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1. Introduction

The bacterial species (almost all) can be diffea¢ed into two groups, called Gram-
positive and Gram-negative based on their cell-ws#ilicture (Figure 1). Endotoxins are
important virulence factors synthesized by Gramatigg bacteria only. These
microorganisms are naturally found in our normalestinal flora, as well as in the
environment, including the human pathogens sudisaserichia coli Salmonella Shigella
Pseudomonad\eisseria Haemophilus, etcEndotoxins gained their name from the Greek
word endomeaning inner, as they represent the integral constituentshefGram-negative
bacterial outer membrane.
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Figure 1. Schematic of a) Gram-positive and b) Gram-negativeell-wall arrangement.

1.1. Chemical construction of endotoxins

Chemically, endotoxins are a mixture of lipopolydzaride (LPS) molecules. The basic
structure ofsmooth(Stype) intact endotoxins consists of a hydropholpa|part termed
“Lipid A”, covalently attached to a hydrophilic palaccharide part composed of a “core”
region and a long “O-polysaccharide” chain (FigRyeThe Lipid A part is integrated into the
cell-wall and the polysaccharide part extends otdvilom the bacterial cell surface. fough
mutant strains the O-specific chain is missing sunch endotoxins are termed R-form LPS or
lipooligosaccharides (LOS). All regions of LPS d&p heterogeneity (intrastrain
differences). Thus,Stype endotoxins normally consist of populations wiolecular
components with different length in the O-polysauate chain, including components
without the O-chain, and with incomplete core aigocharide. The structure of LPSs varies
widely between bacterial strains (interstrain défeces). For that reason, endotoxins can be
used for serological classification of bacteria. SLRpreparations can be obtained by

O-polysaccharide simple procedures, like extraction, washing and
&l purification. The molecular mass of endotoxin

S &) monomers are in the range of 2-20 kDa. The
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1.2. Biological definition of endotoxins

When bacteria grow or lyse, endotoxins are set ifree their surroundings. The O-side
chains are primary targets of the immune receminrmacrophages and the epithelial cells in
humans. The presence of higher than 1 EU (endotaxiin= 0.1 ng endotoxin)/kg of body
weight in the bloodstream is highly toxic, calleadetoxemia. The toxicity is related to the
Lipid A moiety of LPS. The resulting pathophysioicj reactions are high fever,
hypotension, intravascular coagulation, endotoxiack and even death by lung or kidney
failure, as regularly observed during Gram-negakhigeterial sepsis. In addition, endotoxins
are very heat stable molecules (the standard ladrgrautoclaving procedures cannot break
down these substances) therefore, it is obligatorgcreen endotoxin levels in parenteral
solutions,e.g, infusion fluids.Besides the harmful effects, the immunostimulaemtvity of
endotoxins of low concentration in normal condianay be beneficial for the human health.

1.3. Methods used in endotoxin monitoring

The recognition of the very significant diseasestag potential of these interesting
microbial constituents provided the basis for stgdiirected at the isolation, purification, and
detailed chemical characterization of the activastituent(s). The existing methods for the
detection and analysis of endotoxins can be dividemltwo groups, to detect bioactivity of
endotoxins, or to provide structural informationoab the molecules. The so called
“endotoxin assays” are generally carried out byedsein vitro andin vivo biochemical tests,
e.g, the USP Rabbit test and the LALifulusAmebocyte Lysate) test.

The structural analysis of endotoxins was probleam&r a long time, since the
amphipathic nature and the strong tendency of LiBSsygregate in solutions hindered the
investigation. Generally, LPS substructures (foaregle, core sugar and Lipid A anchor)
obtained by mild and strong acidic hydrolysis analgzed by gas-chromatography, nuclear
magnetic resonance (NMR) and soft ionization mgssctsometry (MS), which usually
complement each other in resolving the entire miéecHowever, a disadvantage of the
chemical degradation of LPS is the high risk ofsiog labile, but biologically important
functional groups.

SDS-polyacrylamide gel-electrophoresis method wsilver staining is used for revealing
the heterogeneity of intact LPS molecules. Theauttaristic 'ladder' pattern (with the 'ladder
steps' representing the number of O-chain repeatings) provides the basis for
differentiation ofsmoothandrough type endotoxins. However, the silver stain detectias
limited resolution since the visualization oftersuks in doublets or diffuse/broad staining
rather than distinct LPS bands.

The fast, sensitive and quantitative characteomatif endotoxins using instruments with
standard optical detectors is challenging due #oldlck of chromophores in LPS structures.
Capillary electrophoresis (CE) and microchip elegghroresis, both employing conventional
UV/VIS or fluorescence detectors, are high-resoluseparation methods widely used for the
analysis of biological molecules like drugs, pepsidnucleotides, saccharides, viruses, cells.
The question arose, whether these techniques caappked also for the analysis of
endotoxins. To our knowledge, only a few attempt<€E, while no detection methods based
on microchip electrophoresis were used to studptnxihs earlier.

Another essential problem faced in LPS researchhés high heterogeneity of the
endotoxin molecules. The direct identification afustural microheterogeneities of intact
LPSs is a particular challenge. This thesis focusmesthe molecular characterization of
enterobacterial LPS molecules by CE and microcHgrtephoresis, along with mass
spectrometric strategies — with delimitations to MA-TOF MS — in order to provide fast
and precise structural elucidations of the LPS mdée components from certain bacteria.



2.  Aims

The overall aim of this study was to develop new st screening methods by the use of
standard optical detectors for the separation awadysis of bacterial endotoxins (lipopoly- or
lipooligosaccharides, LPSs or LOSs, respectivalythe field of immunochemistry or clinical
vaccinology, for example antigen structure analysisthermore, to know the exact molecular
masses and chemical structures of certain intacksLBnd that of the separated LPS
components. For this, our ideas and challenges:were

1. To visualize endotoxins by their protein compglein capillary electrophoresis in order to
overcome the solubility and detection problemshefamphiphilic and UV-inactive LPSs
or LOSs, since it is known, that proteins not odigaggregate but also form UV-
.detectable complexes with endotoxins.

2. To develop a qualitative and quantitative notip electrophoretic method with high
sensitivity and speed for detection of pure endos»based on the facts, both, that
endotoxin aggregates are dispersed by SDS in agusmutions and that SDS interacts
with fluorescent dyes. In addition, to investigdtee capability of such microchip
electrophoresis systems to replace the time-comgumnd laborious SDS-PAGE with
silver staining routinely used for the detectioreafiotoxins.

3. To use the new microchip technique in the charemation of endotoxins prepared
directly from whole-cell lysates (without furtheunification of the LPS samples)e., to
develop a fast-way method to det&andR type endotoxins. To study the correlation of
the electrophoretic profiles with those of purifieSs.

4. To determine the molecular masses of endotoxinsn freertain species of the
Enterobacteriaceae and to clarify their intrinsic heterogeneity byseu of mass-
spectrometry.



3. Materials and Methods

3.1. Bacterial strains and endotoxins

Bacterial strains of smootkscherichia coliNCB 021, O55, 083, 0111, 0112, 102,
ATCC 25922,Proteus morganiiO34, Salmonella urbana@30, Salmonella adelaid©35,
Salmonella minnesotavildtype, Shigella sonnei phase [,Shigella dysenteria®, Yersinia
enterocoliticaO9 and of roughEscherichia coliNCB D31, Salmonella minnesot&595,
Shigellasonneiphase 1l (4303)41, 562H and 4350 were obtained from the collectibthe
Institute of Medical Microbiology and Immunologynersity of Pécs, Hungary.

The bacteria were grown at 37°C in a fermentor @itbcted by centrifugation. LPS was
extracted from smooth bacteria by the hot phenddwmethod according téd/estphalet al.
(1952), and from rough strains by the phenol-cHtora petrol ether method @alanoset al
(1969) and lyophilized. The LPS solutions were pred by dispersing 1 mg of the lyophilized
LPSs.

In order to obtain the Lipid A, LPSs were hydrolgzeith 0.1 M sodium acetate buffer
(pH 4.4) at 100°C for 2 h, lyophilized, extractedhwn HCl/ethanol and ultracentrifuged. The
sediment (containing Lipid A) was washed with wated lyophilized.

Partially purified endotoxins samples were prepafenn whole-cell lysates. Briefly,
bacterial strains were cultivated in 1 ml mediunouiion), heated at 100°C, lysed with
lysozyme and “LPS lysing buffer” and subjected totgolytic digestion (proteinase K enzyme
were added). The protein-free LPS samples werecttireanalysed (without further
purification).

3.2. Proteins and sample preparation

Human cell-free hemoglobin (Hb) was prepared frdoot. The Hb solution was diluted
100 times to a final concentration of 1.2 mg/iwe. (18 uM) with 5 mM Tris-HCI buffer, pH
8.5. Transferrin (Tf) was purchased from BehringriégMarburg, Germany).

Mixtures of endotoxins and hemoglobin or transfewiere prepared by adding lyophilized
endotoxins to 1 mg/ml final concentration to 1.2/migHb solution or to 1 mg/ml Tf solution,
respectively. Protein-LPS mixtures were incubate@72C to form protein-LPS complexes,
and samples were run each hour by electrophoresis.

3.3. Sodium dodecyl sulphate polyacrylamide gel-a@&ophoresis

The lyophilized LPS sample was dispersed in “LP®ma buffer” (1 mg/ml), sonicated,
boiled for 5 min and diluted. Electrophoresis wasried out in aLaemmli discontinuous
system (4 % stacking gel, 15 % separating gel)rddgin calibration kit was run parallel to the
samples. Electrophoresis was performed at 40 mA\L5Silver staining of the gels was
performed by the method of Tsai and Frasch (1982).

3.4. Capillary electrophoresis

A BioFocus 3000 Capillary Electrophoresis Systens wsed for capillary electrophoresis
(CE) experiments. Fused silica capillaries of 50iidnwere used with effective length of 23.5
cm. The capillaries were coated with non-crosskhkelyacrylamide in order to eliminate
electroendosmosis and solute adsorption.

The electrophoresis experiments were conductedsimd Tris-HCI buffer at pH 8.5. All
samples were hydrodynamically injected at 3-4 pgtes2 nL) at 25°C. The applied voltage
was 10 kV. The protein and the protein-containinges migrated from the cathode (negative
pole) towards the anode (positive pole). Separats with separate injections were performed
for detections at UV (205-340 nm) or at visible 3800 nm) light. The run times were
around 25 min. Peak areas were calculated usinBitiecus Integrator System.



3.5. Microchip electrophoresis

Microchip electrophoretic runs were performed oe ttommercially available Agilent
2100 Bioanalyzer system equipped with a diode l&sefluorescence detection. The Agilent
Protein LabChip kits (Protein 50, 80, or 200) ahgbs developed for proteins were used in our
experiments. To prepare LPS-SDS complex solutibmag/ml suspension of the lyophilized
LPS sample, or LPS sample prepared from wholehesdte was mixed with SDS solution of 4
m/v % concentration. Prior to electrophoresis, L&¥nples and also the Agilent protein
standard mixture were sonicated in water bath,batad at 100°C, centrifuged and diluted
with deionized water.

The chip channels were filled hydrodynamically witmning buffer, which contained a
fluorescent dye mixed with a polydimethylacrylamiolesed linear polymer as a sieving
matrix. The samples and the protein standard nextwere loaded on the sample wells and the
“ladder” well on the microchip. All samples wereeefrophoretically injected into the
capillaries ¢a. 40 picoliters) and substances migrated towardsatiode (positive pole). The
fluorescent dye present in the gel matrix had angtrcomplexation tendency with SDS.
Unbound fluorescent dye present in the buffemilthe capillary channels was diluted at the
detection. The LPS-SDS-dye complexes formed inctllary channel were run using the
2100 Expert software. The run times weee50 s for one sample.

For the estimation of molecular masses of peakeappy in the electropherograms the
protein standard mixture was applied of the appat@rLabChip kit. The system software
automatically displayed the results of the peak dathe microchip electropherograms as gel-
like images.

3.6. Matrix-assisted laser desorption/ionization tne-of-flight mass spectrometry

1 mg of lyophilized LPS or Lipid A was suspended.iml of 0.1 M citric acid solution and
sonicated. To reduce the number of salt adductgpal rdesalting step of the analyte was
carried out by using Dowex 50WX8-200 (W cation-exchange resin on Parafilm prior to the
MALDI crystallization. 1uL from this sample solutiovas deposited on a stainless steel target
and mixed thoroughly with 1uL of saturated 2,5-ditoxy benzoic acid (DHB) matrix
solution (dissolved in 0.1 M citric acid) and armdy after drying.

MALDI-TOF MS measurements were acquired on an Aatofl MALDI-TOF/TOF MS
instrument. The spectra were recorded in the negatn and reflectron or linear mode over
them/z1000-20000 range. Each spectrum was the sum obxdpmately 1000 laser shots on
the same sample spot. The calibration of the insnt was performed externally using
protein calibration standards. Data processing asecuted with Flex Analysis software
packages (version: 2.4.). Evaluation of the endatspectra included the summation of the
masses of the sugar, phosphate and fatty acidiweargs. The interpretations of the [M-H]
guasimolecular ions appearing in the spectra mesutt proposals of LPS structures.



4. Results and discussion

4.1. Development of a capillary electrophoresis medd for endotoxin detection

LPSs, having no absorption in the UV region, wertedted as complexes with
hemoglobin (Hb) or transferrin (Tf), by the UV-alpstion of the protein. In each case, the
migration of the LPS/protein complex peak was défe from the free protein peak. Rough
and smooth LPSs extracted froln coli, S. minnesotaand S. sonneistrains provided
significantly different electrophoretic profiles @ monitoring the migration properties of
LPS-protein complexes. Figure 3 shows some of esullts using Hb. The detection limit for
the rough LPSs wasa. 50 pg/ml.

The analysis of LPS/Hb complexes can also be efast from a medical point of view, as
the Hb content in artificial blood preparations afeen contaminated with endotoxin.
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Figure 3. Capillary zone electrophoresis runs of a) LPS alondé) Hb alone, ¢) mixture of Hb
and anR type LPS and d) mixture of Hb and anS type LPS.a) LPSs (in general) have no
UV-absorption; b) Hb strongly absorbs light at 28&d 415 nm; c) the fast migrating peak
corresponds to th&k-LPS/Hb complex; d) the overlapping peak after thajor Hb peak
corresponds to th&LPS/Hb complex.

4.2. Development of a microchip electrophoretic mabd for endotoxin detection

An LPS molecule (similar to proteins) can take partelectrostatic and hydrophobic
interactions with surface agents, for instance SB& worked out conditions for the
application of a microfluidic chip designed for m assays to the analysis of bacterial
lipopolysaccharides.

We found that the LPS aggregates are satisfactdidyersed in SDS solutions with at
least 40-50 mM dodecyl sulphate concentration. SEs-fluorescent dye complexes were
analyzed by a microfluidic separation techniquénvasser induced fluorescence detection.



The electrophoretic separation of LPS componentshefS type endotoxins shows a
“wave-like” profile with peaks representing the li@easing number of O-polysaccharide
repeating units. In the profiles of the mut&tlype LPSs (which synthesize endotoxins without
O-side chains and sometimes without portions ofcibre) only one single or very few peak
components are present depending on the lengthstandture of core parts (Fig. 4). The
detection limit of LPSs wasa. 6 pg/ml.
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Figure 4. Microchip electropherograms of S type LPSs (a-b) andR type LPSs (c-d) initially
solubilized with SDS-solution.Electrophoresis was carried out in the Agilentt&iro80 LabChip

kit. A different distribution in the “wave-like” files of LPS microheterogeneity appeared in case
of the twoStype LPSs in a) and b). S.P.= system peak,free SDS-dye complex.

Electropherograms visualized by the chip softwazegel-like images reflected the same

size heterogeneity as observed in the conventiSDE8-PAGE ladder-patterns visualized by
silver staining for the same endotoxin (Fig. 5).eTtalculated and “estimated molecular
masses” for each componenttafcoliO83LPS are shown in Table 1.
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Figure 5. Gel-electrophoretic profiles of E. coli O83 LPS. a) Gel-like transformation of the
microchip electropherogram and b) conventional -glalbelectrophoresis with silver staininghe

arrows indicate the positions of protein molecuass standards run in the respective methods. The
two patterns are very similar.
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Table 1.Molecular masses respective to the peaks appearedthe electrophoretic pattern ofE.
coli O83 LPS.

SDS-PAGE SDS-microchip

Peak Theoretical Estimated Estimated Relative
number molecular molecular m olecular peak
mass (kDa) mass (kDa) mass (kDa) area
1 3.9 6.1 1000
2 4.7 10.0 243
3 5.6 14.4 145 185
4 6.5 17.9 50
5 7.3 224 54
6 g2 20.1 259 12
7 9.1 321 23
g 9.9 35.7 23
9 10.8 39.5 12
10 11.7 45.0 15
11 12.5 49.0 42
12 13.4 54.5 66
13 143 59.1 g9
14 15.1 43 64.2 131
15 16.0 71.9 185
16 16.7 79.6 232
17 17.7 g87.3 212
18 18.6 95.0 162
19 19.5 100.8 97
20 20.3 107.1 42

The theoretical molecular masses are calculated the molecular structures of the LPS
components, and the estimated molecular mass vataeslculated from the positions of the
protein MW standards in the respective methods., Yfet exact molecular mass
determination, both methods suffer from the laclkappropriate molecular-mass standards.
Thus, it is obvious that the theoretical and estatianolecular mass values seen in Table 1
provide inconsistent values (the net surface chavfiethe LPS-SDS—-dye complexes
substantially differ from that of the SDS-denatugmateins, consequently, the migration
properties of the two types of complexes are difii€r. However, the quantitative evaluation
of the relative amounts of the different LPS comgus (peaks) by integration of the
microchip electropherograms is a leap forward.



When large number of bacterial mutants and thei® l[d@ntent are to be compared (for
instance, in the preparation of vaccines for epidégical studies) endotoxins are prepared
directly from 1 ml bacterial cultures by the relaly short method oHitchcock and Brown
(1983), with overall process-timea. 40 h. This results in protein-free LPS without et
purification steps (hence it is called partiallyrified LPS).

Our new microchip electrophoretic method is alspliapble for the fast screening of
endotoxins prepared directly from whole-cell lysateThe electropherograms showed the
characteristic patterns to the respective bacterigin of eighteen LPSs, thus, assignment of
the SR chemotypes could be made after blind determinatbrwhole-cell lysate LPS
samples. In each case, the classification was prafterwards with the comparison of the
electrophoretic profiles to those of the respecpuee endotoxins; they were qualitatively
similar to each other (Figure 6).

The sensitivity of this method is high, since datipory patterns are obtained using 1 ml
bacterial cultures, which contara. 10° cells with an LPS content less than 1 nanogram
(observe that the actual injection mass of the LiB&sen smaller).
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Figure 6. LPSs in cell lysates and purified LPSs cebe detected similarly.a) Stype LPS,
b) Rtype LPS.

4.3. Endotoxin analysis by MALDI-TOF MS

Studies with endotoxins include another very imgatrtand highly challenging area,
namely the study of chemical microheterogeneityhaf LPS molecules. This is useful for
understanding of processes related to pathogerwdsisacterial infection. The detailed
structural analysis of the intact native LPS withseparation of the different constituents is
possible by MS or NMR.

MALDI-TOF mass spectrometry measurements were padd with intact LPSs extracted
from theR type S. minnesot&k595strain and the isogenf. sonnei 43Q3R41 562H 4350
mutant strains, as well as tBaypeE. coli O83 strain. Lipid A parts obtained from the LPSs
extracted fromE. coli 083 0112 0157 P. morganiiO34, S. urbana O3@ndS. sonneR41
strains were also analyzed.

Mass spectra of arR type and arS type endotoxin are shown in Figures 7 and 8,
respectively.

The mass spectra of the intact LPSs exhibit comp#iern of ions indicating the natural
heterogeneities of LPS, as well as resulting froagrhentation processes taking place during
the desorption and ionization.
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Figure 7. Negative-ion MALDI-TOF mass spectra of a)S. sonnei R41 intact LPS and b) of its
Lipid A, and c) is the proposed structure of theS. sonnei R41 intact LPS according to its mass

spectrum.

The evaluation of the mass spectra with the helprefiously described detailed structural
interpretations of analogous mass spectral valtiegpm A parts and proposed core structures
resulted in compositional analyses and proposal&éR& structures frons. minnesotd&595
the isogenic rough mutant straii®:sonnephase Il (4303)R41(Fig. 7¢),562H, 435Q andE.
coli O83 bacteria.
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Figure 8. Negative-ion MALDI-TOF mass spectrum of LPS fromE. coli O83 in relation

to the microchip pattern of the same LPS.The first peak in the microchip
electropherogram corresponds to the Lipid A andce aasmponent of the LPS, while the
following peaks indicated with arrows correspondtiie most ionizable LPS components
carrying 0, 1, 2 and 3 O-polysaccharide repeatimmigsuTheir mass difference in the mass
spectra is equal to the mass difference of the d@-sihain repeating unit of known
composition Am/z= 866 Da). From the number of peaks in the midpetectropherogram

it is possible to deduce the number of repeatints yresent in the intact LPS. The highest
molecular mass assuming 19 repeating units. icoli O83LPS is 20328 Da.
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5.

Discussion

Analysis of bacterial lipopolysaccharides is impoit in both, the identification of

bacteria and characterization of mutants. In audis, new, fast and sensitive electrophoretic
methods — both capillary and microchip electropbisre- were introduced for the detection
and quantification of endotoxins extracted from assortment of bacterial strains of the
Enterobacteriaceaéamily. The reveal of intrastrain microheterogéiesi of intact LPSs were
approached with MALDI-TOF MS measurements.

New results:

1.

We conclude that both, capillary electropha&d€lE) and microchip electrophoresis can
now be applied for endotoxin analysis, especiallgifferentiate thé& andR endotoxins.

The application of the relatively fast migragtiproteins, hemoglobin (Hb) or transferrin
(Tf) in the LPS sample enables analyzes of LPSjireaus solution (based on the strong
interaction between LPS and proteins) by capilkelisctrophoresis using a simple Tris-
buffer and UV/VIS detection.

Our newly developed microchip techniqgue madgeidentification of bacterial chemotypes
simpler, faster and more sensitive compared tod-adte to replace — the commonly used
SDS-PAGE with silver staining. Results are complaratith the SDS-PAGE patterns of

endotoxins.

Main advantages of this microchip techniquehagé sensitivity (less than a few ng of LPS
can be analyzed), high speed and simplicity (sampdparation for the microchip analysis
and analyses of 10 different samples are carriédvahin 1 h), the requirement of small
amount of samples and reagents (picoliters arectegein the chip), specificity (it is
suitable for fast fingerprinting d®/S chemotypes of LPSs allowing the complete and high
resolution separation of LPS glycoforms), and giaation (the determination of relative
amounts of LPS components is possible.

The microchip technique is unique and providearacteristic profiles for the bacterial
strains and their genetic variants. Thus, it isadle for a very fast fingerprinting of LPS
chemotypes when whole-cell lysates from large nurobbacterial mutants are used.

The mass spectrometric measurements along victtochip electrophoretic analysis of the
LPS or LOS preparations can be used to deducdrtinetiges and the molecular masses of
the “low-molecular-mass LPS molecular componenfBhis can help to study the
structure—function relationship of bacterial endats.

Future perspectives

To clarify the migration properties of endotoxinghwsmall structural differences with CE
method.

Elimination of the presence of the system peakh& microchip electrophoretic profile,
since this peak disturbes the quantitative evalnatf theR type LPSs.

To find appropriate LPS molecules (or other stadslawith known chemical structure,
which might serve as molecular mass standard fimason of molecular masses the of
LPSs in electrophoretic runs.

Further mass spectrometric studies are requiredther structural evaluation of the
molecular species with high number of the repeatimgs.

13



6. Publications, presentations

Publications related to this thesis
Kilar, A ., Kocsis, B., Kustos, I., Kilar, F., Hjertén, £E to monitor endotoxins by protein
complexationElectrophoresi®7 (2006) 4188 — 4195. IF: 4.101, citation (indegent): 3 (2)

Kilar, A ., Farkas, F., Kovacs, K., Kocsis, B., Kilar, F.o\| quantitative electrophoretic
analysis of endotoxins on microchigkectrophoresi®9 (2008) 1713-1722. IF: 3.509

Kilar, A ., Péterfi, Z, Csorba, E., Kilar, F., Kocsis, B.aflllary electrophoresis chips for
screening of endotoxin chemotypes from whole-cgdhates.Journal of Chromatography A
1206(2008)21-25. IF: 3.756

Bui, A., Szabg, Z., Podr, V., Kovacs, Kilar, A., Kocsis, B., Kilér, F.: Structural variability
of endotoxins fronR type isogenic mutants &higella sonnei. Journal of Chromatography A
(2009)— submitted

Lectures related to this thesis

Kilar, A., Farkas, V., Kocsis, B., Kilar, F.: Developmentta electrophoretic methods for
the analysis of bacterial lipopolysaccharides

7™ International Symposium and Summer School on Biyais, June 10-15, Pécs, Hungary
2007

Kilar, A., Farkas, V., Kilar, F., Kocsis, B.: Endotoxin ayg$ by electrophoresis and chip
technology

15" International Congress of the Hungarian Society Mticrobiology, July 18-20, Budapest,
Hungary 2007

Kilar, A. : Az endotoxinok biologiai €és kémiai kilonlegessége
XXXIX. Kromatografias TovabbképZanfolyamJanuary 28-30, Szeged, Hungary 2008

Kilar, F., Bui, A., Kilar, A., Kocsis, B., Szabé, Z., Farkas, V.: Study of dtrcesfunction
relationship in endotoxin analysis by microchips amass spectrometry

22" International Symposium on Microscale Bioseparaidarch 9-13, Berlin, Germany
2008

Kilar, F. Bui, A.,Kilar, A., Kocsis, B., Szab0, Z., Farkas, V.: Analysis ofl@oxins by mass
spectrometry and microchips
8" Csaba Horvath Medal Award Symposiupril 14-15, Innsbruck, Austria 2008

Kilar, F., Bui, A., Farkas, V. Kilar, A., Kocsis, B., Szabd, Z.: The ,world” of endotoxiims
separation science
AnalysdagarnaJune 16-18 Goteborg, Sweden 2008

Kilar, A., Péterfi, Z., Csorba, E., Kilar, F., Kocsis, B.adlllary electrophoresis chips for

screening of endotoxin chemotypes from whole-gsihtes
9" International Symposium on Instrumental Analydis)e 29 — July 2, Pécs, Hungary 2008

14



Kilar, A., Bui, A., Szabo, Z., Dornyei, A., Kocsis, B., KiJaF.: Analysis of endotoxin
structures by MALDI-MS
XIV. Nemzetkozi Vegyészkonferensiayember 13-15, Kolozsvar, Romania 2008

Posters related to this thesis

Kilar, A., Kustos, I., Kocsis, B., Kilar, F., Hjertén, S.ndlysis of lipopolysaccharide -
hemoglobin complexes by capillary electrophoresis

8" Symporium on Instrumental Analysgeptember 25-28, Graz, Austria 2005

Kilar, A., Kustos, Il., Kocsis, B., Kilar, F., Hjertén, S.ipbpoliszacharid - hemoglobin
komplexek vizsgéalata kapillaris elektroforézissel
XI. Nemzetkozi Vegyészkonferenbiayember 11-13, Kolozsvar, Romania 2005

Kilar, A., Kustos, I., Kocsis, B., Kilar, F., Hjertén, S.ndlysis of lipopolysaccharide -
hemoglobin complexes by capillary electrophoresis

15" International Symposium on Capillary Electrosepara TechniquesAugust 28-30, Paris,
France 2006

Kilar, A., Farkas, V., Kilar, F., Kocsis, BMicrochip Electrophoresis for the Analysis of
Bacterial Endotoxins

7th Balaton Symposium on High-Performance Separaifethods,September 5-7, Siofok,
Hungary 2007

Kilar, A. , Kovacs, K., Kocsis, B., Kilar, F.: Endotoxin Agals on Microchip — Application of
a New Method

22" International Symposium on Microscale Bioseparmidarch 9-13, Berlin, Germany
2008

Makszin, L., Kilar, A., Kocsis, B., Kilar, F.: Bakteridlis endotoxinok ayg és érzékeny
microchip elektroforetikus kimutatasa
Elvalasztastudomanyi Vandouggs 2008 November 5-7, Sarvar, Hungary 2008

Makszin, L.,Kilar, A., Bui, A., Szabd, Z., Dérnyei, A., Farkas, V., KisgsB., Kilar, F.: Fast
and extremely sensitive detection of bacterial éoxias in microchip electrophoresis
239 International Symposium on Microscale Bioseparagig-ebruary 1-5, Boston, USA 2009

Dornyei, A., Kilar A., Kocsis, B., Kilar, F.: Application of mass spectretry to the
characterization of bacterial lipopolysaccharides

8" Balaton Symposium on High-Performance Separaticgthibtls and 18 International
Symposium on Separation Scien@sptember 2-4, Siéfok, Hungary, 2009

Other publications

Takatsy, A.Kilar, A., Kilar, F., Hjertén, S.: Universal method for dyesis of artificial gel
antibodies by the imprinting approach combined vathinique electrophoresis technique for
detection of minute structural differences of prwde viruses, and cells (bacteria): la. Gel
antibodies against proteins (transferrifigurnal of Separation Scien@® (2006) 2802-2809.
IF: 2.535, citation (independent): 7 (2)

15



Hjertén, S., Ghasemzadeh, N., Hjertén, M.-C., Vég¥a, Bacskay, |.Kilar, A ., Rezeli, M.,
Takatsy, A., Kilar, F., Ballagi, A., Elfwing, A., l@&ng, H., Sedzik, J., Aastrup, H., Andersson,
H.: Universal method for synthesis of highly seleziartificial gel antibodies against proteins,
viruses and cells; some techniques to study threetbaty and applicationd=EBS JournaR72
(2005) 399-399 — Abstract. (IF: 3.164)

Péterfi, Z.,0sz, E., Reuter, GKilar, A., Kilar, F., Kocsis, B.: Structural properties of O
specific polysaccharide extracted frédtroteus morganiiD34 (8662/64) posessing serological
cross-reactivity witfescherichia coliO111 andSalmonella adelaid®35 — Manuscript.

Kilar, A., Dibo, G., Hjertén, S.: Studies of the selectiveelaction between aromatic
compounds and polysaccharides - Manuscript.

Other lectures

Bacskay, I., Takatsy, A., Kilar, F., Sedzik, Kilar, A. , Hjertén, S.: ,Synthetic antibodies” and
their Application to Analysis and Purification ofddromolecules and Particles.

"100 Years of Chromatography™ant. Symposium on Separations in BioScienbsy 13-
18, Moscow, Russia 2003

Kilar, A., Dibo, G., Hjertén, S.: Studies of the Selectiveedaction between Aromatic
Compounds and Polysaccharides

4" Nordic Separation Science Society Internationalnfécence August 26-29, Kaunas,
Lithuania 2007

Hjertén, S., Végvari, A., Nyberg, F., GhasemzadihKilar, A. : A short tour in our research
laboratory

4™ Nordic Separation Science Society Internationalnféence, August 26-29, Kaunas,
Lithuania 2007

Kilar, F., Gagyi, L.,Kilar, A., Pager, Cs., Kuti, P., Hodrea, J., Sagi, Cs., 186, M.,
Gyéresi, A., Kocsis, B., Kustos, |., Hjertén, SffeEt of chemical structure on molecular
recognition by proteins followed by capillary elexgihoresis

15" International Symposium on Capillary Electrosepam TechniquesAugust 28-30, Paris,
France 2006

Other posters

Kilar, A., Dibo, G., Hjertén, S.: Aromas vegyuletek és maharidok kolcsdnhatasanak
vizsgalata kapillaris elektroforézissel

IX. Nemzetkdzi Vegyészkonferenbilayember 14-16, Kolozsvar, Romania 2003

16



Acknowledgments

First, | would like to thank Dr. Béla Kocsis, mypairvisor, for his continuous support and
guidance throughout the project, for introducing tmenicrobiology field, for always having
time for discussions, for his never-ending optimemal for all the happy laughter.

| would also like to express my appreciation tovgaRtofessor Dr. Levente Eaty, the
program leader of the PhD School, and Professor Jilia Szekeres, director of the
Department of Medical Microbiology and Immunolodgr providing excellent opportunity
to carry out the work at the Department.

| would like to emphasize my deep gratitude towapdsfessor Dr. Stellan Hjertén for
giving me the opportunity to work under his mentgosat the University of Uppsala
(Sweden), Department of Biochemistry and Organier@istry, where | started my research
work in Capillary Electrophoresis. | especiallytkéhim for sharing his immense knowledge,
for interesting conversations about science arg &hd for the helpful and warm atmosphere
during my 2-years stay in his lab.

I would like to express my thanks to Professor Géza Nagy for contribution with
valuable comments of an earlier version of my thesi

| am also much indebted to all members of the sfierstaff of the Departments of
Medical Microbiology and Immunology, Analytical anBinvironmental Chemistry, and
Institute of Bioanalysis for valuable help in diéat forms. In this connection | am
particularly grateful to Dr. Agnes Doérnyei for dkil technical assistance in mass
spectrometry measurements, for helpful discussiomght ideas and friendship. | would also
like to thank Dr. Zoltan Szabd for the assistancih whe early mass spectrometric
measurements. | thank to Lilla Makszin for kind gheh data collection by microchip
electrophoresis. My thanks go to Krisztina Kovaos lier excellent technical help in the
Microbiology lab. | am grateful to Dr. lldik6 Kussofor the collaboration and helpful
comments in the early stage of my research work.

Above all, 1 wish to thank my father for the vallediscussions which helped to develop
ideas put forward, and for endless support and hdipnever needed. | also express my
warmest and heartfelt thanks to my mother for bee land encouragement, my brother and
my other relatives for support, and all my friendside and outside the scientific world, for
your interest in my work and for being great frisnd

17



