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PL-1 
 

SEPARATION SCIENCE ð A FIFTY YEAR PERSPECTIVE AND THE FUTURE 
 

Karger, Barry L. 
 

Barnett Institute , Northeastern University, Boston, MA 02115 USA 

 
 
With the receipt of the Beckman Medal, it is appropriate to look back on my 50 year career in bioanalytical 
chemistry and to look forward to the next 5 to 10 years (not possible 50 years ahead). My focus has been 
separation science, not just the principles but also the application to solve real problems. When I began my 
career, chromatography was where analytical chemists conducted research, first in GC and then this new field of 
high pressure liquid chromatography. Electrophoresis in a slab gel format was the domain of the biologists.  
When column operation became available (CE), I moved into this field and, along with a few others, was involved 
in developing technology for the Human Genome Project. Since then a key development has been the rapid 
advance of MS which continues to this day. While CE had a major impact on DNA separations, its wide 
applicability has been held back by a lack of effective coupling to MS. This is changing, and it is likely that CE/MS 
will have an impact in the coming years, both in a column and microfluidic format.  Other areas in the coming 
period include nanoscale separations where new physical principles can be used to advantage, e.g. slip flow. I 
will discuss these new developments from the context of what I learned over my career. The most important 
principle is to understand the problem and goal to which your technology will be applied. Impact is what matters, 
and your technology is only as good as the problems it is able to solve.  These points will be discussed in my 
presentation. 
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PL-2 

 
SINGLE MOLECULE ELISA IN EXTENDED-NANO FLUIDIC DEVICE 

 
Kitamori, Takehiko 

 
Department of Applied Chemistry, School of Engineering, The University of Tokyo,  

 
 
One of the most promising applications of microfluidics is immunoassay, which is expected to be personalized 
and mobile in the near future as a clinical and social application in the aged society. We proposed micro ELISA 
system using a microfluidic device in the early period of microfluidics [1], and had already made it in practical and 
commercial use. Our scientific and technological curiosity has already gone into immunoassay in extended-nano 
fluidic system. Ultimate smallness of extended-nano fluidics makes it be ultimate small volume analysis which 
ranges from femto to even atto liter level. These values are several orders smaller than single cell volume. 
Creating methodology of analysis in this volume sector is really challenging and will give a big breakthrough to 
the bio and medical research fields.  
We fabricated extended-nano channels into glass microchips, and succeeded in fluidic control at 10-100 nm in 
size. Detection at this size and volume is quite difficult, and therefore, we developed a differential interference 
contrast thermal lens micro detection (DIC-TLM), and we also succeeded in optical readout of non-fluorescent 
molecules in an extended-nano channel which was smaller than even optical wavelength. We have already 
developed three main methodologies for extended-nano fluidics, that is, fabrication, control and detection, and we 
applied them to develop extended-nano chromatography and immunoassay at atto liter and femto liter scale. One 
of the indispensable breakthrough technologies for these analytical applications is low temperature bonding 
method for glass substrates and covers. Surface modification on extended-nano channels is able to survive 
during the bonding processes in case the bonding temperature is at room temperature or a bit higher.  
An ELISA system was realized in an extended-nano fluidic device. Depth of the channel was 200 nm, while the 
width was 3 ɛm. The length of the capture antibody immobilized local area was 135 ɛm. Antigen-antibody 
reaction volume was almost 100 femto liter. In addition to this device, we prepare several different dimensions 
devices. This ultrathin liquid layer is much smaller than diffusion length of target antigen protein and the target 
antigen proteins collide several 1000 times at the capture antibody immobilized surface. Therefore, the target 
antigen proteins may be perfectly captured by the immobilized capture antibody, and chemical amplification by 
enzymatic reaction and ultrasensitive readout by DIC-TLM may be able to detect the captured antigen. Actually, 
we succeeded in detecting countable numbers and even single target antigen protein by referring to Poisson 
distribution of the obtained signal. 
 
References 
[1.] Kiichi Sato, et al., Anal. Chem., 72, 1144 (2000) 
[2.] A number of related papers are listed in http://park.itc.u-tokyo.ac.jp/kitamori/ 
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USING MICROSCALE SEPARATIONS AND MASS SPECTROMETRY TO UNDERSTAND THE BIOLOGICAL MECHANISMS 

OF DISEASES 
 

Yates, III J.R.; Pankow, S.; Bamberger, C.; Wang, Y.; Fonslow, B.; Han, X. 
 

Chemical Physiology, 10550 North Torrey Pines Road, SR11, The Scripps Research Institute, LaJolla, CA 92037 

 
 
A component to understanding biological mechanisms in disease involves identifying the proteins expressed in 
cells as well as their modifications and the dynamics of perturbed processes. Several major technologies, but 
especially mass spectrometry, have benefited from large-scale genome sequencing of organisms. The sequence 
data produced by these efforts can be used to interpret mass spectrometry data of proteins and thus enables 
rapid and large-scale analysis of protein data from experiments. Advances in multi-dimensional separations as 
well as mass spectrometry have improved the scale of experiments for protein identification. Quantitative mass 
spectrometry can be used to study biological processes such as protein-protein interactions, development or the 
effects of gene mutations on pathways. Recent studies on the loss of function mutant form of the Cystic Fibrosis 
Transport Regulator (ȹF508) as it progresses through the folding pathway will be presented. Through the study of 
protein-protein interactions, we are beginning to understand the critical interactions regulating pathways for export 
or destruction. What is clear from these studies is that protein complexes are mixtures of different protein 
proteoforms that require new approaches to sort them out to establish their functional roles. We will show recent 
data using a CE system to investigate protein complexes.  
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PL-4 

 
LC-MS OF PROTEINS USING SLIP FLOW CAPILLARIES 

 
Wirth, Mary J.; Wu, Zhen; Zhang, Ximo 

 
Purdue University 

 
 
Slip flow is a nanofluidic phenomenon that enhances flow rates for submicrometer particles in reversed-phase 
liquid chromatography. The phenomenon enables 0.5 ɛm particle diameters to be used with present commercial 
instruments, thereby giving higher peak capacities than conventional capillary UHPLC. Capillaries of 75 ɛm i.d. 
and 4.5-cm in length, packed with C18-modified 0.5 ɛm silica particles, exhibited ten-fold flow enhancements due 
to slip flow. This gives stable nanospray for LCMS with a reasonable separation length. We show that complex 
protein mixtures are separated with peak capacities on the order of 750 for intact proteins. The physical 
narrowness of the peaks provides for high sensitivity by virtue of maintaining a high concentration of protein in the 
eluting zones. The peaks widths are a few seconds, which is a time-frame compatible with high resolution mass 
spectrometers.  
 
References 

[1.] Wu, Z., et al. Anal. Chem. 2014, 86, 1592ð1598 
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PL-5 

 
PUTTING ARTEFACTS TO WORK: TURNING DNA SEPARATION PROBLEMS INTO  ULTRA-PORTABLE AND SENSITIVE 

LAB-ON-CHIP  NA DETECTION SOLUTION 
 

Viovy, Jean-Louis1; Venzac, Bastien1; Champ, Jerome1; Cisse, Ismail2; Bockelmann, Ulrich2;  
Descroix, Stephanie1; Malaquin, Laurent1 

 
1UMR 168 Institut Curie, Centre National de la Recherche Scientifique, Universtit® Pierre et Marie Curie 

2ESPCI, Gulliver Laboratory Nanobiophotonics Group 

 
 
We shall present a new label-free DNA detection method with direct electronic read. It uses a nonlinear 
electrohydrodynamic phenomenon discovered by our group when trying to separate by capillary electrophoresis 
large DNA molecules: when subjected to high electric fields, suspensions of large charged macromolecules in 
microchannels, such as long DNA molecules, create "giant" dynamic concentration fluctuations [1], which ruin 
size fractionation [2]. These fluctuations are associated with large conductivity heterogeneties. More recently, we 
demonstrated the possibility to detect these heterogeneities using a contact-mode local conductivity detector. In 
order to decouple the detection electronics from the high voltage excitation one, an original and simple "doubly 
symmetric" floating mode battery-operated detection scheme was developed. A wavelet analysis is then applied 
to unravel from the chaotic character of the electohydrodynamic instabilities a scalar signal robustly reflecting the 
amplification of DNA [3]. We also present recent and unpublished results, combining this method with isothermal 
Rolling-Circle-Amplification of DNA, which naturally yields molecules from hundred thousand to several mega 
base pairs. This allows for the development of very compact, low cost and energy-efficient chips for the specific 
and ultra-sensitive detection of DNA. Applications for portable devices in various fields of medicine, environment 
and biotechnology will be discussed.  
 

 
Fig 1: Principle of detection (left) and image of the electrodes setup (upper right) 

and labelled DNA aggregates (lower right) 

 
References  
[1.] L. Mitnik, C. Heller, J. Prost, and J. L. Viovy, ñSegregation in DNA solutions induced by electric fields.,ò Science, vol. 

267, no. 5195, pp. 219-22, (1995). 
[2.] S. Magnusdottir, H. Isambert, C. Heller, and J.L Viovy, ñConstant and Pulsed Field Capillary Electrophoresis of DNA,ò 

Biopolymers, vol. 49, pp. 385- 401, 1999. (1995) 
[3.] A low-cost, label-free DNA detection method in lab-on-chip format based on electrohydrodynamic instabilities, with 

application to long-range PCR, ML Diakite, J Champ, S Descroix, L Malaquin, F Amblard, JL Viovy, lab chip 12: 4738-
4747 (2012)  
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PL-6 

 
IMPROVING PATIENT OUTCOME BY STRATEGIC TECHNOLOGY DEVELOPMENT IN THE HEALTHCARE SECTOR 

 
Marko-Varga, Gyºrgy1,2 

 
1Div. Clinical Protein Science & Imaging, Biomedical Center, Dept. of Measurement Technology and Industrial Electrical 

Engineering, 
Lund University, Lund, Sweden 

2Dept. of Surgery, Tokyo Medical University, Tokyo, Japan 

 
 
Global Healthcare is under pressure to meet the demands from patients to reach an improved efficiency in 
Cancer-, Neurodegenerative-, Diabetes and Cardiovascular diseases. Societies have difficulties in managing an 
increasing burden of healthcare costs. New drug characterization assays are central in providing evidence to the 
specificity and selectivity of drugs. Targeted drug development requires mode of drug action mechanistic studies 
in order to get approval from the FDA. Disease presentation and clinical sample collection are key strategic 
resources that need to be invested in order to understand disease mechanisms and to design the next generation 
diagnostics and treatments for Cancer patients. The technological developments provide a novel tool to achieve 
such highly detailed imaging by using Imaging Mass Spectrometer. In the first human study undertaken, we have 
been able to provide evidence of drug localization within targeted pathophysiology regions. In addition, we 
present data on the occurrence of, IRESSA, TARCEVA and Tiotropium within lung after dosing exposure, 
revealing specific localizations in tissue compartments at 10-ɛm spatial resolution that reaches sub-cellular levels. 
Mass spectrometry imaging provides an effective means to measure the distribution of drug molecules in tissue 
samples. By comparing drug ion distribution patterns in tissue sections, we observed that following exposure, 
IRESSA, TARCEVA and Tiotropium parent ions and fragment ions were dispersed in a the central airways into 
the lung parenchyma and pleura. To meet hospital demands, Biobanks are developed in order to integration a 
collection of clinical samples from health and disease that provides human information to aid the unmet need of 
patients. Interfacing Biobanlks to modern healthcare developments becomes intimately linked to archiving patient 
samples in large scale studies, building biobank archives. These developments are seen within current 
application of Personalized Medicine strategies of matching specific disease genotypes and phenotypes with 
specific pharmaceutical drug treatment has shown tremendous efficacy in several important diseases. The 
expansion of this treatment paradigm into other diseases has led to new thinking considering the diagnosis and 
treatment of disease, including ñPrecision Medicineò.  
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PL-7 

 
WHY DO WE LOSE IT? ANALYTICAL INSIGHTS INTO HUMAN NEUROMUSCULAR DEGENERATION 

 
Bergquist, Jonas 

 
Analytical Chemistry, Department of Chemistry-BMC and SciLife Lab, Uppsala University, Box 599, SE-751 24 Uppsala, 

Sweden 

 
 
No matter what we do, eat or practice ï sooner or later we all will start loosing our abilities to control our bodily 
functions, maintain muscle control and innervations. Most of us will grow old and degrade by natural causes, 
while some of us unfortunately will be affected by fast or slow progressive diseases or even have accidents with 
traumas that will initiate dramatic degenerative effects. Amyotrophic lateral sclerosis (ALS) is the most common 
type of motor neuron disease in adult patients and is characterized by progressive muscle paralysis. However, 
the clinical tools for ALS diagnostics do not perform well enough and their improvement is needed. We have 
recently demonstrated that a shotgun proteomic approach coupled with relative quantitative dimethyl labeling 
(DML) method can analyze the global changes in the human skeletal muscle proteome from ALS patients. Very 
limited amount of muscle biopsy taken from randomized ALS patients and healthy controls were used for 
comparison. The underlying objective of our study was to identify potential protein biomarkers related to the 
development of ALS but also to be able to get in detail structural characteristics of protein modifications that are 
initiated by disease. These proteins are involved in several biological processes including muscle development 
and contraction, metabolic process, enzyme activity, glycolysis, regulation of apoptosis and transport activity. In 
order to eliminate a risk to confuse ALS with other denervation, muscle biopsies of patients with postpolio 
syndrome and Charcot-Marie-Tooth disease (negative controls) were compared to those of ALS and control 
samples. In parallel we have been monitoring patients from the intensive care unit (ICU) that after accidents and 
trauma ends up in assisted ventilation or respirator treatment. These patients experience dramatic muscle 
denervation and degeneration already after a few days of treatment. We have identified a number of different 
factors behind this phenomenon that also reveals new knowledge about the natural aging muscle. 
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KN-01 
 

A LASER PRINTED, ROTATION-DRIVEN MICRODEVICE (RDM) IN POLYESTER WITH PASSIVE VALVE FLOW CONTROL 

FOR PROTEIN QUNATITATION AND CELL COUNTING 
 

Ouyang, Y.1; Thompson, B.1; Begley, M. 2; Landers, James P. 1,2,3 
 

1Department of Chemistry, University of Virginia 
2Department of Mechanical Engineering, University of Virginia 

3Department of Pathology, University of Virginia 

 
 
The ever-increasing application of Lab-on-a-Chip (LOC) technology to real-world problems has elevated interest 
in these analytical devices.  As the development becomes more application-driven and the functionality shown to 
be robust, flow control and cost-effective manufacturability of microdevices from inexpensive commercial-off-the-
shelf materials becomes critical.  
We have shown the utility for using polyester (overhead transparencies) as the substrate and printer toner to 
generate rotation-driven microdevices (RDMs) for a variety of analytical processes including DNA extraction, PCR 
and electrophoretic separation. We followed this by demonstrating that CD-like PeT microchips could be 
fabricated for fluidic transport controlled by centrifugal forces and valving by laser-printed hydrophobic valves.  By 
simply using rotation speeds that generate enough centrifugal force, fluids could be mobilized through open 
channels and, at higher speeds, through hydrophobic valves. In a PeT RDM with two fluidic layers fabricated by 
laser ablating the microfeatures in the polyester sheet and then laminating using the toner for bonding, we show 
that a simple colorimetric protein assay can be carried out in an automated manner. In doing so, we highlight the 
ability to integrate a substantial number of fluidic control elements to achieve a basic diagnostic functionality (i.e., 
protein quantification). The functionality requires fluid metering, mixing, and aliquoting, and thus, represents an 
effective demonstration of fundamental operations required for a broad range of other applications. One of these 
involves cell counting via DNA quantitation based on the extent of magnetic bead aggregation as the optical 
signal. A bi-directional rotating magnetic field (RMF) was critical to effective magnetic actuation of the PeT RDM 
for multiplexed cell counting. Enumeration of white blood cells in the human blood samples was demonstrated 
with the RDM with reasonable accuracy for clinical applications (CV=10%). Fusing the cost-effective and versatile 
PeT RDM with a simple bi-RMF, we present a promising strategy for automation and multiplexing of limited blood 
count chemistries. 
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L-01-1 

 
CAPILLARY ELECTROPHORESIS FOR MINIATURIZATION ENZYMATIC ASSAYS ON KINASES OF SIGNALING PATHWAYS 

 
Nehm®, Reine1; Nehm®, Hala1; Benedetti, H®l¯ne2; Routier, Sylvain1; Morin, Philippe1 

 
1Institut de Chimie Organique et Analytique (ICOA) and 2Centre de Biophysique Mol®culaire, University of Orleans 
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THE COUPLING BETWEEN THE OPTIMAL EXPERIMENTAL CONDITIONS FOR THE PURIFICATION OF PROTEINS AND 

THE FORMULATION OF A NOVEL TYPE OF ANTIBIOTICUM  
WITH AN EXTREMELY HIGH SELECTIVITY 

 
Hjert®n, Stellan 

 
Institute of Biochemistry, Uppsala University, Biomedical Center, Uppsala SE-751 23 Uppsala, Sweden 

 
 
Upon a review of all scientific papers I have published and of an article by Sober and Petersen I found that an 
extremely high resolution of proteins could be achieved by a combination of only two separation methods: anion-
exchange chromatograaphy (or free zone electrophoresis) and hydrophobic-interaction chromatography. These 
two (three) methods are based on the parameters negative net surface charge and net surface hydrophobicity of 
proteins (and viruses and bacteria). Accordingly, the same parameters may be expected to characterize the 
surface structure of both proteins, viruses and bacteria. This conclusion gives us immediately the information 
about the surface properties of a novel class of antibiotica for selective capture (= the inactivation) of pathogens: 
Their net surface charge should be the same as that of the pathogen and their net surface hydrophobicity 
somewhat higher than that of the pathogen for its selective capture of the pathogen. Two animal experiments 
confirm this conclusion. 
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KN-02 
 

STRATEGIES FOR IMPROVING DETECTABILITY OF CAPILLARY ELECTROPHORESIS 
 

Kanemori, Koichi; Ota, Hiroya; Kawai, Takayuki; Naito, Toyohiro; Kubo, Takuya; Otsuka, Koji 
 

Kyoto Uiversity 

 
 

The analysis of carbohydrates is one of the important issues in biological/clinical diagnoses since carbohydrates 
are important in biological functions.  Among various techniques for analyzing carbohydrates, capillary 
electrophoresis (CE) is advantageous due to its ability to achieve a rapid analysis with low consumption of 
samples.  In conventional CE of carbohydrates, however, a troublesome derivatization of a sample is often 
required for the detection and/or separation since most of carbohydrates have no UV absorbance and no charge. 
To overcome this drawback, we focused on the affinity CE analysis using quinolineboronic acids (QBAs) which 
form complexes with cis-diol compounds like most carbohydrates.  In a background solution (BGS) containing 
QBAs, the complexation provides the variations of both the fluorescence intensity and apparent electrophoretic 
mobility of the complex from those of native carbohydrates, resulting in both the label-free fluorescence detection 
and selective separation of carbohydrates.  The variations of the emission-spectra of QBAs by the complexation 
were measured with adding sorbitol into QBA solutions.  As a typical result, the emission intensity of 5-isoQBA 
was increased upon adding sorbitol.  To investigate the effects of the complexation and pH of the BGS on the 
mobility of 5-isoQBA, the effective electrophoretic mobilities of 5-isoQBA and its complex with sorbitol were 
measured with varying pH.  Since the complexation of 5-isoQBA with carbohydrate gave a negative charge to the 
neutral carbohydrate at pH 6.0ï12.0, the electrophoretic migration of the complex was attained without any pre-
column derivatization.  Nine carbohydrates, including sorbitol, mannitol, galactitol, catechol, galactonic acid, 
arabitol, xylitol, meso-erythlitol, and mannose, were analyzed in a phosphate buffer containing 5-isoQBA, which 
indicated the successful detection and separation of these carbohydrates without any derivatization. 
The combination of an on-line sample concentration technique, large-volume sample stacking with an 
electroosmotic flow pump (LVSEP) [1, 2], with mass spectrometry (MS) in CE was investigated to improve the 
detectability.  Constructing LVSEP-CEïMS has been difficult due to the lack of the outlet reservoir, since LVSEP 
requires a BGS from the outlet side of the capillary for pumping out the sample matrix.  In this study, the sheath 
liquid poured into the electrospray ionization (ESI) interface was employed as the BGS, where the sheath liquid 
was successfully introduced into the capillary from the ESI interface.  To evaluate the analytical performance of 
the system, three aromatic sulfonic acids were analyzed.  As a result, the analytes were 75ï120-fold 
concentrated in LVSEP-CEïMS compared to conventional CEïMS. 
 

References 
[1] Kawai, T.; Sueyoshi, K.; Kitagawa, F.; Otsuka, K. Anal. Chem. 82 (2010) 6504-6511. 
2] Kawai, T.; Watanabe, M.; Sueyoshi, K.; Kitagawa, F.; Otsuka, K. J. Chromatogr. A 1232 (2012) 52-58. 
 
Acknowledgement 
SENTAN (JST); KAKENHI (MEXT) No. 24350039. 

 

  

http://msb2014.org/index.php?page=cv/otsuka


MSB 2014 2 ï SAMPLE PREPARATION 1 

 

 23 

 
L-02-1 

 
PROTEIN IMPRINTED MATERIALS FOR THE TARGET PROTEIN CAPTURE  

IN THE PROTEOMIC SAMPLE 
 

Yang, Kaiguang; Li, Qinran; Liu, Jinxiang; Li, Senwu; Zhang, Lihua; Liu, Jianxi 
 

National Chromatographic R&A Center, Key Laboratory of Separation Sciences for Analytical Chemistry,  
Dalian Institute of Chemical Physics, Chinese Academy of Sciences 

 
 
With the recent development of proteome techniques, the interest in finding biomarkers from human plasma for 
clinical diagnosis has gained new momentum. However, the wide dynamic range of proteins in abundance, over 
1010, brings great challenges to discover low abundance proteins with significant biological functions [1]. 
Therefore, in proteome study, it is indispensable to deplete high abundance proteins to identify low abundance 
ones. Antibody techniques have been proven the most effective methods [1]. However, with the consideration of 
stability, robustness and cost, the development of artificial antibody, molecularly imprinted materials, might be a 
state-of-the-art solution. 
Three generations of protein imprinted materials were developed in our study for proteomics application. In the 
first generation, porous protein-imprinted monolithic polyacrylamide materials was prepared by 3-D imprinting 
strategy and applied to extract the target proteins from complex protein mixtures by affinity chromatography [2]. In 
the second generation, one new approach, combining metal-coordination with surface imprinting technology, was 
developed to prepare protein-affinity materials, which showed higher specific recognition ability towards the target 
proteins [3]. The other new approach in the second generation, hierarchical imprinting, was developed and 
applied for high abundance protein imprinting [4.] In the third generation, the epitope of the target protein was 
applied to overcome the difficulty in obtaining the pure protein as the template. Meanwhile, environmental-friendly 
polymer self-assembly technology, instead of polymerization, was applied to fabricate the materials. In 
conclusion, molecular imprinting would be a promising method for the proteomic study. 

 
References 
[1.] Issaq HJ, Xiao Z, Veenstra TD, Serum and plasma proteomics, Chemical Reviews, 2007, 107, 3601-3620 
[2.] Liu JX, Yang, KG et al., Journal of Separation Science, 2010, 33, 17-18 
[3.] Liu JX, Yang, KG et al., Chemical Communications, 2011, 47, 3969-3971 
[4.] Li, QR, Yang, KG et al., Microchim. Acta, 2013, 180, 1379-1386. 
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L-02-2 

 
APPLICATION OF MICRODIALYSIS IN PRE-CLINICAL PHARMACOKINETIC STUDY 

 
Lu, Chia-Ming1; Lin, Lie-Chwen2; Tsai, Tung-Hu1 

 
1National Yang-Ming University 

2National Research Institute of Chinese Medicine 
 

Objectives: Microdialysis is a real-time and continuous sampling technique for small molecules. The basic 
principle of microdialysis is a passive diffusion following Fickôs law, and the driving force is a concentration 
gradient allowing analytes to pass through a semi-permeable membrane. Based on the perspective of clinical 
pharmacology, only the protein-unbound fraction of a drug is available for absorption, distribution, metabolism 
and elimination, as well as delivery to the target sites for pharmacodynamic actions.  
Methods: Blood, brain and bile microdialysis systems consisted of a microinjection pump, a microfraction collector 
and the appropriate microdialysis probes. The dialysis probes for blood (10 mm in length), brain (3 mm in length) 
and bile (7 cm in length) were made of silica glass capillary tubing arranged in a concentric design. For 
enterohepatic circulation study, the bile duct of the donor rat was cannulated proximal to the liver and the other 
end of tube was inserted through the bile duct into the duodenum of the recipient rat. Lamivudine is an 
antiretroviral drug which is used as one of the example to investigate protein-unbound form lamivudine in the rat 
blood and liver, and subsequently to examine its pharmacokinetics in rat. 
Results: The regional brain distribution, the portion of drug that passes through the blood-brain barrier, and 
hepatobiliary excretion can be defined by the area under the curve (AUC) ratio of blood-to-brain 
(AUCbrain/AUCblood) and blood-to-bile (AUCbile/AUCblood). Furthermore, the pros and cons of microdialysis 
are discussed, including the detailed surgical techniques in animal experiments from rat blood, liver and bile duct 
for the analysis of protein-unbound drug. The pharmacokinetic data of lamivudine demonstrated that the area-
under concentration versus time curve (AUC) of lamivudine in blood and liver were 531.97 Ñ 37.60 and 682.49 Ñ 
195.81 min ɛg/mL after lamivudine administration (10 mg/kg, iv), the elimination phase half-life (t1/2ɓ) were 41.44 
Ñ 4.19 and 38.26 Ñ 4.91 min, respectively. The results suggest that lamivudine provides an even distribution in 
blood and liver after drug administration. 
Conclusion: The strategy of multiple sampling in a single animal largely reduces the use of experimental animals 
and receives more reliable data for pre-clinical pharmacokinetic study. 
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KN-03 
 

EXTENDED ELECTROSPRAY NEEDLE FOR CE-MS SEPARATIONS 
 

Foret, Frantiġek1; TĨļov§, Anna1,2; Klep§rn²k, Karel1 
 

1Institute of Analytical Chemistry of Academy of Sciences, VeveŚ² 97, Brno, CZ-602 00 
2Faculty of Science, Masaryk University, Kotl§Śsk§ 2, Brno, CZ-611 37 

 

 
With the recent instrumental developments, capillary electrophoresis coupled to mass spectrometry (CE-MS) 
seems to be gaining momentum especially for analyses of complex biological samples. On-line CE/MS coupling 
is almost exclusively practiced with the electrospray ionization. Based on the fluidic connections of the separation 
capillary to the electrospray emitter, the interface designs are typically divided into two categories, i.e., the sheath 
and sheathless arrangement, with additional subdivisions such as coaxial design, liquid junction arrangement, 
etc. For the flow rates above 100 nL/min, electrospray is considered to be concentration sensitive. Thus, the 
sensitivity of the CE-MS setup reflects the instrumentôs ability to deliver the separated zones into the electrospray 
needle in the lowest possible volume of the spray liquid. In the simplest case the electrospray tip can serve also 
as the CE separation capillary without the need for any additional interface. In such an arrangement the CE 
separation column must be of sufficiently low internal diameter to provide stable and efficient spray and, in 
principle, only one high voltage power supply can be used, driving both the CE separation and the electrospray 
ionization. Under suitable conditions, with regard to the capillary size and background electrolyte conductivity, 
sufficient electric field strength for the electrophoretic separation can be established by the electrospray current 
passing through the CE column. This work describes the practical limits of this approach with respect to the 
internal diameter and length of the CE column, the composition and conductivity of the BGE and the applied 
separation/spray voltage. Several examples of CE/MS analyses of biomolecules will demonstrate the practical 
potential and limitations of this direct CE/MS connection. 
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Monoalkyl carbonates (MACs) or hemiesters of carbonic acid (HECAs) are an emerging class of substances with 
potential interest in biological processes. Although the knowing about existence of MACs dates back almost a 
hundred years, evidences that compounds of this class can be formed spontaneously from an alcohol and 
bicarbonate ï in conditions similar to the biological systems ï arose only recently [1, 2]. Previous studies with 
capillary electrophoresis with capacitively coupled contactless conductivity detection (CE-C4D) allowed the 
determination of mobility, diffusion coefficient, and ionic radius of several HECAs as well as kinetic and 
thermodynamic constants for the formation reaction in aqueous medium [1-3]. In a subsequent study, 
electrospray ionization mass spectrometry (ESI-MS) was introduced as an alternative technique [4]. The present 
contribution deals with the use of CE-ESI-MS/MS, which improves the limit of detection and selectivity. 
The background electrolyte (BGE) was ammonium propionate (pH 8.7), which allows separation and detection of 
the MACs in the counter EOF flow. The ESI sheath liquid was ammonium propionate in water/methanol 1:1. As 
previously observed [4], mild ESI conditions favors the transfer of MACs to the gaseous phase. The selectivity 
was improved by MS/MS detection in the MRM mode by monitoring the transition of M- to [M - CO2]- at natural 
collision (0 eV) with N2. Due to the possible decomposition of the MACs during the CE run because of the Joule 
heating, a new thermostating case for the CE capillary was created. 
Although loss of 44 u at low collision energy is a striking feature of the MACs compared to other carboxylates, the 
coupling with CE is even more advantageous in the detection of MACs because it gives an orthogonal dimension 
in cases as, for example, the solution prepared with allyl alcohol and NaHCO3. Both monoallyl carbonate and 
Na(OH)(HCO3)- have the same m/z 101. However, Na+ migrates as a cation and, thus, the isobaric cluster is not 
formed during the detection of the CE peak of monoallyl carbonate. The separation of a mixture of MACs of 
ethanol, 2-propanol, 1-butanol, and 3-pentanol was also demonstrated. The increase of sensitivity compared to 
CE-C4D allowed for the first time the detection of monogeranyl carbonate: a MAC of a fatty alcohol that is a 
carbonate counterpart of the geranyl pyrophosphate (an important intermediary in the biosynthesis of sterols). 
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Nano-LC-MS is often used in Proteomics experiments, due to the high sensitivity of nanospray and optimal use of 
the small sample amount. Sample loadability using enrichment columns and ease of operation - however remain 
a challenge. 
In recent years, UHPLC has improved speed and resolution in chromatography using sub-2-micron particles and 
increased pressure. Applying this approach in nano-LC-MS however, does not always lead to improved results 
for the Proteomics experiment. Also, electrospray ionization development has reduced the sensitivity gap 
between nanospray and standard electrospray, which brings up the question whether it is time to rethink the 
optimal setup for Proteomics experiments, especially when developing methods for routine applications. 
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Recently chromatographic stationary phases (SPs) silica-based on core-shell material have been successfully 
experimented and adopted for both chiral and achiral separations utilizing high-performance liquid 
chromatography (HPLC). The success in using such columns stands in the properties of the silica particles 
enabling fast analysis and high efficiency mainly due to the better homogeneity of the particles and the faster 
mass transfer (mobile and stationary phase). The structure of the phase is represented by a solid core with a very 
thin layer outside responsible for the interactions with analytes.  
Based on the literature data, it seems that core-shell particles can offer valuable results especially when 
analyzing large molecules. However, recently, such SPs have been also applied for the separation of small 
molecules, e.g., chiral compounds of pharmaceutical interest. 
In this communication the main advantages in using superficially porous (core-shell) particles in liquid 
chromatography will be briefly introduced. Afterwards the separation of chiral compounds by nano-liquid 
chromatography (nano-LC) and capillary electrochromatography (CEC) employing core-shell particles containing 
(adsorbed) cellulose derivatives will be illustrated. The main experimental parameter influencing efficiency and 
chiral resolution will be discussed. 
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Helquats (helical N-heteroaromatic dications) represent a new class of functional organic molecules [1]. They 
were introduced as a structural link between helicenes and viologens (paraquat and diquat). Combining molecular 
characteristics of both these classes of compounds, chirality of helicenes and electrochemical properties of 
viologens, helquats possess potential to be applied in molecular electronics and catalysis. In the relatively simple 
synthetic procedure, helquats were obtained as racemates containing M- and P-helical forms [1, 2]. However, 
pure enantiomers are necessary for investigation of their properties depending on helical chirality. For monitoring 
of preparative resolution of racemic mixtures of helquats, a new capillary electrophoresis (CE) method was 
developed [3, 4].  
Enantiomers of a series of 34 helquats comprising 5, 6 and 7 fused rings in the helical backbone were resolved 
by CE in acidic 22/35 mM sodium/phosphate background electrolyte, pH 2.4, using randomly or single isomer 
sulfated Ŭ-, ɓ- and ɔ-cyclodextrins (CDs) as chiral selectors. Non-covalent interactions between dicationic helquat 
enantiomers and sulfated CDs provided negatively charged complexes, which were separated as anions at 
reversed voltage polarity (-12 kV) in untreated or hydroxypropylcellulose coated fused silica capillaries 50/375 ɛm 
id/od, 300/400 mm effective/total length, and detected by UV-absorption at 200 nm.  
Evaluation of CE analyses of the whole set of 34 helquats showed that at least one of the sulfated CDs provided 
baseline separation of all 34 helquats. Concerning the capability of the individual randomly sulfated CDs for 
helquat enantioseparation, the S-ɔ-CD separated completely 28 helquats (82% success rate), followed by S-ɓ-CD 
with 22 helquats (65%) and S-Ŭ-CD with 16 resolved helquats (47%). From the single isomers sulfated CDs, the 
best results were obtained using 2,3-diacetyl-6-sulfo-ɓ-CD with 27 resolved helquats (79%).  
Additionally, CE was applied to determine helix inversion barrier of helquats, i.e. activation energy of mutual interconversion 
of M- and P-helquat helical forms. The configurationally labile helquats could not be resolved but enantiomers of more 
hindered helquat structures were separated by CE and their helix inversion barrier was found to be in the range 106 ï 120 
kJ/mol. 
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A series of eight chiral ɓ-blocker drugs, acebutolol, atenolol, carazolol, carteolol, carvedilol, propranolol, sotalol 
and talinolol, have been enantioseparated using two single component anionic ɓ-cyclodextrin (CD) derivatives, 
namely heptakis (2,3-di-O-methyl-6-sulfo)-ɓ-cyclodextrin (HDMS-ɓ-CD) and heptakis (2,3-di-O-acetyl-6-sulfo)-ɓ-
cyclodextrin (HDAS-ɓ-CD), in aqueous and non-aqueous capillary electrophoresis (CE). The main objective of 
this work was to study the influence of the nature of substituents (methyl or acetyl) in positions 2 and 3 on the CD 
derivatives and of the electrophoretic medium (water or methanol) on enantioselectivity and enantiomer affinity 
patterns (EAPs) for these structurally related compounds. The EAPs towards these two CDs were found to be 
opposite to each other in both aqueous and non-aqueous media for atenolol and talinolol while opposite EAPs 
towards the two CDs were only observed in aqueous CE (ACE) for carteolol and sotalol, and in non-aqueous CE 
(NACE) for acebutolol, carazolol and propranolol. On the other hand, opposite EAPs with a given CD derivative 
were also observed when the aqueous background electrolyte (BGE) was replaced by the methanolic BGE in 
some cases: for carazolol, carteolol, carvedilol and propranolol in the presence of HDMS-ɓ-CD and only for 
acebutolol with HDAS-ɓ-CD. The more pronounced tendency to changes in EAP with the BGE composition in the 
presence of HDMS-ɓ-CD might be related to the fact that this CD derivative generally leads to lower affinities and 
enantioselectivities compared to HDAS-ɓ-CD. The possible molecular mechanisms leading to these changes in 
EAP are being studied in both aqueous and non-aqueous BGEs using rotating frame nuclear Overhauser effect 
(1D ROESY) NMR spectroscopy [1-2].  
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Traditionally, LC-ESI-MS and/or MALDI-MS are the analytical techniques of choice for the analysis and 
quantification of post-translationally modified proteins and peptides. However, it is well documented that analysis 
of especially phosphopeptides using LC-ESI-MS is not without challenges. Poor ionization efficiency, low 
separation efficiency and neutral losses etc. often impedes detection and characterization.  
Thus, we evaluated the capability of CESI-MS for the separation and analysis of various common protein 
modifications using a PTM standard provided by the ABRF Proteomics Standards Research Group (sPRG). The 
PTM standard, consisting of 70 different modified peptides including 29 phosphopeptides, was analyzed with both 
CESI- and LC-ESI-MS. The results were compared with respect to the number of identified peptides and 
separation characteristics. The application of acidic conditions and an uncoated capillary result in a moderate 
suppression of the EOF. When working in positive mode (+30kV), a low flow rate towards the MS can be obtained 
and also the positively charged peptides migrate towards the MS. Applying this system, di-, tri-, and tetra-
phosphorylated peptides, which are less positively or even negatively charged can be fully separated from all 
other positively charged peptides.  
In the second part of the study we investigated core and linker histones, small highly basic proteins occurring in 
all higher eukaryotes in multiple subtypes. All histones are subjected to extensive post-translational modifications 
that are known to be significant for gene expression and DNA repair. Both the complexity and unique physical 
and chemical property of this protein family is a challenging task requiring the most advanced separation 
techniques and sophisticated instrumentation available. Although CESI-MS detection of histone modifications is 
limited by the mass loading capacity of the system, it has the advantage of providing a rapid overview of the 
modification status of intact proteins, allowing fast and reproducible comparisons between treated and untreated 
cells or different cell phases.   
Finally, CESI-MS was used to characterize and quantify phosphoproteins and phosphopeptides present in a 
highly complex sample, the proteome of yeast. Stable isotope labeling in cell culture (SILAC) was used for 
relative quantification of two yeast proteomes.  Protein extracts of these two strains were mixed and 
enzymatically digested using Lys-C. The resulting peptides were pre-separated by RP-HPLC and were analyzed 
by CESI-MS using a neutral capillary. A total of 1244 phosphorylation sites could be assigned and 1371 
phosphorylated peptides quantified. 50 phosphopeptides were found to be differently regulated relative to the 
unphosphorylated protein. The work presented here shows the first quantitative phosphoproteomic approach that 
combines stable isotope labeling by amino acids in cell culture (SILAC) with CESI-MS separation. 
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Capillary electrophoresis (CE) hyphenated with electrospray ionization (ESI) mass spectrometry (MS) is a 
suitable technique for the analysis of intact proteins. The main configuration to realize this coupling is the sheath 
liquid interface, which is characterized by the addition of a make-up liquid providing the electric contact as well as 
the appropriate flow and solvent composition for ionization and evaporation. One main advantage of this interface 
is that the composition of the sheath liquid can be adjusted to optimize the ionization without affecting CE 
selectivity and efficiency. In the case of protein ionization, this feature is particularly interesting to modulate their 
charge-state distribution (CSD). 
In this study, we report for the first time the addition of supercharging reagents to the sheath liquid in CE-ESI-MS 
experiments of intact proteins to increase the maximum charge (Zmax) of multiply-charged gas-phase ions, while 
maintaining acceptable separation performance. Various supercharging agents were tested (2-nitrobenzyl 
alcohol, 3-nitrobenzyl alcohol, 4-nitrobenzyl alcohol, and sulfolane) with different background electrolytes (BGE). 
Their impact was estimated for three model proteins (human insulin, human growth hormone, hemoglobin A0) 
exhibiting different properties in terms of size, structure, and flexibility. Their influence on the global sensitivity and 
CE performance for each protein was also assessed. 
First, the impact of the main CE parameter on proteinsô CSD was studied. Lower charge states were obtained 
when the pH of the BGE was increased, which indicated that although the sheath liquid plays an important role in 
protein ESI, the CSD is also driven by the BGE pH, which determines the protein charge state in solution prior to 
its ionization by electrospray. Then, the addition of supercharging reagents to the sheath liquid was successfully 
implemented to further modify the proteinsô CSD. Among the supercharging reagents tested,               3-
nitrobenzyl alcohol (m-NBA) and sulfolane were selected as appropriate additives because they presented the 
highest volatility avoiding clogging issues. Both compounds permitted a shift toward higher charge states in acidic 
condition. The addition of m-NBA permitted to fully protonate the strongest basic amino acids (i.e., Arg, Lys, and 
His), whereas sulfolane exhibited a more effective supercharging effect compared to m-NBA, enabling the 
protonation of less basic amino acids. Under basic conditions, the tested reagents did not succeed in 
supercharging proteins and sulfolane even suppressed ionization for the most flexible protein. This result 
suggested that proteins that are negatively-charged in solution could not experience in-spray supercharging. As 
expected, the addition of supercharging reagents to the sheath liquid had no deleterious impact on the CE 
performance, regardless of the pH. The sensitivity remained globally unchanged for every proteins and 
supercharging additives, while in some cases sulfolane led to a sensitivity improvement. 
This work has not been presented in international congress yet. It was submitted to Analytica Chimica Acta and is 
currently under minor revisions. 
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Capillary electrophoresis (CE), like many other microanalytical techniques, has poor concentration sensitivity due 
to the limited sample volume that can be loaded onto the capillary. Several strategies have been investigated in 
order to improve CE sensitivity. Today, the use of on-line solid phase extraction capillary electrophoresis    (SPE-
CE) is widely recognized as a powerful approach to overcome this major drawback [1-3]. In SPE-CE, an 
extraction microcartridge or analyte concentrator placed near the inlet of the separation capillary contains a 
sorbent which retains the target analyte, enabling a large volume of sample to be introduced. After rinsing to 
eliminate non-retained molecules, the retained analyte is eluted in a smaller volume of appropriate solution, 
resulting in sample clean-up and concentration enhancement, before the electrophoretic separation. 
In this study, C18-silica monoliths were synthesized as a porous layer in open tubular capillary columns to be cut 
later into microcartridges for the analysis of neuropeptides by SPE-CE-UV and SPE-CE-MS [4]. First, several 
types of C18-silica monolithic (MtC18) microcartridges were used to analyze standard solutions of five 
neuropeptides (i.e. dynorphin A (1-7), substance P (7-11), endomorphin 1, methionine enkephalin and [Ala]-
methionine enkephalin). The MtC18 sorbents, were especially selective against endomorphin 1 (End1) and 
substance P (7-11) (SP (7-11)). The best results in terms of sensitivity and inter-microcartridge reproducibility 
were achieved using the microcartridges obtained from a 10 cm open tubular capillary column with a thin 
monolithic coating of large through-pore size (1-5 ɛm). Run-to-run repeatability, microcartridge durability, linearity 
ranges and LODs were studied by MtC18-SPE-CE-MS. As expected due to the improved selectivity, the best 
LOD enhancement was obtained for End1 and SP (7-11) (50-fold with regard to CE-MS). Finally, the suitability of 
the methodology for the analysis of biological fluids was tested with plasma samples spiked with End1 and SP (7-
11). Results obtained were promising because both neuropeptides could be detected at 0.05 ɛgĿmL-1, which that 
was a value close to the LOD for standard solutions (0.01 ɛgĿmL-1). 
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During the last decade, metalloproteomics has received increasing attention due to its widespread impact in 
toxicology, metabolomics, and neurophysiology. Once incorporated into an organism, metal selection by a protein 
is the result of multiple steps. Therefore, analytical approaches have to cope with this complexity and allow the 
analysis of metal speciation in complex samples. These difficulties are exemplified by uranium, which plays an 
important role in the nuclear fuel cycle. Its toxicity is chemical rather than radiological, and it accumulates in the 
skeleton and kidneys [1]. However, the mechanisms involved in both transport in blood and delivery to target 
organs remain unknown. Hence, identification and characterization of uranium transport proteins is key to 
develop efficient prevention and detoxification approaches.  
In our research, Capillary Electrophoresis (CE) hyphenated with Inductively Coupled Plasma Mass Spectrometry 
(ICP/MS) was used to combine the less intrusive, high separation efficiency of CE with the capacity to sensitively 
detect multiple elements of ICP/MS. Additionally, a UV detector was installed to enable the visualization of 
proteins during the analysis. This method addresses two main challenges: 1) achieving high resolution separation 
and 2) maintaining the integrity of the uranium-protein complexes during the analysis. Specific electrophoretic 
buffers create working conditions close to physiological conditions and reduce adsorption of uranium onto the 
silica and the consequent dissociation of the protein-uranium complexes during the separation. 
This method was used for the simultaneous characterization of the interaction between uranium and several 
proteins in the presence or absence of physiological competitors, e.g., carbonate, a strong complexing agent of 
uranium in blood. A mixture containing the main proteins in serum was analyzed, and the results were compared 
to affinity constants determined from individual proteins. Moreover, the interaction of uranium with calcium 
phosphate-binding proteins was investigated to provide information regarding the accumulation of uranium in 
bones. 
In conclusion, a reliable and precise analytical method for uranium speciation was established. Although the silica 
on capillary surface can compete with target proteins for binding to uranium, the method offers valuable 
information about the interaction process between uranium and various proteins. This method could be further 
developed to study the speciation of uranium in more intricate biological samples.  
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Capillary electrophoresis (CE) is important techniques for analytical separation of enantiomers. It is clear that 
even only at the expense of higher peak efficiency CE may allow to observe enantioseparations for certain chiral 
analyte-selector pairs where the separation power of HPLC is insufficient for achieving this goal. In addition, chiral 
CE offers almost unlimited possibility from the viewpoint of adjustment of separation factor. Together with 
aforementioned conceptual advantages CE offers some favorable technical characteristics for achieving high 
separation selectivity. Thus, chiral stationary phases (CSPs) in HPLC contain commonly limited and predefined 
amounts of a chiral selector, whereas the concentration of a chiral selector is easily variable and just limited by 
the solubility (for charged selectors also with Joule heating) of a chiral selector in a CE buffer. In addition, the 
combination of two or more (chiral) selectors is technically much easier and not associated with instrumental 
difficulties in CE compared to column-coupling in HPLC. Again, two columns are coupled with given amounts of 
the chiral selectors in HPLC whereas the ratio of chiral selectors in a combination can be easily optimized in CE. 
Thus, chiral CE offers really enormous flexibility from the viewpoint of the adjustment of the separation selectivity. 
This in combination with the inherently high separation efficiency makes chiral CE a very powerful technique for 
separation of enantiomers. In addition, CE offers enormous possibilities for investigation of fine (stereochemical) 
mechanisms of non-covalent intermolecular interactions. The most important conceptual advantages of CE for 
the investigation of non-covalent interactions together with the high efficiency is the cumulative character of this 
technique. The combination of these two may allow observing the fine (enantioselective) effects in selectorï
selectand interactions which can be easily overlooked when non-cumulative techniques are used, or even with 
cumulative techniques that offer moderate or low efficiency. Several non-separative analytical techniques, such 
as nuclear magnetic resonance (NMR) spectroscopy, can be also used to investigate non-covalent interactions. A 
main conceptual difference between NMR spectroscopy and separative techniques like chromatography and CE 
is that in NMR spectroscopy no spatial separation of interacting species occurs as a consequence of those 
potential interactions. Therefore, the results of each interaction are not accumulated and the final result is that of 
a single selectorïselectand interaction. Contrary to this, every increment of a single selectorïselectand 
interactions resulting in different distribution of components between two phases (or one phase and one 
pseudophase) (spatial separation) sums up, justifying any final selectivity achieved by separative techniques. 
NMR spectroscopy complements CE well for studies aimed to better understanding of enantioselective non-
covalent interactions in the liquid phase by providing the information about the stoichiometry, association 
constants and structure of selector-selectand complexes. The main topic of this presentation is a combined use of 
CE and NMR spectroscopy for better understanding of mechanisms of noncovalent interactions between 
cyclodextrins and chiral drugs exemplified with talinolol, propranolol and ketoprofen. 
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Under conditions of oxidative stress, L-methionine (L-Met) residues in peptides and proteins are easily oxidized to 
L-methionine sulfoxide (L-Met(O)) by reactive oxygen species. L-Met(O)-containing proteins accumulate during 
ageing and may play a role in degenerative diseases. Protein-bound as well as free L-Met(O) can be reduced by 
methionine sulfoxide reductase (Msr) enzymes, a group of thiol oxidoreductases, protecting cells against 
oxidative damage. Because of the chirality of the sulfoxide moiety, L-Met(O) exists as the pair of diastereomers, 
i.e., L-methionine-(S)-sulfoxide (L-Met-S-(O)) and L-methionine-(R)-sulfoxide (L-Met-R-(O)). For the reduction of 
the diastereomers, stereospecific Msr enzymes exist. MsrA enzymes reduce free and protein-bound L-Met-S-(O) 
while MsrB enzymes reduce protein-bound L-Met-R-(O) with little affinity for free L-Met-R-(O). The latter is 
reduced by methionine-(R)-sulfoxide reductase (fRMsr) [1, 2]. 
The present contribution will report the development and application of validated offline and in-capillary assays for 
the analysis of the stereospecificity of Msr enzymes. The separation of dabsyl-L-Met(O) diastereomers and 
dabsyl-L-Met in a in a successive multiple ionic-polymer coated capillary using a 35 mM phosphate buffer,      pH 
8.0, containing 25 mM sodium dodecyl sulfate as background electrolyte and an applied voltage of 25 kV was 
employed for an offline assay for the analysis of the reduction of free L-Met(O) by Msr enzymes. ɓ-Alanine was 
used as internal standard. Following enzyme incubations, derivatization of L-Met(O) and the product L-Met was 
performed with dabsyl chloride. The stereospecificity of human Msr enzymes including the Michaelis-Menten 
kinetic data could be determined. 
An in-capillary assay used Fmoc-L-Met(O) as Msr substrate. Separation of the diastereomers as well as the 
product Fmoc-L-Met was achieved in a successive multiple ionic-polymer layer coated capillary using a 50 mM 
Tris buffer, pH 8.0, containing 30 mM sodium dodecyl sulfate as background electrolyte and an applied voltage of 
25 kV. 4-Aminobenzoic acid was employed as internal standard. An injection sequence of incubation buffer, 
enzyme, substrate, enzyme and incubation buffer was selected. Following optimization of to mixing time and 
mixing voltage the assay was subsequently applied for the analysis of stereoselective reduction of Fmoc-L-Met-S-
(O) by human MsrA and of the Fmoc-L-Met-R-(O) by human MsrB. 
An assay employing a peptide substrate was developed for Lys-Ile-Phe-Met(O)-Lys-DNP. Separation of the 
diastereomers and the reduced product was obtained in fused-silica capillary using 50 mM Tris-HCl, pH 8.0, 
containing 12 mg/mL sulfated ɓ-cyclodextrin as background electrolyte. The assay was applied to study the 
reduction of L-Met(O) by Msr enzymes. 
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Unusual amino acids are those amino acids that are neither found in proteins assembled during protein 
biosynthesis nor generated by posttranslational modifications. The unusual amino acids are found mostly in 
plants and microorganisms and arise as intermediates or as the end products of metabolic pathways. 
In recent years, as key components of numerous bioactive molecules, pharmaceuticals and peptidomimetics, 
unusual amino acids (especially newly synthesized conformationally constrained Ŭ-, ɓ- or ɔ-amino acids) become 
increasingly important. Determination of the biologically active conformation of peptide hormones is an important 
goal in modern biology. Since most peptide hormones are highly flexible molecules with numerous conformations 
possible under physiological conditions, one useful approach involves the introduction of conformational 

constraints. In this approach secondary structural features such as Ŭ-helix, ɓ- and g-turns, etc. are built into the 
peptides in order to stabilize specific structures. 
The wide-ranging utility of unusual amino acids has led to considerable interest in their enantioselective 
syntheses, which require analytical methods for a check on the enantiopurity of the final products. 
Direct HPLC methods for the enantioseparation of unusual secondary Ŭ- and Ç-amino acids were carried out on 
different types of selectors. Recently developed Cinchona alkaloidïbased chiral stationary phases, Chiralpak 
ZWIX(+)Ê and ZWIX(-)Ê exhibited highly efficient separation ability toward unusual secondary Ŭ-, ɓ2- and ɓ3-
amino acids. Due to their zwitterionic nature, the chiral selectors in principle allow the enantiomeric separation of 
a remarkably broad scale of ionizable chiral analytes, ranging from acidic to basic and zwitterionic compounds. 
The separations were carried out in polar-ionic mode applying methanol/acetonitrile mobile phase containing different acid 
and base additives (formic acid, acetic acid, phosphoric acid, ammonia, ethylamine, diethylamine, triethylamine and 
propilamine). The different amines and acids greatly influenced not only retention but selectivity and resolution too. The 
separation was optimized by variation of methanol/acetonirile and acid/base ratio. Of the acids acetic acid, while from the 
amines triethylamine proved to be the most promising with respect to enantioseparation. In some cases direct correlation 
was observed between the structure of analytes and chromatographic parameters. 

Experiments were performed at constant mobile phase compositions in the temperature range -5 - 55 ÜC in order 
to study the effects of temperature, and thermodynamic parameters were estimated from plots of ln k or ln Ŭ 
versus 1/T. Some mechanistic aspects of the chiral recognition process are discussed with respect to the 
structures of the analytes. It was found that the enantiomeric separations were in most cases enthalpically-driven, 
but entropically-driven separation was also observed. The sequence of elution of the enantiomers was 
determined in most cases. 
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Both excitatory and inhibitory amino acid neurotransmitters have important role in the function of the central 
nervous system (CNS). Glutamate and aspartate are the primary excitatory transmitters, while glycine is the main 
inhibitory transmitter besides gamma-amino butyric acid (GABA). It was also found that low amounts of D-
enantiomers of some amino acids are present in the CNS and their neuromodulator functions are under intensive 
studies. Various analytical methods have been reported for quantifying amino acid enantiomers. Capillary 
electrophoresis is especially useful for separation of small polar compounds available in limited sample volume. 
However, the detection of amino acids is problematic as they lack strong UV absorption. Their sensitive detection 
thus requires fluorescence derivatization, allowing the application of laser-induced fluorescence (LIF) detector.  
First we studied the role of aspartate in neurotransmission during learning and memory formation, thus its 
concentration along with glutamate was needed to be determined in brain microdialysate samples. Three 
commonly used fluorescent tags have been tested for labeling the analytes. Our results suggest that contrary to 
the excellent intrinsic sensitivity of LIF detection, limit of quantification about 100 nM can be reached, because of 
the fair efficiency of the derivatization reaction at low analyte concentration. Consequently the LOQ is about one 
to two orders of magnitude higher than the limit of detection. 
D-Amino acids are gaining increasing interest as modulators of neurotransmission, especially during neuronal 
development and neurogenesis, suggesting their involvement in neuronal plasticity and functional adaptation of 
the nervous system. Although the presence of several D-amino acids in mammalian brain has been 
demonstrated, the most significant role of D-serine and D-aspartate as modulators of NMDA-glutamate receptors 
has been described.  
CE-LIF methods for chiral separation and quantification of fluorescently labeled amino acids, among them D-
aspartate and D-serine have been developed. Following derivatization the amino acids of interest are negatively 
charged, thus a positively charged amino-cyclodextrin: 6-monodeoxy-6-mono(3-hydroxy)propylamino-ɓ-
cyclodextrin was chosen as chiral selector. Unlike some neutral cyclodextrins this selector was found appropriate 
for chiral resolution of the studied amino acids. In case of achiral co-migrations dual cyclodextrin system was 
applied to adjust the selectivity of the separation. 
The applicability of the method has been shown for the analysis of D-amino acids in brain tissue samples, and 
microdialysates of experimental animals, as well as extracts of cell culture. Differential distribution of D-serine and 
D-aspartate in the brain areas has been demonstrated. In the chicken brain these D-enantiomers were most 
abundant in the medial striatum of six-hour old chicken, where their concentration was 21 and 18 nmol/g wet 
tissue, respectively. Their concentration has shown considerable age-dependence. D-Glutamate has not been 
detected in the brain samples. In the microdialysates 50 nM change in the concentration of D-serine could be 
measured with appropriate accuracy. However, the method lacks the sensitivity for quantitative determination of 
D-aspartate in these samples, where about one tenth of the extracellular analyte concentration is present due to 
the efficiency of the sample collection. 
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Glycoprofiling of proteins with multiple glycosylation sites is a challenging task, not only because of the sugar 
components in a given oligosaccharide can have different positions and linkages, but also the occupancy and 
microheterogeneity nature at the different sites. High performance capillary electrophoresis is one of the 
frequently applied techniques for detailed glycosylation analysis. The use of fluorophore labeling assures very 
high sensitivity, especially with laser induced fluorescence (LIF) detection. Targeted exoglycosidase digestion 
with sialidase, fucosidase and other sugar specific enzymes is a powerful additional tool to obtain precise 
structural information (linkage and position) of complex glycosylation patterns. MALDI-MS is on the other hand, a 
useful orthogonal method for rapid semi-quantitative glycan profiling of material limited samples. 
 
The HIV Envelope glycoprotein (Env) is a particularly perplexing molecule from a glycan analysis perspective. 
Env is also the sole target for neutralizing antibodies and is of key interest in the field of rational immunogen 
design. The HIV surface subunit, gp120, contains most of the antigenic surface of the molecule, and the 
moderate efficacy results of recent HIV vaccine trials has revitalized interest towards the use of soluble gp120 
constructs as vaccine immunogens. Env is nearly 50% carbohydrate by mass with 20 to 30 N-linked glycosylation 
sites, and the glycosylation profile has been shown to influence both antigenicity and immunogenicity. 
Additionally, several key epitopes have glycan components as some of the most broadly neutralizing antibodies 
are glycan dependent. Therefore, glycosylation profiles of gp120 immunogens are a key variable for the elicitation 
of an effective humoral response against HIV. Such effects have already been observed due to differences in the 
degree of sialylation of gp120 subunits from different expression systems.  
 
In this presentation, global N-glycosylation patterns are compared for gp120 constructs from various isolates. 
Capillary electrophoresis with laser induced fluorescence detection combined with the use of exoglycosidase 
digestion steps was used to analyze the peak distribution in the glycosylation profiles and to elucidate the 
structures. Because of apparent co-migration of several structures, MALDI-MS was also applied to verify the 
molecular masses of the components identified in the samples. This comparative study revealed that while 
glycoform distributions are relatively invariant between similar isolates, gp120 construct modifications, such as gD 
tagging in recent RV144 trials, can substantially alter the glycosylation profile.  
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Introduction 
Among all post-translational modifications, glycosylation is the most common one and plays crucial roles in 
various biochemical processes including cell adhesion, protein folding, receptor binding and signal transduction. 
Protein glycosylation analysis is still challenging due to the diversity of glycan structures regarding linkage 
position, branching, length and composition of the polysaccharide chains. Common diseases like cancer and 
inflammation are known to be associated with aberrant protein glycosylation profiles. The in-detail 
characterization of these glycan profiles and structures is required for improving our understanding of disease-
related changes in their expression level as well as in their specific biological functions.  
Experimental 
Capillary HPLC was hyphenated to high resolution mass spectrometry (MS) for the characterization of 
oligosaccharide structures attached to proteins. Glycan Reductive Isotope Labeling (GRIL) of the 
oligosaccharides released from the proteins was chosen as labeling strategy aimed for improving accuracy and 
reproducibility of relative glycan quantitation. N-linked glycans were released enzymatically and derivatized by 
12C6-/13C6-aniline; O-linked glycans were released chemically by a one-step reaction covering beta-elimination 
and derivatization with d0/d5 1-phenyl-3-methyl-5-pyrazolone (PMP). Porous graphitized carbon (PGC) as well as 
zwitterionic (ZIC)-HILIC surfaces were used as stationary phases for the size- and shape-selective separation of 
the labeled N-glycans. In an alternative approach, following the classical bottom-up proteomic stream, the site 
specificity of glycosylation was monitored when working on the level of glycopeptides. 
Results 
Using the described isotope labeling methods an improved relative quantitation of the different glycan variants 
could be attained. Aniline labeled N-glycans were separated according to size and linkage positions by means of 
ZIC-HILIC as well as by PGC surfaces, allowing so the relative quantitation of isobaric isomer variants. Different 
abundances of these glycan variants were found when comparing different model glycoproteins. 
Conclusion and Outlook 
Strengths and weaknesses of the different experimental/methodological approaches will be discussed in terms of 
sensitivity and type of structural information to be gained.  
The described methodology is aimed at analyzing glycosylation of proteins secreted from cell cultures. In an in 
vitro setting the change of glycosylation pattern upon inflammatory stimulation of the cells will be monitored for 
establishing ñpureò inflammation-associated glyco-signatures.  
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Glycosylations play a crucial role in a variety of processes including recognition events, immunology, and cancer 
biology. For gaining a better understanding of the biological function of a glycoprotein or to control the integrity of 
an engineered product, it is thus of importance to find new bioanalytical methods with high reliability and low time 
consumption. A very suitable platform is offered with the 2100 Bioanalyzer (Agilent Technologies) that enables 
microchip capillary gel electrophoretic (MCGE) analysis with high sensitivity comparable to and sometimes even 
exceeding results from conventional sodium dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE) 
after silver staining [1]. 
Since method specific parameters are to date only available for unmodified proteins, a detailed evaluation for 
well-known model glycoproteins using MCGE was performed with respect to precision of sizing, accuracy of 
quantitation, and detection sensitivities. The results showed high reproducibility in quantitation and sizing 
comparable to those of unmodified proteins. With an increasing degree of glycosylation, however, the molecular 
weights determined by MCGE deviated from mass spectrometry and SDS-PAGE derived values. Investigating 
the dynamic range for on-chip staining in comparison to covalent fluorescent labeling prior to separation resulted 
in higher sensitivities for the latter.  
For targeted analysis of glycoproteins in complex biological samples the combination of MCGE with preceding 
affinity enrichment is required. After covalent labeling of the sample the glycoproteins were specifically enriched 
with lectins covalently linked to tosylactivated magnetic beads (Life Technologies), eluted with buffers containing 
the competitive sugar, and analyzed by MCGE. In order to effectively diminish unspecific interactions, binding and 
elution conditions were optimized using again the set of model glycoproteins and non-glycosylated              ɓ-
galactosidase as negative control. For validation of the method, human blood serum as a complex biological 
sample was analyzed using the developed strategy. Confirming selective enrichment the same sample was also 
separated by SDS-PAGE and glycoproteins were identified by tryptic in-gel digestion and matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS). Serum was used either pure or after 
depleting the twelve most abundant proteins (Top 12 spin columns, Pierce) leading in both cases to the 
identification of merely glycoproteins next to serum albumin. The approach was further applied to the only fairly 
studied glycoproteome of the cellulose degrading fungus Trichoderma atroviride resulting in the identification of 
two proteins ï one of which, ɓ-galactosidase, is known to have several putative N-glycosylation sites in 
Trichoderma reesei [2]. For both experiments it was observed that lectin enrichment shows unspecific interactions 
(protein binding) of the beads with the investigated biological sample. 
Taking the possible occurrence of unspecific interactions into account for data interpretation, the developed lectin 
affinity enrichment combined with MCGE proved to be a rapid and reliable method for selective and sensitive 
glycoprotein analysis. 
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A growing body of evidence suggests that the linkage of sialic acids on glycoproteins may become an important 
marker of disease progression [1]. A plausible explanation for this phenomenon is that sialic acids are often found 
at the end of the glycan chain, serving as a binding site for human lectins, toxins and pathogens. The prostate 
specific antigen (PSA), a marker for prostate cancer, is known to contain many different glycans at a single N-
glycosylation site (N69) and as such it represents a good model for studying the relationship between 
glycosylation and health status [2]. 
A combination of capillary electrophoresis (CE) and high resolution time of flight (TOF) mass spectrometry (UHR-
QqTOF maXis Impact) was chosen as an analytical platform for this study. CE is known for its high separation 
efficiency and sensitivity, especially in combination with the innovative sheathless ESI interface from Beckman 
Coulter. 
Commercially acquired PSA was reduced, alkylated and digested with trypsin prior to analysis. With our current 
setup we were able to identify 35 glycan compositions with a minor amount of PSA (1 ng protein weight). We 
found three clusters of either non-, mono- or di-sialylated glycopeptides in our electropherogram. Strikingly, we 
observed that within the clusters that contain at least one sialic acid, we detect several different peaks with the 
same glycan compositions, demonstrating isomer separation which appeared to be caused by the separation of 
differentially linked (Ŭ2,3 and Ŭ2,6) sialic acid containing glycopeptides. This was supported by linkage-specific 
derivatization of enzymatically released N-glycans, where the Ŭ2,3-linked sialic acids are converted into a lactone 
while Ŭ2,6-linked sialic acids form an ethyl ester. Furthermore, we confirmed Ŭ2,3 sialic acid linkages using a 
linkage specific sialidase. Overall, we identified about 65 different glycopeptides on a single N-glycosylation site. 
We are currently investigating if the pKa values of the differentially linked sialic acids differ from each other and 
whether this might explain the separation. To the best of our knowledge this sialic acid linkage-specific separation 
has hitherto not been described in literature. Therefore, we believe that this CE-ESI-MS/MS platform not only has 
great potential for studying PSA in prostate cancer research but also in other glycoproteomic workflows to study 
disease related alterations in glycosylation. 
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Analyte labeling (e.g., with a fluorescent tag) is straightforward when the analyte is monofunctional, but difficult 
when the analyte is multifunctional (e.g., proteins). Labeling is fast, when the concentration of the analyte is high, 
but slow when the analyte is present in a dilute solution. In order to mitigate both of these difficulties, we designed 
a labeling method called SCALER (short for Simultaneous Capture, Labeling and Efficient Release) that relies on 
a new Solid Phase Labeling Reagent (SPLR) to integrate and optimize all steps of the labeling process. The 
design and use of SCALER will be demonstrated via the fluorescent labeling of amino-group containing analytes 
present in dilute solutions. Implemented in a pipette tip, the amine-reactive SPLR consists of four elements: (i) a 
hydrophilic monolith support, (ii) cleavable tethers anchored to the monolith and connected to (iii) a fluorophore 
that carries (iv) an amine-reactive arm (structure shown below). The hydrophilic monolith is synthesized from 2-
methoxyethyl acrylate (MEA) and 2-hydroxyethyl acrylate (HEMA) as monomers and ethyleneglycol 
dimethacrylate as crosslinker. By varying the mole ratio of MEA and HEMA, the surface concentration of the 
hydroxyethyl groups serving as anchors for the cleavable tethers can be tuned as desired to regulate the surface 
density and spacing of the cleavably anchored reactive fluorophores. The hydrophilic tether incorporates an acid-
cleavable 1,3-dioxolane ring formed from 4-hydroxybenzaldehyde and glycerol. The glycerol side of the   1,3-
dioxolane ring is attached to position 6 of an 8-amino-1,3-disulfonamido pyrene fluorophore via an ether linkage. 
The amine-reactive group is implemented as a pentafluorophenol activated carboxylic acid group attached to the 
8-amino group of the pyrene core of the fluorophore. The terminal groups of the disulfonamide substituents in the 
1- and 3- positions of the pyrene core can be strong electrolytes, weak electrolytes or nonelectrolytes according 
to the needs of the separation and/or detection method used for the analysis of the labeled analyte (in our case, 
they are alkylsulfonate groups facilitating CE separation of the labeled analytes). This SPLR is used in the 
SCALER method that consists of the following sequence of steps. First, a dilute solution of an amino-group 
containing analyte in a pH 8 bicarbonate buffer is aspirated (repeatedly) through the SPLR-containing pipette tip 
to exhaustively remove the analyte from solution and immobilize (accumulate) it on the SPLR. Then, all of the 
remaining reactive pentafluorocarboxylate ester groups on the SPLR are converted to amides by a highly 
concentrated solution of an auxiliary quencher amine. This renders them unreactive and prevents their 
attachment to an already labeled analyte. Next, the excess quencher solution is washed off and the anchored 
fluorophores ï attached to either analyte or quencher molecules - are cleaved off, in under 10 minutes, by a few 
microliters of a pH 5 acetic acid ï acetate buffer. The collected effluent is then analyzed using the desired 
separation and detection method. All elements of the SPLR can be easily modified to suit the analyte/ analytical 
method.  
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The effective mobility (Õep) is the main parameter characterizing the electrophoretic behavior of a given solute. It 
is well known that Õep is a decreasing function of the ionic strength for all solutes. Nevertheless, the decrease 
depends strongly on the nature of the solute (small ions, polyelectrolyte, nanoparticles). Different electrophoretic 
modelings from the literature can describe this ionic strength dependence. However, the complexity of the ionic 
strength dependence with the solute characteristics and the variety of the analytical expressions of the different 
existing models, make the phenomenological ionic strength dependence difficult to apprehend. In this work, the 
ionic strength dependence of the effective mobility was systematically investigated on a set of different solutes 
(small mono and multicharged ions, polyelectrolytes and organic/inorganic (nano)particles). The 
phenomenological decrease of the electrophoretic mobility with the ionic strength was experimentally described 
by calculating the relative electrophoretic mobility decrease per ionic strength decade (S) in the range of 0.005 ï 
0.1 M ionic strength. Interestingly, a graphical representation, called the óslope-plotô, displaying S as a function of 
the solute electrophoretic mobility at 5 mM ionic strength allows defining different zones that are characteristics to 
the solute nature. In short, small ions occupy the lower part of the slope-plot and the nanoparticles and particles 
the upper part. Polyelectrolytes occupy a relatively localized zone from the upper left to the middle part of the 
graph. 
This new graphical representation offers a convenient and easy way to distinguish solutes according to their 
chemical nature (small ions, nanoparticles, polyelectrolytes). It also gives phenomenological S values, which 
represents the percentage of relative mobility decrease per ionic strength decade, and that can be directly used 
by experimentalists. Such approach should be highly valuable to (i) identify or confirm the nature of a given 
solute; (ii) help in optimizing separation of mixtures containing different kinds of solutes by modification of the 
BGE ionic strength. Examples of applications of the solpe-plot for the characterization of polymeric drug delivery 
systems will be given. Knowing the importance of nanoparticles in recent industrial applications and their relative 
risks and regulations, this new approach may also contribute in defining simple experimental protocols for the 
identification of nanoparticles in industrial products.  
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Retention time alignment [1-3] is an important supporting step in quantitative pre-processing of LC-MS(/MS) 
chromatograms preparing the raw data for statistical analysis in differential profiling experiments. Inaccurate 
retention time alignment may introduce error in identifying corresponding peaks in multiple chromatograms for 
peaks, where partially or entirely single stage information (retention time and mass to charge ratio) is available. 
Accuracy of time alignment depends on multiple properties of the LC-MS(/MS) chromatogram set such as 
molecular complexity, concentration variability and distribution of compounds along the retention time and mass 
to charge ratio dimensions. Slight orthogonality in separation between chromatogram introduce an uncertainty to 
identify the absence or corresponding compounds in multiple chromatograms [4]. This presentation will cover how 
current retention time alignment approaches can deal the different properties of LC-MS(/MS) datasets and which 
quality control methods are available for users to assess the global and local accuracy of retention time 
alignment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Effect of orthogonality on identifying corresponding peaks in two chromatograms of the same sample 
 acquired in two laboratories. 
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