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Introduction  
 

Welcome to CECE 2008.  Since 2004, when a one day seminar was given by Dusan 

Kaniansky, Ernst Kenndler and Bob Gas in the conference room of the Institute of 

Analytical Chemistry, we are now in the 5
th
 year of CECE.  Today, the meeting has a 

standard conference format with invited lectures and poster sessions. Yet, we want to 

stay unique. Our goal is bringing together scientists who may not meet at specialized 

meetings, promote informal communication of researchers from different disciplines 

and map the current status of the fields shaping the bioanalytical science. The 

organizers want to thank you for your participation and hope that you will enjoy the 

scientific presentations as well as personal contacts and informal discussions.   
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Program 
 
 

Monday  November 24, 2008 
 

9:00 ï 9:15   Conference opening 

 

9:15 ï 9:45   Daniel R. Knapp 
Microfluidic system for ESI (DESI) and MALDI (LDI) shotgun proteomic 

analysis 

 

9:45 - 10:15  Holger Becker 

CE with contactless conductivity detection in polymer chips 

 

10:15 ï 10:45   Jörg P. Kutter  

Combining microfluidics with small angle X-ray scattering for structural 

analysis of proteins: small chip ï large detector ï perfect marriage! 

 

10:45 ï 11:15 Pavel Neuģil  

Development of a universal Lab-on-a-Chip system 

 

11:15 ï 11:45  Alejandro Cifuentes 

New metabolomics approaches for transgenic food analysis based on 

capillary electrophoresis-mass spectrometry 

 
 

11:45 ï 13:45  Lunch break ï poster session 

 
 

13:45 ï 14:15  Vladimír Havl²ļek 

Ambient mass spectrometry on FTICR 

 

14:15 ï 14:45  JiŚ² Homola 

Surface plasmon resonance sensors and their bioanalytical applications 

 

14:45 ï 15:15  Sven Preuss  

3D microstructuring using maskless laser lithography 

 

15:15 - 15:45  Staffan Nilsson 

Nanoparticle-based CEC and airborne chemistry 

 

 

19:00 Conference dinner - hotel Continental 
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Tuesday  November 25, 2008 

 
9:00 ï 9:30   Duġan Kaniansky 

Some specific features of chip electrophoresis with column-coupling in 

ultra(trace) analysis 

  

9:30 ï 10:00  Jana KŚenková 

Monolithic platform for analysis of therapeutic antibodies  

 

10:00 ï 10:30  Mir ek Macka 

Shedding LED light on synergies between analytical science, 

miniaturisation, photochemistry, and photonics 

 

10:30 ï 11:00  Ewa Klodzinska 

Electromigration and molecular biology methods in determination and 

identification of clinical strains of pathogenic bacteria 

 

11:00 ï 11:30  Wolfgang Lindner  

HILIC type selectivity in LC ï HYPE or HOPE 

 

11:30 - 12:00  Ferenc Kilár  

Fast and sensitive detection methods for endotoxin analysis in microchips 

 

 

12:00 ï 14:00  Lunch break ï poster session 

 

 

14:00 ï 14:30  Andras Guttman 

Sample preparation issues in complex carbohydrate analysis by capillary 

gel electrophoresis 
 

 

14:30 ï 15:00  Martin Polcik  

Process analytical technology ï new opportunities for pharma and related 

industries  
 

 

15:00 ï 15:30 Bohdan RŢģiļka 

Project of the Central European Synchrotron Laboratory 

   

15:30   Conference closing 
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Abstracts 

 
 

 

Lectures 
 

Microfluidic system for ESI (DESI) and MALDI (LDI) 

shotgun proteomic analysis 

 
D.R. Knapp , J. Liu, R. Nayak, A.K. Sen, G. Chen and D.J. Higbee 

Medical University of South Carolina, Charleston, SC, USA 

 

 

Shotgun proteomic analyses using liquid chromatography (LC) electrospray 

ionization (ESI) and matrix assisted laser desorption ionization (MALDI) mass 

spectrometry (MS) have been shown to observe complementary sets of peptides with 

incomplete overlap. For maximal proteomic coverage, it is desirable to employ both 

modes of analysis. We are developing a polymer-based microfluidic LC device 

designed to interface to both ESI and MALDI MS as well as to a new dual mode ESI - 

DESI MS platform. These developments combined promise to increase the depth of 

coverage in proteomic analysis using shotgun methods. 

Nickel masters for microfluidic devices were prepared by double layer 

microlithography on nickel wafers using SU-8 photoresist and nickel plating. 

Microfluidic devices were prepared by hot embossing in cyclic olefin copolymer 

wafers and heat bonding cover plates. Nanoporous alumina thin films were prepared 

by vacuum evaporating aluminum onto glass slides and anodizing.
1
 A thin film of 

gold was applied to the alumina by sputtering. MALDI and LDI spectra were obtained 

on an Bruker Autoflex III instrument. ESI and DESI spectra were obtained on a 

Thermo LTQ ion trap instrument using Thermo Nanospray ESI and in - house 

constructed DESI sources.
2
 The first dimension ionization - based separation (strong 

cation exchange or isoelectric focusing) is performed offline, and the fractions 

collected onto a microfluidic device consisting of an array of monolithic reversed 

phase LC columns. The columns are eluted simultaneously in the second dimension 

separation, and the separation fractions collected in parallel onto a nanoporous 

alumina sample plate using electrostatic transfer. 

 

As an example of a peptide mixture analysis, a BSA tryptic digest gave the following 

results (numbers are numbers of fragment peptides observed):
3
 

 
The LDI/ DESI combination gives peptide coverage comparable to MALDI/ESI, but 

with the added advantage of a common sample format, thereby enabling deeper 

analysis of a sample spot that would otherwise be only amenable to MALDI analysis. 

MALDI LDI ESI DESI 

8 
23 

24 32 
16 

7 

total 55 peptides 
77.9% coverage 

total 55 peptides 
77.9% coverage 
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CE with contactless conductivity detection in polymer chips 

 
Holger Becker, Richard Klemm and Claudia Gärtner 

Microfluidic ChipShop GmbH, Jena, Germany 

 

 

While chip-based methods of capillary electrophoresis have allowed for the 

miniaturization of the separation column, subsequent elements of the analytical 

system, namely the detection unit, usually remain bulky and complicated. This is 

especially true in the case of the most frequently used detection method of laser-

induced fluorescence (LIF). In order to obtain a truly portable system, we have 

developed a chip-based CE system which utilizes capacitively coupled contactless 

conductivity detection (C
4
D) [1,2] as detection method, operating at 4 MHz which is 

significantly higher than in previously reported C
4
D systems. This allows the 

complete CE unit, including all the electronics (high-voltage power supplies, 

detection electronics) and the chip itself to fit into a metal box with dimensions 19 cm 

× 12 cm × 8 cm [3]. Main analytical target is the identification of ionic species in 

foodstuffs like water, milk or wine. 

 

In order to allow for a disposable chip, the chips are injection molded from 

polymethyl-methacrylate (PMMA). The fluidic reservoirs with a fluid volume of 70 

µl have already been integrated into the chip to avoid chip additional assembly steps 

[4]. The detection is realized by C
4
D with the electrodes on the outside of the chip in 

order to avoid sample contact with the detection electrodes. The electrodes are 

fabricated by metal vapor deposition, alternatively with screen-printing. The 

separation channel has the dimensions 50 µm width, 50 µm in height with a 

separation length of 70 mm; the electrodes have a width of 200 µm with an electrode 

gap for measuring of 250 µm. 

 

We have been able to separate relevant species of ions, organic acids and sugars in 

mineral water, wines and milk. Typical separation voltages are between 3 and 4 kV, 

with typical ionic concentrations <100µM in water and acid concentrations in wine of 

< 0.5 mM. The separations could be carried out typically in 60-120 sec. The high 

operating frequency reduces the noise to <10 µV. 

 

References 

[1] Lichtenberg J., de Rooij N.F., Verpoorte E., Electrophoresis 2002, 23, 3769-3780. 

[2] M. Pumera, Talanta 2007, 74, 358ï364. 
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Combining microfluidics with small angle X-ray scattering 

for structural analysis of proteins: small chip ï large 

detector ï perfect marriage! 

 
Kutter, J. P.

 1
; Snakenborg, D.

 1
; Nielsen, S. S.

 1, 2
, Toft, K. N.

 1, 2
; Jeppesen, M. G.

 2
, 

Jacobsen, J. K.
 3
, Arleth, L.

 2
 and Vestergaard, B.

 2
 

1
Technical University of Denmark; 

2
University of Copenhagen; 

3
Novo Nordisk A/S 

 

 

Proteins are dynamic macromolecules that can undergo conformational changes or 

form complexes with other biological molecules. Elucidation of these suprastructural 

features lies at the heart of an understanding of the structure:function relationship. 

Still, such features are difficult to investigate using established methods for structural 

characterization. One reason is that in order to get a comprehensive picture it is 

necessary to examine the macromolecules under many different solution conditions, 

which today is very demanding both in terms of time and sample consumption. 

Basically, there are an infinite number of possibly relevant experiments, and a 

structural biologist essentially navigates blindfolded in this multidimensional 

experimental space.  

 

 

Here, we describe the development of a system combining microfluidics for high-

throughput screening of a large solution parameter space while using minute amounts 

of rare biomacromolecules, and small-angle X-ray scattering (SAXS) as the tool for 

elucidating suprastructural features.  Such a system also has the potential to enable 

screening of, e.g., formulation of bio-drugs and solubilization of membrane proteins. 

Furthermore, powerful software for automated data analysis is developed, allowing 

direct feedback to the microfluidic front-end. Thus, rational navigation in the 

multidimensional experimental space in an iterative way is possible allowing 

pinpointing of structurally and functionally relevant areas of investigation, borders 

between various functional states, or structurally stable experimental windows of 

potentially labile biological systems. Ultimately, the SAXS/µTAS system enables 

time-resolved studies of biological processes, using already established microfluidic 

techniques in combination with our high-throughput screening. 
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A polymer-based prototype microfluidic system has been developed featuring simple 

mixing capabilities for protein and buffer solutions and an integrated X-ray 

transparent analysis chamber with only 200 nL probe volume at an interaction 

pathlength of 1 mm. First successful protein measurements using such small volumes 

have been performed on a synchrotron beamline. The versatility of the system has 

been tested by running automated series of protein dilution and protein unfolding 

experiments
1
. Conditions were accurately prepared by the microfluidic front-end, 

while the results were monitored using the SAXS technique and an automated, 

optimized data treatment. A second-generation device is currently being developed, 

featuring a higher degree of integration and added functionalities. 

 

References. 
1
 Toft, K. N. et al. Anal. Chem. 2008, 80, 3648-3654. 

 

 

 

Development of a universal Lab-on-a-Chip system 

 
Pavel Neuzil  

Institute of Microelectronics, A-STAR, Singapore 

 

 

 

In this talk, I will present an overview of our research activities to develop a simple 

and universal LOC system. Originally, the aim of our work was to develop a cheap 

and portable real-time reverse transcription polymerase chain reaction (RT-PCR) 

system to tackle potential outbreaks of avian flu or similar diseases. In sequence, we 

have demonstrated one of the world's cheapest PCR systems, capable of performing 

40 PCR cycles in less than 6 minutes and thus one of the fastest systems as well. 

Finally, we have integrated the PCR with a fluorescence detection unit. Its 

performance was demonstrated by detecting of RNA of H5N1 virus as well as the 

SARS virus using unprecedented 8 minutes real-time RT-PCR. During the PCR 

development we have come up with a new method for quantitative multiplexing of a 

PCR (RT-PCR) using SYBR-Green as well as a system for an ultrafast sample heating 

suitable to break spore shells to release their DNA. 

 

Most of the LOC systems require detecting small currents originating either from 

photodetectors or other devices (e.g. nanowires) and being able to control temperature 

is always a bonus for any bio application. It was only natural to expand the original 

real-time RT-PCR device into a universal modular LOC system. We have added a 

high voltage controller to perform capillary electrophoresis (CE) and a stepper motor 

controller to perform PCR in space domain, possibly able perform fluid pumping.  I 

will show a few "clones" of the universal LOC systems, such as localized surface 

plasmon resonance (LSPR), real-time RT-PCR stationary sample,real-time RT-PCR 

with movable sample, high voltage source performance for the CE as well as results 

from electrochemical system.  
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New metabolomics approaches for transgenic food analysis 

based on capillary electrophoresis-mass spectrometry 

 
León C., García-Cañas V., Ibáñez E., Cifuentes A.* 

Dep. of Food Analysis, Institute of Industrial Fermentations, CSIC, Madrid, Spain, 

acifuentes@ifi.csic.es 

 

 

At present, one of the principal research lines in Food Science and Technology is the 

development of new functional foods. A food can be considered óófunctionalôô if, 

besides its nutritious effects, it can improve the state of health or well-being or reduce 

some disease risk. In our laboratory, we have studied for years different natural 

sources of functional ingredients including plants, spices, algae, etc.  Nowadays, the 

use of genetically modified organisms (GMOs) has seen a great increase in agriculture 

and food industry. Thus, genetic engineering is mainly used to improve resistance of 

crops to plagues or pesticides. However, in the new generation of GMOs significant 

changes in other constituents will be deliberately introduced to generate new 

functional foods (e.g., increasing fatty acids, amino acids content, polyphenols, 

vitamins, or reducing undesirable constituents, etc), requiring the development of 

more powerful and informative analytical procedures. In this work, an original 

analytical strategy is proposed able to provide information on the composition of 

GMOs based on metabolomics studies carried out by capillary electrophoresis-mass 

spectrometry (CE-MS). The goal of this work is, therefore, to present the results from 

a comparative profiling study of metabolites found in transgenic varieties vs. their 

corresponding isogenic wild lines grown under identical conditions [1,2]. To do this, a 

complete analytical strategy is developed that combines metabolites extraction from 

samples, separation by capillary electrophoresis and chemical characterization by on-

line electrospray-time of flight-mass spectrometry (CE-TOF-MS). 

 

 

 

References. 
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Ambient mass spectrometry on FTICR 

 
Pol J., Vidova V., Volny M, Kobliha V, Sefcik K, Lemr K., Havlicek V.  

Institute of Microbiology, Prague 4, Czech Rpublic 

 

 

 

We will report on the development of an ambient ion source, which we designed for 

Dual ion source on the FTICR instrument (Bruker Daltonics). This source can be 

operated in desorption electrospray (DESI), atmospheric chemical ionization (APCI), 

atmospheric pressure photoionization (APPI) and online microelectrospray (ESI) 

modes. In addition to sensitivity gain (15x compared to Combi-I ion source, J Mass 

Spectrom. 2008; 43: 196-203) our motivation was to utilize the mixing of internal 

reference calibrant ions generated by MALDI to get accurate ambient data. The 

source was implemented on a 9.4T FTMS system by constructing an electronically 

controlled source network comprising six linear moving stages and one rotating stage. 

A three-dimensional linear stage was used to accommodate samples, while another 

3D linear stage equipped with rotating stage was used as a spray mount. In addition to 

changes in API part of mass spectrometer (two separated ion funnels) a new heated 

adapter was added resembling an ion vacuum cleaner. Also the base angle of the slide 

(glass, teflon, paper, TLC, etc.) with the deposited sample can be accurately adjusted 

now towards the sampling orifice of mass spectrometer. Original ESI nanosprayer 

(Agilent technologies, Palo Alto, USA) is used now instead of the previously used T-

shape homemade sprayer. The current source is also aimed for mass imaging 

experiments. Less polar molecules not amenable to MALDI analysis (e.g. small 

lipids) could be analyzed in tissue sections. For reliable 2D imaging experiments 

robustness of the mechanical part represents an absolute prerequisite for successful 

DESI measurements. The current source is controlled by an independent console. The 

electronics responds to the duration of the movement commands: short commands 

elicit 5 micron steps; longer commands result in an exponential increase in the 

moving speed. PC-version controlled by LabView 8.5 software (National Instruments, 

USA) is in development. In this presentation we also will show new applications (e.g. 

the use of nanoparticles for desorption from surfaces, LC/MS attempts, etc.), 

performance evaluation data, as well as selected on-chip applications in APCI and 

APPI regimes. 

 

 

Acknowledgement: Ministry of Education, Youth and Sports of the Czech Republic 

(LC07017) and IMIC institutional research concept (AVOZ50200510). 
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Surface plasmon resonance sensors and their bioanalytical 

applications 

 
JiŚ² Homola   

Institute of Photonics and Electronics, Academy of Sciences of the Czech Republic 

Chaberská 57, Prague, Czech Republic 
 

 

Optical affinity biosensors are devices that incorporate a biological recognition 

element (e.g. antibody) which specifically recognizes a particular analyte and an 

optical transduction system which allows observation and quantification of the 

interaction between the analyte and the biomolecular recognition element. In the last 

decade we have witnessed development of numerous optical transduction methods, 

including both label-based methods such as fluorescence spectroscopy and label-free 

methods such as optical interferometry, spectroscopy of guided modes of optical 

waveguides, and surface plasmon resonance. Label-free optical biosensors exhibit 

numerous advantageous features. They allow direct and rapid measurements and 

enable sensitive and non-invasive determination of analytes in their natural 

environments. 

 

This contribution reviews the present state of the art and recent advances in the 

development of surface plasmon resonance (SPR) sensors [1-2] and presents selected 

results of SPR sensor research at the Institute of Photonics and Electronics, Prague. 

The developments discussed in detail include mobile SPR sensors for field use, 

miniature fiber optic SPR probes for localized measurements, and SPR sensor 

platforms for parallelized observation of biomolecular interactions. Examples of 

applications of SPR sensors for detection of chemical and biological analytes related 

to medical diagnostics [3] (hormones, antibodies), environmental monitoring [4] 

(endocrine disrupting compounds), food safety and security [5] (pathogens and toxins) 

are also given. 
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3D microstructuring using maskless laser lithography 

 
Preuss S., Rössler K., Saghiri A.A. 

Heidelberg Instruments Mikrotechnik GmbH, Tullastr. 2, 69126 Germany, www.himt.de 

 

 

 

Direct Write Laser lithography (DWL) is an established technology for the creation of 

microstructures down to lateral dimensions of about 500nm. These systems use a focused 

laser beam to write structures that are defined by an electronic design directly onto a 

photoresist coated substrate. In addition to direct writing and the production of photomasks 

the maskless exposure technology can create arbitrary surface profiles in photoresists by 

modulation of the laser intensity [1]. The main applications for this 3D structuring are micro-

optical components like micro lens arrays or blazed gratings, but also structures in the multi-

level MEMS fabrication and the production of microfluidic devices. 

 

A variety of structures have been created in 

different photoresists by maskless gray scale 

lithography. For each application the exposure and 

process parameters have to be optimized to 

achieve the desired surface profile in the 

photoresist. This becomes increasingly difficult in 

thicker resists above 50µm, which have to be 

coated in several layers and then have to be 

exposed multiple times. Small variations in the 

laser intensity distribution or in the development 

process parameters can lead to very different 

results. The gray scale exposures were done on 

standard positive photoresists but also on the negative photoresist SU8 that offers good 

chemical, mechanical and optical properties for different applications [2,3]. Because SU8 is a 

negative photoresist the exposures had to be made from the backside of the substrate, 

exposing through the glass. 

 

Additional software and exposure strategies have been implemented into the laser lithography 

systems to alleviate the design process and increase the quality of the exposed structures. 

There are several methods to increase the surface quality at the cost of write speed. With full 

optimization a surface roughness below 10nm was achieved.  
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Nanoparticle-based CEC and airborne chemistry 
 

Nilsson C.
1,2

, Birnbaum S.
2
, Ribeiro S.

1
, Becker K.

1
, Lemos S.

1
, Nilsson S.

1
  

1
Pure and Applied Biochemistry, Lund University, Box 124, 221 00 Lund, Sweden 

2
Biopharmaceutical Support QC, Manufacturing Development, Novo Nordisk A/S, 

Brogårdsvej 66, 2820 Gentofte, Denmark 

 

 

 

The use of lipid-based liquid crystalline nanoparticles (~100 nm) as pseudostationary 

phase (PSP) in continuous full filling CEC/LIF for protein separation at neutral pH, 

without organic modifier and in a non-coated capillary (effective length 6.7 cm) will 

be described [1]. Equally charged, single amino acid substituted green fluorescent 

protein (GFP) mutants were separated utilizing high tricine concentrations to promote 

hydrophobic interactions. One trend in chromatography has been towards smaller 

stationary phase particles [2-3], i.e. submicron particles (e.g. UPLC). Traditionally, 

CEC has been performed using packed, open-tubular or monolithic columns. To 

minimize carry-over effects and column regeneration CEC can be performed with 

nanoparticles suspended in the electrolyte [2-3]. In addition, retaining frits and 

complicated packing procedures are avoided. Nanoparticles possess a favourable 

surface-to-volume ratio, which can allow for high chromatography efficiencies. 

Dextran-coated nanoparticles have been used in continuous full filling CEC/ESI-MS 

achieving highly efficient separations of small, neutral analytes, i.e. dialkylphthalates 

(up to 700 000 plates /m for retained analyte) [4]. An orthogonal electrospray 

interface was used to prevent the nanoparticles from entering the mass spectrometer. 

 

Techniques for chemical analysis based on the use of levitated drops, suitable for the 

study of intra and extracellular reactions at single or few cell levels will be described. 

New insights in biomedicine and related areas require the parallel development of 

new analytical methods. The airborne system combined with MS was used to acquire 

data on single Langerhans islet and further on ɓ-cell metabolism, at the few cells 

level, associated with stimulation using acetylcholine and increasing extracellular 

glucose concentration by droplet evaporation. The results obtained are scrutinized 

with known metabolism of islets and ɓ-cells. In response to both acetylcholine and 

elevated glucose concentration, rapid insulin release was observed, together with 

other compounds, such as c-peptide and amylin. The low attomole LOD demonstrates 

the potential of the described method. We are currently developing experiments that 

allow us to compare the response of the adipocytes to the insulin produced by normal 

individuals and the glycated insulin produced by diabetic ones. Cell-containing 100-

500 nL drops are levitated in an ultrasonic field. Cells and reagents are added to the 

drop using flow-through dispensers, and the cell reactions are monitored.  

 

 

References 
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Some specific features of chip electrophoresis with column-

coupling in ultra(trac e) analysis 

 
Mas§r M., Ģurek R., Bodor R., Iv§nyi F., Kaniansky D. 

Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius 

University, Mlynská Dolina CH-2, SK-84215 Bratislava, Slovakia 

 

 

 

This presentation is intended to overview key aspects of capillary electrophoresis 

(CE) performed on a column-coupling (CC) chip. Various approaches which may 

enhance an analytical utility of the CC chip, especially, in ultra-trace analysis will be 

shown as well. Currently, CE chips provided with CC technology can be considered 

as multifunctional CE devices designated for fundamental electrophoresis methods 

(CZE, ITP, IEF) and also for their on-line combinations (ITP-ITP, ITP-CZE and CZE-

CZE). Such devices include all relevant analytical functions, e.g. sample clean-up, 

pre-concentration, separation and detection of the analytes [1-5]. 

 

This contribution will show some specific CE tools and analytical benefits of the CC 

chip. A main attention will be paid on following topics: 

(1) Transferring CC-CE to chip electrophoresis. Some methodological aspects 

(2) Analytical benefits of ITP-CZE on the CC chip in ultra(trace) analysis 

(3) An electrophoretic counter-flow on the chip. Eliminating an undesirable transfer 

between the coupled columns in ITP-CZE [6] 

(4) A transfer of the membrane extraction to the chip electrophoresis. A combination 

of CC-CE chip with supported liquid membrane extraction on a PP membrane 
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Antibodies are one of the most useful tools in clinical immunological and biochemical 

laboratories for many years. Antibody-based therapies using both polyclonal and 

monoclonal antibodies are emerging as a powerful therapeutic approach enabling 

treatment of a variety of diseases. However, extensive and complex analytical 

processes are required to generate well-characterized biologics. The characterization 

of primary structure and posttranslational modification such as glycosylation is also 

an integral part of the quality control and quality assurance of biotechnology products. 

 

Capillary microreactors containing trypsin, endoproteinase LysC, and PNGase F 

immobilized on a porous polymer monolith have been prepared and used for the 

characterization high molecular weight human immunoglobulin G. One of the 

important issues we had to deal with was non-specific adsorption of proteins and 

peptides on the monolithic support. The hydrophilicity of diol functionalities 

originating from the hydrolyzed poly(glycidyl methacrylate-co-ethylene 

dimethacrylate) monolith was found not to be sufficient to avoid adsorption of 

hydrophobic albumin in highly aqueous mobile phase. Therefore, pores of this 

monolith were first hydrophilized using photografting of poly(ethylene glycol) 

methacrylate followed by photografting of a 4-vinyl-2,2-dimethylazlactone to provide 

the hydrophilic pore surface with reactive functionalities required for immobilization. 

This new approach significantly reduced the undesired non-specific adsorption and 

facilitated control of both enzyme immobilization and protein treatment processes. 

 

The capillary reactors with immobilized trypsin and endoproteinase LysC were 

coupled with MALDI/TOF-MS, ESI/TOF-MS, and/or integrated into a 

multidimensional system comprising monolithic capillary enzyme reactor, in-line 

poly(lauryl methacrylate-co-ethylene dimethacrylate) monolithic nanoLC column for 

the separation of peptides, and ESI/TOF-MS for characterization of molecular mass 

enabling assessing primary structure of the protein. The characterization of 

glycosylation of immunoglobulins G was achieved via analysis of glycans released 

from the protein after using PNGase F immobilized on the monolithic support 

followed by mass spectrometric identification. 
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Miniaturisation was an exciting novelty in chemistry during the 1990s and since then 

has become well established in all science and engineering disciplines.  It has had an 

immense influence on providing areas for and the acceptance of multidisciplinary 

research leading to the convergence of sciences and engineering.  Furthermore, 

advances in photonics, largely driven by the needs of lucrative IT and consumer 

electronics industries, have benefited other areas including chemistry.  Analytical 

science can profit from these synergies of different areas if they are brought together 

to produce new concepts and approaches.  This presentation will illustrate some of 

these synergies using a few examples from the recent work in the speakerôs research 

group. These include using light emitting diodes (LEDs) as light sources: (i) new 

photo-initiated polymerisation of monoliths using LEDs in UV and visible spectral 

range including photoplymerisation of monoliths by red LED light in polyimide 

coated capillaries [1] and (ii) development of new detection technologies involving 

LEDs and specifically of a combined one-point-of-detection ó3-in-1ô photometric, 

fluorimetric and contactless conductometric on-capillary detector for CE and other 

capillary separation techniques [2, 3].  
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In modern clinical laboratory and medical diagnosis a very important problem is 

searching the new  biomarkers of disease state.  In medicine, a biomarker can be a 

substance whose detection indicates a particular disease state (for example, the 

presence of an antibody or characteristic species of bacteria may indicate an 

infection). The complex nature of biological samples as well as the low concentrations 

of analytes require a system with high sensitivity and efficiency. Such requirements 

provides capillary zone electrophoresis (CZE) which is a powerful and versatile 

separation technique and can be very useful in analysis of small particles of colloidal 

sizes and in particular cells.  

 

Electrophoretic separation of bacteria has gained the interest of several research 

groups. Although the idea of the electrophoretic movement and separation of the cells 

might seem obvious and simple, the realization of it turns out to be not easy and 

straightforward. The main problems are the undesired phenomena such as aggregation 

(cluster formation) and adhesion of the bacterial cells to the inner capillary wall which 

are consequences of natural behavior of such analytes. Different attempts were made 

to more or less control the separated microorganisms and focus them into sharp zones 

which give the analytical signal (peak).  

 

The bacterial pathogen Staphylococcus aureus is responsible for a significant amount 

of human morbidity and mortality. Novel methods, based on CZE and molecular 

analysis of a part of the coag gene were designed for the identification and the 

differentiation of three S. aureus strains. To perform coagulase gene typing, the 

repeated units encoding hypervariable regions of the S. aureus gene were amplified by 

polymerase chain reaction (PCR) technique followed by restriction enzymes digestion 

and analysis of restriction fragment length polymorphism (RFLP) patterns as well as 

sequencing. Proposed procedures, specially fast and cheap CZE, with molecular 

analyses as the confirmation of these results, could become an effective tool for 

diagnosis of certain diseases caused by different strains of S. aureus. Finally, the 

results of electrophoretic measurements with molecular analysis were compared. The 

results presented in this report give a sufficient and real grounds to conclude that CZE 

could be a novel, fast and cheap method of identification and typing of bacterial 

strains. However, future investigation are necessary to improve this method and create 

database.   

 

Acknowledgements . 

The financial support from the BaMod project no. 19031 (European Community), 

Ministry of  Science and Higher Education grant no. N204 165 31/3730, NCU Grant 

no. 369-Ch Foundation for Polish Science (FNP) are kindly acknowledged. 



18 
 

HILIC type selectivity in LC ï HYPE or HOPE 

 
Wolfgang Lindner, Michael Lämmerhofer, Wolfgang Bicker 

Department of Analytical Chemistry and Food Chemistry, University of Vienna, 

Austria 

 

Hydrophilic Interaction Chromatography, HILIC, became increasingly popular in the 

last years as the need for chromatographic methods being able to cope with highly 

polar compounds increased. This trend was driven by life science applications and 

other analytical problems as well. The underlying retention and selectivity causing 

mechanisms of HILIC are still debated but accumulating evidence suggests that the 

molecular distinction process is often not only based on partitioning of the solutes 

between a polar modifier-rich (usually water) layer on the sorbent surface but also by 

adsorption interactions with the sorbent surface per se or polar ligand functionalities 

attached to it. This implies that not only weak intermolecular interactions between 

sites of the adsorbent and the analytes can come into play (e.g. hydrogen bonding) but 

also strong forces (ion attraction, ion repulsion) in case of ionizable functionalities. 

Both may contribute to retention thus leading to a "mixed mode" mechanism. 

 

With other words, HILIC as general term refers in the first place to mobile phase 

conditions being rich on an organic solvent (preferably acetonitrile) and low in water 

or other polar protic modifier content, secondly it refers to polar stationary phases 

(partially) featuring an adsorbed water or polar protic solvent layer, and thirdly, one 

needs to specify possible electrostatic interactions tracing back to the charge situation 

of the adsorbent and of the investigated analytes as function of the mobile phase pH 

and buffer conditions. Thus, the HILIC methodology is orthogonal to the well known 

RP system. 

 

In the light of representative examples we will try to highlight the potential of HILIC 

but also to shade more light on the rather complex retention and selectivity principles 

which in turn bear intrinsic limitations of the method. 
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Bacterial endotoxins (lipopolysaccharides, LPSs) are physiologically active 

components of the outer membrane of gram-negative bacteria and are released during 

growth, division and lysis. They have been recognized as the most potent stimulants 

of mammalian immune systems, causing a wide spectrum of pyrogenic and toxic 

reactions. LPS consists of a lipid region, termed lipid-A covalently attached to a 

polysaccharide region. Both regions have extremely high variability in their 

structures, which directly affects their physiological impact. Though several methods 
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have been used for endotoxin analysis, much progress is still needed to separate and 

identify the many subclasses and clarify the structure-function relationship of LPSs 

from individual strains. The lack of strongly UV-active groups or chromophores in the 

LPS molecule and its strong tendency to aggregate in aqueous solution makes the 

detection of the underivatized substances difficult. 

 

A comprehensive study was continued to explore the complex structure of the 

components with several unique sugar components and differences in the lipid part. 

The novel and fast methods using conventional capillaries and microchips with LIF 

detection developed especially for endotoxins allowed us 1) to differentiate between R 

and S endotoxins, 2) to monitor endotoxin-protein complexes and 3) determine the 

molecular components of the toxic variants of LPSs. MALDI-TOF MS, GC-MS and 

CE-MS studies were conducted to prove the presence of the different molecular 

forms, including the ñabsolute Rò, this form together with the ñcoreò, which contained 

unusual heptose units, and also the repeating units that are responsible for toxicity and 

immunogenicity. The techniques developed are usable to analyse and confirm the 

structures and types of LPSs directly from the cell cultures of the bacteria. This is of 

high importance, when fast analyses are necessary in infection and in preparation of 

human vaccines. 
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This presentation gives a thorough evaluation of various sample preparation methods 

for multicapillary gel electrophoresis based glycan analysis to support electokinetic 

injection. First the removal of excess derivatization reagent is discussed. While the 

Sephadex G10 filled multiscreen 96 well filter plate and Sephadex G10 filled pipette 

tips enabled increased analysis sensitivity, polyamide DPA-6S pipette tips worked in 

particularly well. In this latter case an automated liquid handling system was used to 

increase purification throughput, necessary to feed the multicapillary electrophoresis 

unit. Problems associated with the high glucose content of such biological samples as 

normal human plasma were solved by applying ultrafiltration. Finally, a volatile 

buffer system was developed for exoglycosidase based carbohydrate analysis. 
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Based on the recent FDA regulations, the so called Process Analytical Technology 

(PAT) offers the pharmaceutical industry the possibility to increase product quality 

consistence and to reduce product risks through: 

Á increased process knowledge and understanding 

Á optimized process control, 

by the use of process analytical technology tools.  

These tools are: 

Á process analyzers 

Á multivariate tools for design, data acquisition and analysis 

Á process control tools 

Á continuous improvement and knowledge management tools. 

 

As schematically shown in the Figure, process analyzers are instruments , such as near 

infrared spectrometers, fluorescence sensors, acoustic emission spectrometers etc, 

which provide information about the  

process. The outgoing on-line data are 

analyzed using multivariate tools to create 

quantitative fingerprints of the process by 

which the quality of the resulting product 

can be monitored. The identified critical 

parameters are then kept at their proper 

values by sending feedback to the control. 

The aim of this approach is to introduce 

the so called quality by design (QbD) as an 

opposite to the quality testing of the 

resulting product. This recent approach can 

bring reasonable benefits to the users by 

speeding up the manufacturing process, 

limiting the necessity of storing the intermediate products, scaling up the processes 

and assure fast transfer of the R&D results to the manufacturing. 

 

Siemens as an innovative company provides tools to implement PAT. The SIPAT 

system makes it possible to synchronize data from different sources of data ï 

instruments, files and process data systems. The collected data can be analyzed to 

characterize the quality of the product and/or they can be used as feedback to the 

process control system. Examples of the application of SIPAT will be presented. Also 

some opportunities for the research will be discussed.  
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The CESLAB synchrotron is a third generation synchrotron radiation facility that has 

been designed with several objectives in mind:  

 

 The usable range of photon energies should extend to at least 40 keV. 

 The photon beam should have high stability and a lifetime longer than 10 hours. 

 The accelerator should incorporate many straight sections for a variety of insertion 

devices. 

 The dimension of the source at the extraction points should be, at most, 0.25 mm. 

 The light source should have a vertical collimation comparable to that of the 

natural SL emission. 

 

The above considerations have led us to an accelerator energy of 3 GeV and 

a magnetic lattice that is essentially an Expanded Double Band Achromat. 

 

The main facility will be based on the latest 3 GeV European synchrotron ALBA, 

currently under construction. The knowledge transfer, help and direct collaboration on 

the project planning and later on synchrotron construction has been agreed with the 

experienced team in ALBA with a support by the respective Czech and Spanish 

ministries. From a technical point of view, the storage ring of diameter 270 m will 

consist of 24 straight sections for insertion devices for up to 33 beamlines (Fig.1). 

 

Fig. 1  Architectural view of  the CESLAB facility 

 

 

Beamlines are the heart 

of results at the 

synchrotron facility. 

They provide necessary 

equipment for the 

methods applied to 

different fields of 

research. They were 

proposed to support 

research in biology and 

medicine, material 

science, chemistry, 

microtechnology and nanotechnology, environmental sciences, archeology and other 

disciplines. The methods of X-ray scattering (high-resolution diffraction, powder 

diffraction and grazing/small angle scattering), crystallography (single crystals, 

macromolecules), spectroscopy (absorption, Mössbauer), and imaging (absorption, 

phase-contrast and coherent, diffraction) will be available at dedicated beamlines. 

A multipurpose Xray optics beamline will be available for generic applications, 
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including testing of new components, methods and for metrology. While most of 

the beamlines will work in the X-ray region, a beamline for VUV chemistry in gas 

phase and two IR stations for spectroscopy and ellipsometry are proposed as well. 
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