
cation exchange chromatography (SCXhe flowthroughs containing the unbound
proteins were collected and the bound ones wetecthy an ascending linear KClI
gradient and 322 final Analyte Library fractionsre/@btained.

Each (14) individual cation exchange chromatografdwthrough was fractionated
by strong anion exchange chromatography (SAX)e bound proteins were eluted
by an ascending linear KCI gradient and 316 finahlite Library fractions were
collected, whose SDS-PAGE analyses revealed highraplexity and less overlaps
between neighbouring fractions than observed ircise of the SCX fractions. The
flowthroughs did not contain any detectable amoohtsroteins.

The 20 most concentrated ion exchange chromatogrizpbtions (>8.0 mg/mL) —
all anion exchange ones — were further separatechylmyophobic interaction
chromatography (HIC)with a phenyl type stationary phase. The boundepis
were eluted by a descending ammonium sulphate egradind 145 fractions were
collected to have altogether 783 final Analyte hityr fractions. The SDS-PAGE
analysis of the fractions suggested that the s@paraf the more hydrophobic
fractions (45% ammonium sulphate saturation levedulted in better resolution
than that of the rather hydrophilic ones (65 and%7ammonium sulphate
saturation). The flowthroughs did not contain aejedtable 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 Libraag, a representative example, the
separation route of vitamin D-binding protein wadldwed through the different
levels of fractionation by dot blot and Westerntlassays.

Altogether 46 fractions were selected from all Iswaf the separation process on the
basis of their complexity (defined by SDS-PAGE) anrdtein concentrations. The
selection included eight interim fractions fromaarearly levels of the Library
generation: the albumin- and immunoglobulin-deglgiasma, the four ammonium
sulphate precipitates, three size exclusion chrognaphy fractions; and 38 from the
higher fractionation levels: 14 cation exchange, d®ion exchange and 8
hydrophobic interaction chromatography fractions.

A dot blot assaywas conducted spotting the 46 Analyte Library tiats on the
membrane (antigens), using vitamin D-binding pro{®DBP) specific monoclonal
antibody for the reaction. The increasing chemilascent signal intensities were
scored from 0.5 to 5.0.

Out of eight interim fractions seven evolved signaith intensities between 1 and
2, while out of the 38 final fractions only 19 caimed the antigen — signal
intensities varied between 0.5 and 1 —, mainlyathes derived from the 45 and 65%
ammonium sulphate precipitates, suggesting thaingluthe Library generation
process the complexity of the fractions graduaéigrdased. The highest enrichment
of VDBP - signal intensity reached 5.0 — was obsgénin the hydrophobic
interaction chromatography fraction 65%-G3-A17-H10.

The identity of VDBP in the fraction 65%-G3-A17-Hl@as verified byWestern
blot. In addition, its neighbouring fractions and akk® ones on its separation
lineage were studied. The analysis revealed thielanent of the antigen from the
most complex fraction (plasma) to the less comp(eydrophobic 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 withAb-s specific for known
antigens by means ofdot blot array systento study and compare the separation
routes of plasma proteins by screening with therresponding monoclonal
antibodies. The selected plasma proteins — fibenpgitamin D-binding protein,
haptoglobin, complement component C9, alpha-2-nggaboilin, hemopexin,
human serum albumin — were abundant ones to ointi@nsive signals in favour of
following their accumulation. Their known physicalhemical and biochemical
traits were also of great importance in terms ohparing the observed distribution
patterns to the expected ones.

Out of the total 783 final Analyte Library fractisn638 were used selected by
concentration and complexity: 244 cation exchar®J& anion exchange, and 121
hydrophobic interaction chromatography fractiondieTsignal intensities were
evaluated and fractions above 3 were considerpdsitives.

In the case ofibrinogen almost discrete accumulation of the protein waseoved
in cation exchange chromatography fractions of 886 ammonium sulphate
precipitation (35%-G1, the highest in molecular s)as

In the case ofitamin D-binding proteinin addition to the HIC fractions described
earlier, some positive signals were observed inraexchange fractions of the 45,
65 and 75% ammonium sulphate precipitates in ewergcular weight range.

In the case ohaptoglobin hemopexinand human serum albumjn'smear’-like
distribution was experienced, the antigens perfdrpesitive signals in factions of
different characteristics in terms of hydropholyitiyydrophilicity, size and shape.
Strong positive reactions with thelpha-2-macroglobulinspecific mAb were
observed mainly in fractions of the 35 and 45% amiono sulphate precipitates in
the higher molecular weight range and less strong5%-G2, 45%-G3 SAX and
45%-G2 HIC ones.

No positive final fractions were detected afteresting the Analyte Library for the
presence otomplement component C8s a result of the dot blot study on the

interim fractions — HSA depleted plasma, KCI elutd8A fraction, regeneration
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fraction of the Blue Sepharose column, albumin @mdunoglobulin depleted
plasma and the first wash fraction of immunoglobuiepletion —, strong signals
were experienced in the KCI eluate (albumin anceogroteins, score 5) of the

albumin depletion and less positive in the regetf@rdraction (score 3).

4.4. Monoclonal antibody proteomics-based antigeméntification

Themonoclonal antibody proteomics-based identificatimas conducted as a multi-
stage process of (1) high-throughput dot blot as@agening of the above mentioned
638 fractions with the mix of selected monoclonatitzodies raised against protein
mixtures in which the exact antigen was not knowd &2) individual antibody
screening of the most pronounced positive fractiohthe mass screening stage,
also with dot blot. Altogether 21 mAb-s were exaadrdivided into mixes #1, #2
and #3 of 6, 10 and 5 antibodies, respectivelyhéncase of mix #2, an intermediate
screening step of three sub-mixes (3, 3 and 4 mAbas performed prior to the
individual screening step.

Positive fractions were selected after reactiom witlividual antibodies on the basis
of their complexity and concentration and they wéren prepared for antigen
identification in cooperation with BioSystems Imtational Kft. The selected
fractions were analyzed with Western blot to sttldg molecular weight of the
protein reacted with the antibody. The fractions revesubjected to
immunoprecipitation and the eluate was examined SDS-PAGE. After the
evaluation of the results, the immunoprecipitatestgins were subjected to either
in-gel or “in-solution” trypsin digestion and maspectrometric analysis. The
studies resulted in the cognate protein identificabf eight monoclonal antibodies,
which represents approximately 38% of the exammad-s:

Bsi0051 — vitamin D-binding protein, Bsi0080 — adph-antitrypsin, Bsi0099 —
ceruloplasmin, Bsi0115 — alpha-2-antiplasmin, BB alpha-1-antichymotrypsin,
Bsi0144 - alpha-1-antichymotrypsin, Bsi0177 - agpldsmin, Bsil521 -

transthyretin.
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5. DISCUSSION

5.1. Analyte Library generation

A 783-fraction containing Analyte Library was geamied a by comprehensive
fractionation of the human plasma proteome. Muépsfractionation was applied,
which technique is usually used to enrich protedfisinterest for downstream
characterization. Different depletion — Blue Seplaraffinity chromatography and
thiophilic interaction chromatography for the dejue of albumin and the
immunoglobulins, respectively —, protein precipdat(salting out with ammonium
sulphate) and chromatographic — size exclusiongrtaxchange, anion exchange,
hydrophilic interaction — techniques were used. @tiferent separation steps were
based on several physical, chemical and biochenfeatures (solubility, size,
charge) of proteins in favour of obtaining fractoaof various characteristics. All
chromatography and precipitation steps were cdyefidsigned aiming to maintain
the native forms of the intact proteins throughihigt fractionation process. In some
instances, the results of the SDS-PAGE analys#isedfractions suggested overlaps
between certain neighbouring fractions. Howeveg protein bands detected at
apparently identical molecular masses could coomdpto different proteins.
Detection methods, which are more sensitive thaon@ssie staining, could reveal
minor proteins in even one or only a few fractioAs.expected, gradual decrease in
the complexities of the fractions was observed witle progression of the
fractionation. Based on these results, the Anabyterary was considered as
applicable for further studies.

5.2. Characterization of the Analyte Library

The characterization and the evaluation of theilidag of the Analyte Library for
mAb proteomics was carried out by two different inoels. The separation route of
vitamin D-binding protein (VDBP) was analyzed in #téctions derived from the
different levels of the fractionation process by dod Western blots using VDBP
specific mAb-s. As a result of the dot blot studiese fraction (65-G3-A17-H10)
was found in which the antigen accumulated almdstretely. The Western blot
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analysis of neighbouring and downstream interinttfoms showed the gradual
accumulation of the protein in the fractions of mesing complexity. This
confirmed the initial theory of the existence afdi fractions with an almost discrete
accumulation of a protein providing higher spediidor the protein identification
process than that of more complex samples, suelhale plasma.

The second step of the characterization was a thiglughput dot blot screening of
the Library with mAb-s of known plasma componerithe plasma proteins were
abundant ones with known and specific physicaljribal and biochemical traits
(hydrophobicity/hydrophilicity, size, shape, asstigie character) and were also
potential biomarkers.

The distribution offibrinogen matched the expectatianBibrinogen can be salted
out with ammonium sulphate of lower concentratig@.5%), its molecular weight
is 340 kDa thus, it accumulated in fractions degvifrom the 35% ammonium
sulphate precipitate and of the highest moleculeight (G1). It was detected only
in the 35%-G1 cation exchange fractions, thereffisraccumulation was considered
almost unique.

Vitamin D-binding protein (VDBP)erformed almost distinct accumulation in
fractions matching its molecular weight of 52-59&k{@3, G4 fractions). According
to its known acting binding character, it coulddiiserved in the medium (G2) size
range, while due to its binding with very-low degdipoproteins (VLDL), it could
be found in the highest molecular weight range (#DBP has three polymorphic
variants in humans. Differences in the structuresaforms involved biochemical
consequences and changes in the hydrophobic-hyiticogitiaracter, solubility, thus
they could accumulate in fractions of different giegl, chemical and biochemical
characteristics (fractions deriving from the 45, &% 75% ammonium sulphate
precipitate).

The ‘smear’-like distribution in the case lediptoglobincan be a result of its genetic
polymorphism. In humans, three phenotypes of thistgin exists and their
molecular masses vary between 86 and 900 kDa. ifleeetices in the structures of
the three isoforms could explain its presence infalr ammonium sulphate

precipitation levels, while the size differencedluanced the size exclusion
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chromatographic profiles. In addition, haptogloltimds haemoglobin with great
affinity. Molecular complexes could perform diffatecharacteristics than individual
proteins, therefore they could accumulate in Lipfeactions of different traits.

The study ofcomplement component €8vealed the possibility of binding to the
albumin or immunoglobulin depleting media and/dsuahin and consequently the
lack of detectability of an antigen in the final #yte Library fractions. Co-
depletion of non-albumin type proteins by the Blepharose is a known fact
discussed in several studies. The investigatichefnitial fractions obtained during
the depletion steps could make the identificatibpatential biomarkers that cannot
be detected in the final fractions possible.

As a result of the comprehensive screening \aittha-2-macroglobulinspecific
mADb, distribution of the antigen matched the expgons predicted based on its
characteristics. As a globular protein, alpha-2#wglobulin was assumably
precipitated at lower ammonium sulfate concentratioand as expected, it was
represented mainly in the 35 or 45% ammonium silfaecipitation fractions. As
one of the largest plasma glycoproteins (molecwaight: 720 kDa) it mainly
accumulated in the higher molecular weights sizelusion chromatography
fractions (G1) as expected. Its presence in thelawolecular weight range could
be the consequence of e.g. proteolysis or some ottk@own phenomenon.
Hemopexinis a 57 kDa glycoprotein which binds haem with greatest affinity
(dissociation constant <fOM), with equimolar stoichiometry. The size of the
complex would not change to a great extent by thdibhg of one haem molecule,
thus corresponding signals were observed in the-@3%lowest molecular weight)
fraction suggesting the presence of individual heexin molecules or
hemopexin/fhaem complexes. In certain proteins, mgtrix metalloproteinases
(MMPs) there is a sequence called hemopexin domdiith can be homologous to
hemopexin to various extents. It could be possibkg the hemopexin specific
monoclonal antibody recognized the homologous dosmaf MMPs and therefore
reacted with the metalloproteinases of variousssfeeg. positive signals in fractions
45%-G1 and 45%-G2).
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Human serum albumiis known to be associated with several proteind also
binds fatty acids, steroid hormones, vitamins, amatids and metabolites. The
phenomena that albumin existed in the Library batanthese molecules and caused
the ‘smear’-like distribution of HSA — 28% of alfactions were considered as
positive — should be taken into account. It is @dered that some complexes formed
by albumin were not depleted by Blue Sepharosenchtagraphy.

Different outcomes were experienced in terms ofdis&ibution of the proteins, but
the majority of the results was in accordance \lith expected distributions and/or
was explainable by data in the literature. Themfahe Analyte Library was
considered to be appropriate for monoclonal antibptbteomics-based antigen

identification.

5.3.Monoclonal antibody proteomics-based antigen iderfication

The selection and preparation of the antigens féb rproteomics-based antigen
identification was conducted as a multi-step experit. The Library was screened
with mAb-s of unknown proteins by means of a dat lairray system. The fractions
considered as positives were subjected to the weovkfof Western blot,
immunoprecipitation, SDS-PAGE and mass spectromatralyses. Approximately
half (8) of the antigens corresponding to the stddmAb-s were successfully
determined; this can be considered as a very gatialin terms of the utilization of

the workflow in the future as a possible tool afrharker research.

5.4. Concluding remarks

The results suggested that the method developethgdumy PhD work was

applicable for monoclonal antibody proteomics-baaetigen identification. By the

multi-step fractionation of the human plasma (Atel\Library generation), a
sufficient amount of fractions was obtained of migts complexity than plasma for
the subsequent studies. The dot blot screeningeotibrary was fast, simple and
high-throughput. The plasma proteins distributethim Analyte Library fractions in

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

confirmed the successfulness of the separationtlamapplicability of the Library
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for antigen identification. The monoclonal antibogyoteomics-based antigen
identification was successful since the antigensesponding to eight antibodies
could be identified. These findings are encouragiith respect to the application of
the workflow in biomarker or other protein identdtion studies.

20



6. SUMMARY

Human plasma contains a wide concentration rang@rofeins (12 orders of

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

characterization and identification of medium omwl@bundant proteins often
represent a difficult and time-consuming task aqglire a large amount of sample.
Monoclonal antibody proteomics uses a large nunatbenonoclonal antibodies of

unknown antigen specificity raised against comiiedogical samples. The antigen
identification process includes the reaction ofldgécal samples with antibodies,
immunoprecipitation, SDS-PAGE analysis, Westernt blalidation and mass

spectrometric identification.

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

contained hundreds of fractions of native plasnmgims, and to use the Library for
antigen identification in conjunction with mAb peatmics. First the albumin and
immunoglobulins were depleted from 500 mL normamhan plasma followed by

pre-fractionation by ammonium sulphate precipitatgieps. Each precipitate was
then further fractionated by size exclusion chragedphy, followed by cation and
anion exchange chromatography and hydrophobicdatien chromatography. To

demonstrate the characterization process of théyfenhibrary, the separation route
of vitamin D-binding protein was followed in all ijoa fractionation levels by dot

blot and Western blot. Comprehensive screenin@@iibrary with seven mAbs of

known abundant antigens of biomarker potential alas part of the study to reveal
the distribution of these proteins. The identificatof antigens corresponding to the
mADb-s was conducted by the workflow of monoclonaitzody proteomics.

A 783-fraction containing Analyte Library comprigirof native protein fractions

was generated. The individual fractions containeshes 10 or 100 proteins. As a
result of the characterization, the Library was sidered as applicable for
monoclonal antibody proteomics-based antigen ifleation; and the antigens

corresponding to eight mAbs have been successétldhtified.

My studies demonstrated that the Analyte Librarg #me developed method was
applicable for monoclonal antibody proteomics-basedigen identification, and
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suggests the potential of the developed workflow bimmarker and protein

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

1. Starting from 500 mL human plasma, a 783-fractiontaining Analyte Library
was generated by the multi-step fractionation &f fltuman plasma proteome.
Besides the overlaps between the closely related,ahe compositions of the
Library fractions differed from each other in aatamce with the applied
specific depletion methods and the precipitatioth @momatographic techniques
based on the various physical, chemical and biotdafeatures of the proteins.
All chromatography and precipitation steps wereefidly designed aiming to
maintain the native forms of the intact proteinsotighout the fractionation
process.

2. By the characterization of the Analyte Librarywias considered as applicable
for monoclonal antibody proteomics-based antigerentification. The
accumulation route of vitamin D-binding protein waaced in the different
levels of the fractionation process. Gradual desgea the complexities of the
fractions in parallel with the progression of thiactionation was experienced
and final fractions were found in which the proteincumulated in almost
exclusively. After the high-throughput screeningloé Library with monoclonal
antibodies specific for known plasma proteins, distributions of the antigens
matched the expectations based on physical, chenhiceehemical traits and
literature data.

3. The Analyte Library fractions were successfullyliéid for monoclonal
antibody proteomics-based antigen identificatiop.applying the workflow of
dot blot, Western blot, immunoprecipitation and sxsigectrometric analysis, the
cognate antigens corresponding to eight monoclangibodies could be
identified.
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