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Foreword

Welcome to CECE 2017, the flnternational Interdisciplinary Meeting on Bioaysik. As

in the previous years, it is our goal to: “bringéther scientists from different disciplines who
may not meet at other meetings”. CECE Junior vallolv two days of linvited speaker’s
lectures and poster sessions will be open durinthie@e days. The organizers want to thank
all invited speakers, sponsors and participantshieir continuing support. Please, check our
web atcece.mik.uni-pannon.hior more information about the history, programisptos and
videos from the previouis years.

Andras Guttman and Herbert Lindner

Veszprém, October 6, 2017






Conference program of CECE 2017
University of Pannonia, Veszprem, Hungary, Octdgd 1, 2017

Day 1 — Monday, 9 October, 2017 /Conference CenteBuilding B/
08:00 -15:00 Registrations

09:00 — 09:15 CECE 2017 — Opening remarks:
Andras Guttman and Herbert Lindner

09:15 - 09:45 Bianca Avramovitch
Senior Director, Global Analytical R&D, Teva, Kf&aba, Israel

EMERGING ANALYTICAL TECHNOLOGIES AND NOWADAYS
PHARMACEUTICAL DRUG PRODUCTS DEVELOPMENT
CHALLENGES

09:45-10:15 Jeff Chapman
Senior Director CE Business Unit SCIEX, Brea, @alifa, USA

ANALYSIS OF PROTEIN GLYCOLYSATION OF HIGH
BIOMEDICAL IMPORTANCE BY CAPILLARY
ELECTROPHORESIS AND ITS COMBINATION WITH MASS

SPECTROMETRY
10:15 -10:45 Coffee break
10:45 - 11:15 Danilo Corradini

Research Director, Italian National Research Coljriebme, Italy

EFFECTS OF METAL IONS, ALKYLAMINES AND ORGANIC
SOLVENTS ON THE SEPARATION OF BIOMOLECULES BY
CAPILLARY ELECTROPHORESIS



11:15-11:45

11:45-12:15

12:15 - 14:15

14:15 - 14:45

14:45 - 15:15

15:15 -15:45

Mercedes de Frutos

Research Scientist, Department of Instrumental ysimgln the Institute
of Organic Chemistry (IQOG) of Spanish Council Resle (CSIC),
Madrid, Spain

ANALYTICAL METHODOLOGIES IN THE SEARCH OF
GLYCOBIOMARKERS

Kéroly Vékey

Professor, Hungarian Academy of Sciences, Resd&2ealre for
Natural Sciences, Budapest, Hungary

PROTEIN GLYCOSYLATION AND MASS SPECTROMETRY

Lunch break and Poster session /B-C corridor/

Frantisek Foret

Deputy Head, Institute of Analytical Chemistryloé Czech Academy
of Sciences, Brno, Czech Republic

TO INTERFACE OR NOT TO INTERFACE IN CE-MS. ONE
STORY, TWO POINTS OF VIEW

Andrés Gelencseér
Rector, University of Pannonia, Veszprém, Hungary

BRIDGING SCALES AND DISCIPLINES: SOOT
NANOPARTICLES IN THE ATMOSPHERE

Norberto A. Guzman

Department of Immunoengineering-Bioanalysis Prionet
Biochemicals, Inc. Princeton, New Jersey, USA

ADVANCEMENTS IN MINIATURIZED IMMUNOAFFINITY
CAPILLARY ELECTROPHORESIS: SHIFTING PARADIGMS IN
BIOANALYSIS TO MONITOR WELLNESS, DISEASE, AND
TREATMENT EFFECTIVENESS



16:30 — 18:00

18:00 — 19:00

City tour for the invited speakers hosted by AndrasGuttman

Wine tasting /B-C corridor/

Day 2 — Tuesday, 10 October, 2017 /Conference CentBuilding B/

09:30 -10:00

10:00 — 10:30

10:30 - 11:00

11:00 - 11:30

11:30 - 12:00

Svetlana M. Krylova

Senior Research Associate, Centre for Researchamdecular
Interactions, York University, Toronto, Canada

CAPILLARY ELECTROPHORESIS-BASED ANALYSIS OF
ENZYMATIC MODIFICATIONS OF PROTEINS AND DNA

Sergey N. Krylov

Director, Centre for Research on Biomolecular latettons, York
University, Toronto, Canada

PROSPECTIVES OF CAPILLARY ELECTROPHORESIS IN
VALIDATION OF MOLECULAR BIOMARKERS OF CANCER

Coffee break

Katalin Medzihradszky
Adjunct Professor, University of California, Sarakcisco, USA

NEGLECTED POST-TRANSLATIONAL MODIFICATIONS:
EXTRACELLULAR O-GLYCOSYLATION AND
PHOSPHORYLATION

Marek Minarik

Director, Centre for applied genomics of solid tusm{(CEGES),
Genomac Research Institute Prague, Czech Republic

CANCER DIAGNOSIS AND MONITORING BY CE-BASED
LIQUID BIOPSY ASSAY



12:00 — 14:00

14:00 — 14:30

14:30 — 15:00

15:00 — 15:30

15:30 — 16:00

16:00 — 16:30

16:30 - 17:00

Lunch break and Poster session /B-C corridor/

Herbert Lindner

Innsbruck Medical University, Biocenter, Divisioh@linical
Biochemistry
Innrain 80, A-6020 Innsbruck, Austria

ADVANCES IN THE SEPARATION OF CO- AND POST-
TRANSLATIONAL PROTEIN MODIFICATIONS USING CE-MS

Pier Giorgio Righetti
Professor, Politecnico of Milano, Milano, Italy

A NOVEL CLASS OF MINIATURIZED SENSORS FOR BIO-
ANALYSIS

Maria Fernanda Silva

Principal Investigator, National University of Cuydlendoza,
Argentina

NOVEL APPROACHES MEDIATED BY TAILOR-MADE GREEN
SOLVENTS FOR THE CHARACTERIZATION OF
BIOLOGICALLY ACTIVE COMPOUNDS

Coffee break

Robert Weinberger
President at CE Technologies, Inc, New York, USA
FOUR DECADES OF CAPILLARY ELECTROPHORESIS

John R. Yates

Professor, Department of Chemical Physiology ande®ldar and
Cellular Neurobiology, The Scripps Research In&itlLa Jolla,
California, USA

Csaba Horvath Lectureship 2017 Presentation



17:15-18:30

19:00 — 21:00

Opening of Ervin sz. Kovats exhibition /Building I, 8th floor/

Conference dinner /B-C corridor/

21:00 — Wednesday morning Veszprém'’s night life welcome youl!

Day 3 — Wednesday, 11 October, 2017 /Conference @am Building B/

09:00

09:00 - 09:30

09:30

09:30 — 09:45

09:45 — 10:00

Opening of Plenary Lecture

Ferenc Kilar
Professor, University of Pécs, Pécs, Hungary

HOW TO DEVELOP CAPILLARY ELECTROPHORESIS?

Opening of CECE Junior Session

Hana Nevidalova

Department of Biochemistry, Masaryk University, @r@zech
Republic

COMPARISON OF FOUR METHODS USED FOR PLASMA
PROTEIN-DRUG INTERACTION STUDIES

Cynthia Nagy

University of Debrecen, Department of Inorganic ardhlytical
Chemistry

CHARACTERIZATION OF A MICROFLUIDIC ENZYME
REACTOR FOR THE RAPID PROTEOLYSIS OF HUMAN TEAR
SAMPLES



10:00 - 10:15

10:15-10:30

10:30 — 11:00

11:00 - 11:15

11:15-11:30

11:30 — 11:45

Vojtéch Ledvina
Faculty of Science, Masaryk University, Brno

MINIATURIZED DEVICE FOR SINGLE-CELL ANALYSIS OF
CASPASE-3 AND 7 ACTIVATION USING BIOLUMINESCENCE
CHEMISTRY

Brigitta Mészaros

Horvath Csaba Memorial Institute of Bioanalytica$earch,
University of Debrecen, Debrecen, Hungary

DEVELOPMENT OF A HIGH-RESOLUTION SDS SEPARATION
GEL FOR PROTEIN ANALYSIS BY CGE-MS

Coffee break

Mate Szarka

Horvath Csaba Memorial Institute of Bioanalytica$®arch,
University of Debrecen, Debrecen, Hungary

IN FLIGHT ANALYSIS OF ASTRONAUT'S SERUM
IMMUNOGLOBULINS DURING DEEP SPACE MISSIONS; THE
NEXT LEAP IN CAPILLARY ELECTROPHORESIS

Jasna Hradski

Department of Analytical Chemistry, Faculty of NatuSciences,
Comenius University in Bratislava, Slovakia

MICROCHIP ELECTROPHORESIS WITH CONDUCTIVITY
DETECTION IN THE ANALYSIS OF PHARMACEUTICAL AND
BIOLOGICAL SAMPLES

Aniko Kilar
Institute of Bioanalysis, University of Pécs, Pédsngary

PHOSPHOGLYCOLIPID PROFILING OF BACTERIAL
ENDOTOXINS
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11:45-12:00

12:00 - 13:30

13:30 — 13:45

13:45 - 14:00

14:00 — 14:15

14:15 - 14:30

Katerina Hanakova

National Centre for Biomolecular Research, Facuatyscience,
Masaryk University, Brno, Czech Republic

SEMIQUANTITATIVE ASSESSMENT OF DISHEVELLED 3
PHOSPHORYLATION STATUS BY MASS SPECTROMETRY

Lunch break and Poster session /B-C corridor/

Poster removal after lunch.

Tomas Vaclavek

Department of Biochemistry, Faculty of Science, énfgs University,
Brno, Czech Republic

MICROFLUIDIC CELL COUNTING DEVICE BASED ON
RESISTIVE PULSE SENSING

Boglarka D6nc

Horvath Csaba Memorial Institute of Bioanalytica$earch,
University of Debrecen, Debrecen, Hungary

MOLECULAR GLYCOHISTOPATHOLOGY BY CAPILLARY
ELECTROPHORESIS

Andrea Cela

Department of Biochemistry, Faculty of Science, éngs University,
Brno, Czech Republic

ON-CAPILLARY DERIVATIZATIONS OF AMINO ACIDS IN
CAPILLARY ELECTROPHORESIS USING NAPHTHALENE-2,3-
DICARBOXALDEHYDE/SODIUM CYANIDE

Beéata Borza

Horvath Csaba Memorial Institute of Bioanalytica$earch,
University of Debrecen, Debrecen, Hungary

COMPARATIVE N-GLYCOSYLATION ANALYSIS OF A
BIOSIMILAR AND ITS INNOVATOR PRODUCT BY CE-LIF
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14:30 — 14:45

14:45 — 14:50

Balazs Reider

MTA-PE Translational Glycomics Research Group, @rsity of
Pannonia, Veszprém, Hungary

PROSTATE-SPECIFIC ANTIGEN (PSA) IMMOBILIZATION
FROM BIOLOGICAL SAMPLES FOR CAPILLARY
ELECTROPHORESIS (CE) ANALYSIS

CECE 2017 - Closing remarks:
Andras Guttman and Herbert Lindne

12



P1.

P2.

P3.

P4.

PS.

P6.

P7.

P8.

PO.

P10.

List of poster presentations

IDENTIFICATION OF O-GLYCOSYLATED (N-TERMINAL) PRO-BTYPE
NATRIURETIC PEPTIDE FORMS IN BLOOD PLASMA OF PATIENS WITH
SEVERE HEART FAILURE

Benno Amplatz, Bernhard Halfinger, Angelika Hamnndrercher, Bettina Sarg,
Leopold Kremser, and Herbert H. Lindner

CAPILLARY ISOTACHOPHORESIS DETERMINATION OF TRACE XIDIZED
GLUTATHIONE IN BLOOD
Rébert Bodor, Andrea Nasova, Alena Pechové, and Maridan Maséar

GLYCOSIMILARITY INDEX FOR BIOTHERAPEUTICS
Andras Guttman, Beata Borza, Marton Szigeti, Akesk&enyes, Laszlo Hajba

SEMIAUTOMATION OF LIQUID HANDLING FOR MICROELECTROMEMBRANE
EXTRACTION OF COMPLEX SAMPLES
Milo§ Dvorak, Andrea Slampova, And Pavel Kitba

DEVELOPMENT OF GRADIENT RP-HPLC METHOD FOR CHARACTHZATION
OF AMINO ACID COMPOSITION OF DEGRADATION PRODUCTSPOHUMIC
ACIDS ISOLATED FROM PEAT AND SOIL AFTER PRE-COLUMN
DERIVATIZATION

Robert Géra, Milan Hutta, Erik Be, and Natalia Big¢ikova

STUDY OF VARIOUS PARAMETERS INFLUENCING CONTENT OEXHALED
BREATH CONDENSATE WITH IMPORTANCE FOR DIAGNOSIS OF
GASTROESOPHAGEAL REFLUX DISEASE

Michal Gregus, Pavdburg, Jilia L&na, Frantiek Foret And Petr Kuba

DETERMINATION OF THE OLIGOSACCHARIDE COMPOSITION INWNORT
SAMPLES BY CAPILLARY ELECTROPHORESIS

Tamés Gabor Szilagyi, Bedta Hegyesné Vecseri, 2snzsKiss, Laszlé Hajba,
Andras Guttman

MULTISCALE MODELING OF RECTIFYING BIPOLAR NANOPORE
Z. Hatd, M. Valisko, T. Kristof, D. Gillespie, D.dgla

CFD MODELLING BASED INVESTIGATION OF THE ELECTROOSMTIC AND
FORCED CONVECTION FLOW IN CAPILLARY ELECTROPHORESIS
APPLICATIONS

Gabor Jarvas, Marton Szigeti, and Andras Guttman

SEARCH FOR MULTIPLE MYELOMA GLYCOBIOMARKERS BY CE-LF
Zsuzsanna Kovacs, Anna Farkas, and Andras Guttman
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P11. BIOBANKING OF PATIENT SAMPLES FOR GENO — GLYCOMICUNG DISEASE
BIOMARKER STUDIES
Renata Kun, Eszter Csanky, Miklos Szabd, Zsolt R@suzsanna Kovacs, Marton
Szigeti, Gabor Jarvas, Laszlo Hajba, Boglarka Dén8ndras Guttman

P12. SINGLE-CELL ANALYSIS OF ACTIVE CASPASE 3/7 IN APORJTIC CELLS
Vojtéch Ledvina and Karel Kleparnik

P13. APPLICATION OF AMINO ACIDS AND PEPTIDES FOR OLIGOS2CHARIDE
LABELING
Jana Krenkova, Jan Partyka, and Frantisek Foret

P14. CAPILLARY ELECTROPHORETIC ANALYSIS OF EXHALED BREAH
CONDENSATE IN THE DIAGNOSIS OF GASTROESOPHAGEAL RBBEFX
DISEASE
Petr Kub#, PavolDur¢, Jilia La&na, Michal Gregus, FrantiSek Foretj Dolina, Stefan
Koneiny, Martina Doubkova, Dagmar Kindlova, Eva Pokojoadd Jana Skékova

P15. USING NANOPORES AS SENSORS: A COMPUTER SIMULATION@DY
Eszter Madai, Mdnika Valiskd, and DézBoda

P16. QUANTITATIVE ASSESSMENT AND AUTOMATIC ID OF GLYCANSOF CQA
IMPORTANCE IN BIOLOGICS DEVELOPMENT
Andras Guttman, Marton Szigeti, Brigitta Meszarteff Chapman

P17. DEVELOPMENT OF AN UHPLC-MS/MS METHOD FOR ANALYSIS BA NOVEL
CARDIOPROTECTIVE AGENT JAS 2 AND ITS METABOLITE
Hana Pisk&ovd, Petra Reimerova, Jaroslav Roh, Jana SedlAkod&Petra $tbova
Kovarikova

P18. IN VITROBIOACTIVATION STUDY OF A NEW ANTIPROLIFERATIVE DRUs
SOBUZOXANE IN BIOLOGICAL MATRICES
Petra Reimerova, Anna Jirkovska, Hana Rikkga, Galina Karabanovich, Jaroslav Roh,
and Petra $tbova-Kovaikova

P19. COMBINATION OF PREPARATIVE ISOELECTRIC FOCUSING ANMALDI-TOF
MS FOR IDENTIFICATION OF COLORED BACTERIA
Jiti Salplachta, Marie Horka, FilipiRicka, and Karel Slais

P20. DETECTING MONO-PHOSPHORYLATED ISOBARIC PEPTIDES UINE CESI-MS
Bettina Sarg, Klaus Faserl, and Herbert H. Lindner

P21. COLD PLASMA: THE WAY TO IMPROVE THE SALD ICP MS ANAYSIS
REPEATIBILITY
Marek Stiborek, Jan Preisler, Masoud Shekargofti&tor Kanicky, and Jakub Kelar

P22. THE POWER OF GU AND THE IMPORTANCE OF TEMPERATUREDGITROL
Andras Guttman, Marton Szigeti, Jeff Chapman
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P23.

P24.

P25.

P26.

P27.

DETERMINATION OF HOMOCYSTEINE IN URINE AND SALIVA BY
MICROCHIP ELECTROPHORESIS
Peter Troska, Anna Mandzakova, Jasna Hradski, $enajk, and Marian Masar

ANALYSIS AND IDENTIFICATION OF POLYPHENOLIC COMPOUIDS IN
GREEN FOODS USING A COMBINATION OF HPLC-ESI-IT-TOBS/MS
Pavel Skvara, Julia Kezmanova, Csilla MiSlanovéjiéa Vojs Staova

SILICA MONOLITHIC CAPILLARY COLUMNS FOR HILIC SEPARATIONS
Dana Moravcova and Josef Planeta

MOLECULAR GLYCOHISTOPATHOLOGY BY CAPILLARY ELECTROPORESIS
Boglarka Donc# and Andras Guttman

ENHANCED SEPARATION AND CHARACTERIZATION OF DEAMIDAED
PEPTIDES WITH CE-MS
Klaus Faser, Bettina Sarg, and Herbert H. Lindner

15



About the invited speakers

Bianca Avramovitch is Senior Director in the R&D of Teva
Pharmaceuticals, filling a number of positions: lezlbAnalytical
R&D Managers Forum Leader, Global AQbD Leader, @ldiLN
(Electronic Notebooks) Platform Business Owner, dHeaf
Analytical Technologies Unit (ATU) of the Generi&R IL.

In her global Teva R&D positions, Bianca provides
leadership for highly skilled multi-disciplinary dal and global
teams, managing cutting edge technologies and ctemped based
research and development across sites and cultures.

Bianca holds a Ph. D. in Physical Organic Chemistign
the Hebrew University of Jerusalem, Israel. Follogvher post-
doctoral studies at National Institutes of HeattJiS on histamine
receptors, Bianca joined Teva and for the last&dry she became

an expert in a number of fields, developing a diitgrof drug products: tablets, capsules,

suspensions, sterile and injectable products, slasegams, and more. Analytical research and
development areas which are up to today under rharediate responsibility are: solid state

characterization aspects as polymorphism in Druppstmces and Products, particle size
distribution by techniques such as laser diffractand imaging, various physical properties

characterization and measurement, Impurities mapgoinl characterization (identification by GC-

MS and LC-MS/MS, by Capillary Electrophoresis).

Bianca is also holding the expert position in couotexperts of the USP (United States
Pharmacopoeia) being elected for a second cycteyafars. She is a member of the organizing
committee of ISRANALYTICA. Bianca held various leadhip functions in non-profit
organizations and teaching environments, whildyatiee earned the "Making your family proud"
value award of Teva for designing the Teva labtki,portable lab for parents to present the magic
of chemistry in their children classrooms.

Jeff Chapman currently holds the position of Senior DirectoE C
Business, at SCIEX, a Danaher Company. Jeff andeais are
responsible for the development, manufacturerssaie support of
electrodriven microscale separations technologys@tEX. Jeff
holds degrees in Biochemistry, Immunology and
Neuroimmunology from the University of Saskatcheveard the
University of Calgary . He joined Beckman Instrurtgeim 1989 in
Mississauga, where he was responsible for intraducapillary
Electrophoresis (CE) technology to Scientists acrGanada. In
1995, he moved to Southern California, where hke twmoworldwide
responsibility for CE. Beginning in 1998, Jeff madvento the
development side of Beckman Coulter and has helgdisitions of
Product Manager, Strategic Marketing Manager, Direcof

Scientific Alliances and Director of Global Markegi. Jeff transitioned the CE business over to
SCIEX in 2013, integrating CE with nano-LC and mitC to form one of the largest microscale
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separations operations in the World. Jeff has rii@e 30 years of experience with CE technology
over his career, has served on myriad scientifarodgtees and boards on this topic, and is cited
often as an industry expert in this field. He soaserving currently as a member of the Strategic
Planning Committee for MicroScale Bioseparations.

Danilo Corradini earned his Ph.D in Analytical Chemistry from
the University of Rome “La Sapienza” in 1978, astadent of
Michael Lederer, founder and first editor of theudwl of
Chromatography. He investigates fundamental anctipehaspects
of capillary electrophoresis and HPLC in the fieldf
phytochemistry, metabolomics and food chemistryhatInstitute
of Chemical Methodologies of the Italian NationakdRarch
Council (CNR) in Montelibretti (Rome) Italy. Preuisly, he held
academic appointments at Yale University (USA)9%3-84, 1986
and 1996, working with the pioneer of HPLC Csabavdth. In
recognition of his contribution to Separation scerme has been
honored with the Csaba Horvath Memorial Award frahe
Hungarian Separation Science Society in 2009, tlentr@l
European Group for Separation Science Award in 2@hd the
Arnaldo Liberti Medal from the Italian Chemical $ety in 2014.
He is in the editorial board of several internasibscientific journals and has been the Editor of
the Second Edition of the Handbook of HPLC, puldiby CRC Press in 2010.

e : Mercedes de Frutosis Research Scientist of the Spanish Council
SRS Research (CSIC). She develops her work at the Dapat of
Instrumental Analysis in the Institute of Organicenistry (IQOG)
of CSIC. She carried out the studies for her PhinQhe field of
chromatography at the IQOG-CSIC and defended heDPThesis
at the Autonoma University of Madrid (Spain). Sipedalized in
immunochromatography for 2 years at Purdue Unitxe(&iSA).
The work of her group focuses mainly on the devalept of HPLC
and capillary electrophoresis methods and theirplbog to
| immune-recognition techniques for analysis of prite She is
| mainly interested in the analysis of glycoprotaheelevance in the
.| fields of doping control, biopharmaceuticals andsedse
" biomarkers. Currently she focuses on prostate canagkers.
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Frantisek Foret is a head of the Department of Bioanalytical
Instrumentation at the Institute of Analytical Chstry and the
group leader at CEITEC — Central European Instfiieechnology

in Brno, CR. His main research interests includeillzay
separations, laser based detection, miniaturizato mass
spectrometry coupling. Besides working as a safeputy editor of
Electrophoresis, he is also an Associate Directd€ASSS — an
International Separation Science Society and mendiethe
Learned Society of the Czech Republic.

Andras Gelencsérhas graduated from the Veszprém University of
Chemical Engineering in 1990, and received his Bbfree in the
field of Environmental Sciences in 1995 and DSRWM02. He has
been the head of the Air Chemistry Research Groughe
Hungarian Academy of Sciences since 2005. He bedcalineme
professor at the University of Pannonia in 200@liich he has been
the rector since 2015.

His main research area is atmospheric chemistryparticular
atmospheric aerosol chemistry related to air pioituand climate
change. He was the first to demonstrate humus twmand
establish the importance of biomass burning relatetbured
particles (brown carbon) in the absorption of gyimliin the global
atmosphere. He authored a monograph entitled Cadeouos
Aerosol published by Springer in 2004. He has pipdied in
several international projects and has a large eund joint
publications with distinguished scientists. Solfarmhas received more than 4200 independent SCI
citations on his works. In 2016 he published a bookthe impact of humanity on the global
atmosphere in Hungarian. For his scientific achiesets he was awarded an Order of Merit of
the Hungarian Republic in 2014, Prima Primissimaafohin 2016 and the Award of the Hungarian
Academy of Sciences in 2017.

Norberto Guzman is currently Chief Scientific Officer-Director of
Research at Princeton Biochemicals Inc., Princeltgw Jersey,
U.S.A. Dr. Guzman’s expertise is primarily in bioth@ne and
biotechnology with emphasis in protein biochemistand
immunochemistry. At present, his main researchrésteis in the
determination of biomarkers of inflammatory pro@sss

Dr. Guzman received a B.Sc. degree in biochemigttipical
biochemistry) from a Joint Undergraduate ProgrammefUniversity
of Concepcion and the University of Chile, Santia@bile; a M.Sc.
degree in biochemistry (cell and molecular biologgdm the
Medical College of Georgia, Augusta, Georgia, U.Sakd a Ph.D.
degree in biochemistry (protein biochemistry) fraoint Graduate
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Program of the University of Medicine and Dentistfy New Jersey-Robert Wood Johnson
Medical School (formerly Rutgers Medical SchoolddRutgers, The State University of New
Jersey, New Brunswick, New Jersey, U.S.A. Dr. Guzrhas worked in academic medical
institutions, diagnostic and pharmaceutical comggnncluding Mount Sinai School of Medicine,
Roche Diagnostic Systems, Hoffman-La Roche, andslmh& Johnson.

Svetlana M. Krylova obtained her PhD from the Russian Academy
of Sciences. She had over a decade of researclersbdul
experience in the area of medical diagnostics ang development

in the biotechnological and pharmaceutical commameCanada.
She has been a contract faculty member at York édsity in
Toronto since 2008. Dr. Krylova is also leadingeig@sh projects in
the area of Bioanalytical Chemistry as a SenioreBeh Associate

in the Centre for Research on Biomolecular Intévast at York
University.

Sergey N. Krylovis Professor, York Research Chair, and Director
of Centre for Research on Biomolecular Interacti@isYork
University in Toronto. He obtained his scientifiegiees from
Lomonosov Moscow State University and underwentdguugoral
training with Prof. H. Brian Dunford and Prof. Noam J. Dovichi
at the University of Alberta. Dr. Krylov is recoged
internationally for his pioneering work in the filsl of chemical
cytometry, kinetic analysis of affinity interactirand methods for
selection and applications of oligonucleotide apesnHe recently
became interested in development of innovative neldgies for
cancer subtyping and continuous-flow synthesis tifipation /

analysis.

His research contributions have been recognizddawtumber of awards including Petro Canada
Young Investigator Award, Premier's Research Extmle Award, President's Research
Excellence Award (York University) and two recogurits from the Chemical Society of Canada:

McBryde Medal and Maxxam Award.
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Ferenc Kilar finished his studies in chemistry at E6tvos Lorand
University, Budapest in 1977. After graduation haswvorking at
the Institute of Enzymology, Budapest, and thennmaved to
University of Pécs, where he is working since 1983received his
PhD (CSc) in 1986 and the degree of Doctor of Saen 1995. In
1997 he was appointed to be full professor as thadHof the
Department of Analytical Chemistry and directottlod Institute of
Bioanalysis at Pécs. Since 2000 he is the HeadhefDtoctoral
School in Chemistry. Between 1985 and 1992, hetgpere than

5 years as visiting researcher at Uppsala UniyerSiveden,
working on the development and application of dapjl
electrophoresis at the Department of Biochemidthg research
area covers protein-chemistry and the developnmahigplication

of modern separation methods in bioanalysis. Heads-author of
more then 150 scientific publications and 3 bodhs. is a member of several national and
international research consortia and received aévetional and European grants. He was a
visiting professor at Universitd "La Sapienza" astituto di Cromatografia, Rome, Italy,
University of Bern, Switzerland and L'Institut Rast, Paris, France. He was the co-editor in chief
of the Journal of Biochemical and Biophysical Meth§2001-2008), and member of the editorial
boards of the Hungarian Chemical Journal (2001-R0&fudia Universitatis Babes-Bolyai
Chemia (since 2007), Electrophoresis (since 20B8)¢nal of Proteomics (since 2008).

Herbert Lindner began his undergraduate education in the field
of chemistry at the University of Innsbruck, Auatrin 1982, while
employed as a Contract Assistant at the Instit@t®rganic and
Pharmaceutical Chemistry, he obtained his Ph.lerliatthe same
year, he relocated within the University to a positof Contract
Assistant at the Department of Medical Chemistryd an
Biochemistry and, subsequently, was promoted tqotsition of
University Assistant in 1984. In 1992, he receitlkd award of
Habilitation and “venialegendi” for Biochemistry. eH was
promoted to the position of Assistant Professat984, and then

| to Associate Professor three years later. By 208eétt Lindner
was appointed Head of the Protein Micro-Analysigiliig at
Innsbruck Medical University.

In the late 1980s he established a bioanalytic@aech group with
focus on the development of high-resolution methéats the

!

il (ls \\\\\

separatlon and identification of post-translatiomaldified proteins to investigate their biological
significance. Now, as a result of a continuous tgweaent program over many years, his group
also offers a wide range of analytical methods serdices to support the work of other research
scientist in the University. The analytical toolsveloped and routinely applied in his laboratory
led to numerous publicationsand successful natiandlinternational collaborations.
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| Katalin Medzihradszky is an Adjunct Professor of Pharmaceutical
Chemistry in the School of Pharmacy of the Uniugrsi California
San Francisco, and the Head of the Laboratory oteBmics
Research in the Biological Research Centre of thmgdrian
Academy of Sciences. She is an expert in protealyais using
mass spectrometry, especially in MS/MS data ingtgpion, de
novo sequencing and studying post-translationalifications.
She got her PhD in organic chemistry at the E6tésand
University in Budapest. She learned the basicsassspectrometry
in the Gedeon Richter LTD. Later she took a posflisition in the
Mass Spectrometry Facility of UCSF where she daideanalyze

: proteins. Concurrently she has been conductingpnoics research
in Szeged for 17 years by now. She is a head rttstrof the Proteomics Course in Cold Spring
Harbor Laboratory, and a member of the editoriardoof Molecular and Cellular Proteomics.
She has ~180 peer-reviewed publications.

Marek Minarik received his Ph.D. in bioanalytical chemistry from
the Northeastern University in Boston in 2001 vBory Karger at
the Barnett Institute. The topic of his Ph.D. tsesas development
of  capillary-array  electrophoresis  instrumentationfor
micropreparative bioanalysis. Between 2000 and 2@0&orked in
R&D at Molecular-Dynamics (later Amersham Biosciesic in
Sunnyvale, CA developing applications for clinicald forensic
DNA testing. He has authored over 50 scientificggaand 4 issued
patents (3 US, 1 International). His main areaestarch interest is
in development and application of tools and tecbgiels for
bioanalysis, mainly HPLC and CE separation techesquith main
emphasis on clinical applications. Currently, ha iBresident and
CEO of Genomac Research Institute in Prague, CRe=ghublic that he co-founded in 2001.
Genomac is a private genomic research center fogusi screening and detection of molecular
markers including liquid-biopsy technology for mimming of cancer treatment and progression.
Marek is also currently serving as a General Manaf®Vatrex Praha company in Prague, the
leading manufacturer of HPLC instrumentation andmoms in Eastern and Central Europe. Aside
from commercial affiliations Marek currently holdm assistant professor position at the
Department of Analytical Chemistry, Faculty of Swes, Charles University in Prague lecturing
on Genomic analysis in clinical practice.
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Pier Giorgio Righetti earned his Ph. D. in Organic Chemistry from
the University of Pavia in 1965. He then spent @ryeas a Post.
Doc. at MIT and 1 year at Harvard (Cambridge, M&k3A). He is
now Emeritus Professor at the Milan’s Polytechnic.

He is in the Editorial Board of Electrophoresis, Rroteomics,
BioTechniques, Proteomics, Proteomics Clinical Aqgilons. He
has co-authored the book Boschetti, E. Righett{. PLow-
Abundance Proteome Discovery; State of the Art Bnotocols,
Elsevier, Amsterdam, 2013, pp. 1-341.

He has developed isoelectric focusing in immobdipél gradients,
multicompartment electrolyzers with isoelectric nieames,

- membrane-trapped enzyme reactors, temperaturegmoged

caplllary electrophore5|s and combinatorial pepfidand libraries for detection of the low-
abundance proteome. On 560 articles reviewed bisthé/eb of Knowledge (Thomson Reuters),
Righetti scores 22.200 citations, with an averag&9ccitations/article and with a H-index of 67.
During the years 2005-2013 he has received citatianging from 1000 to 1200 per year.
He has won the CaSSS (California Separation Sci€oceety) award (October 2006), and the
Csaba Horvath Medal award, presented on April 0882y the Connecticut Separation Science
Council (Yale University). In 2011, he has been mated honorary member of the Spanish
proteomics society and in 2012 he has won theigress Beckman award and medal granted in
February at the Geneva MSB meeting. In 2014, ikt in Madrid, he has been given the HUPO
award for proteomic research and in November, larAa, the American Electrophoresis Society
award.

Maria Fernanda Silva is a Professor at The National University of
Cuyo and Principal Researcher of National CourailResearch
(CONICET) in Argentina. Her group is focused on stedy of the
®l biological role of plant secondary metabolites #meldevelopment
)| of methodologies aligned with the principles Gre&nalytical
'| Chemistry for the extraction and determination mdlgtes of food
and pharmaceutical interest. The outcomes of gezareh activities
have been presented and recognized at nationainterdational
scientific meetings and are regularly publishedpeer-refereed
journals. Her research has received support froen National
Council for Research (CONICET), National Agency fecience
and Technology (ANPCyT), and National UniversityGfyo.
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Karoly Vékey has graduated in chemistry, and got his PhD degree
at E6tvos University, Budapest, Hungary. His masearch field
is analytical- and physical- and biochemistry, aridremost expert
in mass spectrometry. He has been active both ndaimental
studies and in practical applications. Structuréemeination of
organic compounds; pharmaceutical, biomedical afidical
applications are in the forefront of his interé&tcently he has been
active in proteomics, in particular analyzing pnotglycosylation.
He has developed a novel theory of mass spectrgnfetusing on

. energetic aspects. He has written over 200 pulbitsitedited two
| books; his works have been cited over 4000 timesisHeditor of
. the Journal of Mass Spectrometry, and board merobather

" scientific journals.

Robert Weinberger has been a consultant specializing in the field
of High Performance Capillary Electrophoresis anelated
technologies since 1991. He is President of CE fi@dgies, Inc.,

a consulting firm specializing in contract reseamcltHPCE. He
taught the American Chemical Society Short Coursétled
"Capillary Electrophoresis of Biomolecules" for g&ars and is the
author of the textbook “Practical Capillary Eleghoresis”. He has
written around 100 Magazine articles in Americamdmtory and

is the author of over 50 technical publicationspbchapters and
patents in the fields of electrophoresis and liqchdomatography.
He served as an expert witness in capillary elpbicesis patent
litigation and provided expert opinions concerniig purity of
potentially contaminated heparin samples. Fooddang contamination, dietary supplements and
glycoprotein separations are recent areas of igat&in.

John R. Yatesis the Ernest W. Hahn Professor in the Department
of Chemical Physiology and Molecular and Cellulaukbbiology

at The Scripps Research Institute. His researarasts include
development of integrated methods for tandem mpaesst®metry
analysis of protein mixtures, bioinformatics usingass
spectrometry data, and biological studies invohpngteomics. He

is the lead inventor of the SEQUEST software forreating
tandem mass spectrometry data to sequences imnathbage and
developer of the shotgun proteomics techniqueHeranalysis of
protein mixtures. His laboratory has developeduesof proteomic
techniques to analyze protein complexes, posta#osal
modifications, organelles and quantitative analysfs protein
expression for the discovery of new biology.

Many proteomic approaches developed by Yates haeenbe a national and international
resource to many investigators in the scientifimpwinity. He has received the American Society
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for Mass Spectrometry research award, the Pehr BdAveard in Protein Chemistry, the
American Society for Mass Spectrometry Biemann Mdta HUPO Distinguished Achievement
Award in Proteomics, Herbert Sober Award from ti&BMB, and the Christian Anfinsen Award
from The Protein Society. He was ranked by Citatrapact, Science Watch as one of the Top
100 Chemists for the decade, 2000-2010. He was#d. ldst of Most Influential in Analytical
Chemistry compiled byThe Analytical Scientist 10213 and is on the List Of Most Highly
Influential Biomedical Researchers, 1996-2011, paam J. Clinical Investigation 2013, 43,
1339-1365. He has published 707 scientific artialgh 54,000 citations and an H-index of 112.

24



Abstracts of oral presentations — Invited speakers

EMERGING ANALYTICAL TECHNOLOGIES AND NOWADAYS
PHARMACEUTICAL DRUG PRODUCTS DEVELOPMENT CHALLENGES

BIANCA AVRAMOVITCH, PH.D.

Global Analytical Forum Leader,
Head of Analytical Technologies Unit, GR&D, KFS ISRAEL
Teva Pharmaceuticals Industries LTD

Abstract

The emerging hyphenated instrumentations (microgspspectroscopies, and separations)
reveal new boundaries for seeing and controlling.

These new analytical instruments are more sophisd having high rate scanning
capabilities with the specificity of the measureinas the biggest advantage.

High informational productivity is achieved whenmerous parameters are measured in one
measurement. The effective data management bedemetv challenge of today and shortly
we will discuss the information technologies arehture required to deal with this flux of
information.

A number of case studies will emphasize the newrgdic and regulatory challenges the
pharmaceutical industry faces and the approacHentahen developing drug products as
nasal sprays, oral solid dosages, inhalers, lip@soamd nano particles based products.
Personalized pharmacy challenges in a regulategdtamaent (as the household 3D printing
approach) as well as the opportunities identifigdl, be discussed.

The “digital health” fast and innovative developrtemill be discussed while focusing on
biomarkers, dynamic sensors and other “smart tdolgies” with digitalized, personalized

treatments.
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ANALYSIS OF PROTEIN GLYCOLYSATION OF HIGH BIOMEDICA L
IMPORTANCE BY CAPILLARY ELECTROPHORESIS AND ITS COM BINATION
WITH MASS SPECTROMETRY

JEFF CHAPMAN

Senior Director CE Business Unit
SCIEX, Brea, California, USA

Abstract

There is a growing interest for rapid and high-teBon N-glycosylation analysis of
glycoproteins for basic biomedical research esplgcian biomarker discovery. Key
glycosylation functions include protein folding diiva control and protein sorting. Cell
surface glycans contain an array of antigenic g@$o which bind to carbohydrate binding
domains. These interactions are important in cell-and cell-pathogen interactions, also
playing important roles in malignant transformati@o crucial in cancer research. Protein
glycosylation happens via a serial heavily reguabesynthetic steps in the endoplasmic
reticulum and the Golgi apparatus. The final glydason structures is subject to factors
including glycosyltransferase and glycosidase #itly as well as nucleotide donor
concentrations leading to large heterogeneity ofcagfiorms. To decipher these very
complicated mixtures for better biochemical undemgling, a user friendly and easy to use
glycan release, fluorophore labeling and cleanqreach was developed resulting in 60 min
sample preparation time using a novel magnetic lmeadiated process with excellent yield
and high reproducibility. The process can be rgadltomated, not necessitating any
centrifugation and vacuum centrifugation steps,stleasily applicable in routine clinical
laboratories. The prepared samples are separatedhigi@ performance capillary
electrophoresis with laser induced fluorescent ctega (CE-LIF) that provides migration
time-based identification of complex carbohydradt@sed on a glucose unit (GU) database.
Coupling with mass spectrometry, CE offers add#iostructural verification options.
Integration of CE and electrospray ionization (EBio a single dynamic process (CESI)
provides the capability of performing CE separatam MS ionization with ultra-low flow
rates, resulting in reduced ion suppression androngd sensitivity. Examples of
glycosylation analysis by CE-LIF and CESI-MS metbod formalin fixed paraffin embedded
(FFPE) samples and circulating tumor cell surfaC&@) glycosylation will be thoroughly
discussed.
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EFFECTS OF METAL IONS, ALKYLAMINES AND ORGANIC SOLV ENTS ON THE
SEPARATION OF BIOMOLECULES BY CAPILLARY ELECTROPHOR ESIS

DANILO CORRADINI

Research Director, Italian National Research Council,
Rome, Italy

Abstract

The composition of the background electrolyte solut{BGE) employed in capillary zone
electrophoresis (CZE) can strongly influence samptdubility and detection, native
conformation of biopolymers, molecular aggregatiaiectrophoretic mobility and the
electroosmotic flow (EOF). Consequently, selectthg proper composition of BGE is of
paramount importance in optimizing the separatibthe analytes in CZE. The appropriate
selection of the buffer requires evaluating theqbgl-chemical properties of all components
of the buffer system, including buffering capacitgpnductivity, and compatibility with the
detection system and with the sample.

This communication discusses theoretical and practspects of the influence of the
composition of the BGE on both the separation bahavof biomolecules and the generation
of EOF in bare fused-silica capillaries employedCidE. Secondary equilibrium in solution
between ionogenic analytes and components of thié 8 drastically affect the selectivity,
which is based on differences in the electrophoretobility of the analytes, which depend
on their effective charge-to-hydrodynamic radiusiom This implies that selectivity is
strongly influenced by the pH of the BGE as wellbgsthe presence of suitable counterions
and other interacting agents that may affect thhecharge or/and the hydrodynamic radius of
the analytes. The talk includes the discussionhenuse of BGEs appositively tailored for
separating proteins, peptides and other biomolsechiecapillary electrophoresis with bare
fused-silica capillaries. Most of the investigagadutions consist of buffering agents having
the capability of controlling the protonic equilibm in a wide pH range while preventing the
undesirable interactions between basic analytesthednner surface of bare fused-silica
capillaries. Also discussed is the use of organilgents and suitable additives incorporated
into the BGEs traditionally employed in CZE.
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ANALYTICAL METHODOLOGIES IN THE SEARCH OF GLYCOBIOM ARKERS

MERCEDES DE FRUTOSY", ANGEL PUERTA!, DIANA NAVARRO-CALDERON?!, NOEMI FARINA-GOMEZ?,
ANDRAS ACS23, EDUARDO ALBERS-ACOSTA%, CARLOS OLIVIER?, LASzZLO DRAHOS?, KAROLY VEKEY?2, AND
JOSE CARLOS DIEZ-MASA?

1 Department of Instrumental Analysis, Institute of Organic Chemistry (IQOG-CSIC), Madrid, 28006, SPAIN
2 MS Proteomics Research Group, Research Centre for Natural Sciences, Hungarian Academy of Sciences,
Budapest, 1117, HUNGARY
3 Semmelweis University, Budapest, 1085, HUNGARY
4 Department of Urology, Hospital La Princesa, Madrid, 28006, SPAIN

Abstract

Proteoforms of glycoproteins, which are the restildifferent modifications such as genetic
variants, changes in glycosylation and other PT¥#e protein, are very attractive in the
search of biomarkers. In the living beings, theittmphysiological conditions determine what
of these heterogeneities take place. Therefore&ctiag quali- or quantitative differences in
the proteoforms can be useful for finding diseasenlarkers. Different approaches to detect
these changes include from studying the monosaw#sgrglycans, or glycopeptides until
studying the intact non-hydrolyzed glycoprotein.r Fmach approach several analytical
techniques have been developed and are constamphpved.

In this talk, the studies that we perform to detetianges happening in intact
glycoproteins (AGP and PSA) as potential biomarka&frsascular diseases and of prostate
cancer will be shown. Special attention will bedoto the immunochromatographic sample
preparation step needed to analyze the target gipteins in biofluids. Emphasis will be
made on the analyses of the intact glycoproteintopmed by capillary electrophoresis. In
addition, the nanoLC-MS/MS study being performeddnalysis of PSA glycopeptides will
be shown.

Acknowledgments MINECO (grant CTQ2013-43236R) and the contractrame of Youth
Guarantee Implementation Plans financed by ESFY&idD. N.-C.).
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TO INTERFACE OR NOT TO INTERFACE IN CE-MS. ONE STORY, TWO POINTS
OF VIEW

FRANTISEK FORET, ANNA TYCOVA, JANA KRENKOVA, KAREL KLEPARNIK

Institute of Analytical Chemistry AS CR, v.v.i., Brno, 602 00, Czech Republic

Abstract

Capillary electrophoresis coupled to mass specttom{€E/MS) is gaining its space among
the most powerful tools in modern (bio)analyticalbératory. The most challenging
instrumental aspect in CE/MS is striking the babetween the stability and reproducibility
of the signal and sensitivity of the analysis. Salvaterface designs have been developed in
the past decade addressing the variety of instrtahespects and ease of operation. Most of
the interfaces can be categorized either into Heath flow arrangement (considered to be a
de facto standard), or a sheathless arrangemetan @xpected to provide the ultimate
sensitivity. In this work we have explored two, &pation dependent, approaches. A hybrid
design, utilizing a microfabricated liquid junctisprayer module, allowed coupling to a
commercial, fully automated, CE analyser equippét wstandard (50-75m ID) separation
capillaries. In the second, “interface-free” apmb, the CE/MS analysis was performed in a
narrow bore (<2Qum ID) separation capillary forming one entity witie electrospray tip.
The high voltage, applied at the injection endhsd tapillary, served for both the separation
and electrospray ionization. Optimum conditions fibre separation and electrospray
ionization were achieved with voltage programmifidhe performance of both CE/MS
systems was tested for separations of metaboptstides and glycoproteins and compared
to other designs with respect to the separatiagieffcy, sensitivity and sample consumption.

References:

[1] Tycova, A.; Vido, M.; Kovarikova, P.; Foret, Anterface-free capillary electrophoresis-
mass spectrometry system with nanospray ionizatidnalysis of dexrazoxane in blood

plasma. J.Chromatogr., 2016, 1466, 173-179.

[2] Krenkova, J.; Kleparnik, K.; Grym, J.; Luksch; Foret, F.: Self-aligning subatmospheric
hybrid liquid junction electrospray interface foapillary electrophoresis. Electrophoresis
2016, 37, 414-417.
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BRIDGING SCALES AND DISCIPLINES: SOOT NANOPARTICLES
IN THE ATMOSPHERE

ANDRAS GELENCSER

Institute for Environmental Sciences, University of Pannonia, Veszprém, H-8200, HUNGARY

Abstract

Soot particles are among the most deadly and asah®e time the most powerful climate-
modifying pollutants ever produced by mankind. Soahoparticles that form in high-
temperature combustion have the potential to toaade across the epithelium into the
bloodstream. Their small size. resilience, highcsjpe surface area loaded with adsorbed
carcinogenic and mutagenic compounds make themcpkatly harmful to human health.
Each year 10 million metric tons of soot particées leaking into the atmosphere, an amount
that would instantly kill off most life on earthstld it be released at once [1]. However, the
effect of this immense amount of soot on the Earttlimate is still devastating and today
soot comes second after carbon dioxide in the ntadeiof its climatic effect. Even when
precipitated out of the atmosphere, dark soot pl@adimodify snow albedo thus contribute to
the accelerated melting of the Arctic sea ice amdimbain glaciers. There is a firm scientific
consensus about the necessity of instant and aféexdduction of soot emissions that would

be beneficial for both human health and climate,voith practically no effect.

References:

[1] Bardeena, C. G.; Garcia, R. R.; Toon, O. B.nfeg, A. J.: On transient climate change at
the Cretaceous—Paleogene boundary due to atmosguoat injections, Proc. Nat. Acad. Sci.
2017 114 (36) 7415-7424 doi: 10.1073/pnas.170898011
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ADVANCEMENTS IN MINIATURIZED IMMUNOAFFINITY CAPILLA RY
ELECTROPHORESIS: SHIFTING PARADIGMS IN BIOANALYSIS TO MONITOR
WELLNESS, DISEASE, AND TREATMENT EFFECTIVENESS

NORBERTO A. GUZMAN

Department of Immunoengineering-Bioanalysis, Princeton Biochemicals, Inc, Princeton, USA

Abstract

Point-of-care testing (POCT) is a rapid growinddiwith a potential key role for improving
operational efficiency within healthcare settings;orrectly utilized. Specifically, the rapid
delivery of accurate, sensitive, and specific ressalt the bedside has shown to facilitate
clinical decision-making and may improve clinicaltoomes in patient care. Ideally, POCT
should be one of the most efficient and econontmalls for medical management. However,
there are limitations to consider before traditioiagnostic testing can uniformly transition
to POCT.

In this presentation, | will describe a novel ingstrent based on a two-dimensional
technology, named immunoaffinity capillary electhopesis (IACE), which can address
many of these limitations associated with POCT. EAQGtilizes immunoaffinity-capture
techniques found in some immunoassays, such as/A&Lp&ired with a high-resolution
analytical separation technique, such as capillatgctrophoresis. Distinctively, this
promising instrument yields no false-positive dsé&negative results and can be a great asset
in both resource-limited and large private healtbcsettings. Furthermore, while inpatient
and outpatient test results produced by this teldgyocan be interpreted bedside, by a team
of healthcare professionals, | anticipated that édsest results can be linked via a secured
Internet connection to clinical facilities equippadth medical data banks and staffed by
physicians for interpretation and follow up, as essary.

In summary, | foresee that this POCT technology halve tremendous implications for
healthcare improvement both on an individual anobgl scale, in particular to monitor
wellness, disease and treatment effectivenessll Idescribe the details, applications, and

potential impact of this technology.
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CAPILLARY ELECTROPHORESIS-BASED ANALYSIS OF ENZYMAT IC
MODIFICATIONS OF PROTEINS AND DNA

SVETLANA M. KRYLOVA," AGNESA SHALA-LAWRENCE,* JAMES L. HOUGLAND,2 CHRISTOPHER J.
SCHOFIELD,3 SERGEY N. KrRYLOV?

1 Department of Chemistry and Centre for Research on Biomolecular Interactions, York University, Toronto,
Ontario M2N 3P5, CANADA
2 Department of Chemistry, Syracuse University, Syracuse, New York 13244, United States
3 Oxford Centre for Integrative Systems Biology, University of Oxford, Oxford, OX1 3TA, United Kingdom

Abstract

Enzymatic modifications of proteins and DNA areqi®d to cellular regulation. In particular,
protein lipidation plays a unique and essentiakrl regulating protein localization and
trafficking within the cell by directly mediatingrgtein-membrane interactions. One central
challenge in studying protein lipidation has belea difficulty in measuring the distribution
and relative populations of precursor and chemyaalbdified forms of proteins. The lack of
quantitative methods that could simultaneously meashe amounts of both protein forms
has complicated quantitative analysis of the retyouba functional impact, and biological
requirement for protein lipidation. To date, analgt methods used to study protein lipidation
have focused primarily on identifying lipidated pems. In exploring analytical methods for
efficiently separating and detecting both the ptated and non-prenylated forms of a protein,
we used fluorescent reporter proteins (eGFP andRF&) which have been designed to
become  substrates of protein  farnesyltransferase Tag¢) and  protein
geranylgeranyltransferase type | (GGTase-l). A Emproblem of separating a relatively
large biological polymer-based substrate and tlhe et exists in quantitation of enzymatic
modifications of DNA. Our models for this type ofodifications were based on several 2-
oxoglutarate (20G)-dependent oxygenases that reraovethyl group from a methylated
DNA base. Such demethylation processes are impoidaprotection of genomic DNA from
damage induced by alkylation agents. The use dbgiocally relevant DNA substrates of
(20G)-dependent oxygenases faces a challenge oftitatavely distinguishing them from
their products, which differ only by few methyl gnes. In both types of enzymatic reactions
catalyzing protein and DNA modifications, the sitameous quantitation of both the substrate
and the product can be achiever their separation by capillary electrophoresis (CE)
followed by detection with laser-induced fluorescen(LIF). Both types of experimental
models to study enzymatic modifications of proteimsd DNA relied on choosing a
fluorescently-labeled biologically relevant substraand using a surfactant (SDS) as a buffer
additive to facilitate efficient separation of teabstrate from the product of essentially the

same size (different by a small chemical group)k @iascribed CE-separation-based approach
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will be useful for understanding roles of enzymatiodifications of proteins and DNA in
cellular regulation and for finding enzyme inhib#pstudying mechanisms of inhibition, and

discovery of drug leads [1-4].

References:

[1] Shala-Lawrence, A.; Decker, M.J.; Krylova, S;Msangopadhyay, S.S.; Beloborodov,
S.S.; Hougland, J.L.; Krylov, S.N.: Simultaneouslgsis of non-lipidated protein and its
lipidated counterpart: enabling quantitative invgstion of protein lipidation's impact on
cellular regulation, Angew. Chem. Int. Ed., subemit

[2] Krylova, S.M.; Koshkin, V.; Bagg, E.; Schofiel€.J.; Krylov, S.N. Mechanistic studies
on the application of DNA aptamers as Inhibitoredxoglutarate-dependent oxygenase, J.
Med. Chem2012 55(7), 3546-3552

[3] Woon, E.C.Y.; Demetriades, M.; Bagg, E.A.L.;kAIW.S.; Krylova, S.M.; Ma, J.H.Y;
Chan, M.C.; Walport, L.J.; Wegman, D.W.; Dack, K.IMcDonough, M.A.; Krylov, S.N.;
Schofield, C.J. Dynamic combinatorial mass specé#imyn leads to inhibitors of a 2-
oxoglutarate dependent nucleic acid demethylagded. Chem. 2012 55(5), 2173-2184
Cherney, L.T.; Krylov, S.N.: Theoretical estimatiohdrag tag lengths for direct quantitative
analysis of multiple miRNAs (DQAMMIR), Analy&013 138 (2), 553-558

[4] Krylova, S.M.; Karkhanina, A.A.; Musheev, M.UBagg, E.A.L.; Schofield, C.J.; Krylov,
S.N.: DNA aptamers for as analytical tools for thentitative analysis of DNA-dealkylating
enzymes, Anal. Biochem. 2011 414, 261-265
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PROSPECTIVES OF CAPILLARY ELECTROPHORESIS IN VALIDA TION OF
MOLECULAR BIOMARKERS OF CANCER

SERGEY N. KRYLOV,* LIANG HU, MANSI ANAND, SVETLANA M. KRYLOVA, VASILIJ KOSHKIN

Department of Chemistry and Centre for Research on Biomolecular Interactions, York University, Toronto,
Ontario M2N 3P5, CANADA

Abstract

Effective treatment of cancer requires moleculantarkers (characteristic molecules present
in tumor cells) that can predict disease aggres&sg and its response to therapy. A large
number of predictive biomarkers have been repotbed the following studies proved non-
robustness of the majority of them. As a resulty@afew biomarkers have been approved by
FDA for clinical use. Biomarker non-robustness arales, in particular, from non-robustness
of: (i) specimen collection, preservation, and at®, (ii) specimen recovery and processing
(extraction, enzymatic modifications, labeliaty. of target molecules), and (iii) quantitative
analysis of target molecules. Robustness of biosrarkan, thus, be improveta: reducing
step 1 to specimen freezing, reducing step 2 toispen towing and cell lysis, and developing
highly-robust assays applicable to crude cell lgsah step 3. Our research is motivated by
an insight that capillary electrophoresis (CE) sanve as an analytical platform for robust
analyses of molecular biomarkers applicable to ercell lysates. To prove this hypothesis,
we are creating a CE-based Technology for AnalgEimiRNA Signatures (TAmMIRS). In the
past 7 years, we have developed TAmMIRS into a waldtechnology with proven analytical
validity, and we are now advancing TAmMIRS to tesft$ts analytical and clinical utility [1—
9]. In this lecture, the concept of TAMIRS and atsalytical features will be explained; its
advantages and limitation in comparison to othechm@logies will be pointed out.
Conclusions will be made with regards to the gelwaton of CE-based approach for

validation of molecular biomarkers of cancer.
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HOW TO DEVELOP CAPILLARY ELECTROPHORESIS?

FERENC KILAR
University of Pécs, Pécs, Hungary

Abstract

Steps in electrophoresis from Tiselius to CE(CEsKs and problems solved and unsolved
in capillary electrophoresis. A personal view ang@erience in this separation area.
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ADVANCES IN THE SEPARATION OF CO- AND POST-TRANSLAT IONAL
PROTEIN MODIFICATIONS
USING CE-MS

HERBERT H. LINDNER, KLAUS FASERL AND BETTINA SARG

Innsbruck Medical University, Biocenter, Division of Clinical Biochemistry
Innrain 80, A-6020 Innsbruck, Austria

Abstract

In higher eukaryotes a majority of proteins is pwanslationally modified and these
modifications are often essential for the functadra protein. The goal of PTM analysis is to
localize the amino acid residues in a given protidiat are altered in vivo to activate,
inactivate, or modify the biological activity of gteins. Due to its biochemical importance,
various analytical techniques for the characteriratof modified peptides in complex
mixtures generated by enzymatic digestion of midtiproteins have been described.
Especially HPLC coupled with high-resolution magsgedrometry is a well-established
technique and in many cases the method of choicehi® separation and identification of
proteins and their modification sites.

An alternative strategy, capillary electrophore=sipled to mass spectrometry seems to
be gaining momentum especially for the analysispodtein modifications. This work
describes the use of low-flow CESI-MS/MS to detarenpost-translational modifications,
e.g. acetylation, phosphorylation, methylation, rda&ttion and citrullination in medium
complex nuclear samples. Further, the suitabilit€ B-MS for the analyses of intact nuclear
proteins and their multiply modified forms was istigated to provide information regarding
the extent of existing PTMs. Based on the resulitaioed CE-MS can be considered a
complementary technique to conventional LC-MS amdadternative approach for PTM

analysis.
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NEGLECTED POST-TRANSLATIONAL MODIFICATIONS: EXTRACE LLULAR O-
GLYCOSYLATION AND PHOSPHORYLATION.

KATALIN F. MEDZIHRADSZKY2, EVA HUNYADI-GULYAS?, EVA KLEMENT?, ZsuzsA DARULA?

1 Laboratory of Proteomics Research, Biological Research Centre of the Hungarian Academy of Sciences,
Szeged, Hungary, H-6726

2 Department of Pharmaceutical Sciences, School of Pharmacy, University of California San Francisco, San
Francisco, USA, CA 94158

Abstract

Many proteomic studies aim to describe the ‘norncaimposition of protein complexes, cell
organelles, tissues or body fluids, and then tedethe changes occurring as the result of
certain stimuli, or diseases. Such research pratlucgressive results, but we still have
limited knowledge about the occurrence and charafepost-translational modifications
(PTMs) that most certainly are significant playarsthe regulation of complex-formation,
protein-protein interactions, and biological adiyviln addition, PTMs that modify proteins
located in the extracellular space have been negldor a long time despite the ever growing
evidence that i) they are really important for owvellbeing ii) they may
influence/control/regulate intracellular processes.

Our research focuses on two quite ‘elusive’ extilata PTMs, the phosphorylation and
glycosylation of Ser, Thr and Tyr residues. Theg arceptionally hard to tackle, but their
biological role(s) — at least what we know abownth- are really exciting. We are developing
protocols for the enrichment of modified peptidest readily available body fluids and then
use reversed phase nanochromatography linked todeigsitivity tandem mass spectrometry
to analyze the resulting mixtures. We are gathedisig on the proteins and the sites modified,
and we do hope that our basic research projecti®atl to translational results.
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CANCER DIAGNOSIS AND MONITORING BY CE-BASED LIQUID BIOPSY
ASSAY

MAREK MINARIK

Centre for applied genomics of solid tumors (CEGES), Genomac Research Institute
Prague, Czech Republic

Abstract

The liquid biopsy is gradually becoming inherenttpaf diagnosis and treatment of many
solid tumors. The technique is based on detectiospecific tumor-derived elements in
peripheral blood circulation [1]. The main efforasrbeen devoted to study of two main
entities, namely the circulating tumor cells (CTa)d circulating tumor DNA (ctDNA).
While CTCs offer more complex view of the tumorlunaing information on RNA and protein
expression, analysis of ctDNA is far less demandingledicated expensive instrumentation
and currently is mainly done by adapted mutatiotecton techniques.

In 2012 we have demonstrated application of demaguwapillary electrophoresis (DCE)
for detection of ctDNA in patients with colorectancer undergoing surgical treatment [2].
Since then we have extended the spectrum of apicafor this CE-based liquid-biopsy
assay to other solid cancers including lung canpancreatic cancer, stomach cancer and
head and neck cancer. Our rates of ctDNA positiadepts correspond to the mutation
sensitivity level of 0.1%. In order to match tharant sensitivity of the contemporary costly
digital liquid biopsy assays, we have recently deped a modified protocol adopting an
additional mutant enrichment step using an expentalenicropreparative DCE system. This
has resulted in an improvement of sensitivity 10105.

The current presentation will present utility ofetrassay in clinical practice and
summarize the most relevant results and interestasgs. Supported by Ministry of Health
of the Czech Republic grant no. AZV 15-27939A.

References:

[1] Crowley E, Di Nicolantonio F, Loupakis F, Batteé\. Liquid biopsy: monitoring cancer-
genetics in the blood.Nat Rev Clin Oncol. 2013, 4102-484.
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Zavoral, M., Minarik, M., Utility of Cell-free Tumar DNA for Post-Surgical Follow-up of
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TWO MINIATURIZED MINI-SENSORS: FOR FORMALDEHYDE FUM ES AND FOR
GLUCOSE ANALYSIS

GLEB ZILBERSTEIN !, ROMAN ZILBERSTEIN?, URIEL MAOR?, PIER GIORGIO RIGHETTI:?"

1 Spectrophon Ltd, Rehovot, ISRAEL
2 Department of Chemistry, Politecnico di Milano, Via Mancinelli 7, Milano 20131, ITALY

Abstract

The formaldehyde (FA) sensor is used to monitordanm the atmosphere, and is based on
the redox reaction between FA and silver nitratee $ensor is worn as a bracelet and the data
acquired are transferred via a blue-tooth chanaeh tsmartphone. A dedicated software
transforms the signal from a grey to a colour sc@lee signal response has been assessed
over low (20 to 120 ppb) as well as higher (1-1%nprange) levels. The sensor has been
applied to monitor potential FA fumes of some antkvim the Summer Palace in Beijing and
the modifications induced by FA treatment on a es Stradivarius violin. Monitoring of
FA fumes in different work environment has showattthe greatest levels are found in beauty
saloons when using fingernails lacquer!

A non-invasive mini-sensor for blood glucose cortcatiion assessment has also been
developed. The monitoring is performed by gentlggsing a wrist or fingertip onto the
chemochromic mixture coating a thin glass or polyfiien positioned on the back panel of a
smart watch. The various chemochromic componentasore the absolute values of the
following sweat metabolites: acetone, acetone bhgtiroxybutirate, aceto acetate, water,
carbon dioxide, lactate anion, pyruvic acid, Na dfdsalts. Taken together, all these
parameters give information about blood glucoseceatration, calculated via multivariate
analysis based on neural network algorithms buiio ithe sensor. The Clarke Error Grid
shows an excellent correlation between a standwasalsive glucose analyser and the present
non-invasive sensor, with all points aligned al@e5 degree diagonal and contained only in
sector A. Graphs measuring glucose levels five simalay, for different individuals (male
and female) show a good correlation between thectwoes of conventional, invasive meters

vs. the non-invasive sensor, with an error of 1&#0.
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NOVEL APPROACHES MEDIATED BY TAILOR-MADE GREEN SOLV ENTS FOR
THE CHARACTERIZATION OF BIOLOGICALLY ACTIVE COMPOUN DS

M, DE LOS A. FERNANDEZ! FEDERICO GOMEZ,!, MAGDALENA ESPINO! AND M, FERNANDA SILVA3

1 Institute of Agricultural Biology (IBAM CONICET), Faculty of Agronomic Sciences, National University of
Cuyo, Mendoza, 5505, ARGENTINA

Abstract

Developing sustainable solvents is perhaps the mciste area of Green Chemistignic
liguids (ILs) and deep eutectic solvents (DES) hlagen revealed as a good option to replace
harsh organic solvents. However, current ILs andSOtave still some limitations to be
applied to a real green industryhen the compounds that constitute the DES aregigim
metabolites, namely, aminoacids, organic acidsasjgr choline derivatives, the DES are
called Natural Deep Eutectic Solvents (NADES). NADRIlly represent green chemistry
principles [1]. This solvents offer many strikinglwantages including biodegradability,
sustainability, low costs and simple preparation. this communication, the recent
contributions of our group regarding NADES with sjg¢ emphasis on their chemometrical
design, physico chemical characterization by NOBSMR and molecular modelling, and
analytical applications that utilize CE, ME and UPWill be presented. Phenolic compounds
as well as indoleamines have been determined inamedl plants, wines, and different agro-
food industrial by-products [1, 2]. Further persjpees of these truly green solvents in health-

related areas such as pharmaceuticals, foods,@smdetics will be described.

References:

[1] Fernandez, M., Espino, M. Gomez, F., Silva, Nbvel approaches mediated by tailor-
made green solvents for the extraction of phenmdimpounds from agro-food industrial by-
products, Food Chem 2018 239, 671-678.

[2] Gomez, F., Espino. M., Fernandez, M., RabaSilya, M.: Enhanced electrochemical
detection of quercetin by Natural Deep Eutecticv8nts, Anal Chim Acta, 2016, 936, 91-96.
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PROTEIN GLYCOSYLATION AND MASS SPECTROMETRY

KAROLY VEKEY

Hungarian Academy of Sciences, Research Centre for Natural Sciences
Budapest, Hungary

Abstract

The lecture will give an overview of mass spectrtmoeechniques for analysis of
glycoproteins. The main points will be illustratey practical examples.
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FOUR DECADES OF CAPILLARY ELECTROPHORESIS

ROBERT WEINBERGER

CE Technologies, Inc,
New York, USA

Abstract

While the pioneering work of Stellan Hjertenl de¢ stage for the development of modern
CE, this story will begin in the 1980s with the oe{s of Jorgenson and Lukacs2. That decade
was an age of discovery as the attributes of CEevdmtermined. Separations of urinary
porphyrins are used to describe the learning curdd® 1990s was the decade of high
aspirations. Few small molecules escaped separatmhthe foundation for the human
genome project was developed. The first genomesegsenced by 2001. The advent of ultra-
performance liquid chromatography (UPLC) introduéed2004 negated the advantages of
CE for small molecules. There were more disappoémi® when the CE separation of heparin
and impurities4 was replaced by an inferior aniaoh@nge method. The status of CE in the
2010s is alive and well. CE is generally acceptdbiotechnology derived proteins using
size separations, isoelectric focusing and for chydrates. CE mass spectrometry is
beginning to mature and a variety of DNA and RNAplagations are mature. Sanger
sequencing is still important, primarily for chengiplasmid integrity. The most important
DNA application is for forensic human identificati®. Clinical chemistry applications with
emphasis on serum protein6 and hemoglobin sepasatull be discussed.
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Capillaries.” Clin. Chem. 27: 1551-1553.

[3] Weinberger, R., E. Sapp, et al. (1990). "Capiflelectrophoresis of urinary porphyrins
with absorbance and fluorescence detection.” Ji@atogr 516(1): 271-285.

[4] Wielgos, T., K. Havel, et al. (2009). "Determation of impurities in heparin by capillary
electrophoresis using high molarity phosphate baffe] Pharm Biomed Anal 49(2): 319-
326.

[5] Butler, J. M., E. Buel, et al. (2004). "Forea$)NA typing by capillary electrophoresis
using the ABI Prism 310 and 3100 genetic analyt@r$STR analysis." Electrophoresis
25(10-11): 1397-1412.
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COMPARATIVE N-GLYCOSYLATION ANALYSIS OF A BIOSIMILA R AND ITS
INNOVATOR PRODUCT BY CE-LIF

BEATA BORZA,12 MARTON SZIGETI,}2 LASZLO HAJBA,2 AKOS SZEKRENYESL4 AND ANDRAS GUTTMAN?:23

1 Horvath Csaba Memorial Institute of Bioanalytical Research, University of Debrecen

2 MTA-PE Translational Glycomics Research Group, Research Institute for Biomolecular and Chemical
Engineering, University of Pannonia, Veszprem, Hungary

3 SCIEX Separations, Brea, CA, USA

4 mAbxience Research, Parque Tecnoldgico de Ledn, Julia Morros s/n 24009 Armunia, Ledn, Spain

Abstract

There is a growing demand in the biopharmaceutindlustry for recombinant protein
pharmaceuticals such as monoclonal antibody-bdss@peutics, hormones, growth factors,
blood products, and recombinant vaccines. Thesédiics have played a progressively
significant role in modern pharmaceuticals. Duethie expiration of several patents and
regulatory data protection of original biotherapesitmostly the recombinant monoclonal
antibodies, competing companies have the opposttaievolve their own biosimilar replica.
Biosimilars are similar but not accurately the saasehe innovator products. As a result of
the limited information on manufacturing procedyrdse developed process may contain
some differences such as employed cell line, ads@roell culture conditions as well as
purification processes. Consequently, there isiatto find an appropriate analytical method,
which is able to compare the final and the origitherapeutics. Structural differences could
affect their clinical performance. Thus, the comgan of the reference product and the
biosimilar medicine are based on the followingemi@: 1) primary structures; 2) higher-order
structures (HOS); 3) posttranslational modificaipd) degradation hotspots; 5) chemical
modifications. For the comprehensive descriptionsitrecommended to use orthogonal
analytical methods such as capillary electrophsréSE). Major of recombinant proteins (e.g.
monoclonal antibodies) and their biosimilar versioare glycosylated. Glycosylation of
biosimilar products could have a considerable iafice on the pharmacokinetic (PK) profile,
biological activity, serum half-life, and effectéunctions such as antibody-dependent cell-
mediated cytotoxicity (ADCC) and complement-depemnideytotoxicity (CDC), and
immunogenicity of the drug products. Thus, glycasign is a critical quality attribute, that
could be investigated with capillary electrophosesi
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ON-CAPILLARY DERIVATIZATIONS OF AMINO ACIDS IN CAPI LLARY
ELECTROPHORESIS USING
NAPHTHALENE-2,3-DICARBOXALDEHYDE/SODIUM CYANIDE

ANDREA CELA, ALES MADR AND ZDENEK GLATZ*
Department of Biochemistry, Faculty of Science, Masaryk University, Kamenice 5, Brno, 625 00, Czech Republic

Absract — Automatic on-capillary derivatization of amino asidusing naphthalene-2,3-dicarboxaldehyde/sodiumnidga as
derivatization reagents were performed. Separatgécted reactants were mixed both by transverffesion of laminar flow profiles
(TDLFP) and electrophoretically mediated microasé&yEMMA). Both mixing approaches were individyatiptimized and compared
in terms of efficiency of the mixing, sensitivitigpeatability and applicability to various biologlcsamples. The EMMA-based method
provides up to 12x higher sensitivity and proved&more robust to the sample composition compuaigd TDLFP-based method.

Keywords: capillary electrophoresis, fluorescence detectamcapillary derivatization, amino acids,
naphthanene-2,3-dicarboxaldehyde

1. Introduction from the mixing to the application of the sepanatio
voltage. As a result, standardization of time-

Amino acids (AAs) are metabolites of greaplependent product degradation is assured.

importance to living organisms. They are not onlype mixing of the reactants in such a limited space
building blocks of proteins, but they are invoied  o,jires unconventional methods of the mixing.
cell signalling and gene expression as Welrhgare are generally two applicable mixing
Consequently, actual levels of AAs in biologicalyinciples. The first is based on thermodynamic
fluids can reveal complex physiological state of ag,vements of particles (diffusion), whereas the

organism [1]. second rely on electrophoretic movements of

The most sensitive determination of AAs can beharged particles. Diffusion-based mixing is
achieved by laser-induced fluorescence detectiéfyvided into two groups according to the direction
(LIF). Unfortunately, AAs exhibit low or no native Of diffusion, which is responsible for the mixinfy-
fluorescence thus derivatization reaction is rezguir inlet reactionsare characteristic with mixing by
to add fluorescence properties to AAs. Products ngitudinal diffusion, and mixing by transverse
these reactions can be unstable and thereforepro@éfusion is calledtransverse diffusion of laminar
standardization of the analytical procedure iOW profiles (TDLFP). Electrophoretically
necessary. Moreover, the derivatization reactien afediated microanalysigEMMA) is a name of a
often time consuming, laborious and derivatizatiofoup of mixing modes based on electromigration
reagents are relatively expensive.

Capillary electrophoresis (CE) offers unique wajach mixing approach has its advantages and
how to perform chemical or biochemical reactiondisadvantages. At-inlet requires injection of very
without any special instrumental modification. Thi$hort plugs and is limited to only two separately
approach is called on-capillary [2] and idnjected reactants. TDLFP is considered to be
characterized by performing the reactions withi thdeneric and it is applicable to more than two
separation capillary just prior the separation. TheeParately injected reactants, however TDLFP
inner space of the capillary is used both for th@rovides limited overlap of even long plugs.
reaction and then for the separation as well. Thi¥erequisities —of EMMA  are  different
approach can be fully automated and requires Oneﬂ)ectrophoretic mobilities of reactants. EMMA

minimum volumes of a sample and other reagentgqrovides superior mixing efficiency due to effidien
overlap of long injected plugs; however,

Generally, the sample and the reagents are injeci§stimization of EMMA for more than two reactants

into the capillary sequentially and then they arg challenging and the developed method is not
mixed within the capillary to form reaction mixture generic.

Time of the reaction is strictly defined by the ¢im

‘Correspondence: glatz@chemi.muni.cz
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Naphthalene-2,3-dicarboxaldehyde (NDA) is th CHO
fluorogenic reagent with excitation/emissior CN

wavelengths 420/490 nm and provides thermal . CHO  NacN O A\, %COOH
stable and highly fluorescent AAs derivatives & coon pH>8 = =

room temperature [3]. Due to a low cost, rapi

reaction and solubility of NDA derivatives, NDA HN R

was employed in our experiments. NDA reacts in

the presence of cyanide anion with a primary amino Figure 1.Scheme of the derivatization of AA with

group to form highly fluorescert-substituted 1- _NDAin the bresence of NaCN vieldina ~CBIs
cyanobend]isoindoles (CBIs). The scheme of th solution was adjusted to pH 9.00 by addition of

o o : . aOH on pH-meter Orion 370 using Orion™
d tizat t d tedral 1 .
erivatization reaction Is depictedragure ROSS™ Sure-flow™ pH electrode (Thermo Fisher

EMMA-based method for the mixing of separatelycientific, Waltham, MA, USA). Adjusted solution
injected AAs, NDA and sodium cyanide werewvas quantitatively transferred to a volumetric Klas
designed and optimized. Finally, EMMA- andcontaining the appropriate weight of BReD and
TDLFP-based methods [4] were compared witthe appropriate volume of 1P. Then the solution was
respect to efficiency of the mixing of the reacsant brought to the calibration mark of the volumetric
sensitivity, repeatability and applicability to i@us flask by DI water giving BGE comprised of
biological samples. 135 mM HBO3/NaOH, 73 mM SDS, 0.5 mM HP-
B-CD and 6.7 % (v/v) 1P. BGE was thoroughly
mixed, filtered using 0.45 pm polyamide membrane
filter (Fisher Scientific, Pardubice, Czech Repcipli
and degassed in an ultrasonic bath (Branson
Ultrasonic, Danbury, CT, USA) for 10 minutes.
All chemicals were of analytical grade purity and®GE was stored at laboratory temperature and used
were used without any purification. L-AlanineWithin a week.

(Ala), L-alanyl-L-glutamine (Ala-GlIn), L-arginine _

monohydrochloride (Arg), L-asparagine (Asn),2'3' Capillary treatment
L-aspartic acid (Asp), boric acid {BOs), L-Cystine  gare fused silica capillaries of 50 um inner an8l 37
(Cyn), L-glutamine (GIn), L-glutamic acid (Glu), ;;m outer diameters were purchased from Polymicro
glycine  (Gly), L-histidine monohydrochloride Technologies (Phoenix, AZ, USA). Total length of
monohydrate ~ (His),  (2-hydroxypropyl-  the capillary was 66 cm and polyimide layer was
cyclodextrin (HPB-CD), hydrochloric acid (HCl, removed by boiling sulfuric acid at the distance 45
37%), L-isoleucine (lle), L-leucine (Leu), L-lysinecm from the anodic end of the capillary (effective
monohydrochloride (Lys), methanol (MeOH), L-jength). Each newly cut capillary was rinsed at 50
methionine (Met), NDA, L-norvaline (nVal), L- o¢ by DI water, 1 M NaOH, 0.1 M NaOH, DI water
phenylalanine (Phe), 1-propanol (1P), 2-propanghr 5 20, 10 and 10 minutes, respectively. Before
(IPA), sodium cyanide (NaCN), sodium dodecyhnalysis, the capillary was rinsed at 25 °C witl 1
sulfate (SDS), L-serine (Ser), sodium hydroxXidRaoH, 0.1 M NaOH, DI water and BGE for 2, 1, 2
(NaOH), sulfuric acid (95%), taurine (Tau), L-and 3 minutes, respectively. After analysis, the

threonine (Thr), L-tryptophan (Trp), Tween® 20¢qpillary was rinsed at 25 °C with DI water, 1%
L-tyrosine (Tyr) and L-valine (Val) were purchased

from Sigma-Aldrich (St. Louis, MO, USA).
Deionized (DI) water (18.2K2 at 25°C) was
obtained by Direct-Q® 3 UV water purification
system (Merck Millipore, Billerica, MA, USA).

2. Experimental

2.1. Chemicals

2.2. Background electrolyte

The background electrolyte (BGE) was prepared by
dissolving the appropriate weights otBO; and
SDS in 80 % of final volume of DI water, the
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(w/w) Tween® 20 and DI water for 1, 2 and 2% .
minutes, respectively. 5

¢ 3
2.4. CE-LIF method ) J‘ i il |® Wf
g } | 12 | 6 | | 21
The Agilent G7100A CE System (Agilents dll ‘ I
Technologies, Waldbronn, Germany) coupled wit,| g R A if 2
external collinear LIF detector ZETALIF LED i -
. . N .1 of 12 15 i
480 (Picometrics, Labege, France) usin i I O B A
excitation/emission wavelengths 488/515 nm we” o = % % % % P a—
utilized in all experiments. The signal was amgtifi
in the photomultiplier tube with a VOltage bias_éd a  Figure 2. The electropherograms of AA-CBIs of the
600 V and the photocurrent was monitored with the model sample usingDLFP (A) and EMMA (B)
rise time set to 0.5 s. The capillary was mainthine approach. The electropherograms are depicted in the
o . same scaleA: Sequential injections: NDA, model
at' 25 C_ and the separ'atlon voltage was +30 kV sample, NaCN by pressure of 25 mbar for 6 s each; zon
with an initial voltage rise 2.5 kV/s. During the reaction time: 5 minB: Sequential injections: NDA,
separation, from the $5ninute an internal pressure ~ Model sample, NDA and NaCN by pressure of 50 mbar
25 mb lied | h . for 24, 7, 8 and 34 s, respectively; electrophoreti
0_ mbar _W_as applied to accelerate t e Separfat'on mixing -5 kV 65 s, reaction time: 3 mBGE: 135 mM
Vials containing BGE both for the capillary rinsing  HsBOs/NaOH, 73 mM SDS, pH 9.00, 0.5 mM HP-
and for the analysis were replenished after each ru CD. 6.7 % (v/v) 1Pcapillary: 50/375 pm innerfouter
. lenish ¢ ¢ f the Adilent G7100A diameters, 66/45 cm total/effective lengthltage +30
using replenishment system o € Agilen kV; temperature: 25 °C;detector. ZETALIF™ LED

CE System. 480, Aex 480 NM, Aem 515 nm, photomultiplier tube
voltage 600 V, rise time 0.5 Beak numbering of AA
CBIs: Asn (1), Ser (2), GIn (3), Thr (4), His (5), Cyn-
mono-CBI (6), Glu (7), Gly (8), Tyr (9), Ala (10), As

The stock solution of 8 mM NDA was prepared in 88 E‘; ((1172)) ﬁéaifé)n, (Llsg‘(\l/gl),(},?é l\(/lzeé),(l;%/f;,

mixture of MeOH and IPA (4:1) dried over Cyn-bis-CBI (22) and Lys (23).

molecular sieves (3A, Sigma-Aldrich), stored in Analysis, the aliquot was thawed at laboratory
refrigerator in amber microtubes at 4 °C and usgdmperature and diluted in the volume ratio 1:1 in
within a week. The stock solution of 250 MM NaCNsiock solution of the reaction buffer enriched with
was prepared in DI water, stored in refrigeratot at /4 (internal standard, 1S) resulting in model
°C and used within a week. Stock solutions (ZQampIe composed of 5 uM of Ala, Arg, Asn, Asp,
mM) of individual AAs were prepared in DI Wateer’ Glu, Gly, His, lle, Leu, Met, Phe, Ser, TatyT
except for Tyr and Cyn, which were prepared in O-'?‘rp, Tyr, Val, 15 uM Ala-GlIn and 20 uM Cyn and
M HCI and 0.1 M NaOH, respectively. Stock ys diluted in the reaction buffer (100 mM

solution of the reaction buffer was prepared by.p0.,/NaOH, pH 9.8) containing 2 pM nVal.
dissolving the appropriate weight oBD3zin 80 %

of final volume of DI water, then the solution wa® 7. EMMA-based method

adjusted to the pH 9.8 by addition of NaOH.

Adjusted solution was quantitatively transferred td he optimized derivatization conditions for EMMA
the volumetric flask and filled to the calibrationcomprises of sequential pressurized injection of 1
mark with DI water giving the stock solution of 200MM NDA in the reaction buffer with 12.5 % MeOH,
mM HsBOs/NaOH, pH 9.8. The stock solution ofsample in the reaction buffer and 1 mM NDA by
the reaction buffer was stored at laboratorpressure of 50 mbar for 24, 7 and 8 s, respectively
temperature for a week and used for preparation bnally, 2.5 mM NaCN in the reaction buffer was
the working solutions of NDA, NaCN and modelnjected by pressure of 50 mbar for 34 s followgd b
sample. The working concentration of the reactioplectrophoretic mixing of the reactants by voltage

buffer was always 100 mM4BOs/NaOH, pH 9.8. -5 kV for 65 s. The purpose of the hydrodynamic
injection of the plug of NaCN was to keep the

2.6. Model sample injected plugs in the capillary, which are pushatl o
by electroosmotic flow during the electrophoretic

Aliquots of the stock solution of a mixture of 21yiving. The reaction was performed for 3 minutes
AAs were stored in refrigerator at -20 °C. Before

2.5. Reagent solutions
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at 25 °C. Total length of injected plugs wasfter 4 analyses. Comparable precision in terms of
responsible for lowering the separation efficiencymigration times was observed in the case of TDLFP
thus pre-concentration by sweeping was appliednd EMMA, but the EMMA-based method
Sweeping plug comprised of 100 mM SDSrovided on average 2x better precision in peak
dissolved in the stock solution of the reactiorféuf areas without any correction applied. Supporting
(200 mM HBOs/NaOH, pH 9.8) was injected prior data are listed in Tables 1 and 2 in the article [5

the injection of the reactants by pressure of 5amb .
for 60 s. When the separation voltage (+30 kV) WE;I— he competltlo_n of AAS for NDA/NaCN _ha; be_e :
applied, AA-CBIs interacting with SDS micelles® served previously in on-capillary derivatization

were swept towards the capillary inlet. For dethile[ﬁ]’cG] and theregqr(zl bcc:)trll_bcor_npetltlon afnd Etnx
optimization see [5]. effects were studied. Calibration curves for alging

representative analyte (lle) were obtained by
2 8. TDLFP-based method standard addition for different matrixes with

varying content of compounds with a primary amine
TDLFP is the only diffusion driven mixing group (the model sample, commercial culture
applicable for more than two reactants. Thmedium and human plasma). The slopes of the
optimized derivatization conditions for TDLFPcalibration curves for TDLFP varied in the range of
comprises of sequential pressurized injection 6f 1:21.1-27.8 % with respect to the slope obtained for
mM NDA in the reaction buffer with 50 % MeOH, standard addition of Ile to the model sample. i th
sample in the reaction buffer and 10 mM NaCN isase of EMMA, the slopes of the calibration curves
the reaction buffer (each plug 25 mbar for 6 syaried in the range of -3.0-3.3 %. The results
Laminar flow was induced by injection of BGE byindicate that competition among AAs is not
pressure of 25 mbar for 30 s. The reaction wasgnificant when mixing of reactants by EMMA is
conducted for 5 minutes at 25 °C. For more detailssed. It is probably due to the partial pre-sejpamat
see [4]. of AAs in the course of electrophoretic mixing.
Invariable slopes also indicate that the mixing of
reactants by EMMA is not significantly affected by
sample matrix effects.

3. Results and Discussion

3.1. Comparison of TDLFP- and EMMA-based
methods 4. Conclusion

The presented EMMA and TDLFP mixing . , o .
trategies for th _cavillary derivatization o Automatic on-capillary derivatization of AAs with
strategies for ine on-capifiary derivafization NDA/NaCN was achieved by two fundamentally

were at f'TSt compargd n terms.of sens.|t|V|ty afifferent mixing strategies, EMMA and TDLFP.
repeatability. EMMA is characterized by improve he EMMA provided a higher mixing efficiency

limits of detection (S/N = 3) and quantificationts lower susceptibility to competition effects and no

= 10) by a factor of 2-12Figure 2 shows the . A .
o sgmple matrix-related deterioration in comparison
electropherograms of the model sample derivatize

. . with  TDLFP. Quantification precision was
by TDLFP Figure 2'0? and EMMA_Q_:lgure 2B sufficient for the most of AAs when the reagent
under the optimal conditions. The

lectronh deicted in th ﬁolutions were frequently replenished. The EMMA-
eiectropnerograms are depicted In In€ same SCqi8.q 4 method showed potential for use on complex

The peak heights in the electropherograms Sho‘ﬁ’%logical samples, such as human plasma, or

hlgher degree O.f conversion mO.SJF Ilkgly Orlglnatln%ulture media used in assisted reproduction to
in increased efficiency of the mixing in the case o oo

. I embryo cultivation.
EMMA. Intra- and inter-day repeatabilities were
measured using the AAs model sample derivatized
both by EMMA and TDLFP. Gradual decrease in
peak areas was observed, which cannot be corrected
using internal or external standardization. It was
concluded to be due to cross-contamination leading
to instability of the reagent solutions. To overeom

this issue, it was sufficient to replenish the erag
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MOLECULAR GLYCOHISTOPATHOLOGY BY CAPILLARY ELECTROP HORESIS
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Abstract — N-linked glycans from standard glycoproteins, human serum and mouse tissue samples were investigated by
capillary electrophoresis laser induced fluorescence (CE-LIF) detection. Intact, formalin treated and formalin-fixed, paraffin-
embedded (FFPE) samples were used. FFPE samples were deparaffinized firstly, all of the samples solubilized with
radioimmunoprecipitation assay (RIPA) buffer and digested with PNGase F endoglycanase enzyme for the N-glycan release.
This step followed by fluorophore labeling and analysis by capillary electrophoresis. No significant differences were detected
in the N-glycome profile at any investigated samples. The FFPE mouse tissue samples from lung have been used for N-
glycan profiling. From this tissue sample, sixteen different N-linked carbohydrate structures were identified with
exoglycosidase sequencing and GUcal software.

Keywords: FFPE, glycomics, capillary electrophoresis

1. Introduction protocols were carried out in accordance with the
Guidelines for Animal Experiments and were

Since 1893, formalin was used for tissue fixatioAPProved by the Institutional Ethics Committee at
[1]. Furthermore, formalin fixation combined withthe National Institute of Oncology, Budapest,
paraffin embedment became the most prevaleffingary (permission number: 22.1/722/3/2010).
method to preserve tissues from degradation [ NGase F, Arthrobacter ureafaciens sialidase
This type of retained tissue is routinely prepdoed (ABS), Bovine kidney fucosidase (BKF), Jack bean
pathological investigations, thus formalin fixedd@lactosidase (JBG), Coffee beaalactosidase
paraffin embedded (FFPE) tissue samples becafte3G) and Jack Bean hexosaminidase (JBH) were
almost exclusively used for long-term storage iffom ProZyme (Hayward, CA). The 8-
histopathological laboratories and hospitals. Aéar @minopyrene-1,3,6-trisulfonate  (APTS) and the
number of archival tissue banks were establish&ggltooligosaccharide ladder were from SCIEX
worldwide. FFPE specimens can serve as a valuabRiea, CA).

alternative for fresh frozen biopsy samples, which . _
should be stored at -80°C [3]. 2.2. Theoretical Methodologies

The aim of our study was to develop a techniqt@ucose Unit values of the peaks of interest are
which could be suitable for global N-glycosylatiorf@lculated by the ~ GUcal  software  [4]
profiling of FFPE tissues using high performanc&/Ww.gucal.ny —allowing adequate structural

capillary electrophoresis analysis with laser iretuc @SSignment using the built in database and the
fluorescence. NIBRT based glycan database.

2. Experimental 3. Results and Analysis

First the effect of formalin fixation and paraffin
embedding were investigated on standard
Fetuin, immunoglobulin G (IgG), ribonuclease Bglycoproteins, human serum and mouse tumor
human serum, radioimmunoprecipitation assayssue samples.Figure 1 represent the comparison of
(RIPA) buffer, maltose, sodium cyanoborohydridethe APTS labeled N-glycan profiles of intact (A, C,
formaldehyde, paraffin and all other chemicals werg, G) and formalin-fixed, paraffin-embedded (B, D,
from Sigma-Aldrich (St. Louis,M0O). SCID male

mice were used for the analyses. Animal-model

2.1. Samples and Measurements

'Correspondence: andras.guttman@hlbs.org
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RFU Table 1: Exoglycosidase array reaction mixtures

L B
400 A JLM G
U N DU
F .
5 s Exoglycosidase a b c d o ¢
I | £ enzyme
—,‘L_,AL_A b ABS - + + + + +
0 BKF - - + + + +
7 Jl e JBG - - - + + +
100 1 ﬂ A 1 B CBG - - - - + +
A
1 JBH - - - - - +
A
0 1 T T T T
10 12 14 16 Time (min)
G3 G4 G5 G6 G7 G8 G9 GI0 Gil  GuU
Figure 1. CE-LIF traces of APTS labeled released Table 2. APTS-labeled mouse lung N-glycans,
glycans from IgG (A, B), fetuin (C, D), ribonuclease B (E, sequenced by exoglycosidase array and identified
F) and human serum (G, H). Trace A, C, E and G: not by GUcal software.
treated control; trace B, D, F and H: formalin-fixed
paraffin-embedded. Separation conditions: NCHO
coated capillary, 50 cm effective length (60 cm total), . -
NCHO separation gel-buffer, E = 500 V/cm, Peak#| MT [min] Gu Structure
temperature 25°C, Injgctlon: 1 psi/5 s. The lower X axis 1 11.429 4549 A2G(4)25(6,6)2
shows the corresponding GU values.
2 11.588 4,721 A2G(4)2S(3,6)2

3 11.679 4.819 F(6)A2G(4)2S(6,6)2

4 11.842 4.996 F(6)A2G(4)25(3,6)2)

5 12.05 5.240 A1[3]G(4)2S(3)1

6 12.771 6.096 A2G(4)2S(6)1

7 13.171 6.607 | F(6)A2[6]G(4)2S(6)]]

12 14 16 Time (min)

8 13.254 6.713 M5

G5 G6 G7 G8 G9 G10 G11 G12 GU

9 13.429 6.936 F(6)A2G1Gals1
Figure 2. CE-LIF profile of APTS labeled released

glycans from FFPE mouse lung tissue sample. 10 13.727 7.326 F(6)A2[3]G(4)2S(6)1]
Separation conditions were the same as in Figure 1.

11 13.913 7.595 M6

F, H) 1gG (trace A and B), fetuin (trace C and C 12 13.983 7.691 FO)A23]G(4)2S(3)Y

RNase B (trace E and F) and human serum (Tr | 13 14.967 9.039 A2G(4)2
G and H). Y axis represents the relative fluoresc

units (RFU). The two X axes show the migratic | 14 | 15333 | 9530 M8
time and the GU values of the APTS label 15 15.762 10.106 F(6)A2G(4)2
maltooligosaccharide ladder which was used

standard for the experiments. Furthermore, AP | 16 17.433 | 12.366 FA2G2Ga2

labeled maltose was injected with every sample

an internal standard for the trace alignment. | _ _
apparent differences were observed between tiiuse lung tissue was used for the analysis, both

corresponding capillary electrophoresis tracess THixed with formalin and embedded in paraffin. After
result suggests that formalin fixation and paraffifhe deparaffinization and the solubilization, the

embedment have no effect on the N-glycosylatiof@MPle was released enzymatically, labeled with a
of the investigated samples [5]. charged fluorophore then analyzed by CE (Figure

2). The N-glycan pool of the lung tissue contains
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mostly sialylated structures (GU=4-8) and somaAcknowledgement

neutral (GU=9-13) oligosaccharides.

N-glycans from lung FFPE tissue were identified b
their GU values during exoglycosidase array bas
carbohydrate sequencing. The reaction mixtures
the array contained Arthrobacter
sialidase which removeu(2-3,6,8) linked sialic

he research was supported by the MTA-PE
Jjanslational Glycomics program (#97101), the
NKFIH
ureafacierBlONANO_GINOP- 2.3.2-15-2016-00017 project.

K116263 grant and the

acids; Bovine kidney fucosidase which releafe = REFERENCES

2,3,4,6) fucoses; Jack bean galactosidase which
removep(1-4,6) linked galactoses; Coffee bean [1]
galactosidase which cut a#l(1-3,4,6) galactose
residues and Jack Bean hexosaminidase which
remove the  p(1-2,4,6) linked N- [2]
acetylglucosamines. 0.5 U was used from each
exoglycosidase enzyme. The fluorophore labeled
samples were digested at the same time. Thg]
digestion was incubated at 37°C overnight in 50
mM ammonium-acetate buffer (pH 5.5). The
combinations of the reaction mixtures (a-f) ar ]
shown in Table 1. The ammonium-acetate content
was removed by centrifugal vacuum evaporator
drying. [5]

Table 2 shows the glycan structures of the N-

glycome of FFPE lung tissue which appeared in

Figure 2. The calculation of the GU values was

made by GUcal software. For the structura[G]
identification, publicly available databases were

used as it was mentioned above [6].

4. Discussion

All N-linked glycans of standard glycoproteins,
human serum and mouse tissue samples were
liberated by PNGaseF digestion before and after the
fixation and embedding processes. The released
glycans were labeled with fluorescent dye (APTS)
and analyzed by capillary electrophoresis - laser
induced fluorescent detection.

5. Conclusion

Our study revealed that N-glycan profiles were
identical before and after the formalin fixatiordan
the paraffin embedding. It was demonstrated that
FFPE samples could be useful for the identification
of glycan structures which is the first step on the
path to utilize huge sample collections located in
hospitals for prospective and retrospective
biomedical and biopharmaceutical studies.
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SEMIQUANTITATIVE ASSESSMENT OF DISHEVELLED 3 PHOSPH ORYLATION
STATUS BY MASS SPECTROMETRY
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Absract — We focused on human Dishevelled 3 protein (hDVL3), an essential component of Wnt signalling pathway that
contributes to their regulation. We performed mass spectrometry-based analysis of hDVL3 phosphorylations induced by eight
associated kinases, which revealed several dozens of phosphorylation sites. Main outcome of this study was the description
of DVL phosphorylation “patterns” induced by individual kinases.

Keywords: phosphorylation, dishevelled 3, mass spectrometry, CK1le, NEK2

1. Introduction inhibitors and NEM was used for cell lysis. Lysate
was incubated with antibody Anti FLAG M2.

Reversible protein phosphorylation belongs to

, e - L : . 2.2.
posttranslational modification with high biological
significance mainly due to its role in regulation

cellular processes such as gene expression, Gglmunoprecipitates were separated on a SDS-
division,  signal  transduction,  metabolismpAGE gel electrophoresis, separated, fixed with
differentiation, apoptosis etc. [1]. acetic acid in methanol, and stained with Coomassie
Brilliant Blue for 1 hour and partially destained.

Gel electrophoresis, protein digestion and
phosphopeptide enrichment

Dishevelled-3 (DVL3) is a protein involved in the

Wnt  signalling pathways and gets heavilyoorresponding 1-D bands were excised. After
phosphorylated in response to pathway activatifestaining, the proteins in gel pieces were inebat
by Wnt ligands [2]. with 10mM DTT at 56 °C for 45 min. After removal
091f DTT excess samples were incubated with 55mM

of hDVL3 immunoprecipitates with titanium IAA at room temperature in darkness for 30 min,

dioxide phosphopeptide enrichment followed byﬁen alkylation solution was removed a_nd g_el pigces
LC-MS/MS. Data were processed using Skylin}ﬂ’ere_ hydrated for 45 min at 4 °C n digestion
software to obtain a semiquantitative assessmentution (5 ng/ul trypsin, - sequencing  grade,

occupancy of phosphorylation sites induced byromega, Fitchburg, Wisconsin, USA, in 25mM
individual kinases. B). The trypsin digestion proceeded for 2 hours at

37 °C on Thermomixer (750 rpm; Eppendorf,
Hamburg, Germany). Subsequently, the tryptic

In our study, we combined SDS-PAGE separati

2. Experimental digests were subsequently cleaved by chymotrypsin
(5 ng/ul, sequencing grade, Roche, Basel,
2.1. Cell culture and transfection Switzerland, in 25mM AB) for 2 hours at 37 °C.

Digested peptides were extracted from gels using

HEK293 cell line was used for this study. Cell%o% ACN solution with 2.5% formic acid and

were seeded In 15 e¢m dishes and tranSfeCtedc%centrated in speedVac concentrator (Eppendorf,

a confluence of 60%. Two days after tranSfeCt'orll!amburg, Germany). The aliquot (1/10) of sample

after reaching confluence, they were harvested f\Was transferred to LC-MS vial and concentrated
immunoprecipitation. Chilled NP40 lysis bufferunder vacuum. Water was used to get 15 pl of
with protease inhibitors, DTT, phosphatase '

*E-mail: zdrahal@sci.muni.cz Phone: +420-54949-8258
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MGETKI | YHLDGQETPYL VKL PLPAERVTLADFKGVLQRPEYKFFFKEMD 50
DDFGVVKEEI SDDNAKL PCFNGRVVEBW. VSAEGSHPDPAPFCADNPSEL P 100
PPMVERIIGG GDSRPPSFHPHAGGGSQENL DNDEETDSL VSAQRERPRRRD 150
GPEHATRL NGT AKGERRREPGGYDSSSJJLMBSEL ETTSFFDSDEDDSTER 200
FSSSTEQSSASRL VRRHKRRRRKCOKVSRI ERSSSFSSI TDSTMBLNII TV 250
ILNVEKYNFLG SI VGQENERGDGA Y1 GSI MKGGAVITADGRI EPGDMLL 300
QVNEI NFENMBNDDAVRVLREI VHKPGPI TLTVAKCWDPSPRCGCHIL PRS 350
EPI RPI DPAAVWEBHT AAMI GTFPAYGVBPSLSTI TSTSSSI TSSI PDTER 400
LDDFHLSI HSDMVAAI VKAVASPESGL EVRDRMALKI TI PNAFI GBDWDW 450
L YHNVEGHJDRREARKYASNL LKAGFI RHTVNKI [JFSEQCYYI FGDLCGN 500
MANL SL HDHDGSSGASDQDT LAPL PHPGAAPWPNVAFPYQYPPPPHPYNPH 550
PGFPEL GYSYGGGSABS QHSEGSRSSGSNRSGSDRRKEKDPKAGDSKSGG 600
SGSESDHITRSSL RGPRERAPSERSGPAASEHSHRSHHSLASSL RSHHTH 650
PSYGPPGVPPLYCGPPM.MVPPPPAAMGPPGAPPCRDL ASVPPEL TASRQS 700
FRVAMGNPSEFFVDVM

Figure 1.Comparison of phosphorylation sites of DVL3 inducedy CK1le and NEK2. Experimentally
determined phosphorylation sites by GKhnd NEK2 are indicated by green background color.
Phosphorylation sites identified only by NEK2 amdicated by red background color.

peptide solution and directly analyzed by LCphase A (0.1% FA in water) and mobile phase B
MS/MS for protein identification (ID run). (0.1% FA in 80% acetonitrile) were used in both
, _ cases. The gradient elution started at 1% of mobile
The rest Of peptlde' mixture - was u§ed fof)hase B and increased from 1% to 56% during the
p_hosphqpephde qnalysns. MS PhosphoMix 1, 2, fﬁ'st 50 min (30% in the 35th and 56% in 50th min),
Light (Sigma Aldrich) were ado_led to the Sample_tchen increased linearly to 80% of mobile phase B in
before  phosphopeptide enrichment  step 'the next 5 min and remained at this state for e n

con_centrano_n 0._1pmo|. Pho_sph(_)pepndes. WD min. Equilibration of the trapping column and
enriched using Pierce Magnetic Titanium D'Ox'd?he column was done prior to sample injection to

Ph.osp.h.opeptlde Enrichment  Kit (Thermosample loop. The analytical column outlet was
Scientific, Waltham, Massachusetts,

, USfAbirectly connected to the Digital PicoView 550 ion
according to manufacturer protocol and eluted intg

ource.
LC-MS vial. Solution was concentrated under
vacuum to volume below pl, dissolved in water MS data were acquired in a data-dependent strategy
and 0.6ul of 5% FA to get 15l of peptide solution selecting up to top 6 precursors based on precursor

before LC-MS/MS analysis. abundance in the survey scan (350-2000 m/z). The
resolution of the survey scan was 60 000 (400 m/z)
2.3. Mass spectrometry with a target value of 1x106 ions, one microscan

. : d [ injection ti f 200 . High
LC-MS/MS analyses of peptide mixture were dongln maximum injection fime o ms. 19

. .. resolution (resolution 15 000 at 400 m/z) HCD
using RSLCnano system connected to Orbitr

Ms/ms spect ired with a target value of
Elte_ybrid spectiometer —(Thermo _Fisheg o0 {00 B etE B e e or
Scientific) with ABIRD (Active Background lon ' 9y

: : . HCD spectra. The maximum injection time for
Reduction Device; ESI Source Solutions) an P J

o . S : S/IMS was 500 ms. Dynamic exclusion was
Digital PicoView 550 (New Objective) ion SOUrCe, -hied for 45 s after one MS/MS spectra

T 0 - : 0
(tip rinsing by 50% acetonitrile with 0.1% formICacquisition and early expiration was disabled.

aqd) installed. 'Prlor to LC separation, tryptl' he isolation window for MS/MS fragmentation
digests were online concentrated and desalted usjn

trapping column (10@m x 30 mm) filled with 3.5- Wis setto 2 miz.

um X-Bridge BEH 130 C18 sorbent (Waters). AfteThe analysis of the mass spectrometric RAW data
washing of trapping column with 0.1% FA, thefiles was carried out using the Proteome Discoverer
peptides were eluted (flow 300 nl/min) from thesoftware (Thermo Fisher Scientific; version 1.4)
trapping column onto Acclaim Pepmapl100 C18&ith in-house Mascot (Matrixscience; version
column (3 um particles, 75m x 500 mm; Thermo 2.4.1) search engine utilization. MS/MS ion
Fisher Scientific) by 65 min long gradient. Mobilesearches were done against in-house database
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containing expected protein of interest with 3.2. Phosphorylations induced by CKland
additional sequences from cRAP database @ NEK2

(downloaded from http://www.thegpm.org/crap/), ,

Mass tolerance for peptides and MS/MS fragmenPsased on our experiment, we created

were 7 ppm and 0.03 Da, respectively. Oxidation pho_s phorylation *map” of DV.L p‘r‘o'tein that”
methionine, deamidation (N, Q) escribed complex phosphorylation “fingerprint

- - < .. _for each tested kinase. Eight of the kinases used t
hosphorylation (S, T, Y) as optional modification, S
phosprory ( ) P nduced phosphorylation include CKand NEK2.

carbamidomethylation of C as fixed modificatior] o .
ure 1. shows a qualitative comparison of the

and three enzyme miss cleavages were set for F'Ig

searches. The phosphoRS feature was used k?nt'f'ed Iphoiphorylatlonfsg(sl_u(sjmg_these two
phosphorylation localization. Inases. In the case o Induction, -we

identified 77 phosphorylation sites, and in theecas
Quantitative information was assessed amof NEK2, we determined 87 phosphorylation sites
manually validated in Skyline software (Skylinefrom a total of 131 possible Ser/Thr

daily 3.1.1.8884). phosphorylation sites in the DVL3 protein.
_ Next to qualitative characterization, we performed
3. Results and Analysis semiquantitative comparison of occupancy of
phosphorylation sites induced by individual
3.1. Identification of phosphorylation sites kinases. The Skyline software was used for this

o ) . evaluation. We compared the individual
Phosphorylation is important for protein funCt'Orbhosphorylated peptides based on the peak area.
and regulation. We _analysed phosphory_latiph St""t\"—ﬁ"gure 2. shows a comparison of the selected
of human DVL3 induced by _elght 'nd'V'dualpeptide phosphorylated in position of S204 by
Ser/Thr kinases that were previously reported @1, and NEK2. Peak area was determined for
identified by unbiased MS screen for DVLcyq 7 60e6 and for NEK2 1.07e9. Subsequently,
associated  kinases. DVL3  contains 13}, e normalization of the data was performed
serines/threonines, - which can be potentiallygin the set of phosphopeptide standards (added to
phosphorylated. In totgl, we'managed to |dent|fy.8[£§1e sample prior phosphoenrichment step) and by
Ser/Thr phosphorylation sites and one tyrosing,,,sphorylated peptides identified in ID run. The
phosphorylation site in DVL3. resulting areas (CK1: 1.23e7 and NEK2: 1.10e9)

were compared with each other.

—— precursor - 677,2696 precursor - 677.2696++

cursor-or/ = f 1.877 77

ST e precursor (M+1] - 677.7710++
g e v i e — beamorpinz-orozrzzs | NEK2
3 T ] 70 3 D ID

0 212 -~ 220

214 60 1

50 3
40 7

30

Intensity (10%6)
Intensity (1046)

20 ¥

10 +

‘ 0 #%-'— - l. : ; . .
210 215 220 206 208 210 212 214 216 218 220 222
Retention Time Retention Time

Figure 3. Semiquantitative analysis of phosphorylation site $204 on peptide FSSpSTEQSSASR
induced by CK1e and NEK2. Precursor and selected fragment traces of corresponding hDVL3
phosphopeptide are shown for CK1e and NEK2 (in Skyline). The highest signal intensity was reached
in the case of NEK2.
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differences in phosphorylation level of hDVL3" " yynt . F., Virshup, D. M.: Site-specific casein

particular sites within the set of eight selected kinase  #-dependent  phosphorylation  of
kinases. Dishevelled modulate-catenin signalingFEBS J.,

. . . 2006273 4594-4602
We observed differences in phosphorylation 3

profiles induced by individual kinases, as indidate
in Figure 1. Based on our results, a “comprehensive
map” of phosphorylations of human DVL3 will be
created.
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MICROCHIP ELECTROPHORESIS WITH CONDUCTIVITY DETECTION IN THE
ANALYSIS OF PHARMACEUTICAL AND BIOLOGICAL SAMPLES
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Absract — Microchip electrophoresis has so far been coupled to various detection techniques in order to achieve selective
and also sensitive detection. Among them conductivity detection used in this study offers universal response to all studied
analytes, relatively low price per analysis as well as easy miniaturization of all components of the detector. In this study the
use of contact conductivity detection integrated directly on the microchip is shown. Even though conductivity detection is
characterized by lower sensitivity than some of the other detection techniques used, it can be applied to the determination of
analytes in wide range of samples, e.g., biological, pharmaceutical, environmental, food or forensic samples. Here,
pharmaceutical, i.e., buserelin acetate, and biological, cerebrospinal fluid, samples have been analyzed using two different
electrophoretic techniques, zone electrophoresis and isotachophoresis. Acetate as a pharmaceutical counterion has been
determined in buserelin acetate, whereas inorganic cations (ammonium, calcium, magnesium, sodium and potassium) and
anions (chloride, sulfate, nitrite and nitrate), whose change in the concentration can be an indicator of serious neurological
diseases have been determined in cerebrospinal fluid of patients with suspected neurological diseases. Highly precise and
reproducible determination of acetate was achieved using isotachophoresis. The use of microchip with coupled separation
channels and column switching technique enabled the determination of both micro- and macroconstituents in cerebrospinal
fluid.

Keywords: microchip electrophoresis, conductivity detection, pharmaceuticals, biological samples

1. Introduction Conductivity detection used in this work is
considered universal detection technique for MCE.

Microchip electrophoresis (MCE) is a miniaturizedn comparison to fluorescence detection the use of
version of capillary electrophoresis. Mainfluiorophore is eliminated. Also it can be
advantages of MCE in comparison to capillarymPlemented directly on the microchip and
electrophoresis include faster analysis, lowdpiniaturization of the conductivity instrumentation

consumption of sample and reagents and thus lowds no influence on the sensitivity of the response
production of waste [1]. [5]. Despite its universal applicability main

drawback of conductivity detection in comparison

One of the main differences between these twg |aser induced fluorescence is relatively lower
techniques is detection technique used. Wensitivity.

conventional capillary electrophoresis UV/Vis

detection is the most widely used detectioflevertheless, in this study applicability of
technique, however given the extremely narrowonductivity detection to the MCE separations is
channels, i.e., short optical pathway this tech‘,ﬂiqéhown through the determination of pharmaceutical
did not find wide use in MCE [2]. Laser inducedcounterion in peptide drug [6] and various inorgani
fluorescence characterized by high sensitivity arl@ns in cerebrospinal fluid [7].

fast response was the first optical detectiopy, s are often produced in a salt form to increase
technique coupled to MCE [3]. Even nowadays thige;r stapility and solubility. Precise determinati

technique is the most often used detection teceNidys pharmaceutical counterions is necessary to
with MCE. Main drawbacks of this technique argqnfirm production of the correct salt form [8].

necessity of derivatization step for compounds thietate present in a cancer treatment drug busereli

are not naturally fluorescent, which can be timﬁs a pharmaceutical counterion was studied
consuming, large dimensions and limited ability for

miniaturization of the instrumentation as well &s i Analysis of cerebrospinal fluid is mainly used in
relatively high price [4]. diagnostics of neurological diseases. Determination
of inorganic ions in cerebrospinal fluid is imparta

SCorrespondence: hradskil@uniba.sk
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because change in the concentration of certain . cs3 — &
inorganic cations or anions can be an indicator of (- - 1w =
various serious diseases, Alzheimer's diseasea oo o )
multiple sclerosis or vascular dementia [9-11]. s ?
Inorganic ions commonly found in the . c2 ® BGE
cerebrospinal fluid, i.e., cations (ammonium, - - \
calcium, magnesium, sodium and potassium) and C s tw T
anions (chloride, suflate, nitrite and nitrate) ger b ts ary o )
chosen as suitable analytes. G_ e (g

LE ?CDZ -
In addition, MCE with conductivity detection has $ G2 ® HE

also been successfully applied to analysis of food, ) , ]
. tal harmaceutical and  biological Figure 1. Microchip with coupled channels and
environmental, p uti 1ologt integrated conductivity sensors. Electrolyte layfmrt

samples [12,13]. (@ ZE, and (b) ITP separations, respectively.
' _ C1, C2 the first and the second separation channels,
In order to achieve separation and subsequentrespectively;C3 non-separative channeCS sample

quantification of studied analytes two of the most niection channelCD1, CD2 conductivity sensors in
the C1 and C2, respectiveBGE, LE, TE, Snlets of

widely used' electrophorgtic teChniqueS_' ZONE€ pe microchip channels for BGE, LE, TE and sample
electrophoresis (ZE) and isotachophoresis (ITP), solutions, respectivelyV an outlet from the channels;

were used. ZE is the simplest and most frequently BF bifurcation section of the coupled channels.

used electrophoretic technique. Separation [Sectrolyte and electronic unit are the main
carried out in one electrolyte, so called backgtburpperational components of MCE instrument.
electrolyte (BGE) and sample constituents afglectrolyte unit consists of peristaltic micropumps
separated into zones based on their differeghd membrane driving electrodes. Peristaltic
migration velocities. ITP Separation is based @n thnicropumps are used for rinsing of the microchip
electric field gradient from leading (LE) tochannels and transport of electrolyte and sample
terminating (TE) electrolyte. This causes migratiogo|utions to the microchip. Another function of
of all sample constituents with same velocity angeristaltic micropumps is to suppress hydrodynamic
zones of constituents are created between the zapgy by closing the inlets of the microchip. The
of leading and terminating ions. Undemembrane driving electrodes placed outside of the
isotachophoretic conditions analyte is present oniicrochip suppress disturbances of the separation
in its own zone at constant concentration. due to the bubble formation during the run [15].

Microchip with coupled separation channels useglectronic unit delivers stabilized driving curreat

for MCE separations in this study enables the fise@e counter-electrodes placed at the end of each
so called column SWitChing technique. That is geparation ChanneL drives the perista|tic

great benefit, when analytes having similagicropumps and interfaces the MCE instrument to
electromigration properties and being presenténtly PC. This unit also includes the measuring

sample at different concentration levels can hgectronics of the contact conductivity detectors.

studied in one run [14]. Monitoring of the analysis, automatic preparatién o
the run as well as collection of the data from
2. Experimental conductivity detectors and their evaluation were
done using MicroCE Win software, version 2.4

MCE separations were caried out on &Verck).
poly(methylmethacrylate) microchip with couple 1. Preparation of Electrolytes and Samples
separation channels and integrated conductivity

sensors  (lonChiy 3.0; Merck, Darmstadt, For the preparation of electrolyte and model sample
Germany). A schematic arrangement of thgolutions chemicals of p.a. purity were used (Sigma
channels on the microchip as well as their fillingzldrich, Steinheim, Germany). Water

with corresponding electrolytes for both ITP and Ziemineralized by a Pro-PS water purification
is shown inFig.1. A design concept of MCE system (Labconco, Kansas City, KS, USA) and
instrument is described in details elsewhere [14]. subsequently highly deionized by a circulation in a
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Figure 2. Working steps of the ZE-ZE separation: Figure 3. ZE separations of inorganic cations and
(a) separation in the first separation channel; anions in cerebrospinal fluid sample. (a) ZE sejiara
(b) continuation of the run with removal of the of cations in 1500 times diluted cerebrospinal dflui

macroconstituents after detection in the first cledn . . ]
(c) separation and detection of the transferred sample in the second separation channel; (b, JZE

microconstituents in the second separation chamel separation of anions in 20 times diluted cerebrepi
switching direction of the driving current. fluid sample in the first and the second separation
Ai-sanalytesj driving current. channel, respectively. Driving current was stabiiin
both channels at 50A for the separation of cations and
. .. L . . . 30 pA for the separation of anions.i. not identified
Simplicity deionization unit (Millipore, Molsheim, constituentR resistance conductivity.
France) was used for preparation of the electrolyte

and sample solutions.

1100 mV

For ITP analysis model and real samples were
prepared in a 10% (v/v) TE. Pharmaceutical sample
prepared from buserelin acetate (Merck) was
diluted approximately 10-20 times prior to analysis

acetate

succinate

Cerebrospinal fluid samples were collected from
three patients with symptoms of neurodegenerative
diseases in the First Neurological Clinic on Facult
of Medicine, Comenius University in Bratislava and o = o
stored at -40 °C. Prior to the analysis samplegwer time [s]

defrosted and homogenized.

Figure 4.1TP separation of acetate in buserelin acetate
sample. Loaded sample contained 885 mdpuserelin

3. Results and Discussion acetate and 100 mgLsuccinate.L leading ion,T
terminating ionR resistance.

3.1.ZE Separation of Inorganic lons i

Cerebrospinal Fluid nof limit of detection (LOD) standard procedure

based on three time signal to noise ratio (3 x S/N)
ZE separations of cations and anions wemas used. LODs were in the range 0.003-0.012 mg
performed in two different propionate BGEs on thé™ for cations and 0.019-0.067 mg for anions.

same microchip. Repeatability of migration tim o -
E was used for the determination of cationic

and peak area was evaluated from four repeated . : ) . .
?onstltuents while due to relatively high chloride

runs of model samples at three differen

. Co content ZE—ZE approach was employed for the
concentration levels. RSD of migration times werenal sis of anionsFig.2). In this case chloride
within 1.1% and RSD of peak area were up to 6.09'2Y 9-). ’

. . V\(l)hiCh migrated first, was determined in the first
for both cations and anions.

separation channel and then removed from the
Calibration graphs were constructed using the pe&kparation pathway through bifurcation section.
area as a function of concentration. For estimatigkiter switching the direction of the driving curten
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the rest of chloride with other anionic4. Conclusion
microconstituents were separated in the second

separation channel and determined by conductiviffce with contact conductivity detection has
sensors in the second separation charitigl2). proven suitable for analysis of small inorganic and

Cerebrospinal fluid samples were analyzed aft@f9anic ions in pharmaceutical and biological
appropriate dilution. Each sample was analyzed fSAMPles. Determination of inorganic cations and
both cationic and anionic content. Repeatability 1Ons in - cerebrospinal - fluid samples was
both migration time and peak area of the analytes erformed on the same microchip in two relatively
the cerebrospinal fluid samples were similar tg'Milar BGES in 15 min. Most of the studied ions

those in model samples Recovery of both catiof¢er® successfully —determined using contact
and anions was in the range 90—106940Nnductivity detection. It was also shown that ITP

Electropherograms obtained from cationic anf€rformed on the same microchip is able to provide
anionic analyses of cerebrospinal fluid are shawn [9hly precise and accurate determination of major
Fig.3. Ammonium and nitrite were present in alfonstituents in pharmaceuticals. Smooth chip-to-
analyzed samples under their LOD, whilghip transfer of the analytical method indicatess th

concentrations of other ions were in a goolPnd-term validity of the analytical results.

agreement with the data found in the literature.
Small deviations can be ascribed to suspected

diseases.
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Absract — Much interest is at present focused on bacterial endotoxins, also known as lipopolysaccharides (LPS), as they
are responsible for the development of clinical symptoms of Gram-negative sepsis that is the leading cause of death in
intensive care units. Endotoxicity is associated with the special phosphoglycolipid part of LPS, termed lipid A. Main
challenges in the structure elucidation of lipid A arise from its amphiphilic character and inherent heterogeneity. We have
developed a mass spectrometry based de novo method combined with reversed-phase liquid chromatography for the
detailed structural characterization of complex lipid A mixtures (obtained by mild acid hydrolysis of LPS) from different
bacterial sources. Tandem mass spectrometric measurements were performed with an electrospray quadrupole time-of-
flight (ESI-Q-TOF) mass spectrometer in both negative- and positive-ionization modes in order to explore fragmentation
pathways. We found that characteristic product ions in the positive-ion mode could be used for the unambiguous
assignment of the phosphorylation site, whereas the use of both ionization modes provided consistent and/or
complementary information about the fatty acyl distribution between the two glucosamine moieties of lipid A. Since the
immunostimulatory (advantageous) vs. proinflammatory (endotoxic) effect of the lipid A is in close relation with the fine
chemical structure, our relatively simple structure elucidation strategy could offer great potential in the bioanalysis of
native lipid A samples and lipid A-based vaccines.

Keywords: lipid A, HPLC, tandem mass spectrometry, positive-ion mode, negative-ion mode

1. Introduction have beneficial effects. Consequently, the
structure analysis of the lipid A moiety is of

Bacterial endotoxins are important initiators ofundamental interest in clinical aspects and
clinical symptoms of Gram-negative sepsis, ¥accine development.

serious medical condition with high mortality rate 11 structural characterization of lipid A poses

among patients in intensive care units worldwide, \nique analytical challenge, as lipid A isolated
Endotoxins,  chemically lipopolysaccharideg;o, 4 single bacterial strain generally consists o
(LPS) or I|pooI|gosacchar|d(_as (LOS) are foundog ixture of differently acylated and
the surface of Gram-negative bacteria. .The.y Afhosphorylated species. Furthermore, the relative
essentially composed of two regions: @y ngances of the different structures can vary
heteropolysaccharide chain (divided into thG, growth conditionsd.g, temperature, culture
oligosaccharide core and the O-side chain — thisagia pH). Within the field, tandem mass
component is missing from LOS) that eXtend§pectrometry (MS/MS or M has emerged as a

outwards from the bacterial cell surface, and g, .o technology for the in-depth structural
phosphoglycolipid, termed lipid A, which is 4, cidation of lipid A species [2].

anchored in the outer membrand-ig(l).

Specifically, the endotoxic activity is related pnl

to the lipidic domain of endotoxins.

In respect of toxicity of lipid A the crucial faat
are the acylation pattern and phosphorylation
status. The most biologically potent molecule,
capable of inducing septic shock, consists of an
assymmetrically hexa-acylated,
bisphosphorylated glucosamine disaccharide [1].
Other lipid A species with deviations from this
structure have lower endotoxicity or may even
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2.2. Bacterial strains and lipid A isolation

Lipid A
f;f:’,::;ide f:c’fh‘;','f,‘; POM Escherichia coli0O111 andProteus morganiD34
5§ mveos) strains were cultured in a laboratory fermentor,
i e and then collected by centrifugation. The bacterial
s JICCZT LPS was extracted from acetone-dried organisms
<3 W by the traditional hot phenol/water procedure and
] - lyophilized.

Cell exterior * Cell interior

Lipid A was released from LPS by mild-acid
hydrolysis with 1% (v/v) AcOH at 100°C for 1 h,
ﬁ1en the solution was centrifuged (8000xg, 4°C,
eio min). The sediment (containing lipid A) was
washed four times with distilled water and
lyophilized. Lipid A samples were dissolved in

_ _ methanol/dichloromethane (95:5, v/v) at a final
However,  separation and  simultaneous,,.entration of 0.5 mg/ml.

guantification of singular components by

powerful separation methods prior to MS woul® 3 | jquid Chromatography -  Mass
be higly desirable to adequately characterize the Spectrometry Measurements

heterogenic structures.

Figure 1. Schematic representation of th
chemical structure of an enterobacterial out
membrane lipopolysaccharide (endotoxin).

Separation and mass spectrometric detection of
Here, we give a brief presentation of an altermaatiqipid A samples were performed with an Infinity
method to multiple-stage MS for thejp9p0 UHPLC system (Agilent Technologies,
differentiation of various lipid A species —waldbronn, Germany) coupled to an 6530
including isobars — within a bacterial sample. OUkccyrate Mass Q-TOF LC/MS system (Agilent
method is based on a reversed-phase HPlfgchnologies, Singapore), using a core-shell
separation and online ESI-Q-TOF  masginetex™ C18 column (100 mmx4.6 mm, 2.6 um
spectrometric detection of molecular species iﬂarticle size, Phenomenex). Mobile phase A was
native lipid A isolates. The exact structures & thyethanol/water (95:5, v/v) and mobile phase B
lipid A molecules in the complex mixtures wergy g isopropyl alcohol, both containing 0.1%NEt
deduced from specific fragmentation patterngng 0.1% AcOH (v/v). Injection volume wasB
obtained in both, the negative- [3,4] and thgeparation was performed at a constant flow rate

positive-ion modes [5]. of 0.5 ml/min at 50°C. A linear gradient of 50 min
started at 0% mobile phase B and ramped to 50%
2. Experimental mobile phase B, and then hold at 50% mobile

phase B for 2 min.

2.1. Chemicals and Reagents

Methanol, isopropyl alcohol, water (LC-MS
grade), dichloromethane (HPLC:> 99.9%),

triethylamine (EiN), acetic acid (AcOH) were
purchased from Sigma-Aldrich (Steinheim,
Germany).
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| ditiogl temaool  penta-acy hexa-acyl hepta-acyl and diverse acylation states ranging from di- to
a) 1 [M + H.+ EGN*lipid A addlucts hepta-acylation. The most abundant

chromatographic peak from both bacteria was a

hexa-acylated, monophosphorylated species. The
I l elution order of the separated compounds was
k! A el L consistent with their relative hydrophobicity,
defined mainly by the total number and length of
hydrophobic acyl chains, followed by the number

. of polar phosphate groups. Several isomers with

; \ | i‘ ‘ ‘ ‘-.| the same masses could be identified, in which the
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b) | [M - HJ- lipid A ions

'l length and/or position of the acyl chains varied.
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Since the phosphoglycolipids have acidic
Figure 2. HPLC-MS base peak chromatograms gharacter, they could readily be ionized as
the native, heterogeneOB coli 0111 I|p|d A deprotona‘[ed iong’e.’ [M _ H]— in negative-ion

preparation acquired in the a) positive- and bhode, whereas their ionization in the positive-ion
negative-ion modes. mode was enhanced by adduct formation with

Negative- and positive-ion mass spectra of tﬁgethylamlne used as an eluent additive, [M +

column eluate were recorded betwerfr 100— H + EN]" adducts were formed.

3200._The ESI_|_on s.ource was operatet_:l using tﬁez Tandem mass spectrometric analysis of lipid
following conditions: pressure of nebulizing gas A species

(N2), 30 psi; temperature and flow rate of drying

gas (N), 325°C and 8 I/min, respectively;in order to investigate the fragmentation behavior
temperature and flow rate of sheath gas, 300ihder low-energy collision-induced dissociation
and 11 |/min, respectively; capillary voltage, 4CID) conditions of each separated lipid A
kV; nozzle voltage, 2 kV; fragmentor potentialprecursor ion, ESI-MS/MS experiments were
100 V; skimmer potential, 70 V. For the targetegerformed in both ionization modes. Based on
MS/MS analysis, the following parameters wer@reviously published data on the acyl distribution
used: mass range/z 70-2000; acquisition rate, of the C4’-monophosphorylated, hexa-acylated
333.3 ms/scan; quadrupole isolation width, 1.Bpid A molecule fromE. coli O111 [6], ions
m/z; collision energy, 70-100 V; maximumobserved in the tandem mass spectra (not shown)
precursor ions/cycle, 4; precursor ion activef this lipid A species (appearing att 29.2 min

charge state, 1. in Fig.2) could be structurally assigned in both
ionization modes [3,5]. Using this as a standard,
3. Results and Analysis we have compared the CID mass spectral profiles

of other mono-phosphorylated lipid A species
separated by the chromatography and explored the
fragmentation preferences for each of them, in
Crude lipid A preparations frof. coliO111 and both ionization modesrig.3 shows an example

P. morganiiO34 bacteria were used as trainindor the correlation between the phosphoglycolipid
sets for the method development. The HPL@&tructure and the fragmentation profiles in theecas
separation conditions were optimized in order t8f the main hepta-acylated lipid A compound (t
find a balance between solubility, adequatg 42.5 min inFig.2) from E. coli O111. The site
separation and ESI ionization of the intact lipigpecific cleavages are assigned with a number
A’s. Fig.2 shows the HPLC-MS analysis in thedenoting the carbon of the glucosamine to which
positive- and negative-ion modes for tBecoli the substitution is attached, and a Greek letter
O111lipid A isolate, only. We found that the lipid designating the position of the bond which was
A samples expressed extreme structurgleaved.

heterogeneity, showing the presence of numerous In the tandem mass spectrum of the [M + H +
bis-, mono-, and non-phosphorylated StruCturgs, \+ triethylammonium adduct of this lipid A

3.1. HPLC-MS of bacterial lipid A
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m/z 2057.61

species Kig.3a), there were only a few ions a) -
resulting from the neutral loss of acyl chains, = :
however, in that of the deprotonated forn .,
(Fig.3b), the abundances of product ions in th -
higherm/zregion straightforwardly indicated the .
consecutive dissociation order of the ester-linke ** i O P . J
fatty acids. Thus their position could be assigne i - m m mm g % @
Each tandem mass spectrum also show GRS
diagnostic intra-ring (A-type ions in the negative

ion mode) or inter-ring (B- and Y-type ions in the % . oL
positive-ion mode) cleavage products, whicl": ; -
confirmed the substitution position of the fatty :
acids on the two glucosamine residues. "

1

Fig.4 shows the tandem mass spectra of the ( . ie®
phopshorylation isomer of this hepta-acylate - i : w oot

200 400 600 800 1000 1200 1400 1600 1800
Counts vs. Mass-to-Charge (miz)

lipid A. The location of the single phosphoryl i

group (e, at C1 or C4) could be directly

assessed from the positive-ion mode tandem mdgdgure 3. Tandem mass spectra in a) positive- and
spectra by calculating the mass differencB) negative-ion modes and depiction of the
between then/z of the precursor ion and that ofidentified  structure  of  the  C4'-
the product ion resulting from the cleavage of th&onophosphorylated hepta-acylated lipid A from
1o bond (compardigs.3aand4a). Namely, the E. coli 0111 bacterium. Site-specific cleavages
mass difference of 199 u corresponded to tf€ indicated next to the ion signals.

combined loss of triethylamine and an

orthophosphoric acid molecule, indicating that a

phosphoric acid had esterified the C1 hydroxyck of A-type cross-ring fragments, and instead
group of the reducing end. On the other hand,the appearance of Z-type inter-ring cleavage
mass difference of 119 u resulted from th@roducts. Furthermore, the intensity of the product
combined loss of triethylamine and a watetons resulting from the neutral loss of acyl chains
molecule, indicating the presence of a frewere about the same magnitude, indicating a
hydroxyl group at C1 (consequently, thestrong competition between the fatty acyl
phosphoryl group must be at C4’). eliminations during the CID process, instead of

) _ _ their stepwise dissociation (compare wiil.3b).
The change in the phosphorylation site also

resulted in a distinctive tandem mass spectrum in The fragmentation behavior of non- and bis-

the negative- ion modé&ig.4b). Main differences phosphorylated lipid A species under both,

were the complete - negative and positive CID conditions were
investigated, as well. For these, a different
sequencing of the acyl-chain cleavages could be
observed in the negative-ion mode [3,4], whereas
they showed similar fragmentation pathways to
that of the monophosphorylated ones in the
positive-ion mode [5]. Besides the A-type ions
(nonreducing end), complementary X-type
fragment ions (reducing end) appeared in the
negative-ion mode tandem mass spectra of the
nonphosphorylated lipid A’s [4].
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4. Discussion particularly useful to reveal the diversity and the
relative amount of the various lipid A structures

The online HPLC-MS/MS methodology enabledPresent in bacteria. Such investigations could help
the simultaneous structural characterization & explore the relative contributions of different
both, phosphorylated and nonphosphorylatéEPid A structures to the overall activation of the
lipid A variants, within a single run. The maininnate immune system. Moreover, knowledge of
advantage of using the collision cell of a Q-TORhe chemical and biological aspects of lipid A
mass spectrometer was that several generationd§ferogeneity is crucial in order to design anti-
precursor/product ions — that would otherwise b@icrobial drugs which overcome the evasion
generated only at higher MS stages with ion trafrategy of the pathogen. Our technique could be
experiments — were observed at the same timeWll suited for phopshoglycolipid profiling from
the tandem mass spectra of the separated |ipidd,'h[“ferent bacterial strains or vaccine preparations

species. This allowed us to set new fragmentation
rules for the differently phosphorylated andicknowledgement
acylated lipid A compounds by a simple MS/MS

experiment [3-5]. Specifically, the acylationrne research was supported by the grants OTKA

profile  of the non-,  C4-mono, andy_ 135275 and UNKP-17-4-ll New National
bisphosphorylated lipid A could be inferred partly=y ~allence Program of the Ministry of Human

from the positive- and fully from the ”egativeCapacities.

mode MS/MS analysis [3-5], whereas the

complementary use of both ionization modes [3,fa) - goon B
was needed for the full structural characterizatic = &: By

of C1-monophosphorylated lipid A. g7

4
35

As an example, the complete structur ..
elucidation strategy by MS/MS of a hepta * ;
acylated C1-monophosphorylated lipid A is the * - L.l A
following. First, the observation of theal
cleavage product in the positive mode is essent
to clarify the site of the phosphorylationide .«
suprg. Next, the linkages at thesXonly fromthe |,
B-type ion) and 2 positions can be revealed from
the positive mode analysis. By knowing the i
fragmentation preference of the secondary est
bonds (which is 2>3'e>2¢ [5]), substitutions at o debeeaidind ol ol
these sites can be deconvoluted from the negati T

mode analysis by observing thes 23’ and
Y y g the:23's, 2, b) negative-ion modes and depiction of the ideguifi

Sa Cleavage_ products in the uppefzregion and structure of the Cl-monophosphorylated hepta-
those resulting from the & 2'¢3’¢, 2'e2¢, 2'e30,  4cylated lipid A fronE. coli 0111,

and 3t3a cleavages, displayed in the middtéz

region. Here, the dephosphorylated Z-type ion in

the lower m/z region indirectly specifies the

linkage at the @ position. Finally, the remaining

2’a substitution can be deduced from the intact B-

type ion (positive-ion mode). REFERENCES
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Figure 4. Tandem mass spectra in the a) positivé- a
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MINIATURIZED DEVICE FOR SINGLE-CELL ANALYSIS OF CAS PASE-3 AND 7
ACTIVATION USING BIOLUMINESCENCE CHEMISTRY

VOJTECH LEDVINAL 2 AND KAREL KLEPARNIK!

1 Department of Bioanalytical Instrumentation, Institute of Analytical Chemistry of the Czech Academy of
Sciences, v. v. i., Vevefi 967/97, Brno, 602 00, Czech Republic
2 Faculty of Science, Masaryk University, Kamenice 753/5, Brno, 625 00, Czech Republic

Abstract — Caspases are proteases that play key role in the process of apoptosis, the programmed cell death. Among them, caspase-
3 and -7 are main executioner caspases that cleave many vital proteins during apoptosis and after their widespread activation, the
process cannot be reversed. To analyze caspase-3/7 activation within single cells, a miniaturized device for parallel analysis of eight
samples was developed. The assay is based on the modified luciferin-firefly luciferase bioluminescence (BL) system. Individual
suspended cells were collected and transferred into detection microvials using a micromanipulator. The bioluminescence was
detected using a photon counting head with cooled photocathode. The LOD suitable for detection of active caspase-3/7 in both
individual apoptotic and non-apoptotic cells was reached.

Keywords: bioluminescence, single-cell analysis

1. Introduction fact that single caspase molecule can cleave
multiple aminoluciferin  molecules and the

of apoptosis — the programmed cell death. THcitation light and interfering autofluorescence.

executioner caspases are the main proteolyfi¢ o study, a miniaturized device for parallel BL
machinery that ensures an organized and clegection of active caspase-3/7 content in single

deconstruction of unwanted cells without damag'ngpoptotic and non-apoptotic cells was developed.
surrounding cells and eliciting inflammatory &

response. Among them, caspase-3 and -7 are th

_ ) : _ Z-DEVD-NH s N OH
most effective and their role in apoptotis makes @2 %
them one of many potential targets in cancer N S
treatment. Besides their apoptotic functions, new
information is being revealed about their role in Caspase-3/7
nonapoptotic events as well. Their activity hasbee

0
. H,N
detected for example during skeletal muscle 2 \@s/: :,N]/\LOH + ATP 4 0,
N s

differentiation, osteogenesis or brain development

[1].

To study the caspase-3/7 content at the single-cel
level, sensitive and specific method of detect®n i
a necessary prerequisite for successful analysis. |
our study, we have utilized a commercially
available bioluminescence (BL) assay Light

CaspaseGlo® 3/7 (Promega) which is based on thi

modified aminoluciferin-firefly luciferase system

[2]. The aminoluciferin is conjugated with Asp-Glu-  Fig. 1 Schematic depiction of the BL reaction for
Val-Asp (DEVD) pepide specifcally cleaved by deieeion of esese 37, Annelcterr can be
caspase-3/7 which prevents it from being oxidized specific peptide is cleaved off.

by the luciferase. In the presence of caspase, thiee device is compatible with analyses of
peptide group is cleaved off, the aminolucferin isuspended cells selected and transferred by a
oxidized and a steady flow of photons is generat@dicromanipulator mounted on a microscope. Our
as shown in Fig. 1. The enzymatic nature of the Bbbjective was to reach LOD low enough to detect
reaction provides excellent sensitivity thanksh® t active caspase-3/7 in single non-apoptotic cells in

Luciferase, Mg®*

"Correspondence: klep@iach.cz
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order to study caspase role during ce
differentiation. To accomplish this, a sensitive
assembly of photomultiplier tube (PMT) with a
cooled photocathode working in the photo
counting mode was implemented.

2. Experimental

2.1. Cell culture and preparation

Micromass cultures isolated from mouse forelimbs
at embryonic day 12 were selected as a model. Cells Fig. 2Holding papillary with three murine cells inside.
. . . The scale bar is 10@m.

were cultured in a medium consisting of DMEM

and DME F12 media supplemented with 10% fetal

bovine serum, 0.5mM glutamine, 1mM- After filling, all eight microvials were placed m&

glycerolphosphate, 0.25mM ascorbic acid and 28ainless steel revolving carousel vial holder thed

U/mL of penicillin and 25ug/mL streptomycin. whole assembly was mounted in front of the PMT

Two experimental groups were detection windowKig. 3). The carousel has a set of
, _ rooves, each for an individual microvial, with

prepared: a control group cultivated in norm%olished inner surface that reflects scattered

culturg medium (non-apop_totic cells) and a¥hotons to the PMT detection window. The BL
experimental group treated with 5 UM Camptc"[hec'é'mission leaving individual vials was detected

for 8 hours (apoptotic cells). Before analys'stcelconsecutively and repeatedly in 5 min intervals for

were trypsinize_d using 350 _Of 0'25% trypsin at a period of about 80 minutes until the steady state
37 °C for 5 minutes and dilluted in the grOthNas reached in all vials

medium.

-—‘ i 4]
/DISASSEMBLED BEMICE *

NG
2.2. Cell collection and measurements PMT ’

All measurements were done in 5 L microvials th:
were made of glass capillaries with 1.3/1.9 mr
I.d./o.d. by fusing at one end and cutting at tien

Each microvial was filled with 4uL of the

CaspaseGlo® 3/7 reagent and placed into a plas
microvial holder. Cells were collected from the
trypsinized cell suspension using the ICS

micomanipulator  for in vitro fertilization Lid Rotating Body
(Eppendorf) mounted on an inverted microscog Carousel
Olympus IX71 and equipped with a holding pipett ‘ E
with 20 um inlet diameter. One to six cells were E
collected from a cell suspension at a time ar i
transferred into individual detection microvials . .("
(Fig. 2). I\ ,.‘
v

Labeled knob

Fig. 3 Disassembled detection device consits of a
stainless steel carousel with grooves with polished
inner surface that reflect maximum of the emitted
photons towards the photomultiplier photocathode.
Two sets of grooves are present — 8 positions fdr 5
microvials and 8 positions for larger {0 vials. When

the device is assembled, only one microvial isnfgci
the PMT window at a time.
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The detection assembly consisted of a photacttive caspase-3/7 molecules while maintaining
counting head H7421-40 series with a heat sink anelatively low background signal. Further decrease
fan A7423, counting unit C8855 01 and poweof the background was achieved by using a PMT
supply unit with temperature control M 9011 (alwith cooled photocathode. The photocathode yields
Hamamatsu Photonics, Japan). The photandark current of only about 3-6 photon counts/s
counting head is furnished with a PMT having ahich is very low compared to the blank signal of
GaAsP/GaAs photocathode and a thermoelecttice reagent (about 62 counts per second).

cooler. The cooler maintains PMT at a constant devi tested with toti d
temperature of 0°C and reduces thermal noigd'® device was tested with apoptotic and non-

enerated by the photocathode, thus increasin Smoptotic cells. No cross-talk was o_bse_rved even
g y P g when neighbouring microvials had a big differences

in the bioluminescence intensity. In both cases, th
caspase-3/7 content linearly increased with the
number of cells. The average signal intensity for
apoptotic cells ranged from 157-952. The average
From a biological point of view, it is important tosignal intensity for apoptotic cells ranged from
study the role of caspases at a single-cell leveb7-952 counts/s and was approximately three
because bulk measurements from a large setstiofies higher than for the non-apoptotic cells where
cells obscure the cell-to-cell variations and ththe signal ranged from 56-241 counts/s. High
results are averaged throughout the whoktandard deviations were apparent particularly in
population. Therefore, sensitive methods are case of apoptotic cells. The deviations can be
necessary. One of the prerequisites of higtaused by cell heterogeneity, by the aspects of
sensitivity analyses of ultra-low volume samples idynamics of camptothecin induced caspase
miniaturization  resulting in  reduction of activation in individual cells and the effect ofeth
background signal and chemicals consumption. bell cycle phase of individual cells. It is also
the case of CaspaseGlo® 3/7 reagent, the maossible that camptothecin may not diffuse properly
contribution to the background signal is theo the lower layers of the cells in Petri disheat th
accidentally released aminoluciferin that isadhere directly to the surface during cultivation
accessible for luciferase oxidation. Its total amtou since cells in micromass cultures do not grow in a
linearly increases with the volume of the reagensingle layer. Some (very low) activation of caspase
On the other hand if the volume of the reagerdas t 3/7 in non-apoptotic cells can be due to ékevivo
low, modified luciferin can be depleted beforepproach and micromass treatment. It may also
reaching the BL steady state, thus decreasing theggest some physiological basal level of activatio
actual signal. To reach the signal maximum, wer can even point to possible non-apoptotic
used detection microvials of 1.3 mm i.d. filled kit functions of these caspases.

4 pl of the reagent. This was enough to provideh d lculated as th d
sufficient substrate delivery to the | e LOD and LOQ were calculated as three and ten

times the standard deviation of a blank,
respectively. For apoptotic cells the LOD/LOQ
were evaluated to be 0.27/0.86 of a caspase-3/7
y = 147.96x-1.8279 content in an average apoptotic cell and for the no
12007 R apoptotic cells 0.46/2.92 of a caspase-3/7 coitent
an average non-apoptotic cell. The device is
therefore suitable for both detection and
07 quantification of active caspase-3/7 in individual

| apoptotic cells. In the case of non-apoptotic cells
caspase-3/7 can be detected but not reliably
o ] 5 3 1 c 2 h quantified.

Number of apoptotic cells

3. Results and discussion

1800 -
1600 -

1400 A

1000 -

Bioluminescence intensity [counts/s]

Fig. 4 Dependence of BL signal on the number of
collected apoptotic cells. The LOD and LOQ are telo
the average content of caspase in a single apoptiti
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Fig. 5 Dependence of BL signal on the number of
collected nonapoptotic cells. The LOD value is belo
the average content in a single non-apoptoticvdeille

the LOQ is higher and needs at least 3 cells iable
quantification.

The device was also tested with laser capture
microdissection where an area of cells of interest
within a tissue can be specifically dissected lsgta

beam and catapulted into the vials containing the
reagent. When compared with a tissue area that is
known to not contain active caspases, one can
relatively compare activity between the sample and
control and perform localized studies of the enzyme
activation during e.g. tooth or bone development.

4. Conclusion

A miniaturized device for sensitive detection of
caspase-3 and 7 was developed with the LOD below
the average content of active caspase-3/7 in both
single apoptotic and non-apoptotic cells. The LOQ
is low enough to allow caspase-3/7 quantification i
individual apoptotic cells that generally contain
higher amount of active proteases. In the case of
normal non-apoptotic cells, at least three celissha
to be gathered into the microvial for reliable
quantification. The weakest point of the device at
the moment is the limited throughput because only
eight samples can be analyzed in parallel. The
throughput could be potentially improved by using
a microplate from a black plastic that would
eliminate cross-talk between individual wells
combined with a fast and effective system for cell
collection and transfer. This would allow
acquisition of larger and more statistically
significant datasets.
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Abstract

Sodium dodecyl sulfate-polyacrylamide gel electragsis (SDS-PAGE) has been the
method of choice for size-based separations ofepietfor over decades and plays a well-
established role in protein separations and analysemost of the biological research
laboratories. However, in recent years SDS-capiligel electrophoresis (SDS-CGE) also
gained significant importance in bioanalytics, esaky in the biopharmaceutical industry.
SDS-CGE can be considered as the automated veddi@DS-PAGE, having numerous
advantages such as on-column detection, automaiechtoon, high resolving power, and
capability of accurate protein quantification adlves molecular mass determination. In the
biopharmaceutical industry SDS-CGE has been reezegihas an important tool in process
development and quality control of proteins andcglyroteins.

SDS-CGE hyphenation with mass spectrometry (MS)lysisa offers additional
selectivity provided by the MS spectrum. HoweveRSSCGE coupling with MS is very
challenging since the separation gel and the stafddSDS) can contaminate the MS and
may compromise its detection system. Our goal wadetvelop an MS friendly separation
buffer and gel system for protein analysis. Majepects, which have been taken into
consideration during the development process wgrefiaration gel components have to be
compatible with mass spectrometer and 2) avoidM8ncompatible compounds getting into
the MS. The determination of an optimal proteinasagion gel-buffer composition was the
major focus of my work with special emphasis on binpatibility.
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CHARACTERIZATION OF A MICROFLUIDIC ENZYME REACTOR F OR THE
RAPID PROTEOLYSIS OF HUMAN TEAR SAMPLES
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Abstract

In our research we created a microfluidic chip ¢dpaf rapid and efficient proteolysis of
tear samples [1]. The chip-based digestion was eoeth to the standard, in-solution
digestion to investigate the suitability of the ngweveloped microchip for clinical samples.
The in-solution digestion procedure includes thditaan of trypsin to the sample in a low
concentration to limit undesired autolysis. Howewiis results in long incubation times,
which hinders the fast, high-throughput analysi®of peptide mixture. The problem of the
time-consuming in-solution digestion was solvedhwihe use of microfluidic chips. The
microchips were fabricated by means of soft phoaglaphy [2] from poly(dimethylsiloxane)
(PDMS), which enables the strong adsorption ofgirs on its surface. Utilizing the porous
feature of PDMS, trypsin was immobilized on the @l walls of the microchip through
spontaneous adsorption. The surface-bound trypasapplied in a high concentration, thus
digestion time was greatly reduced with the usmigfochips (50 s) compared to those typical
of in-solution digestions (16 h). Owing to the dgsiof the chip, high throughput sample
processing was made possible, up to 8 digestionkldwe carried out simultaneously. The
digested samples were analyzed using capillary zeetrophoresis (CZE). The obtained
results clearly indicate the applicability of thesigned microchip for reliable tear-sample
proteolysis. In addition, further attempts to optien protein digestion by increasing the
surface to volume ratio in the microchips are umdsr, which would make the process not
only faster, but also more effective.

Keywords: proteomics, peptide mapping, capillary zone etgaioresis, microfluidics,
immobilization

References:

[1] A. Kecskemeti, C. Nagy, E. Csosz, G. Kallo,@aspar, The application of a microfluidic
reactor including spontaneously adsorbed trypsmrépid protein digestion of human tear
samples. Proteomics-Clin. Appl. DOI 10.1002/prca- 200055

[2] Whitesides, G.M., Ostuni, E., Takayama, S.ngdiaX., Ingber, D.E., Soft lithography in
biology and biochemistry. Annu. Rev. Biomed. Eng02, 3, 335-373.

Correspondence: gaspar@science.unideb.hu
Below is the article on which my planned preseptais based:

http://onlinelibrary.wiley.com/doi/10.1002/prca.Zfi0055/full

74



COMPARISON OF FOUR METHODS USED FOR PLASMA PROTEIN-DRUG
INTERACTION STUDIES
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Abstract — Interaction of drugs with plasma proteins influence drug liberation, adsorption, disposition, metabolism, elimination
and toxicological properties. Thus insight into plasma protein-drug binding is essential for predicting clinical dosages and
assessment of safety boundary of drugs. In this study binding parameters of human serum albumin-diclofenac and human
serum albumin-lidocaine pairs were determined by four methods — capillary electrophoresis-frontal analysis, isothermal
titration calorimetry, circular dichroism and equilibrium dialysis. All these approaches were compared in detail and their
benefits and drawbacks were demonstrated.

Keywords: Capillary electrophoresis-frontal analysis, isothermal titration calorimetry, circular dichroism,
equilibrium dialysis

1. Introduction diclofenac and HSA-lidocaine were complexly
compared. Used drugs were chosen based on their

Plasma protein-drug binding influence pharmacdlifferent binding strength and physico-chamical
dynamic and pharmacokinetic properties of thBroperties.

drugs. It is widely known that plasma proteingy measurements were performed with the same

transporte  bound drugs in the blood buf e (ionic strength, pH), protein concetntration
simultaneously theses interactions thus limit drug, 4 temperature.

concentration available to provide pharmacological
effect as well as drug disposition and efficacy [1
For this reasons the study of these interactions is
essential part in development of an new drugs.

Reguirement to increase laboratory efficiency leads1. Samples and Measurements

to development of an automated high_throu{‘:’hp%toric acid, diclofenac (DCF), HSA, lidocaine

assays [2]. (LIDO), NaOH and sodium tetraborate decahydrate
Human serum albumin (HSA) andil-acid were obtained from Sigma Aldrich (Steinheim,

glycoprotein are the most important proteins witksermany), HCI was obtained from Fluka (Buchs,
respect to drug binding. HSA carries mostly acidi®witzerland). All chemicals used were of analytical
drugs,al-acid glycoprotein is the carrier for basigyrade purity or the best purity available.

and neutral drugs [3]. In this consequence the HS"AH

was chosen as model protein in this study. HSA is € bo(rja;e bgffer Z%Soed I\I/Inb al! exp(;arlmde;tsso W'?/IS
synthesized in the liver by hepatocytes and futhtBFEPared by mixing mivi boric acid an m

midified in Golgi apparatus. It is the most aburtdargdium tetraborate, the pH of the final solutiorswa

]2. Experimental

protein in blood plasma with concentration 35-4 5. The pH values were measured_ with an Orion
g/L, its half-life is 19 days, molecular mass 6® 50 esearch EA940 pH meter (Orion Research
Da and isoelectric point 4.8. HSA consists of altham, MA, USA).'The I—.|SA.and qlrug samples
single polypeptide chain of 585 amino acids and igel[iioarspf\?vffe byr:'zs;ggjt'?gir:n ﬂ\:\I/Zt(ErUﬁf? gmA”a
secondary structure is predominantly composed B i Di p5 lLOJV gM K Milford

an a-helix. This protein can be devided into thre llipore Direct Q system (Merck, Milford,
homologous helical domains and each of the A, USA).

domains contains two subdomains A and B [4]. 21 1. CE-FA measurements

In this study four methods capillary electrophasesi A new capillary was conditioned by rinsing with
frontal - analysis (CE-FA), isothermal fitration1 M NaOH for 20 min, then with deionised water
calorimetry (ITC), circular dichroism (CD) andfor 10 min and finally with the BGE for 20 miAt

equilibrium dyalysis (ED) used for measuring théhe beginning of each day, the capillary was
binding parameters of the model systems HSA-

"Correspondence: h.nevidalova@seznam.cz
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conditioned by rinsing with 1 M HCI for 10 min, buffer for 10 min. For the binding experiments, the
deionized water for 5 min, 1 M NaOH for 10 minseries of samples containing a constant
deionized water for 5 min and the BGE for 20 minconcentration of HSA (75uM) and varying
Before each analysis the capillary was flushed forconcentrations of drugs (100 - 80pM) was

min with 1 M HCI, for 1 min with deionized water, prepared. The samples (500uL) were pipetted into
for 2.5 min with 1 M NaOH, for 1 min with the donor chamber of the dialyzer and dialyzed
deionized water and for 2 min with BGE. All rinsingagainst the acceptor chamber filled with neat buffe
steps were done with a pressure of 950 mbar (§&00 uL). The dialysis was performed for 6 h at 25
kPa). + 1 °C under constant stirring at about 300 rpraon

MixMate® (Eppendorf, Germany).
The bare fused silica capillary 75 um 1.D. (58.5/50 (Epp )

cm LodLer) was thermostated at 25 °C, sampleShe time to achieve the equilibrium state was
were injected at 35 mbar (3.5 kPa) for 40 s and aetermined experimentally. During its optimization,

operating voltage of 14 kV was applied in positivéhe samples containing a 100, 400 and 800 pM
polarity mode. Detection wavelengths were set ®olution of the drug were dialyzed against neat
276 nm for DCF and 214 nm for LIDO, buffer and the drug concentration was analysed in
respectively. Standards of drug sampleoth chambers of the dialyzer for increasing time
(20 - 800uM) were used to prepare the calibratiomperiods.

curve and to validate the CE-FA method. For the

binding experiments, a series of samples containi@g?. Theoretical Methodologies

a constant concentration of HSA (4BJ) and
varying concentrations of drugs (50 - 80@) was
prepared. All points were measured in triplicate. Nonlinear regression was used to evaluate the
binding parameters by substituting the experimental
data according to the following equation:

The ITC cell (1400uL) was loaded with 7M. — [Pbounal _ g MKbi[Dree] 1)

2.2.1. Data processing in CE-FA

2.1.2. ITC measurements

. . . i=1 .
HSA solution or buffer alone. The titrations were [Peot] 14K [Dpree]

carried out using an auto-syringe filled with thyherer is the number of bound drug molecules per
respective drug .sqlutlon 4 mM DCF or 4 MMmolecule of proteinfDied, [D bound, and[Pw] are
temperature at 25 °C. Each experiment consisted Qfncentrations, respectivelyn is the number of
for 16 s each, with a 360 s interval to allow coet®l ymber of sites of class, and Ky is the
equilibration.  The control experiments Werggrresponding binding constant. THBred was
performed Dy titrating HSA solution with the bufferestimated from the plateau height (as it is illaigd
itself and by titration the net buffer with the deu i Fig. 1 - see bellow) and from the calibration curve
themselves to correct the data for the dilutionthegypigined for the drug samples analysed in the
of the HSA and drug, and for buffer mixing. absence of the protein. Tf®bound Was determined
as the difference between the tdiak,] and free

2.1.3. CD measurements :
[Ded drug concentrations.

The CD spectra of HSA (78M) incubated with the o
drug (0 — 50QuM), were recorded from 250 nm to2-2-2. Data processing in ITC
350 nm. All measurements were carried out at 2595, gl the experiments, the heat of the binding

using a cell with a 1 mm path length (200. The  reaction between HSA and the drug was obtained as
data pitch was 0.1 nm with a 1 nm bandwidth at@e gifference between the heat of reaction and the
scan speed of 50 nm/min. Each spectrum represegésresponding background heats of dilution/mixing.
the average of four measurements. The experimental data were fitted to a binding
model using a non-linear least-squares method with
Kb, n and H as adjustable parameters using the

A new membrane was conditioned by rinsing witRoftware Origin 7.0. Th, was measured from the
deionized water three times for 10 min and borate

2.1.4. ED measurements
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slope of the binding curve and the inflection poit - e — 75UMHSA +300 uM DCF

characterized the number of binding sites. ---300 uM DCF
30 A
H - plateau height

2.2.3. Data processing in CD

= 251
The induced CD (ICD) (see Section 3.3 Circul%
dichroism) is defined as the CD of the HSA-drug 201
mixture minus the CD of HSA alone at the sang
wavelength, and is expressed as ellipticity in £ !5
millidegrees (mdeg). The binding constant wés
determined by adjusting the experimental data usi
nonlinear regression (with MS Excel) according i 5 |

the following equation [5]:

k 1
Af = E([Ptot] + [Deoe] + Xy

10 12,5 15 17.5
migration time [min]

1\2
\/([ow] + [Deot] + K_m) — 4[Peoc] [Df"f]> Figure 1.CE-FA electropherogram obtained by
measuring drug standards and HSA-diclofenac
2 mixture.

. . (9) indicates free diclofenac an#l)(indicates HSA-
where46 is the ellipticity change due to complex giclofenac complex and free HSA.

formation (absolute value)[Pw] and [Diof

represent the total concentrations of HSA and druggnditions [6]. LIDO, a Nachannel blocker, is used
respectively, ank = 32982.1 4¢ . | (de is the as a local anaesthetic and in the treatment of
extrinsic molar circular dichroic absorptionventricular cardiac arrhythmias or cardiac arrest
coefficient of the drug bound to HSA inMcnt?  with ventricular fibrillation [7].

andl is the path length in cm).
3.1. CE-FA
2.2.4. Data prossecing in ED

. For studying biomolecular interactions can be used
Due to th_g f"?‘Ct that the free drug concentraltiong,eral CE-based experimental approaches. They
after equnlbru_Jm should be the same in bot ave many common advantages for example no
chambers of dlaly_zer, the total con_centrauon eefr need for highly purified samples, measuring without
drug was _dete_rmmed by measuring th? free drl1"|§’1mobilization or labeling, small sample
concentration in one of the part of the dialyzed aNconsumption. In this study CE-FA approach was
the obtained value was multiplied by two and usgtkaq gue to its high sample throughput with
for further calculations. possibility of automation. Typical

electropherogram is illustrated king. 1.

3. Results and Analysis ] ] ]
The determined, of the HSA-DCF interaction

_ , was (2.56 + 0.07) - ¥@/mol andn=5.00 + 0.12;
Many different instrumental approaches have be(me K, of the HSA-LIDO interaction was

developed over a time for investigating of protein(1 96 + 0.32) - 10L/Mol with n = 1.46 + 0.25
drug binding. Four of them were compared in this = A

study. Two belong to so-called separative (CE-FA > |1
and ED) and other two belong to so-called non-
separative method (ITC and CD). This method is widely used to measure the affinity

between two interacting molecules in aqueous
As model drugs were chosen DCF and LIDO. DCEqtion. This method is useable for almost any

is a widely used nonsteroidal anti-inflammatoryyeracting partners-nucleic acids, proteins, Epid
drug and it acts as a potent inhibitor of prostadiia carbohydrates or organic compaunds. Besides

endoperoxide  synthase, also  known - &§yaining binding parameters this method provides
cyclooxygenase. It is widely prescribed for the g, thermodynamic informatin.
treatment of osteoarthritis, rheumatoid arthritis,

ankylosing spondylitis and acute muscle pain
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The obtained thermodynamic parameterachieved and the literature values obtained by
accompanying the binding of HSA-DCF show thédentical methods were compared. Value&gfor
negative entropy change (-125.48 + 7.20 JnolHSA-DCF and HSA-LIDO pair®btained by CE-
and negative enthalpy change (-60.75 = 2.0BA, ITC and ED methods are comparable. A
kJ-mott). While the data on the HSA-DCFslightly higher result but still in the same
interaction indicated that the reaction wasoncentration order of magnitude was measured for
exothermic, the data on the HSA-LIDO interactioCF using a CD method, unfortunately this trend
showed an endothermic reaction with a positiveould not be confirmed for the HSA-LIDO pair. The
entropy change (86.04 + 7.79 J-odnd positive K, values for the HSA-DCF pair are in good
enthalpy change (7.96 + 2.51 kJ-folThe binding agreement with published results obtained using the
parameters for DCF to HSA were determined to lmame methods as in this study [8-10]. A slightly
Kp=(1.22 £ 0.09) - 10L/mol andn = 2.00 + 0.11. higher value was obtained by Vuignier et al. [11],
The binding parameters for the second interactidrowever these authors used dissimilar conditions —
pair, HSA and LIDO, were determined to Kg= a different BGE and BSA instead of HSA. Identical

(1.28 £ 0.24) - 10L/mol andn = 1.39 + 0.27. behaviour was observed for the HSA-LIDO pair,
with a slightly higherKy, obtained by ED. This

3.3.CD difference was probably due to using a different
method for off line detection and a different buffe

CD method is usually used for studying th
secondary structure of proteins and for investigati
of reactions with respect to the chirality andbtained values were also compared with
stereochemistry. Measuremet of tKeis enabled evaluated by different methods not used in this
by the phenomenon called induced Cotton effectstudy and concentration values are in the same orde
ICD. This effect appear in some cases within thef magnitude.

absorption bands of achiral molecules which were

otherwise CD inactive. The intensity of the ICD5. Conclusion

signal is proportional to the HSA-drug complex

without interference from the free drug fraction,

ObtainedK,, value by CD method of the HSA-DCF :?_éhiégapeglébDandn Wle re mﬁa_sured bY (I:]FFﬁ
was (7.91 + 0.12) - f#0./mol. Unfortunately no ' an to evaluate their potential for this

ICD signal was detected for HSA-LIDO complex. pharmacologically important task. The integrating
benefit of these methodologies is the possibility o

3.4. ED measuring the interaction of binding partners in
their native states without immobilization or
This approach is considered as referent method fabelling. Despite possibility of protein adsorjptio
the determining of binding parameters. Its principanto capillary wall the CE-FA method was selected
advatage is physical simplicity, but the maims the best candidate for such a purpose, due to
drawback is time consumption, which can benany advantages such as low sample consumption,
eliminated by using multiwell plate format EDautomation and the possibility of studying bothdow
experiments. and high-affinity interactions. By the ITC method

L . also thermodynamics parameters can be acquired
The binding parameters were determined to be y P . '

oA Rt <S8 00y e hr e senpe oot and
for the HSA-DCF pair and, = (2.05+0.48) - <4 P P '

1PL/mol andn = 2.13 + 0.17 for the HSA-LIDO —miarly, the CD-based method provides the
pair structural information on the drug-protein complex,

but it is prefeable for study of the second strrectu
because is suitable only for drugs affecting the
4. Discussion protein structure. ED is considered a reference

method for such studies, but it suffers from
In this study, binding parameters suchkasandn drawbacks, such as long equilibrium time, volume
for HSA-DCF and HSA-LIDO model systems wereshifts associated with oncotic pressure and
evaluated by CE-FA, ITC, CD and ED. The resultgonspecific adsorption.

11, 12].
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PROSTATE-SPECIFIC ANTIGEN (PSA) IMMOBILIZATION FROM BIOLOGICAL
SAMPLES FOR CAPILLARY ELECTROPHORESIS (CE) ANALYSIS
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Abstract

Prostate cancer is one of the most commonly diaggheancer in men worldwide. Serum
prostate-specific antigen (PSA) is a well-know barker for this disease, thus it is frequently
used for prostate cancer screening or monitorirsgaBe progression. However the lack of
selectivity and sensitivity of this method ofteradis to over-diagnosis and over-treatment,
therefore the discovery of new biomarkers is ofhhignportance. It is reported earlier that
prostate cancer - like many other tumor diseasesodify the glycan profile of certain
proteins. Alteration of the PSA glycoform can beaed¢ed using highly sensitive analytical
methods. Laser induced fluorescent detected capiiectrophoresis have been proved to be
suitable for this task, although the limit of dedten is restrictive for most of the biological
samples. Other glycoproteins could interfere with ainalysis as well, thus the capture and
preconcentration of PSA from the samples are eedeMonoclonal antibodies (mAbs) are
widely used for PSA immobilization due to theirastg affinity and high selectivity. On the
other hand, mAbs contain glycan structures whiam cause contamination in the samples.
Furthermore, theire price is very high and thenssgvity can require special conditions.

In this study a new method is presented for PSAtwapfrom low-concentration
samplesamong others, semen, urine or blood. Sthgpeain antybodies (sdAb) are smaller
in size and more stable than mAbs and have no brpzglation sites. They can be produced
in bacteria with recombinant techniques, which nsakeem cheaper,furthermore various
linker tags like His-tag or GST-tag can be attacteethem. Amino acid sequences of sdAb
(clone N7 and C9) were taken from "Single DomairtiBodies Recognizing Different PSA
Isoforms (doi: 10.1074/jbc.M409292200)" and weratbgsized by GenScript. The genes
were amplified by PCR, digested with Ndel and Xhestriction endonucleases and after
purification on agarose gel, ligated into pET23lctee which fuses the DNA sequence of a
C-terminal 6-histidine tag to the aPSA genes. SKUF7 Express Competent E. coli bacteria
(New England Biolabs) were cloned by the resulfu@smids to ensure correct disulphide
bond formation and protein folding.

Various sample volume sbAbs concentration ratio evésted in the preliminary
experiments using magnetic particles. SIMAG-IDAZkRI nickel-coated magnetic
microbeads (provided by Chemicell) were appliedatelr, packed pipette tips (Ni-IMAC
PhyTipPhyNexus, San Jose, CA ) were used.. By aat®mipetting the C9 sbAbs proved to
be able to be immobilized to the columns. Switchihg antibody vials to sample vials the
capture of PSA from the samples could be actualiAsdhe next step PSA could be gained
from the column by denaturing the proteins Congadge the denatured PSA can easly
connected to the standard glycan sample prepagtion CE analysis. The method was
applied with promising results on standard PSA flmuman semen (SigmaAldrich, St. Louis,
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MI) solution in PBS buffer and formalin fixed staard PSA samples as well. The further
efforts are aiming to apply this protocol on ursemples and successfully connect it to CE
glycan analysis.
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IN FLIGHT ANALYSIS OF ASTRONAUT'S SERUM IMMUNOGLOBU LINS
DURING DEEP SPACE MISSIONS; THE NEXT LEAP IN CAPILL ARY
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Abstract

On a roundtrip (~360 days) to Mars, astronauts @dnd exposed to approximately 0.66 Sv
(1) radiation dose, mainly due to Galactic Cosmay&(GCR) and Solar Energetic Particles
(SEP). This amount of exposure exceeds the lifetimes here on Earth according to RAD
measurements (1). Previous studies have shownatet extensive radiation exposure,
inflammatory proteins such as citokines are induceitie human body. In general, radiation
modulates the hematopoietic system (2). Under ®posure to strongly ionizing radiation,
serum glycoprotein (IgG and IgM) levels in the kdomitially drastically decrease even to
hypogammaglobulinemic levels but in a long termiegenerative hypercompensation is
observed (3). Specific glycosylation patterns asth immunoglobulins, especially IgG have
already been associated with various ailments s@sclehronic inflammation, autoimmune
diseases and malignant transformation just to maen@ few. Moreover glycan based
biomarkers indicating biological age (4) are ofrgfigant interest in the monitoring of age-
related diseases known to accelerate in space fadus of our work is to profile the IgG
glycans after medium-energy proton irradiationdwaal the resulting possible glycosylation
profile changes. Structural elucidation will be acplished by our small and lightweight
image analysis based LED induced capillary eledtoopsis system to decipher the effects
and threats of SEP on possible physiological chaoféuture astronauts during long duration
missions beyond the shielding environment of LowtE®rbit (LEO).
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MICROFLUIDIC CELL COUNTING DEVICE BASED ON RESISTIV E PULSE
SENSING
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Abstract — In this lecture we present the microfabrication procedure of a particle counting device based on resistive pulse
sensing in a microfluidic channel. This microfluidic device was entirely made of borosilicate glass by means of
photolithography and glass etching. Its performance was confirmed by measuring samples of polystyrene particles and
various types of biological cells.

Keywords: microfluidic, cell, counting, resistive, pulse
1. Introduction

Microfluidic devices show a great potential for2. Experimental

analysis of cell populations as a single microfluid

chip can Dbe designed to perform multiple, 1 wicrofabrication procedure

operations, e.g. lysis and staining, allowing us to

analyze injected cells in small groups or one bg.onDesign of a microfluidic device was created in
In such experiment it is important to preciselYAutoCAD (AutoDesk, USA). At first a replication
control the number of entering cells. Thereforenask was created by exposing this design using a
integration of a cell counting unit represents ahigh-resolution direct laser-writing system pPG 101
important step in development of a microfluididMicro-pattern Generator (Heidelberg Instruments,
device for cellular analysis. Germany) on commercially available photomask

, , blank substrates (Nanofilm, USA). This replication
Cells flowing through the microchannel Cahask was then used to transfer the design on

,be registered yisually using a camera a_nd SOﬂv"atS‘(n)rosiIicate glass wafers coated with 60 nm of
image analysis. This approach requires a f romium and 70 nm of gold as masking metal
camera with an objective and software algorithm tl‘&yers and S1805 positive photoresist (Dow
recognize a cell moving through the micrOChanneIlilectronic Materials, USA). These masking metal
distinguish it from the background and other dells layers were sputtered using a Sputter-coater
case of multiple cells moving in a group. Q300TD (Quorum, England). After development of
Resistive pulse sensing (RPS) is aRhotoresist and etching of masking metal layers the

alternative approach that is based on sensiﬁ@rosilicate wafer was etched in a diluted mixture
disruptions in a current flow caused by cells pagsi Of sulfuric and hydrofluoric acid at 45°C for 5
through the narrow section, often called the sensifninutes to reach the depth of approximately 12 um.
gate. The greatest electric current density ihat tThen the wafer was washed in deionized water to
sensing gate where volume of conductivetop etching, acetone to remove the photoresist an
electrolyte is the smallest thus the overall rasise Piranha solution (sulfuric acid : hydrogen peroxide
of a microchannel is given by this narrowest sectio3:1) to clean the surface for the second metal
When a non-conductive particle enters this sectigputtering process. Only the main channel and the
conductivity drops proportionally to the volume ofe€nsing gate were again coated with 60 nm of
the particle. This phenomenon also allows théhromium and 70 nm of gold to protect these areas
system to distinguish a particle size accordintéo from further etching. Afterwards the inlet channels
height of resistive pulse. In terms of microfluidicvere etched to the depth of 250 pm so the platinum
cellular analysis this ability could be used asfitsé electrodes and fused silica capillaries could be

characterization of cells or as a sorting criterion Smoothly inserted in. Two etched wafers were
alligned and thermally bonded in a muffle furnace

#Correspondence: vaclavek@iach.cz
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at 620°C for 10 hours so the resulting microchanndl Results and Discussion
had a circular cross section.

In orded to tightly seal the inlets fors-1-Microfabrication

platinum wire electrodes and fused sillica The two-step etching process resulted in
capillaries a plastic frame was designed igjightly over-etched edges in microchannels which
SketchUp (Google, USA) and printed out using thaq heen etched in the first step and re-coated wit
3D printer Easy3DMaker (3D Factories, Germanydg nm of chromium and 70 nm of gold. This re-
based on fused deposition modelling technology. ¢,4ting was an insufficient protection from further
etching in the second step, especially at the edfges
microchannels. Chromium and gold is the best
The microfluidic device was placed on a SVM 34gombination of metals for protection in glass

synchronized video microscope (LabSmith, USA§tching. In our laboratory it was proven that 60 nm
to have a visual control over cells running througf chromium as a first layer with 70 nm of goldeas

the sensing gate.

2.2. Resistive pulse sensing

A colibrick A/D converter and Clarity
Chromatography Data Station (Data Apex, Czech
Republic) were used to monitor resistive pulses by
measuring voltage at the output of the
conductometric detector (Villa Labeco, Slovakia). s
Resistive pulse signals were recorded using a data
acquisition rate of 100, 200 and 400 Hz.

2.3. Samples

At first the inial experiments were performed with v ; A :
monodisperse 10 um polystyrene beads (Sigma- iy i S
. . H A :3.82mm

Aldrich, Germany), which were chosen as a non- R Det: SE ‘1oo|.|m]

COﬂdUCtIVG partlcle Slze Standard, Suspended |n the SEMMAG: 500 x Dte(mldly): 09/07/17 : Perforance in nanospace

PBS buffer. In experiments with biological cells we Figure 1. Scanning electron microscope image of the
' i p X 9 ’ sensing gate shows the diameter of microchanrig2as

observed excesive clumping of cells especially of

Saccharomyces cerevisieells, therefore it was - _

necessary to add 0.1 mM EDTA into PBS buffer t§¢cond layer was sufficient protection for flat

supress this cell to cell adhesion. Further w@drfaces even in deep etching (reaching depths of

performed experiments with mouse osteoblas®PProx. 250 um). However in this case it was

MC3T3-E1 and human prostate cancer PC3 cellsinsufficient to protect the edges of microchannels
etched in the previous step, probably because the

MC3T3-E1 mouse osteoblasts and PC3 humawating process is not equally effective at theesdg

prostate cancer cells were collected and centrifuggs at the flat surface eventhough the sputtering
at 600 G. Growing medium was removed and th@achine had a rotating stage.

cell pellet was resuspended in PBS. Samples were _ ) )

then again centrifuged at 600 G and resuspended in ~ 1he resulting diameter of a microchannel
PBS with additon of 0.1 mM EDTA for Was 43 um according to the scanning electron
experiments. microscope image iRig. 1

Saccharomyces cereviseells were purchased as3.2. Resistive pulse sensing

dry pellets and were just resuspended in PBS buffer . ] ) .
containing 0.1 mM EDTA. As particles and especially biological cells

may form coagulates it was crucial to indentify
single particle peaks by observing particles on a
microscope at a reduced flow rate. The digital
representation of the actual voltage was reconded i
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a form of a chromatogram (as Clarity software waicknowledgement
designed for chromatography stations) and in our

experimental conditions (low flow rate) it wasthe research was supported by the Grant Agency

sufficient to set the data acquisition frequency t0¢ vna czech Republic (16-09283Y, P206/12/G014)
100 Hz. Clarity chromatograms were exported int the institutional research plan (RVO:

MS Excel and as a defining criterion was chosen t%%081715) of the Institute of Analytical Chemistry

peak_helght, because it reffers _to particle 3|z_erem of the Czech Academy of Sciences.
specifically to the volume ratio of a particle to

sensing gate). Although in chromatography is more
commonly used the peak area, in terms of resistive
pulses the base of a peak reffers to the time of Table 1. Average resistive pulse heights measured for
particle passage which is actually dependenten th polystyrene particles and various types of biological
\ ’ ) cells.
velocity of flow. Therefore the peak height has

hlgher S|gn|f|Cance Particle Type Microscope Image| Average Pulse Height [mV] |SD [mV]
. 10 um polystyrene beads 0.181 0.011
To evaluate an average resistive pulse po
signal of different particle samples we selected 10
single particle peaks and calculated the height of | Seccharomyces cerevisiae 0076 0012
every peak by subtracting the averaged value of
baseline (averaged value of baseline was calculatedjmouse osteoblasts Mc313-E1 0.670 0179
by averaging 40 data points surrounding each peak).
ReSIStlve pulse s|gna|s fOI‘ polystyrene Human prostate cancer PC3 1.744 0.843

particles and various types of biological cells are
summarized iffab. 1 It is worth to note that in case
of monodisperse polystyrene particles the slightEFERENCES

variation in peak heights is caused by differenices

particles trajectories. The magnitude of disrutio1l] Weatherall, E.; Hauer, P.; Vogel, R.;Willmott,
in electric current flow at the sensing gate slight G.R. PuIse_Size Distributions in Tunable Resistive
differs when these disruptions occur in the middle ggf_elgigsz'g?ggsagngr;irgﬁgtg32'13648_8656
of a microchannel or closer to the microchannel T ' '

walls [1].

4. Conclusion

The microfluidic device presented here is
compatible with fused silica capillaries, therefdre
facilitates its combination with electromigration
methods in a capillary format. More importantly, as
opposed to microfluidic devices based on PDMS, it
can be repeatedly disassembled, cleaned using harsh
cleaning agents (eq. piranha, chromigd) and
reassembled to achieve full performance after
clogging of microchannels. This device has a
potential to be a particle counting module in a
tailored flow system where is required to monitor
the number of entering particles into subsequent
microfluidic  operations or electrophoretic
separations.

85



Abstracts of poster presentations

P1 |IDENTIFICATION OF O-GLYCOSYLATED (N-TERMINAL) PR O-B-TYPE
NATRIURETIC PEPTIDE FORMS IN BLOOD PLASMA OF PATIEN TS WITH
SEVERE HEART FAILURE

BENNO AMPLATZ,! BERNHARD HALFINGER,! ANGELIKA HAMMERER-LERCHER,2 BETTINA SARG,! LEOPOLD
KREMSER,! AND HERBERT H. LINDNER®*

1 Division of Clinical Biochemistry, Innsbruck Medical University, Innsbruck, A-6020, AUSTRIA
2 Institute of Laboratory Medicine, Kantonspital Aarau AG, Aarau, Switzerland.

Abstract — We identified nine distinct glycosylation sites on circulating (NT-) proBNP in heart failure patients using
immunoaffinity purification, sequential exoglycosidase treatment for glycan trimming and high-resolution nano-flow liquid
chromatography electrospray multistage mass spectrometry. Our results directly demonstrate a rather complex and
interindividually different distribution of the endogenously circulating glycoforms. This information may also have an impact
on commercial immunoassays applying antibodies specific for the central region of (NT-) proBNP, which detect mostly
nonglycosylated forms.

Keywords: brain natriuretic peptide (BNP), O-glycopeptides, Heart Failure.

1. Introduction _
2. Experimental

N-terminal pro—B-type natriuretic peptide (NT-

proBNP) and its C-terminal physiologically activeSAMPLE PREPARATION

counterpart, B-type natriuretic peptide (BNP), havReparinized plasma samples with concentrations
become well-accepted heart failure (HF}pove  10.000 pg/ml  were purified by

biomarkers and were implemented into thgnmynopurification using either a  biotin-

guidelines for HF-management more than 10 Yea&njugated polyclonal antibody (pAb) directed
ago. Both forms, as well as their unprocessegsinst amino acids (aa) 1-21 or biotin-conjugated
precursor proBNP circulate as various N- and Ge(apy2 fragments of a mAb specific to aa 42-46 of
terminally truncated and O-glycosylated forms IRNT-) proBNP bound to streptavidin-coated

severely ill HF patients. magnetic microparticles (Roche Diagnostics).

As the proBNP : BNP ratio was reported to increadgiates were partially deglycosylated with an
in pathophysiological conditions such as ventriculX0glycosidase  cocktail and  subsequently
overloadand O-glycosylation of proBNP impedesProteolytically  digested  with  trypsin  or
its procession, understanding the structur§ndoproteinase Glu-C or by a combination of both
attributes and molecular heterogeneity of thgNZymes.

different natriuretic peptide B forms displays a

critical prerequisite for improved design of assays
as well as their clinical application in the diversMASS SPECTROMETRIC ANALYSIS OF

settings of HF. IMMUNOPURIFIED ENDOGENOUS (NT-)

) ) . _proBNP
In this study we set out to define the specific O-

glycosylation sites of human endogenous (NTHroteolytically digested samples were analyzed by

proBNP in HF patients. We also demonstrate anoflow liquid chromatography electrospray

variable distribution of glycoforms in differentionization multistage mass spectrometry (nano-LC

patients. ESI-MSn) on an LTQ Orbitrap XL (Thermo Fisher
Scientific).

$5Correspondence: Herbert.Lindner@i-med.ac.at
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Thr36, Ser37, Serd44, and Thr48 are modified by
glycans. These glycoforms were well resolved in
nanoflow reversed-phase chromatography
according to the number of attached glycans (Fig. 1
A-E). Interestingly, relative amounts of glycoforms

varied between patients.

3. Results and Analysis

In a nano-LC ESI-MSanalysis of peptide 1-13

RT: 40.11 min NL: 3.93E6
951.19 miz=951.12.951.22 F:

AT Unemshfiod ,‘ s Bt S Finally, analysis of tryptic peptides 55-66 and 66—
\ _ 73 assigned a further glycosylation site to Thna@ a

B ™3 1Hexnac e reites.  confirmed the glycosylation site at Thr71. For an
* | T overview of all glycosylation sites identified on

fl.a
Fom
RT: 37.64 min
1086.57

(NT-)proBNP, see Figure 2.

C '3 2HexNAc

%
theoretical mz= 1086.55

= T365T min - NL: 9.92E6 4 C I :
D w1y 3HexNAc st PR ..conciusion
| [300,00-2000,00] MS
theoretical m/z= 1154.25

g
: mz
E 1003 4HexNAC |7 gr:3623min k

In this study, we characterized nine specific O-
. glycosylation sites on human (NT-) proBNP

L ——— circulating in plasma of patients with severe HF.
Figure 1.Nano-LC ESI-MS of a tryptic digest of an Most_ strikingly, a_II_ peptides charact_erlzed coexist
IP-enriched plasma fraction pooled from 9 patients also in an unmodified form and relative amounts of
after limited exoglycosidase treatment. proteolytic glycoforms varied among patients.

(A—E): XICs of glycoforms of the peptide 28 —52. Peaks

represent the monoisotopic m/z ratios (z=3+) with 50 ppm

mass tolerance. The arrow in (E) indicates an interfering

peptide. RT: retention time; For a more elaborate version of this study, we

. . encourage readers to see the full scientific
(generated by an endoproteinase Glu-C digest) a g

new glycosylation site could be identified: Out opubllcatlon on which this abstract for CECE 2017

the three possible sites, the monoglycosylated for. 14th Inte_rne_monal Int,erd|SC|pI|nary_ Meeting on
L loanalysis) in Veszprém, Hungary is based [1].
was pinpointed to Ser5.

< proBNP ——> Acknowledgement

S5 T14o0r S15 T36 S37 S44 T48 S53 T58 ™7

Research Funding: Research grant from Roche
Diagnostics GmbH, Penzberg, Germany (D150820-
011-012).

<€—— NT-proBNP —> <— BNP —>

Figure 2Scheme of identified glycosylation sites in REFERENCES
(NT-)proBNP.
Glycosylated positions are indicated as yellow boxes.

[1] Halfinger B., Hammerer-Lercher A., Amplatz B.,

: ; Sarg B., Kremser L., Lindner H.H.: Unraveling the
On 'peptlde 1.4_21 (g.enerated by_a trypsin / GI,U-C Molgcular Complexity  of O-Glycosyla%[ed
codigest), which carries two possible glycosylation Endogenous (N-Terminal) pro—B-Type Natriuretic
sites, either Thrl4 or Serl5 was found to be peptide Forms in Blood Plasma of Patients with
substoichiometrically glycosylated. Neither sits ha Severe Heart Failur€lin. Chem.2016 63(1) 359-
been described to be glycosylated previously as 368DOI:10.1373/clinchem.2016.265397

well.

The tryptic peptide 28-52, which has 5 potential
glycosylation sites, was found in a nonglycosylated
form, but also mono-, di-, tri, and

tetraglycosylated. Data evaluation proved that
Ser29 is not significantly glycosylated, whereas
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P2 CAPILLARY ISOTACHOPHORESIS DETERMINATION OF TRAC E
OXIDIZED GLUTATHIONE IN BLOOD

ROBERT BODOR,* ANDREA NECASOVA,Z* ALENA PECHOVA2 AND MARIAN MASAR?

1 Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius University in Bratislava,
Ilkovi¢ova 6, Bratislava, SK-84215, SLOVAK REPUBLIC

2 Department of Animal Protection, Welfare and Behaviour, Faculty of Veterinary Hygiene and Ecology,
University of Veterinary and Pharmaceutical Sciences Brno, Palackého tf. 1/3, Brno, CZ-61242, CZECH
REPUBLIC

Abstract — A capillary isotachophoresis (CITP) method performed in a column-coupling equipment has been developed for
the simultaneous determination of glutathione (GSH) and glutathione disulfide (GSSG) in blood samples. Determination of
GSSG and GSH in biological samples is important because of their roles in oxidative stress. Different concentrations of
leading ion in the coupled columns (concentration cascade) and high volume (37 pL) of injected sample allowed the
determination of GSSG in the concentration range 2-25 pumol/L. Sample preparation involved reaction between iodoacetate
and GSH under alkaline conditions in order to avoid oxidation of GSH to GSSG. This step eliminated the main source of
systematic errors in the GSSG determination. Linear relationship (R?=0.9969) between the zone length of S-(Carboxymethyl)
glutathione (product of GSH and iodoacetate) and the concentration of GSH (40-120 umol/L) was obtained. The method was
applied to the analysis of ten times diluted bovine blood samples with satisfactory results.

Keywords: glutathione, glutathione disulfide, isotachophoresis, bovine blood

1. Introduction

Glutathione (GSH), a thiatontaining tripeptide, Autosampler  Irterface

plays an important role in the antioxidant systém o

eukaryotic cells [1]. Upon oxidation, GSH is ‘ ind

transformed to glutathione disulfide (GSSG) [1]. I

The concentration levels of GSH and GSSG and e

their molar ratio are indicators of cell functioityl g il w

as well as oxidative stress [2]. Different aspedts

the determination of GSH and GSSG in biological ST T e,
samples, including sample pretreatment, was BF”E IS
recently reviewed [3-5]. The main problems are Y P e
related to the non-enzymatic GSH autoxidation at

pH > 7, enzymatic conversion of GSH, a need for . .

the removal of proteins prior to the analysis, DAVELS et
blocking of free thiol groups, reduction of disdHEis R & e

and derivatization of thiol group [3, 6]. Among a
wide variety of analytical methods, capillary Figure 1.A scheme of the electrophoresis system.

. . . . Autosampler: S — sample loop, SP — syringe pump,
electromigration methods, mainly CE coupled with . /™ 6-way valve.

different detectors (UV absorbance [7-10], Interface: during the injection the septums areceie
fluorescence [11] and laser-induced fluorescence by the needles (N). Interface*: during the separetie

: autosampler is disconnected from the analyzer.
[12, 13], electrochemical [14, 15] and mass Separation and electrolyte unit: V1-V4 — pinch esly

spectrometry [16]) have been used for the Egi1-g3 - driving electrodes, P1-P3 — peristaltic psm

determination of glutathione [5, 17]. IM — injection module, W — waste, D1-CD, D2-CD,
D2-UV - contactless conductivity and absorbance

The aim of this work was to develop a capillary detection cells, M- membrane,_ BF —bifurcation, TE,
isotachophoresis (CITP) method with minimal -E% LE2—terminating and leading electrolytes.
sample pretreatment for simultaneous

determination of GSSG and GSH in bovine blood

""Correspondence: robert.bodor@uniba.sk

88



Table 1.Electrolyte systems

Electrolyte Parameter ES1 ES2 GSSG GSH LIS
LE1 Leading ion Chloride TE
Concentration [mmol/L] 10 10
Counter ion 6-Aminocaproate
Concentration [mmol/L] 12 12 TR
EOF supressor Methylhydroxy-
ethylcellulose
Concentration [% w/V] 0.1 0.1
pH 3.4 3.4
LE2 Leading ion Chloride 50s
Concentration [mmol/L] 5 2
Counter ion 6-Aminocaproate
CEtgr'chlrletgrra(:lsc;r;r[mmollL] 6Methy|hyd$6iy- Figure 2.lsotachopherograms from the separations of
ethylcellulose GSSG and GSH performed in the electrolyte system
Concentration [% w/V] 01 01 ES1 (a) and ES2 (b). The isotachopherograms were
pH 38 39 recorded by D2-CDHKjg. 1). Concentration of GSSG
TE Terminating ion Caproate and GSH in the injected sample wasy®8ol/L.
Concentration [mmol/L] 20 20
Counter ion 6-Aminocaproate 2.1. Samples
Concentration [mmol/L] 15 15
EOF supressor etr’:"?égﬁt‘%‘i‘;""* The bovine blood samples were collected using
Concentration [% w/V] 0_31/ 01 PVC taking svet with integrated needle HEMOS
pH 4.7 4.7 (Gama Group¢eské Budjovice, Czech Republic),

and immediately transferred to the test tube with

samples. Determination of trace analytes in requl§?EDTA. The samples after dilution, required for
CITP, when the quantitation is based on the zof§MOlysis, were filtered prior to the analysis gsin
length measurement, is not very common. In thY"inge filter with glass flber_me_:mbrane with pore
work, two key problem were solved: (1) lowering$2€ Of 1um. During the dilution step a thiol-
the limit of quantitation of the CITP method, ag) ( Masking agent and NaOH was added to each
stabilization of GSH without protein precipitationSample-
for accurate GSSG determination.

3. Results and Discussion

2. Experimental
3.1. Separation conditions

An EA 202A analyzer (Villa-Labeco, Spisska Novar, o «ompination of two columns with different IDs.,

Ves, Slovak Republic) was used for CITRyyioving a column switching technology, is

separations. This fully automated CE system Wagneficial for the CITP determination of analytes
equipped with two columns. In the first column, gyesent in the multicomponent sample at low
fluoroplastic capillary tube with ID of 800m and  .,ncentrations and/or at different concentration
contactless conductivity detection were used. & the, s The first (wider) capillary has allowed the
second column, a fused silica capillary with ID 0fgn4ration of sample constituents loaded on the
300 um, contactless conductivity and UV o 1umn at relatively high volume (3iL). Typical
photometric detectors were used. macroconstituents, e.g., chloride and EDTA

The CITP separations were performed usingtigrated out of the separation path through
electrolyte systems showed Trable 1at constant

driving current, and in anionic mode (electrode E3

in Fig.1 used as a cathode). At the beginning and at

the end of the day, the separation and electrolyte

units as well as sample loop of the autosamplee wer

rinsed with deionized water using built-in peristal

pumps. Between analyses a relatively short rinsing

procedure (ca. 1 min) with electrolyte solutionswa

used.
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bifurcation block, and by this way they werdn electrolyte system ES2 is also evident from the
removed from the separation compartment. Duringarameters of regression equations for the analytes
this stage of the separation the driving curreowfl (Tab. 2.

between electrodes E3 — HHid.1).
3.2. Stabilization of glutathione

TR GS-MC TE The stability of GSH and its oxidation to GSSG

during the period between the sample collection and
the analysis is the main source of systematic grror
In bovine blood sample we determined much higher
concentration of GSSG and lower concentration of
GSH than expected values.

To avoid this problem, we used thiol-masking
agent, iodoacetic acid (IA) [18]. The substitution
reaction between IA and GSH formed S-
(Carboxymethyl) glutathione (GS-MC).

Figure 3.lsotachopherograms from the separations of

reaction mixture performed in the electrolyte syste Under the ITP separation conditions used, GS-
ES2. The isotachopherograms were recorded by D2 ; ; :

CD. Mixture contained 1amol/L GSSG, 80umol/L MC ml.grated in front of QSSCF(g. 9. The optimal
GSH. 2 mmol/L 1A. 4 mmol/L NaOH. 10 % TE. The  conditions for the reaction between IA and GSH
sample was injected at 5 min (dot), 15 min (dasi) a ~ was determined by the ITP separations of reaction

20 min (solid) after mixing of the reagents.

Very short ITP zones of analytes created in the 160
first column were not sufficient for their s, N
determination. By switching the direction of the A
driving current through both columns (by 120
connection of electrodes E3 and EXg. 1), the = A A GS-MC
separated constituents were transferred to the 5 P—
second column. An appropriate timing of the s &
switching of the current has been achieved using § s
signal from D1-CD Fig. 1). e

O 0 (o} o

In the second (nharrower) capillary the ITP zones of &
analytes were prolonged. In addition, due to thke lo . °. . .
GSSG concentration in the blood samples 0 20 0 60 0

(maximally tens ofumol/L), a further extension of
its ITP zone length was done by the use of lower
concentration of leading ions (ESRable 1) in the
second columnHig. 2). Higher sensitivity achieved

Reaction time (min)

Figure 4. Dependence of ITP zone length on the
reaction time of the mixture containing i&nol/L

Table 2.Parameters of regression equations GSSG, 80umol/L GSH, 2 mmol/L 1A, 4 mmol/L
0,
Analyte [frr?gl?f] [s.L/EmoI] [2] ¥ NaOH, 1096 TE
GSSG 550 0.67 145 0.9997 mixtures in different times from the mixing of
reagents. These experiments were carried out with
GSSG 2-25 1.66 201 09992 both, model and real samples. At neutral and
GSH: 10-50 0.48 025 09999 slightly alkaline pH the reaction was very slow. An
excess of IA (2 mmol/L) and presence of NaOH (4
GSH 10-50 1.24 060 0-9994 mmol/L) in the reaction mixture leads to the fast
GSH (GS-MC}  40-120 1.98 6.60 09969 (less than 20 min) and quantitative conversion of

GSH to GS-MC Fig. 3 and Fig. 4) without
increasing of the GSSG concentration.

1 Electrolyte system ES1, aAdES2 used for data
evaluation. Regression equation: Y = aX + b.
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For quantitative analysis, IA and NaOH wag3]
added to the bovine blood sample immediately after
its collection (during sample dilution step reqdire
for hemolysis). Ten times diluted blood samples
were directly analyzed after their filtration thghu (4
a syringe filter (1 um pore-size). Determined
concentrations of GSSG and GSH in the diluted
blood sample were 4.dmol/L and 63.4umol/L,
respectively. The average concentrations calculat&d
from eight repetitive measurements of identical
sample were in a good agreement with those
determined by enzymatic method. The precision of
the method, expressed by the RSD values &
determined concentration of GSSG and GSH was
10.3% and 4.4%, respectively.

[7]
4. Conclusion

The developed capillary isotachophoretic method
allows a sensitive and simultaneous determination
of GSH and GSSG in whole bovine blood sample?g]
Simple and rapid preparation of blood samples,
involving only dilution, masking of thiol group in
GSH and filtration, increases the accuracy of the
GSSG determination. No adverse effects of the
proteins present in the real blood samples on the
separation effiency or detector response wds
observed. It can be assumed that this methodas als
suitable for the analysis of the blood samples of
other mammals.

(10]
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P3 GLYCOSIMILARITY INDEX FOR BIOTHERAPEUTICS
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3 MTA-PE Translational Glycomics Research Group, Research Institute for Biomolecular and Chemical
Engineering, University of Pannonia, Veszprem, Hungary

Abstract

Recent expiration of numerous protein therapeutipened up the opportunity for the
development of biosimilars. Critical quality attites (e.g., post-translational modifications
of recombinant biotherapeutics) have great impaat atinical efficacy and safety of
biosimilars. Therefore, regulatory authorities requcomprehensive analysis of protein
structure, post-translational modifications andldgical activity during the development
process of a biosimilar product. Since most recorabi protein biologics and consequently
their biosimilar counterparts are glycosylatedpmfiation about their carbohydrate moieties
represent an important information to demonstratalarity. Glycosylation could have a
significant impact on the biological activity, eff®r functions, and immunogenicity of the
drug products. The first part of this presentatsummarizes the attributes of biosimilarity,
considering the regulatory guidelines and the rah¢\statistical aspects (e.g., biosimilarity
index). The second part discusses glycosylationoms of the important attributes of
biosimilarity in detail. Based on the traditionaleaage bioequivalence criterion, the
glycosimilarity index is defined as a subset of thesimilarity index. The test product is
similar to the reference product from this impottpost translational modification point of
view if the glycosimilarity index falls in the ragef 90% - 111%. Practical examples of
glycosimilarity index calculation of several origitor a their biosimilars will be shown based
on capillary electrophoresis analysis of their glyglation patterns.
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P4 SEMIAUTOMATION OF LIQUID HANDLING FOR
MICROELECTROMEMBRANE EXTRACTION OF COMPLEX SAMPLES

MiLOS DVORAK*, ANDREA éLAMPOVA, AND PAVEL KUBAN

Institute of Analytical Chemistry of the Czech Academy of Sciences, v. v. i., Vevefi 97, CZ-60200 Brno, Czech
Republic

Abstract — Application of a programmable pump directly connected with an extraction unit was examined for micro-
electromembrane extractions (u-EMEs) of complex samples across free liguid membrane (FLM). Performance of liquid
handling and repeatability of withdrawn volumes were investigated and excellent results (relative standard deviation (RSD)
values lower than 3%) were obtained for handling uL volumes of u-EME operational solutions. A simple program sequence
for semiautomated handling of three adjacent phases is shown and discussed, which can be easily modified for use with
standard or complex samples. The semiautomated system was practically applied for p-EME of four basic drugs from
biological fluids. The p-EME step was followed by analysis of acceptor solution by capillary electrophoresis demonstrating
extraction recoveries above 70% and repeatability of the analytical method below 10%.

Keywords: free liquid membrane, automation, micro-electromembrane extraction

1. Introduction This contribution describes a system for
semiautomated handling of all three immiscible

Micro-electromembrane extraction (u-EME) wahases in p-EME of basic drugs from human body
introduced as a novel miniaturized technique fdtuids. A special attention is focused onto liquid
extractions of complex samples in 2014 [1]. A freBandling of protein-containing body fluids. A
liquid membrane (FLM), usually a waterSimple program is presented, which eliminates
immiscible phase, is sandwiched between twansfer of proteins to acceptor solutions, isahié
aqueous solutions to form a three phase u-EIVTEr efficient extraction of model basic drugs from
system. All solutions are free liquids and arBuman body fluids and the presented work opens

stabilized by capillary forces in a low-bore cagiy New possibilities for automation of p-EME
tubing. techniques.

Advantages ofu-EME across FLM are reduced .

. . 2. Experimental
consumption of samples and organic solvents,
higher variability of membrane thickness/shape, _
higher stability of the membrane and suitability fo ~ 2-1. Chemicals and reagents

real-time monitoring of extraction process [2]. Th(—*AII chemicals were purchased from Lach-Ner

low co_nsumptio_n of _samplr_;\ can '?e favourable i(Neratovice, Czech Republic), Sigma (Steinheim,
extractions of biological fluids, which are usua”yGermany) and Fluka (Buchs, Switzerland) and were

availab_le in Iimited amounts [3]. On the other hanq)f reagent grade. Deionized water (DI) prepared by
labour intensive procedures and manual handling 8>f<change of ions in a mixed-bed ion exchanger

microliter volumes of operational solutions are it%vater purification system G 7749 (Miele

majo_r disadvantages., which may have dire%i]tersloh, Germany) with resistivity higher than 18
bearing on the extraction method performance. MO.cm was used. Stock solution of 1.5 M NaCl

Liquid handling with semiautomated systems wagas prepared from pure NaCl (Lach-Ner) in DI
reported for microchip EME [4] and dynamic EMEWater. Stock solutions of basic drugs nortriptyline
[5]. Mechanical pumps continuously deliveredydrochloride, papaverine hydrochloride,
sample and acceptor solution to each side ofh@loperidol and loperamide hydrochloride (1'gL
supported liquid membrane (SLM), which was ifSigma) were prepared in methanol (Lach-Ner).
form of a porous solid material impregnated with atandard solutions of the four basic drugs were
organic solvent. Manual replacement of SLM wag)repared from these stock solutions by mixing with
however, required between EMEs thus disablingydrochloric acid (Lach-Ner).  Background

full automation of the extraction process. electrolyte  (BGE) solutions for capillary
electrophoresis (CE) analyses were prepared in DI

water and consisted of 15 mM sodium dihydrogen

Dr. Milo§ Dvofak, e-mail: dvorak@iach.cz, Tel: +420 Chemistry of the Czech Academy of Sciences, v. v. i.,
532290121, Fax: +420 541212113, Institute of Analytical Veveti 97, CZ-60200 Brno, Czech Republic



phosphate and 15 mM ortho-phosphoric acid (LacNE-1000, New Era Pump Systems Inc.,
Ner); pH of BGE solutions was 2.23. 1l-ethyl-2Farmingdale, NY, USA) was equipped with a 25 pL

nitrobenzene (ENB, Fluka) was used as FLM in pglass syringe (1705RN, Hamilton, Bonaduz,
EME experiments. Switzerland). The pump was operated in withdrawal

and infusion mode for filling of extraction units

2.2. Samples, instruments and measurementsyith respective solutions and for collection of
oaerational solution after p-EMESs, respectively.
iston diameter was adjusted to 0.73 mm. For
etails on programming the sequence see Table 1.

Plasma samples were purchased as lyophilis
powders from Sigma and were diluted with D
water according to a procedure recommended by t micropipette tips (0.5 — 10 uL, Kartell, Novigli
manufacturer. The plasma samples were stored aﬁ— ) :
R . _Italy) were used as the extraction units. A flat
20°C and were allowed to warm up to the ambient . :
. ._bottom needle of the Hamilton syringe and the PP
temperature before they were diluted with . . .
hvdrochloric acid and used for L-EME extraction unit were connected using a 1 cm long
y H ' piece of flexible Tygon tubing (0.25 mm ID/1.6 mm
A high voltage power supply unit (SpellmanO_D, Gilson, Yillers_ .Ie Bel, Fr_ance) and 1 cm long
CZE1000R Start Spellman, Pulborough, UK) wagiece of flexible silicone tubing (1/3 mm ID/OD,
connected with UV-Vis detector (Spectra 1003umex, Straznice, Czech Republic). A tubular
Spectra Physics, U.S.A.) in a home-made Ceopper wire (0.15 mm thick, 5 cm long) was thread
system. Electric potential of + 18 kV was applied detween the Tygon and silicone tubing, protruded
the injection side of the separation capillarydtr by 3 cm into the extraction unit and formed one
runs and detection wavelength was 200 nm. Dagectrode of the p-EME system. On connecting the
were collected using Orca-2800 (Ecom, Pragupymp with the p-EME unit, the Cu electrode was
Czech Republic) data acquisition system connectélifected to the wider part of the unit and the etutl
to a personal computer with Ecomac (Ecomgf the silicone tubing was firmly pressed agaihst t
software. CE-UV analyses of basic drugs werenit to ensure a leak-free connection.

performed 'in 751375 pm ID/OD fused silica (FSL-EME operational solutions were filled into
capillary with total Ieng.th Qf 55 cm and effecnveextraction units using a program for withdrawal of
length of 10 cm. FS capillaries were purchased frorsnpeciﬁc volumes of donor solution. ELM and
Polym|cr_o_ Te_:chnologles, Phoenix, AZ, USA' InIt'falacceptor solution interspaced by wait periods of 15
preconditioning procedure employed flushing WlthS Program for withdrawal of plasma sample is
1 M NaOH, DI water and BGE solution for 5 mins'hOWn in Table 1

each. Between two analyses, the capillary was '

flushed with BGE solution for 1 min. A second electrode (0.25 mm thick tubular Pt wire,

Injections of pL sample volumes were carried ou9t9'95%’ Advent, Oxford, England) was inserted
J H P to the narrow end of the extraction unit aftez th

from polypropylene (PP) micropipette tips (0.1~ ;q;ree phases were formed. To avoid evaporation of
uL, Eppendorf, Hamburg, Germany). The PP ti e phases, the tip was closed with a protective

with the solution was attached (in vertical posijio
. : sleeve [6]. The electrodes were connected to a d.c.
to a movable arm, which elevated the tip to the
L o ower supply EV 231 (Consort, Turnhouf,
injection position and ensured contact between t S .
elgium); anode was the Cu electrode in donor

capillary and the i_n_jected solution. The Cap“.lar}éolution cathode was the Pt electrode in acceptor
outlet end was positioned 10 cm below the capillar olution and extraction voltage was switched on.

injection end and the sample was injecte . . . .
hvdrod icallv for 15 s into th i Aft he extraction unit was positioned horizontally
ydrodynamically for 25 s into the capiiary. erduring M-EME with no agitation. All p-EME

sample injection, capillary outlet and inlet were . )
. . . . . experiments were performed at ambient

placed into vials with BGE solution and high N .
. . temperature of 25°C. After u-EME, the syringe

voltage was applied. All CE experiments were

. N pump was switched to the infusion mode and
performed at ambient temperature of 25°C. . )
acceptor solution was collected into the narrower

A schema of the instrumental set-up for p-EMENd of a clean micropipette tip (Eppendorf) and was
system with semi-automated liquid handling igised for CE analysis. Organic phase was collected
depicted inFig.1. A programmable syringe pumpinto another tip and was discarded. Donor solution
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was collected into a third tip and was used for Cleviation (RSD) values for 6 subsequent
analysis. Infusion flow rate was 15 pL/min. withdrawals were less than 3%.

Performance of the syringe pump was examined
with high precision scales Kern 770-60 (Kern &
Sohn GmbH, Balingen, Germany) with 0.01 m@.2. Semiautomated handling of body fluids

readout. The pump program can be entered directly from

Extraction recoveries (ER) were calculatedhe pump keyboard or using a personal computer. In

according to equation reported in reference [3]. 5 2%

. . Y
3. Results and Discussion £ 4
= 2 2.2%
| 2,
- = ]
| s 1
Erssssial Multimeter gies . E
e = = 04 ' ' '
data handling & pump driver ] (;“d e]e:i;:)de 1 3 2 5 5 O
m;’j ar ‘ DFIM A — Programmed volume (uL)
o i U ] Figure 2. Programmed and trully pumped volume
e Silicone  pp pipette Tip S for u-EME system. For conditions see experiments.
o ng 3 phase system
Programmable our experiments, the program was entered directly

= syringe pump

from the pump keyboard due to the possibility for
fast and simple program modifications. The 15 s of
3.1. Semiautomated liquid handling pump inactivity after withdrawal steps, included in
. : . tr?e program, were used for manual changing of
Several materials were examined for connection g . . . .
Efzservows with  operational solutions. All

the pump system with the micro-extraction unit anc()eperational solutions were withdrawn and infused at

for accommodation of the |1-EME electrode. Thesa flow rate of 15 pL/min. This flow rate provided

included use of non-flexible (for example PP tips .. . . . -
) . Sufficient precision of pumping and the filling
and PTFE tubing) and flexible (for example Tygonrocedure took less 2 minutes depending on
and silicone tubing) consumables. Using of the nor?- . , : .
. s . volumes of solutions. Withdrawal of biological
flexible materials is not recommended since Ieal*

and non reproducible withdrawal of liquids wa lasma was withdrawn into extraction unit (1.3 pL)

observeq. This was attributed to microspaces at t Kiowed by withdrawal of FLM (2.5 uL) and of
connection point between the pump and the

: : . ) cceptor solution (1.3 pL). The acceptor solution
microextraction unit and in the puncture for u-EMI%‘vaS collected and analysed by CE. Adsorption of

electrode. The final arrangement included erxibIeIasma roteins to the PP unit and subsequent
Tygon/silicone tubing, which ensured Ieak-proof P g

rgnsfer to acceptor solution was evidenced by

connections and easy manipulation and is depicte . .
- . . . %resence of protein peaks in CE electropherograms
in Fig.1l. Details on materials and connections ca . .

. ) and by deteriorated CE performance. To avoid
be found in Experimental part.

transfer of proteins to the acceptor solution,uhie
Precision of pump system was examined bijp was flushed with % 2.0 pL of DI water (Phases

withdrawal of various volumes of DI water. 1.3, 2.%-10) before the final withdrawal of acceptor

and 5uL were selecteas typical p-EME volumes and solution. Presence of proteins in CE runs was not

repeatability of the withdrawal process ibserved after the additional treatment. The final

summarized inFig.2. Empty unit was weighed,

defined volume of DI water was withdrawn and the

unit was weighed again. Volume of withdrawn DI

water was calculated by subtracting weight of

empty unit from the weight of filled unit divided/b

DI water density at 25°C. Relative standard

Figure 1.Semiautomated set-up for p-EME.

Riids were examined with human plasma samples.
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program suitable for semiautomated filling offrom other human body fluids spiked with the drugs
highly complex samples is summarizedimble 1. (urine, saliva, serum).

For standard solutions and samples with lowe 15 -

complexity (urine, saliva, etc.) Phases 5-10 can b nomptilin;;apa\enne
deleted from the program. -
Table 1.Pump program for filling the microextraction ;‘: haloperidol
unit with three phases for u-EME of human plasma. =10 - loperamde
Phase Function Rate Volume Direction =
uL/min uL E“
1 RATE 15 13 | Withdraw 8
2 PS:15 g
3 RATE 15 2.5 Withdraw £ 91
4 PS:15 Z A
5 RATE 15 2.0 Withdraw R R
6 RATE 15 2.0 Infuse
7 PS:15 0 .
8 RATE 15 2.0 Withdraw 1 2
d RATE 15 2.0 Infuse Time of migration (min)
10 PS:15
11 RATE 15 13 Withdraw Figure 3. Electrophoreograms showing human
12 STOP plasma after p-EME. A: plasma diluted 1:1 with 20

mM HCI (blank). B: plasma diluted 1:1 with 20 mM

. . HCI containing 20 mgtt of basic drugs (spiked
3.3. u-EME of basic drugs from body fluids plasma). CE and p-EME conditions see Experimental

. . part and Chapter 3.3, respectively.
Volumes of operational solutions (1.3 pL of donor

solution, 2.5 pL of FLM and 1.3 pL of acceptor The semiautomated p-EME system was
solution) were selected as the minimum volumegharacterized by excellent analytical performance.
providing stable extraction conditions at extractioExtraction recoveries for model analytes were
potential of 150 V and time of 10 min. They werdigher than 70%, repeatability of p-EME expressed
semiautomatically withdrawn into the extractioras RSD values of peak areas in CE measurements
unit using the program reported in Table 1. Donovas better than 10% and linear relationship
solutions and samples were acidified by HCI técoefficients of determination better than 0.99swa
obtain final concentration of 10 mM HCI. Finalobtained in concentration range of 0.5 — 10 rhgL
concentration of HCI in acceptor solution was 25
mM. Both solutions ensured complete ionization of  conclusion
basic drugs and thus their efficient p-EME and pH
of the solutions was not affected by electroly3is [ .. . . -
: . Simple system for semiautomation of liquid

HCI at the above concentrations had not impact gn " . ;

ndling in p-EME systems was presented. A

peak shapes and sharp and well distinguished peal?s . .
were observed for all CE runs. programmable syringe pump was directly

connected with u-EME microextraction unit for
Blank plasma (plasma diluted 1:1 with 20 mMvautomated withdrawal and infusion of p-EME

HCI) was extracted first and no peaks related ¢o tloperational solutions. Pump program was easily

four basic drugs were detected in théailored for handling standard solution or protein-

electropherogram (ségg.3trace A). The drug-free containing complex samples prior to their p-EME.

plasma samples were subsequently spiked with theak-free connections between pump syringe and

four basic drugs (10 mgl) and extracted at the L-EME system granted satisfactory handling of pL

same U-EME conditions. CE analysis of acceptoolumes of p-EME operational solutions, and

solution after p-EME of spiked human plasma iguaranteed good reproducibility and extraction

depicted inFig.3 trace B and confirms efficient recovery of p-EME across FLM.

extraction of the drugs from human plasma.

Comparable extraction efficiency was obtained for

U-EME of the drugs from standard solutions and

97



Acknowledgement (4]

Financial support from the Czech Academy of

Sciences

(Institute Research Funding

RV0:68081715) and the Grant Agency of the
Czech Republic (Grant No. 16-09135S) is gratefull[ﬁ]
acknowledged.

(6]

REFERENCES

(1]

(2]

(3]

Kubai, P.; Baek, P.: Micro-electromembrane
extraction across free liquid membranes.
Extractions of basic drugs from undiluted biologica
samples.J. Chromatogr. A 2014 1337, 32-39, [7]
doi:10.1016/j.chroma.2014.02.046

Huang, C.; Chen, Z.; Gjelstad A.; Pedersen-
Bjergaard S.; Shen X.; Electromembrane
extraction, TrAC - Trends Anal. Chem2017 95,
47-56, doi:10.1016/j.trac.2017.07.027
Pedersen-Bjergaard, S.; Rasmussen, K.E.:
Electrokinetic migration across artificial liquid
membranes. New concept for rapid sample
preparation of biological fluidsl. Chromatogr. A
2006 1109 183-190,
doi:10.1016/j.chroma.2006.01.025

98

Petersen, N.J.; Foss, S.T.;Jensen, H., Hansen, S.H.
Skonberg, C.; Snakenborg, D.; Kutter, J.P;
Pedersen-Bjergaard, S.: On-Chip  Electro
Membrane Extraction with Online Ultraviolet and
Mass Spectrometric DetectioAnal. Chem.2011
83,44-51, doi: 10.1021/ac1027148

Drouin, N.; Rudaz, S.; Schappler, J.: Dynamic-
Electromembrane  Extraction: A  Technical
Development for the Extraction of Neuropeptides,
Anal. Chem 2016 88, 5308-5315. doi:
10.1021/acs.analchem.6b00559

Kubai, P.; Seip, K.F.; Gjelstad, A.; Pedersen-
Bjerggard, S.: Micro-electromembrane extraction
using multiple free liquid membranes and acceptor
solutions — Towards selective extractions of
analytes based on their acid-base strengtial.
Chim. Acta 2016 943 64-73,
doi:10.1016/j.aca.2016.09.022

Kub&i, P.; Baek, P.: The effects of electrolysis on
operational  solutions in  electromembrane
extraction: The role of acceptor solutiod.
Chromatogr. A 2015 1398 11-15, doi:
10.1016/j.chroma.2015.04.024



PS5 DEVELOPMENT OF GRADIENT RP-HPLC METHOD FOR
CHARACTERIZATION OF AMINO ACID COMPOSITION OF DEGRA DATION
PRODUCTS OF HUMIC ACIDS ISOLATED FROM PEAT AND SOIL AFTER
PRE-COLUMN DERIVATIZATION

ROBERT GORA,™ MILAN HUTTA,! ERIK BENO,! AND NATALIA BIELCIKOVA?

1 Department of Analytical Chemistry, Comenius University in Bratislava, llkoviCova, u. 6, Bratislava, 84215,
Slovakia

Abstract — The aim of the present work was the development of RP-HPLC method using a monolithic silica column for determination
of amino acids derivatized with ethoxymethylenemalonate (DEEMM). The created products are highly stable and offer characteristic
spectra in UV region with maximum at 280 nm. The developed method was applied to determination of selected amino acids in the
samples of degradation products of naturally occurred macromolecules after hydrolysis with concentrated hydrochloride acid solution
at 110 °C.

Keywords: Amino acids, Humic substances, Diethylethoxymethylenemalonate, RP-HPLC

1. Introduction In the present work we focused on the development
of RP-HPLC method for the determination of

Soil humic acids (HA) arise mainly due toselected AA, potentially present in samples of
(bio)chemical degradation of plant and animdf€gradation products of naturally —occurred
residues and also from microbial synthetic activityMacromolecules (humic and fulvic acid) after acidic
HS constitute a significant fraction of the soiflydrolysis using pre-column derivatization with
organic matter (SOM) (about 20% of the total€Ss frequently used reagent
SOM) [1]. Approximately 20-50% of total nitrogendiethylethoxymethylene-malonate (DEEMM).

(N) occurring in soil organic matter (SOM) was

found in amino acids forms, which are one of the

most important natural compounds. Amino acids

(AA) participate in the formation of peptide bonds,

which can be release by acid hydrolysis [2b Experimental

Majority of amino acids occurs in soils in bound
form, e.g., in huminopeptide structures. They arg
usually bound to the central core (nucleus) of HA
FA (fulvic acid), thus protected from fast
degradation by microorganisms [3].

Il chromatographic experiments were carried out
y the HPLC system LaChrom (Merck-Hitachi,
Darmstadt, Germany) equipped with the quaternary
pump L-7100, autosampler L-7200, column oven L-
Liquid chromatography belongs to the most300 (with an accuracy of + 0.5°C), diode-array
employed analytical methods for determination aietector L-7450, fluorescence detector (FLD) L-
amino acids. Its drawback, however, is the limfts 07480, solvent degasser L-7612, interface D-7000,
options for direct detection, as most amino acals dnd software HSM v. 4.1 was used.

not exhibit fluorescence and only a few contaiq.
structural moieties with chromophores. For this

. as performed using an analytical column
reason most of the chromatographic metho%h P 9 n

designed for this purpose implements pre-column or. romolith Performance RP-18e (100x4.6 mm)
9 purpose imp P . ith the guard column (Chromolith RP-18e (5x4.6
post-column derivatization. On the basis o

available information, diethyl mm) Guard Cartridge). The flow rate was

ethoxymethylmalonate (DEMM) appears to be the
reagent of choice, converting amino acids and
compounds with a primary or secondary amino
group according to reaction scheme in Figure 1. The
created products are highly stable and offer
characteristic spectra in ultraviolet region with

maximum at 280 nm [4].

he chromatographic separation of AA samples
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maintained at 1.00 ml min Mobile phase consisted
of a mixture of phosphate buffer solution (pH 3.6)
or trifluoroacetic acid solution (20 mmot!L pH ¢ A B

5.0) and methanol. Column oven temperature wa% -
'
\
| | |

maintained at 35.0 °C + 0.1°C. Injection volume 10¢
ul was injected by the autosampler. Wavelength
range of DAD was set to 280 - 800 nm and:
monitored wavelength was set to 280 nm.

HPLC-grade methanol 99% for LC, trifluoroacetic 2 l‘w“ LJ‘\A, WW
acid 99% p.a. and sodium dihydrogen phosphat 127 W T % % 3 &
p.a. for mobile phase preparation and hydrochlorid. Time [rin] Time [min]

acid 33% (HCI) required for acidic hydrolysis of

HA samples were obtained from Merck (Darmstadt,

Germany). Amino acid standards (I-glutamine, I- Figurg ;. ?2;04m(aAt§>graghzigoprofil(es) Ofbt PEEMM
cysteine, I-proline, I-tryptophan, I-tyrosine, |- recorded at 252 (/) anc nm obtained using
histidine, I-leucine, l-isoleucine, I-phenylalanjriie g_rgd'(%“ 2',?5"’21;{',3;?;'.“?,39)f’fi,fjiéﬁ?,l? F\%Tmzt fag

alanine, l-aspartic acid, l-arginine, l-asparagine, column temperature 35 ° C, flow rate of 1 ml.rhin
glycine, I-serine, I-valine, I-methionine, I-threoa,

I-lysine, and I-glutamic acid) were.pur'cha_sed frorE)EEMM has a relatively high response at a
Merck (Darmstadt, Germany). Derivatization age%avelength of 254 nm and offers total of 5 system

nsity [MA

E b o N~ & o o
n h L h T i i

dlethyl ethoxymethylenemalonate . peaks, on the other hand the response DEEMM at a
sodiumtetraborate were purchased from Sig v@avelength of 280 nm. we was used in the

Aldrich (St. Louis, USA). Water for grad'entHPLCdetermination of AA, shows only one peak with

was prepar_ed by Labconco Prc_)-_PS unit (L_‘r"pconcr%latively low response beside to responses of
Kansas City, USA) and purified by Millipore

Simplicit ¢ Molsheim. E DEEMM derivatized AA, for which the wavelength
implicity system (Molsheim, France). 280 nm are specific and characteristic.

Target group of humic acids was isolated from solih the introductory part of the work, we focus on

and peat accordance with the procedures published. . . " . _
by Kandré et al. [5]. ggnmmmg conditions for the separation of amino

acids, depending on the composition of the mobile
phase. Based on our preliminary measurements,
trifluoroacetic acid (TFA) was chosen as an aqueous
part of mobile phase, due to its advantageous
properties and the potential possibility of using M
detection in the future. At the beginning, we have
focused on the influence of pH of the mobile phase
(TFA ranging pH from 3.00 to 7.00) to separation

Samples of HA were decomposed by hydrolysis GfOCess: Obtaineo_l results sh0\_/ved that the optimum
6 mol.L" hydrochloric acid (HCI) at 110°C angPH buffer TFA in the mobile phase for the
degradation products of HA samples were

derivatized with DEMM, preferred mainly due to its

excellent properties. Among those certainly is

formation of thermodynamically and kinetically

stable products with a characteristic spectrum band

at 280 nm, which is an important prerequisite lier t

design of robust RP-HPLC method using

spectrophotometric detection.

3. Results and Discussion

3.1. Experiments

In Figure 1 is illustrated a typical chromatographi
profile of derivatization agent DEEMM at 254 and
280 nm. As from chromatographic profiles result,
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column Chromolith Performance RP-18e (100x4.6

mm) and for the other measurements we choose

TFA concentration of 20 mmol:L
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P6 STUDY OF VARIOUS PARAMETERS INFLUENCING CONTENT OF
EXHALED BREATH CONDENSATE WITH IMPORTANCE FOR DIAGN OSIS
OF GASTROESOPHAGEAL REFLUX DISEASE

MICHAL GREGUS,12* PavoL DURG, 12 JULIA LAGNA,L2 FRANTISEK FORETL3 AND PETR KUBAN®:2:3

1 Department of Bioanalytical Instrumentation, CEITEC Masaryk University, Vevefi 97, Brno, 602 00, Czech
Republic

2 Department of Chemistry, Masaryk University, Kotlafska 2, 611 37 Brno, Czech Republic

3 Department of Bioanalytical Instrumentation, Institute of Analytical Chemistry of the Czech Academy of
Sciences, v.v.i., Vevefi 97, 602 00 Brno, Czech Republic

Abstract — In this work, various parameters that influence the ionic content and pH of exhaled breath condensate with
importance to non-invasive diagnosis of gastroesophageal reflux disease were studied. Exhaled breath condensate samples
were collected using a miniature and inexpensive sampling device. Capillary electrophoresis with contactless conductometric
detection was used for monitoring the ionic content of exhaled breath condensate. Background electrolyte composed of 20
mM 2-(N-morpholino) ethanesulfonic acid, 20 mM L-histidine, 2 mM 18-crown-6 and 30 uM cetyltrimethylammonium bromide
allowed fast separation of anions and cations, both in less than 2 minutes. Possibility of exhaled breath condensate
contamination by saliva is discussed in detail. Day-to-day repeatability (n=5) of ionic content and pH of exhaled breath
condensate was studied and was satisfactory, reflecting mainly the physiological variability.

Keywords: capillary electrophoresis, exhaled breath condensate, ionic analysis, pH, gastroesophageal
reflux disease

1. Introduction measured by a conventional pH-MII probe, which
is both invasive and costly. pH can be also meadsure

Gastroesophageal reflux disease (GERD) is ip collected samples of EBC [5] that is non-invasiv

disease caused by backflow of gastric contents ir@@d cheaper. Monitoring of various parameters of

the esophagus due to the failure of physiologic§haled breath condensate (EBC) in patients

antireflux mechanisms and can lead to symptong/ffering from symptoms of

such as chronic cough, globus sensation, larypgitRXtraesophageal/gastroesophageal reflux

pharyngitis, rhinosinusitis, otitis media, bron¢hia(EER/GER) is an attractive, simple and non-

asthma, chronic obstructive pulmonary diseasivasive approach that could be used as a surrogate

sleep apnea and noncardiac chest pain [1,5. other, more invasive diagnostic methods.

Currently, there is no suitable, non-invasivéiowever, to obtain relevant results, various

diagnostic method applicable for GERD in clinicaParameters that can affect the results, such as

practice. Nowadays, the golden standard gampling procedure, effect of food and drinks and

diagnosis of GERD is a 24-hour pH-muItichannéf‘traday variability of individuals have to be sied

intraluminal impedance measurement (pH-MII) thaRrior to the use of EBC sampling in diagnostics.

is rather invasive [3]. Non-invasive sampling is

currently increasing in importance. Exhaled breath, Experimental

condensate (EBC) as one of non-invasive samples

can be easily obtained by cooling and subsequent |nstrumentation

condensation of exhaled breath. The EBC is

composed mainly of water, however, it als@\ purpose-built CE instrument was used for all CE

contains volatile and non-volatile compoundsinalyses. The separation voltage was provided by

(inorganic ions, organic acids) that can be usaful a high-voltage power supply unit (DX250, EMCO

biomarkers of various diseases [4]. high voltages, Sutter Creek, CA, USA). A custom

L _ _ made contactless conductivity detector (C4D, Ver.

!Determlnatlon of ions !n EBC samples Ca%.OG, ADMET s.r.o., Prague, Czech Republic)

be easily per_formed by capllla_ry electrophore5|8 erating at a frequency of 1.8432 MHz and voltage

_(CE). The main gdvant_age of this method is that Vo and 24-bit A/D converter (ORCA 2800,

is able to cope with a minute volume of samples arEjCOM s.r.0., Prague, Czech Republic) were used

analyses are often very rapid. Another parametyy jetection of separated analytes and data
that is often measured the diagnosis of GERD is pH,

#Correspondence: Michal Gregus, gregus@mail.muni.cz
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collection, respectively. CE analyses wer:
performed in fused-silica separation capillaried (5
pm inner diameter (ID), 375 pum outer diamete
(OD), 40 cm total length, 17 cm effective length
Microquartz GmbH, Munich, Germany). Injection |
of standard solution and samples was perform M\
hydrodynamically. Two Pt wires (0.5 mm OD, 3 cn .
length, Advent Research Materials Ltd., Eynshan
England) were inserted in the electrolyte vials t
serve as electrodes. All CE experiments wel

10 cm PP straw
A

2 mL syringe

Il SASTER e

performed at ambient temperature. z

For pH measurement of the EBC sample: - hollow
CO, present in these samples was removed by 7 aluminum
stream of Mgas (nitrogen generator, RP-ZE- ¥  Septum cylinder

N2L3000). pH was measured using a pH-

microelectrode (MI-410 Micro-Combination pHFigure 1. The photo of the consumables used to
Probe, Microelectrodes, Inc., Bedford, Newbuild a miniature EBC sampling device.
Hampshire, USA) and pH-meter (Orion Star™

Al111 pH Benchtop Meter, Thermo Fishe2.2. Chemicals

Scientific, Waltham, Massachusetts, USA). . o
) All chemicals were of reagent grade, and deionized

EBC samples were collected from the volunteers I§ipl) water was used for stock solution preparation
EBC sampler previously developed in our groupnd dilutions. Stock solutions (10 mmol/L) of
[6,7]. Briefly, the sampler for collection of EBCas  inorganic anions and cations were prepared from
constructed from a 2-mL syringe (B. Braurtheir sodium and chloride salts (NaCl, NaiNO
Melsungen AG, Melsungen, Germany) and a 5-cidaNG,, N&SQu, KCI, CaCh, MgClz), except for
long hollow aluminum cylinder (se€ig.1) of 2.5 ammonium, the stock solution of which was
cm outer diameter (OD) with inner diameter (IDprepared from ammonium fluoride (all from Pliva-
precisely matching the outer diameter of the swind-achema, Brno, Czech Republic). The stock
was used for efficient cooling of the walls. Thesolutions of organic acid anions were prepared from
cylinder was kept in a deep freezer at -17°C and &ithium acetate dihydrate, lithium lactate, propon
insulation sleeve was used during collection tacid and butyric acid (all from Sigma-Aldrich,
maintain its constant temperature for the whol8teinheim, Germany).

duration of the sampling procedure. Another aim
this insulation sleeve was to protect the perso

during the sample collection from frostbite. Stra ) . .
(purchased from a local store) with OD 6 mm an -(N-morpholino)ethanesulfonic acid (MES), L-
istidine (HIS), 18-crown-6 and 10 mmol/L stock

wall thickness 0.2 mm was used to exhale the alrIution of hexadecyltrimethylammonium bromide
th h th ler. Th d of th i
roug e samper © enc of the syringe w TAB) (all from Sigma-Aldrich, Steinheim,

enclosed with a Parafilm septum to avoid EBC loss;
ermany).

he background electrolyte (BGE) was prepared
aily by dilution of 200 mmol/L stock solutions of

2.3. Capillary conditioning

Prior to the first use, the separation capillaryswa
preconditioned by flushing with 0.1 M NaOH for 30

min, DI water for 30 min and BGE solution for 20

min. Between two successive injections, the
capillary was flushed with BGE solution for 1 min.

At the end of a working day, the capillaries were
washed with DI water for 15 min and stored in DI
water overnight.
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3. Results and Analysis

cr

3.1. EBC sampling procedure

NO2-
The collection of EBC consists of several steps:

deep exhalation until the lungs were as empty as NO3* 0&’& &
possible, following quick inhalation (1-2 s) and%‘ / ¥
finally slow complete exhalation into the sampling;
device (8-10 s). This procedure was suggested &
Almstrand et al. [8] and vyielded the higher 'g
concentration of respiratory droplets and therefor®
the highest concentrations of non-volatile
substances present in EBC. The volunteer was

asked to exhale three times into the sampling L’“"

device, based on the proposed procedure. After the - I - I - |

EBC sampling had been completed, the condensaté> 1 Time (min) 15 2

from the syringe walls was swept with the syringe

plunger to the syringe tip and transferred to thieigure 2. Anionic separation of EBC sample and
sample vial for CE analysis. Often, only ondEBC sample spiked with human saliva. BGE: 20
exhalation (30uL of the sample) was enough tomM MES/HIS, 2 mM 18-crown-6, 30 uM CTAB.
obtain a sizable amount of EBC for CE analysi$lV: positive +15 kV, C4D detection. Injection:
During the sweeping procedure, the condensdigdrodynamic for 30 s at height of 10 cm.
collected from the walls is naturally mixed and a

representative EBC sample is thus obtained. To

ensure the simplicity, low cost and wide availapili NHg+

of the consumables for EBC sampler, a saliva trap
was not included. Therefore one can occasionally
expect the interference from saliva droplets. Thi Il'“"
can happen especially when long-time sampling E

applied or EBC is collected from patients from;;
serious lung diseases and/or children. Neverthelesgo
saliva contamination is very rare and happened ié
every ca. 1 in 100 samples. Contaminated samples
were easily identified and excluded from further EBC /\
investigation. Fig.2 shows a CE separations of |——7m—

anions of two EBC samples; EBC sample obtained
from 3 deep exhalations (=approx. 100 EBC) s ' ! ' |
and the same EBC sample spiked withull of ' Time (min)

human saliva (to simulate the saliva contaminatio%

EBC
+
SALIVA

K+

Cal+

EBC + SALIVA

The EBC sample spiked with saliva displays a hugd9ure 3. Cationic separation of EBC sample and
increase of all anions and these concentrationdev&BC sample spiked with human saliva. BGE: 20
are significantly above the upper limit of™MM MES/HIS, 2 mM 18-crown-6, 30 uM CTAB.
concentrations found in healthy individuals ofV: Negative -15 kv, CAD detection. Injection:
patients suffering from various lung diseases [p,1d"ydrodynamic for 30 s at height of 10 cm.

Another even more suitable indicator is the

thiocyanate, normally present in human saliva [11],
but not in EBC. Cationic analysis of the same two sampleig).@)

showed the highest increase of sodium and
potassium, again high above the normal levels for
healthy and patients concentrations. Other cations
were also increased.
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EBC. pH of EBC obtained from a single exhalation
can thus be easily measured. pH of EBC samples

3.2. Day-to-day repeatability of ionic content ofobtained in the previous section (day-to-day
EBC repeatability) was measured before and after

In the next part of the study, day-to-daydegassmg with N (1.8 atm for 5 minutes), and

. D __’resulting data can be seerfig.5. It is known that
repeatability of ionic content of EBC (5 following assing of liquids by an inert gas, such asah
days) obtained from three healthy persons (#1, 795 g g d y gas,

. ~’ rémove dissolved gases, e.g. £LQ@4]. Our
and #3) was studied. Samples were collected in té)%periments support this premise since we observed
morning, before breakfast and all volunteers were

. ) an increase of pH in all samples after degassitty wi
asked not to drink or eat before the sampling, t P P g tty

. s Moreover, degassing the EBC samples
only exception was drinking of tap water. EBC..” .. . o
. : , significantly increased the repeatability of pH
samples were obtained from single exhalation ky, during the five day-to-day study
using the EBC sampler. All samples were analyzec;zli ’
by CE-C4D and peak areas of all ions in th
electropherograms were integrated. Resulting pe g,
areas (PA) for selected ions (ammonium, sodiur asd T
acetate and nitrite) were plotted vs. each of ithe f [ G
days (Fig. 4). From this figure, a sufficient
repeatability of all ions present in EBC sample 36.5
during five days can be seen. Although the sprei 60

pH before and after degassing

Ttz Y N

7,0

. . PO : —a—#1,before  -®-#1, after
mlgh.t seem hlgh, Fhls is cagsed mainly py th o5 4o before - 42 after
physiological variability of the ion concentration g0 L= #3 before -e-#3, after
EBC. " 2 3 5
Day
25 ammonium 0.16 sodium . . .
201 ooy Figure 5. A five-day trend in pH of EBC sample
Es IE ;: ;/ \ Eg:;g obtained from three healthy volunteers. pH of EBC
£ g oo before (full line) and after degassing with (dash
<51 m#1 a#2 e#3 <0 | WL A H2 o 43 line)
0 T T T 1 0.00 -+ T T )
1 2 3 4 5 1 2 3 4 5
Day Day
acetate 035 nitrite

3.4.Other parameters influencing the ionic
content of EBC and pH

1 ®#1 4#2 o#3

The influence of various food or drinks on the ©ni
content and pH of EBC was also examined. Two
EBC control samples (taken in the morning, before
Figure 4.PA of selected ions found in EBC for a Soreakfast and only water was allowed to drink) were
day-to-day study. Separation and detectiopbtained from one healthy person. These samples
conditions as irfFig. 2 and3. were compared with the two EBC samples from the
same day and after one of the following
foods/drinks — breakfast, lunch, chocolate, coffee,
orange juice, milk, chewing gum or after teeth
cleaning with toothpaste or dentifrice. The time

Except for cations and anions which were measuré§l@y between each of the influences and sample
by CE-C4D, other parameters e.g. exhaled bredfllection was 10 minutes. In Fig. 6 and 7, exasiple
volume (measured by spirometry) or pH of EBC capf separation of anions and cations in EBC samples
be necessary for standardization and diagnosgellected in the morning, after ingestion of orange
purposes [12,13]. pH of EBC samples walllice and after chewing a chewing gum are shown.
measured and the current experimental setlfp overall, significant differences were found
allowed pH measurements from as little aglL®f between samples and therefore at least one-hour

Area (mV/s)
ok N W A G oo

u
2 3 4 5

-

3.3. Day-to-day repeatability of pH of EBC

105



delay following flushing the mouth with DI water4. Conclusions

was suggested before the EBC collection to obtain

a relevant EBC sample. In this work, capillary electrophoresis with
contactless conductometric detection was used to
study day-to-day repeatability of ionic content of
EBC. EBC pH before and after degassing with a
stream of N was studied by a pH-microelectrode
during five consecutive days. Influence of various
food and drinks on ionic content of EBC was
investigated and showed significant differences
between EBC samples. It has been shown that EBC
is influenced by various parameters. Therefore,
healthy individuals or patients should provide tthei
EBC samples in the morning before breakfast/tooth
brushing or at least one-hour after last food orkdr
followed flushing their mouth with DI water.

NO2-

C4D signal (mV)

1.5
Time (min)

(=}

: . . . SYMBOLS
Figure 6. Separation of anions in different EBC

samples. EBC sample collected in the morning (A
EBC sample after ingestion of orange juice (B) an D
after chewing a chewing gum (C). BGE: 20 mN-7ap

capillary electrophoresis
contactless conductivity detection
cetyltrimethylammonium bromide

MES/HIS, 2 mM 18-crown-6, 30 pM CTAB. HV: pj deionized
positive +12.4 kV, C4D detection. Injection:EBC exhaled breath condensate
HIS histidine

hydrodynamic for 20 s at height of 12.5 cm.

ID inner diameter
MES 2-(N-morpholino)ethanesulfonic acid
oD outer diameter
NHgt+
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P7 DETERMINATION OF THE OLIGOSACCHARIDE COMPOSITION IN WORT
SAMPLES BY CAPILLARY ELECTROPHORESIS
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Abstract

The aim of our work was to determine the oligosatccte composition in different wort
samples by capillary electrophoresis (CE) in otdenonitor their change during the brewing
process with different yeast types. CE separatgpsdccharide molecules with the same
molecular mass based on their hydrodynamic volumehtarge ratio. The concentration of
fermentable and non-fermentable sugars were madtby CE to observe the effect of two
different type of yeasts, Saccharomyces pastoriaangs Saccharomycodes ludwigii. The
former is prevalently used as it first ferments thenosaccharides, then the higher sugar
oligomers such as maltose, maltotriose, etc., haratl. The latter, on the other hand, while
fully ferments the monosaccharides, it practicallyes not ferment the oligosaccharides.
Therefore, breweries use this latter yeast to pcecheers with low alcohol content. The CE
traces of the wort samples obtained during the émtiation processes by these two yeasts
readily identified the oligosaccharide signaturathvhigh resolution that could be used for
decision making about the process in hand. The regblving power and short analysis time
of CE offered a very convenient way to analyzedhgosaccharide composition of these wort
samples with high sensitivity and separated albchydrates of interest in a rapid automated
fashion.
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P8 MULTISCALE MODELING OF RECTIFYING BIPOLAR NANOPO RE
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Abstract

As our devices are getting smaller and smaller isedte modelling is getting more and more
important. Nanopores in nanofluidic devices carction as the central working units and the
behaviour of selectivity and rectification can betetmined here also. The mentioned
nanopores can be used as a heart of a sensoe preaeence of an analyte molecule the ionic
current flowing through the pore is modulated, ke tnalyte molecule can be detected
selectively if it is bound to the nanopore. (seetBs Madai poster: Using nanopores as
sensors: a computer simulation study)

We present computer simulation results for a rgetd bipolar nanopore on two
modeling levels. In an all-atom model, we use exipWater to simulate ion transport directly
with the Molecular Dynamics technique. We addressld paradox: how do reduced models,
whose assumptions should break down in a nanodgeaiee, predict experimental data? In a
reduced model, we use implicit water model and wppé Local Equilibrium Monte Carlo
method together with the Nernst-Planck transpotag¢ign. This hybrid method makes the
fast calculation of ion transport possible at thiegof lost details. We show that the implicit-
water model is an appropriate representation oktticit-water model when we look at the
system at the device (i.e., input vs. output) level

We find profound differences between the two modimiking at details of concentration
and potential profiles that do not influence theibdehavior of the model as a device.

Our simulations show that reduced models can séiiture the overall device physics
correctly, even though they get some important etspef the molecular-scale physics quite
wrong; reduced models work because they includgliysics that is necessary from the point
of view of device function. Therefore, reduced misdean suffice for general device
understanding and device design, but more detailedels might be needed for molecular
level understanding.
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P9 CFD MODELLING BASED INVESTIGATION OF THE ELECTRO OSMOTIC
AND FORCED CONVECTION FLOW IN CAPILLARY ELECTROPHOR ESIS
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Abstract

Capillary Electrophoresis (CE) is a powerful liquppdase separation technique that plays an
important role in multiple aspects of bioanalysi®nnection of CE to mass spectrometry via
a sheatless electrospray interface represents @ gmubination of separation efficiency and
detection versatility. However, using sheatlesetiS interfaces, the electrospray process
requires a bulk flow that can be accommodated eiblyeslectroosmotic pumping or forward
pressurization. Simulation of the flow profilesbnth instances is possible by Computational
Fluid Dynamics (CFD) modeling. Electroosmotic FloEOF) is an electrokinetic
phenomenon due to the formation of an electricaibd® layer (EDL) at the inner surface of
the separation capillary columns upon the applicatf an electric field. EDL theory has
been introduced as a continuum description of serfehemistry at the capillary column
walls. CFD simulation of the EOF is challengingiasvolves the following three different
physical approaches. 1) The formed electric filedhie function of ion concentration in the
background electrolyte, thus mass transport isutaled; 2) The electric field is recovered
from the gradients of the potential field; 3) Thdlbfluid motion is described by the Navier-
Stokes equations (including the continuity funcjiolased on the simulation results
(calculated flow profiles) we compared the effeictavced convection by the applied pressure
with and without EOF. Our simulation data was reztliento practice by electrokinetically
introducing APTS labeled maltose into a capillarpluenn and mobilized by 1)
electrophoresis with no pressure applied but inpitesence of EOF; 2) pressure driven flow
with no electric field and consequently no EOF &gl 3) electrophoresis in the presence of
EOF and pressure applied. The efficiencies (thezakplate numbers) of the detected peaks
were calculated from the resulting electropherogrammd were approximately 500,000
plates/m for electrophoresis with EOF, 5000 platefdr pressure only and 35,000 plates/m
for electrophoresis with simultaneous EOF and presspplied, backing up the simulation
data.
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P10 STUDY OF VARIOUS PARAMETERS INFLUENCING CONTENT OF
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Abstract — Multiple myeloma (MM) is an immedicable malignancy of human plasma cells. Its pathogenesis is poorly
understood, and mounting evidence indicates that the bone marrow microenvironment of tumor cells has a prominent role in
the malignant process [1]. It was shown that in multiple myeloma (MM) IgG paraproteins exhibit unique oligosaccharide
profiles [2] (Figure 1). In this paper we report on a novel approach for paraprotein N-glycosylation analysis from intact and
papain digested IgGs. Capillary Electrophoresis with Laser Induced Fluorescence detection (CE-LIF) was used for the
analysis of the glycan patterns.

Keywords: Multiple myeloma, N-glycan, CE-LIF

1. Introduction the N-glycosylation profiles of paraproteins may
have prognostic value for multiple myeloma patient

Multiple myeloma (MM) is characterized as thdréatment. The most frequently used N-glycan
clonal proliferation of malignant plasma cells an@nalysis methods are LC, CE, NMR, and MS. While
practically incurable even in the 21st century. itall of these methods can be utilized and have their
diagnosis can be established upon the latest IMW@YN advantages, in this paper we used CE-LIF
criteria that can be time-consuming because of tfétection for rapid and high resolution N-glycan

deceptive clinical symptoms. The most frequentiyrofiling of the samples.

used processes to diagnose multiple myeloma
utilize particular combinations of laboratory, m[ \
imaging, and bone marrow biopsy test results as
criteria. To widen the diagnostic toolsets andeiph el ]

finding proper remedies, all modern omics methods
have been recently attempted. As a result, several
new and unexpected oncogenic mechanisms werdigure 1.Papain mediated cleavage of the IgG heavy
discovered influencing the mutations of the genes chains.

involved in the translation mechanisms, histone

methylation, blood coagulation, and paraprotein

formation. These latter ones are abnorm@. Experimental

immunoglobulin  fragments or immunoglobulin

light chains (both kappa and lambda) and thejy ;. Samples and Measurements

appearance in the serum indicates the presence of a

proliferating clone of immunoglobulin-producingSerum samples: Serum samples were collected at
cells. In the serum of healthy individuals, thdhe Clinical Centre of Internal Medicine (Univeysit
albumin to immunoglobulin ratio is > 2 and the totaof Debrecen, Hungary) from six untreated, six
kappa €) to lambdaX) chain ratio is approximately treated, and six remission multiple myeloma
3:1. Any changes of this ratio can be an indicatigpatients as well as six male and six female healthy
of blood cell dyscrasia or multiple myelomacontrols using clot activator containing serum tibe
Indeed, in MM the albumin to immunoglobulin(BD, Franklin Lakes, NJ). The collected blood
ratio can be < 1 as a result of the extra paraimote samples were centrifuged at 7500 x g for 30 min and
in the bloodstream. More importantly in respect tthe serum fractions were stored at —70°C until
this study, paraprotein glycosylation can béurther processing.

indicative of the progress of the disease. Analgkis

$$5Correspondence: andras.guttman@hlbs.org
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Papain digestion: One milliliter papain solutionsvaof PNGase F, followed by incubation at 37°C
mixed with 4 mL of 0.2M EDTA and 0.2Mcysteineovernight. The released N-glycans were centrifuged
containing 1 x PBS buffer (pH 6.5). Hundredhough 10 kDa spinfilters at 7500 x g for 10 mian
microliters of this reagent was added to 100 pL afried in SpeedVac prior to the fluorophore labeling
serum sample and incubated at 37°C for 4 h. Tlséep. 6 pLof 20mM 8-aminopyrene-1,3,6-
reaction was stopped by the addition of 20 ptrisulfonic acid in 15% acetic acid and 2 pL of
iodoacetamide solution (0.3 M in 1 x PBS). NaCNBH3 (1 M in THF) were added to the dry
éaellet and incubated at 37°C overnight. The labeled

Partit_ionin_g of the Fc fragment: 200 uL of th samples were purified with CleanSeq magnetic
papain digest was used for all sample tYP8S. 2 ds

(controls, untreated, treated, and remission stage

multiple myeloma patients) after purification on 2@apillary electrophoresis: A P/ACE MDQ System
pL bed-volume Protein A affinity microcolumns.was used to perform all capillary electrophoresis
200 pL of 1 x capture buffer (0.7 M NaH2PO4, 0.Analyses. The separations were monitored by LIF
M NacCl, pH 7.4) was added to the serum sampleetection using a 488 nm Ar-ion laser with a 520 nm
and then the resin was washed with 200 pL of Oemission filter. Fifty centimeters effective length
M NaH2PO4 0.7 M NaCl buffer (pH 7.4). Then 20Q60 cmtotal) 50 um id NCHO capillaries were
uL of 240mMNacCl was added to the microcolumnemployed with the NCHO separation gel buffer
and the Fc fragments were eluted with 200 pL afystem for the analysis. The 32 Karat software was
15% acetic acid. The samples were transferred to tfed for data acquisition and processing.

kDa spin-filters and centrifuged at 11 270 x gX0r

min. The N-glycan moiety of the partitioned FC; Reasults and Analysis

fractions was PNGase F digested in situ on therfilt
and the liberated N-glycans were APTS labeled %s ,
described below. -1 Experiments

«/A light chain partitioning: 200 pL of the digestiorfo‘fter specifying the main peaks of interest in Fhe
mixture was used for all samples and purified of€althy sample, the global serum N-glycan profiles

CaptureSelect LC-kappa (Hu) and CaptureSeIe%E the three patient groups of untreated freshly

LC-lambda (Hu) filled affinity microcolumns. 200 diagnosed (trace B), tr_eated (trace C), and reamissi
uL of capture buffer (1 x PBS) was added to therage (trace D) patients were analyzed and a
serum samples and then the resin was washed w ™**
200 pL of 1 x wash buffer I (0.7 M NaH2PO4
0.7MNaCl pH7.4). Then 200 pL of 1 x wash buffer |
Il (140 mM NaCl) was added to the microcolumns
and the 1gG kappa/lambda light chains were elute 150
with 200 L of 0.1 M glycine-HCI (pH 2.0). The E
samples were then transferred to 10 kDa centrifug ']
filters, centrifuged at 11 270 x g for 10 min. The
prepared light chain fractions were PNGase
treated in situ on the filter and APTS labeled a
described below. 10 1|| 1lz 1'3 1I4 1|5 min

N-Glycan release and fluorophore labeling: On.
microliter of serum from each patient samples werggure 2 Comparison of the CE-LIF traces of APTS-
diluted by 10 pL of HPLC grade water then 1 pL okbeled serum N-glycomes of healthy control (Agsfily
denaturing buffer was added followed by incubatioff2gnosed untreated (B), treated (C), and remisdages

o . . . ) multiple myeloma patients. Conditions: NCHO
a.lt 65°C for 10 min. Th? r_eaCt'on miXture Wagapillary with 50 cm effective length (total lengdb cm,
filtered through 10 kDa spin-filters at 11 270 fog 50 pm id); NCHO gel buffer; Separation temperature:
10 min. Both the denatured serum samples Wefné;gig’n‘?'ltaoge:s?%%ksv (0.17 min ramp) reversed pja
digested in situ on the filters by the addition26f : O psLBos

uL of NaHCO3 buffer (20 mM, pH 7.0) and 1 pLrepresentative set of results are compared in the
traces inFigure 2
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As one can observe, the traces revealed mafy in which case all three patient sample traces
differences in peak distribution. Trace B (freshishowed significantly increased neutral glycan
diagnosed untreated patient group) show significaspecies (peaks 9-14).

changes in the sialoform (peaks 1-8) to neutral . the statistical vsis. first the total
(peaks 9-14) carbohydrate ratio. Next, we narrowéjoIJrIng € staustical analysis, Tirst the tolailsa

our focus to study the N-glycosylation of the Ff -egcosngtiqn data was evaluated. In this cates, t
chain fractions that were partitioned by Protein Irst two principal component axes accounted for

o . )
specific microcolumn affinity pulldowns after47'3 and 17.2% data variance, respectively,

papain digestion. It is well known that in the seru representing 64.5% of data variance cumulatively,

s which was sufficient to resolve the data into four
igure

300 distinct groups as shown in Fig. 4A (control,
, g untreated, treated, and remission) [3]. In casbef
250 1 , Y T papain digested IgG fragments (Fig. 4B), the first
.
s B i groups.

i B untreated
200 55 & e
@ control
7 3, ¢ remission
A 1,50000-]

150 - 1

RFU
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150000
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-
-1,00000

GU 200000 100000 00000 100000 200000 300000
REGR factor score 2 for analysis 1

REGR factor score 1 for analysis 1

10 11 12 13 14 15 min

DPs DP7 DPY DP1L
Figure 4B. Principal component analysis of the N-
fractions from healthy control (a), freshly diagads glycosylation data obtained from the analysis @&f plapain

untreated (b), treated (c), and remission stage (d) partition'ed !gG chains (B).
multiplemyeloma patients. Conditions were the sasiea  tWO principal component axes accounted for 45.6

Fig. 2Injection:1.0 psi, 0.5 s. and 16.1% data variance, respectively, representing

61.7% of data variance cumulatively, which was

N-glycome, most neutral species are originateq] ticient only to distinguish the control groupin
from the approximately 25% immunoglobuling,q \p patients, but not within the latter ones.
fraction.

Figure 3.N-linked carbohydrate profiles of the IgG Fc

Fig. 3 shows, the changes in the N-linked glycan
profile of the immunoglobulin Fc fractions were no#4. Discussion
as substantial as was observed in the global serum

N-glycan profiles Kig. 1), except the peak ratio gy ctural characterization of the N-glycan prafile
—-— of healthy control and multiple myeloma patients of
A S freshly diagnosed untreated, treated, and remission
stage has been reported. The study included the N-
glycosylation analysis of human serum plasma
proteins at the global level as well as the Fc
fractions of papain digested paraproteins. Prifcipa
component analysis clearly differentiated the four
patient groups on the basis of total serum N-
ome glycosylation analysis. The N-glycan patterns ef th
e papain digested immunoglobulin fragments on the
other hand, did not show such distinctive
Figure 4A. Principal component analysis of the N- differences, and only discriminated between the
ggﬁ‘:ﬁ%’;‘;‘_on data obtained from the analysis @ total  pagithy control and the patients. Based on our
results, we suggest that in addition to the higher
changes in comparison to the sialoforms (peaks Isformation content of the total serum level N-

1,00000-

REGR factor score 1 for analysis 1
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glycosylation pattern analysis for multiple myeloma\cknowledgement
patients, it is also much easier to accomplish, i.e
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P11 BIOBANKING OF PATIENT SAMPLES FOR GENO — GLYCOM IC LUNG
DISEASE BIOMARKER STUDIES
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1 Horvéath Csaba Laboratory of Bioseparation Sciences, University of Debrecen, Hungary
2 Semmelweis Hospital, Miskolc, Hungary

3 Department of Medical Chemistry, Semmelweis University, Budapest, Hungary

4 MTA-PE Translational Glycomics Group, University of Pannonia, Veszprem, Hungary
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Abstract — Comprehensive geno — glycomic studies to identify new tumor biomarkers depend on appropriate collection and
registration of biological materials, included tissues, blood samples or other body fluids from a large number of patients and
healthy individuals with associated well- documented clinical information from the sample donors [1].

Keywords: biobanking, data collecting, glycans, genomic, lung diseases, CE-LIF

1. Introduction including SNP study, N-glycan site specificity

_ _ _ _ _ analysis as well as quantitation of glycan linkage
The aim of the project is biological sampleand positional isomers at the specific sites.
collection (biobanking), which involves a group of
lung cancer (LC), COPD and LC+COPD patients, . .

. Discussion
as well as healthy controls with the necessary
TUKEB permission and informed patient consent.In summary, this novel combination of genetic and
glycomic approaches will provide comprehensive
2. Experimental information for both sides of the problem in hand
_ _ and will lead to the identification of disease sfiec

The sample groups consist of approximately 300 L&ycosylation (site and microheterogeneity)
(adenocarcinoma), 300 COPD, 300 LC+COPD, a(l:?]

well as 300 non — cancer related control samplecah

anges of acute phase proteins and similarly Fevea

anges in glycosylation of some known cancer
One of the most important part of our biObankin%iomarkers

workflow is the clinical data collection from each

patient (age, smoking habits, occupation, morbiditXcknowledgement

and co-morbidity, tumor/COPD stage, histology,

TNM chemotherapies, surgeries, etc.) fronThe authors acknowledge the support of the MTA-
MedWorkS information system and fill out thePE Translation Glycomics Grant (#97101) and
relevant questionnaires. The collected samples &MKFIH (#K116263) grants of the Hungarian

stored at -80 °C until processed. Government.

3. Results REFERENCES

The high number of patient samples (biobank) wi[l] Malm, J., et al.Developments in
biobanking workflow standardization
providing sample integrity and stability.
Proteomics, 20135: p. 38-45.

allow thorough geno - glycomic characterization of

the four patient classes with high statistical ealu
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P12 SINGLE-CELL ANALYSIS OF ACTIVE CASPASE 3/7 IN A POPTOTIC
CELLS

VOJTECH LEDVINAL2 AND KAREL KLEPARNIK*

1 Institute of Analytical Chemistry of the CAS, v. v. i., Brno, 602 00 Czech Republic
2 Faculty of Science, Masaryk University, Brno, 601 77 Czech Republic

Abstract — Caspases are proteases that play key role in the process of apoptosis, the programmed cell death. Among them,
caspase-3 and -7 are main executioner caspases that cleave many vital proteins during apoptosis and after their widespread
activation, the process cannot be reversed. To analyze caspase-3/7 activation within single cells, a miniaturized device for
parallel analysis of eight samples was developed. The LOD suitable for detection of active caspase-3/7 in both apoptotic and
non apoptotic cells was reached.

Keywords: single-cell analysis, caspase detection, bioluminescence

1. Introduction apoptotic cells) and an experimental group treated
with 5 uM camptothecin for 8 hours (apoptotic

For the detection of active caspase-3/7, we used@lls)- From one to six cells were collected atreet
commercially available Caspase-G&I8/7 reagent and transferred into individual detection microsial
(Promega), a homogeneous BL assay based @${ng ICSI micromanipulator (Eppendorf) with a
modified luciferin-luciferase system developed by0 KM 0.d. holding pipette fam vitro fertilization,
O'Brien et al. [1]. In this assay, aminoluciferis i mounted on an inverted microscope Olympus IX71.
conjugated with caspase-3/7 specific tetrapeptigg\e microvials werenade from glass capillaries of
Asp-Glu-Val-Asp which makes the substratsizes i.d./o.d. 1.3/1.9 mm arfdled with 4 ul of
inaccessible for luciferase. After the peptide i§aspase-Gi3/7 reagent. After filling, all eight
cleaved by the caspase, free aminoluciferin [gicrovials were placed into a stainless steel
immediately oxidized by firefly luciferase inTevolving carousel vial holder and the whole
presence of Mg, ATP and oxygen, resulting in aassembly was mounted in front of the PMT
photon emission. Due to the enzymatic nature of tifgtection window. The BL emission leaving
assay, single caspase molecule generates mummgividual vials was detected consecutively and
photons and the background signal is very low dugpeatedly in 5min intervals for a period of about
to the absence of interfering autofluorescenc80 Minutes until the steady state was reached in al
photobleaching and excitation light. Presented wiliials. The detection assembly consisted of a photon
be a miniaturized device for parallel BL detectafn counting head H7421-40 series with a heat sink and
active caspase-3/7 content in single apoptotic aff) A7423, counting unit C8855-01 and power
non-apoptotic cells that is compatible with anatyseSUPPly unit with temperature control M 9011
of suspended cells selected and transferred by(F@mamatsu Photonics, Japan). The photon
micromanipulator mounted on a microscope. Oounting head is furnished with a PMT having a
objective was to reach LOD below the averag@aAsP/GaAs photocathode and a thermoelectric
amount of active caspase-3/7 in a single apoptoﬁ@‘)'er- The cooler maintains PMT at a constant

cell. temperature of 0 °C and reduces thermal noise
generated by the photocathode, thus increasing S/N
ratio.

2. Experimental 3. Results and Analysis

Micromass cultures isolated from mouse forelimbg$he background signal of Caspase G887 reagent
at embryonic day 12 were selected as a model. T\yRearly increases with its volume as the amount of

experimental groups were prepared: a control groggcidentally released aminoluciferin accessible for
cultivated in standard culture medium (non-

"Correspondence: klep@iach.czk
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luciferase oxidation rises. On the other handhéf t caused by cell heterogeneity, by the aspects of
volume is too low, modified luciferin can bedynamics of camptothecin induced caspase
depleted before the BL reaches its steady state awtivation in individual cells and the effect okth
the signal can be decreased. To reach the sigoall cycle phase of individual cells. It is also
maximum, we used detection microvials of 1.3 mrpossible that camptothecin may not diffuse properly
i.d. filled with 4 ul of the reagent. This was enougtto the lower layers of cells in Petri dishes tlditere

to provide sufficient substrate delivery to thenaet directly to the surface during cultivation. Someywe
caspase-3/7 molecules while maintaining relativelpw activation of caspase-3/7 in non-apoptoticscell
low background signal. Further decrease of thean be due to thex vivoapproach and micromass
background was achieved by using a PMT wittreatment. It may also suggest some physiological
cooled photocathode. The photocathode yieldsbasal level of activation or can even point to
dark current of only about 3-6 photon counts/possible non-apoptotic functions of these caspases.
which is very low compared to the blank signal of

the reagent (about 62 counts per second). 5. Conclusion

The devi 4 with i q We have developed a miniaturized device for
e device was tested with apoptotic and noRygjive detection of caspase-3/7 activity within

apoptotlg ceIIs._ In both cases, the caspase-?g%gle cells. The LOD reached is suitable for
content linearly !ncrea_sed W'_th the number _Of CeII%Ietection in both apoptotic and non-apoptotic cells
The average signal intensity for apoptotic CeIIt':iut reliable quantification is so far possible oimly
ranged_ from 157f952 _counts/s and Wa«?{poptotic cells. Although the throughput of our
approxmately three times h|gh'er than for the NONevice is limited, it could be in principle increals
apoptotic cells where the signal ranged frorBy using a microplate with 1536 wells each filled
56-241 counts/s. with 3—10 ul of the reagent, providing a sensitive
PMT detector monitoring each well separately

without any crosstalk and fast and effective system
The LOD and LOQ were calculated as three and t@sy cell collection and transfer.”

times the standard deviation of a blank,
respectively. For apoptotic cells the LOD/LOQ

were evaluated to be 0.27/0.86 of a Caspase_:ﬁ?knowledgement

content in an average apoptotic cell and for the no

apoptotic cells 0.46/2.92 of a caspase-3/7 coiment he research was supported by the Grant Agency of
an average non-apoptotic cell. The device € Czech Republic, project no. 17-01995s. The
therefore suitable for both detection andvork was also supported by the Institute of
quantification of active caspase-3/7 in individuaf\nalytical Chemistry of the CAS under the
apoptotic cells. In the case of non-apoptotic cellgstitutional Research Plan RVO: 68081715.
caspase-3/7 can be reliably detected but not

quantified.

) ] REFERENCES
4. Discussion
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High standard deviation were apparent particularly” Moravec R. A., Scurria M. A., Klaubert D. H.,
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P13 APPLICATION OF AMINO ACIDS AND PEPTIDES FOR
OLIGOSACCHARIDE LABELING

JANA KRENKOVA,* JAN PARTYKA, AND FRANTISEK FORET

Department Bioanalytical Instrumentation, Institute of Analytical Chemistry of the Czech Academy of Sciences,
Veveri 97, Brno, 60200, CZECH REPUBLIC

Abstract — In this work, we report on application of positively charged compounds such as basic amino acids (Arg, Lys, His)
and peptides (2Gly6His, 6His, 5Gly3His) for oligosaccharide/N-linked glycan labeling followed by CE-MS analysis.

Keywords: oligosaccharides, labeling, CE-MS

1. Introduction _
2. Experimental

Glycosylation of proteins is the most common post- . o
translational  modification, ~which  strongly All the chemicals used in this study were purchased

influences biological activity and function offrom Sigma Aldrich (Prague, Czech Republic). The

proteins [1]. Traditional glycosylation and glycarseparation capillary was obtained from Polymicro
analysis involves multistep, multiday sampld €chnologies (Phoenix, AZ, USA).

preparation. However, derivatization/labeling Oligosaccharides were dissolved in a solution
seems to be a critical step in the glycan analy$is ontaining water, methanol and acetic acid. A 10-
either LC or CE separation with f_Iuorescence/maffad excess of labels (amino acids or peptidespwer
spectrometric  detection. Labeling has severglyjeq A solution of sodium cyanoborohydride in
purposes: (a) enhancing sensitivity of analysi$i Wit ethanol was added and the mixture was incubated
different detectors (fluorescence or MS), (b) agt 55°¢ for 20 hours. Afterward, the solvents were
increase in hydrophobicity of the highly hydropaili evaporated in a speed-vac concentrator and the

oligosaccharides  resulting  in  increased,mpjes were re-dissolved in water before CE-MS
chromatographic retention in the reversed-phase %alysis.

mode, or (c) introducing a charge into the neutral
oligosaccharide  molecules  effecting the CE-MS experiments were conducted on a
electrophoretic mobility. 7100 CE system (Agilent Technologies,
_ Waldbronn, Germany) connected to the maXis

Various labels have been used for glycapnnact mass spectrometer (ESITOF-MS) (Bruker
labeling [2]. The most widely used tags are Zpgjionics, Bremen, Germany) using a polyimide
aminobenzamide (2-AB), 2-aminobenzoic acid (Z555ed liquid junction CE-MS interfackig.1). The
AA), 2-aminopyridine (PA), 8-aminonaphthalenetg separations were performed in the fused silica
1,3,6-trisulfonic acid (ANTS), and 8-aminopyrenegapjjjaries (uncoated or LPAA coated). Solutions of
1,3,6-trisulfonic acid (APTS). The majority of 1 o)) formic acid or 100 mmol/L acetic acid were
labeling procedure for CE separation has begReq as background electrolytes and spray liquids.
performed using a negatively charged fluorophofgne \s detection was performed in the positive ion

APTS followed by CE with laser-inducedmgge The detail experimental conditions are shown
fluorescence (CE/LIF) and/or mass spectrometty ha figure captions.

(CE-MS) detection. However, an attachment of a
cationic label with a high number of positive
charges should provide faster migration in CE,
simplify selection of separation buffers for
electrophoretic sample concentration and allow
more sensitive detection by MS in a positive ion
mode.

t*Correspondence: krenkova@iach.cz
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All the selected amino acids and peptides
provide a positive charge of labeled
oligosaccharides in the background electrolytes and
spray liquids (acetic acid or formic acid) leading
sufficient separation by capillary electrophoresis.
The migration times of labeled standard
oligosaccharides (isomaltotriose, maltotetraose,
maltopentaose, maltohexaose and maltoheptaose)
were different depending on a number of charges
provided by the label as shownHiy.3. The highest
velocity showed oligosaccharides labeled by a
hexahistidine peptide (2Gly6His).
Maltooligosaccharides labeled by a hexahistidine
sequence migrated approximately two times faster
than the same standards labeled by histidine alone.

3-,4-,5-,6-,7-His
2.0x10" 4 A ﬁ I ﬂ

1.5x10"
3-,4-,5-,6-,7-5Gly3His

1.0x10"

Signal intensity

5.0x10° 4 .
Figure 1. Polyimide based liquid junction CE-MS % B/567-2GIVEH1S

0.0 4

3. Results and Discussion 0 5 10 15 » 25

Time [min]

In this study, we have tested various basic amino Figure 3. CE-MS analysis of maltooligosaccharides

acids (Arg, Lys, His) as well as peptides (2Gly6His '(;aobne(;ﬁgnbg geErer;to“;Tgi;g‘;lgf;'d%e:fﬁai“o"ﬁd

GH'S’ 5Gly3His) for Ol'gosaCCha”de_ Iqbellng BGE: 1 moliL formic acid, 20 I'<V, hy(:;Irodynamic;

suitable for following CE-MS analysis in the injection: 50 mbar, 10 s. MS - spray liquid: 1 rhol/

positive ion mode. The standard oligosaccharides formic acid; 0.5 atm, 1.7 kV, 1 Hz scan.

and N-linked glycans released from bovine

ribonuclease B or fetuin were labeled by reductive

amination. A scheme is shown kiig.2. A 10-fold ] ] )

excess of labels was added to the oligosaccharides W€ have tested labeling of oligosaccharides by

in order to form a Schiff base. which was hexahistidine peptide with and without a spacer,

subsequently reduced by sodium cyanoborohydri§élich was added to the sequence in order to

to the corresponding aminodeoxyalditol. minimize the steric hindrance and charge repulsion.
We have observed only small difference in

oH oH migration times of 2Gly6His- and 6His-labeled
% R " > . oligosaccharides. The oligosaccharide standards
TN o N labeled by the 2Gly6His peptide migrated slightly

slower than the standards labeled by the 6His

peptide since two molecules of glycine make the
Figure 2. Oligosaccharide labeling by reductive Oligosaccharide molecule larger without bringing
amination any additional positive charge.
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The labeling of more complex samples such aensitive MS detection of maltooligosaccharide
N-linked glycans released by peptiNeglycosidase standards have been achieved. The labeling by the
F from ribonuclease B and fetuin has been alsoulti-positively charged peptide (2Gly6His) has
tested. The labeling by a peptide 2Gly6His allowalso enabled MS detection of both neutral and ecidi
fast and efficient separation by capillaryN-linked glycans in the positive ion mode.
electrophoresis. Due to the multi-positively charge
peptide the acididN-linked glycans containing a
various number of sialic acid in the molecules were
detected as cations in the positive ion MS mod&cknowledgement
(Fig.4).

The research was supportedtbg Grant Agency of
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4. Conclusion

The basic amino acids and peptides have been used
for oligosaccharide labeling via reductive
amination. Fast and efficient CE separation and
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Abstract — In this work, capillary electrophoresis with contactless conductometric detection was used for the analysis of ionic
content of exhaled breath condensate to differentiate among the healthy individuals and patients with gastroesophageal reflux
disease. The exhaled breath condensate was collected using a miniature sample collection device and the content was
analyzed using a separation electrolyte composed of 20 mM 2-(N-morpholino) ethanesulfonic acid, 20 mM L-histidine, 2 mM
18-crown-6 and 30 pM cetyltrimethylammonium bromide. The separation of anions took less than 2.5 minutes, while the
cations were separated in less than 1.5 minutes. The most significantly elevated ions in the group of patients with
gastroesophageal reflux were chloride, nitrate, propionate and butyrate. Although the number of subjects was too small to
draw definite conclusions on discriminatory power of these ions, the pilot data hold promise for EBC as a useful non-invasive
alternative to other methods used in gastroesophageal reflux disease diagnosis.

Keywords: capillary electrophoresis, exhaled breath condensate, ionic analysis, diagnosis, gastroesophageal
reflux disease.

1. Introduction the most common diseases of the western world.
Between 20 and 30% of general population in

Capillary electrophoresis is an attractive sepanati Europe and USA will suffer from GERD [6] and
technique that is particularly suitable for thebout 60% of the adult population will experience
analysis of biological samples. Non-invasivéome type of GERD during their life span. GERD is
sampling and analysis of alternative biofluids ar@ftén diagnosed using invasive instruments, such as
gaining scientific attention, as these samples afd-hour multichannel intraluminal impedance and
acquired easily, can be obtained repeatedly withogf! monitoring (MIl-pH) [7], during which the
any particular stress to the patient and often laavé®atient is required to continuously wear a narrow

simple matrix. One such a sample is exhaled brediftheter in the esophagus. This device measures the
condensate (EBC). spreading and volume of gas, liquid, and solid

through the esophagus and evaluates the
EBC is obtained by cooling the exhaled breath usingmposition of refluxate. The data are eventually
a suitable cooling equipment and apparatus. EBCiised to evaluate whether the person is suffering
the aqueous part of the exhaled breath that cantaffom the disease based on the number of recorded
mainly condensed water from the breath angflux episodes and DeMeester score [8] describing
volatile compounds soluble in water, but also smathe severity of reflux. The use of the Mil-pH is
respiratory droplets that carry the informatiortioe&  however rather unpleasant and up to 1/3 of subjects
lung condition, inflammation or report discomfort. In this contribution, we have
oxidative/nitrosative stress. EBC was first used aSattempted to rep|ace the above mentioned MiIl-pH
diagnostic sample by Sidorenko in the 1980s [1] anfleasurement with significantly less invasive
since then numerous articles on EBC have beg@Ralysis of EBC. EBC was collected using a
published, including some recent reviews [2,3kpecially designed miniature sampler [4,9,10] that
EBC is attractive not only to study one’s lungyas previously developed in our laboratory. EBC
condition [4,5], but may also find othersamples were collected from several healthy
applications, for instance in the assessment gHlunteers and a group of patients suffering from
inflammatory condition of trachea and eSOphagugymptoms of gastroesophagea| reflux disease.

The latter is of particular importance, becausgapillary electrophoresis was used for the analysis
gastroesophageal reflux disease (GERD) is one of

HHCorrespondence: Dr.Petr Kubar, petr.kuban@gmail.com
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of ionic content of EBC samples and differences in

selected ion concentrations were found between thﬁ . . . .
The cylinder was kept in dry ice at -BOprior to

groups. EBC collection and an insulation sleeve was used
_ during EBC collection. A straw with OD of 6 mm,

2. Experimental and wall thickness 0.2 mm (purchased in a local

store) was used to exhale the air through the

2.1. Instrumentation sampler. The end of the syringe was enclosed with

, ) i a parafilm septum to avoid EBC loss.
An in-house built CE instrument was used for all

electrophoretic separations at + 15 kV using a high
voltage power supply unit (Spellman CZE2000R _
Start Spellman, Pulborough, UK). Two Pt wires (0.8-2. Chemicals

mm outer diameter (OD), 3 cm length, Advenk" chemicals were of reagent grade (Sigma-

Research_Materlals L., Eynshgm, England) We,rﬁdrich, Steinheim, Germany) and deionized (DlI)
inserted in the electrolyte vials to serve as

electrodes. Fused-silica (FS) capillaries (50 uwater (Purite, Neptune, Watrex, Prague, Czech

inner diameter (ID), 375 um OD, 39 cm total Iengtf?epuphc.) was used for stock solution preparation
. . . and dilutions. Background electrolyte (BGE) for CE
Polymicro Technologies, Phoenix, AZ, USA) were . L
: . measurements was prepared daily by diluting 100

used for the separation. All CE experiments were .
. mM stock solutions of 2-(N-

performed at ambient temperature. A custom made

. . orpholino)ethanesulfonic acid (MES), L-histidine
contactless conductometric detector (Version 5.08, . .
. ._(M1S) and 18-crown-6 to the required concentration.
ADMET s.r.0., Prague, Czech Republic) operatin . . .
etyltrimethylammonium bromide (CTAB) was
at a frequency of 1.8432 MHz and voltage 50,V . .
. repared as 10 mM stock solution in 5 %
was used for the detection of the separated aBaIthcetoni trile
Data were collected using an ORCA 2800 24-bﬁ '
A/D converter and ECOMAC software ver. 0.254  The separation electrolyte that was used for
(ECOM spol s.r.o., Praha, Czech Republic). In afeparation and quantitation of inorganic anions,
experiments, hydrodynamic injection was appliedations and organic acids, consisted of 20 mM
to the samples, consisting of elevation of the ampMES, 20 mM HIS, 2 mM 18-crown-6 and 30 uM
vial to the height of 10 cm for 20 s. CTAB.

The sampler for collection of EBC was; 3 capjllary conditioning procedure
developed in our group earlier [9]. Briefly, it was

constructed from a 2 ml syringe (B. BraurPrior to the first use, the separation capillaryswa
Melsungen AG, Melsungen, Germany) cooled by areconditioned by flushing with 0.1 M NaOH for 30
5 c¢m long hollow aluminum cylinder of 2.5 cm ODmin, DI water for 30 min and BGE solution for 10
with ID precisely matching the OD of the syringamin. Between two successive injections, the
(see Fig. 1). capillary was flushed with BGE solution for 1 min.
- At the end of a working day, the capillaries were

_ oo washed with DI water for 15 min, followed by
/ \ gt applying a vacuum for 5 min and stored dry
:polvpropylene straw Overnlght'
—_ hollow aluminum _
aplieer 2.4. Sample collection procedure
condensate
— 2mpaeepiene [ The EBC was collected in the morning, the subjects
did not eat or drink prior to EBC collection. The

EBC was collected using the previously described
e N EBC-sampler. The person was asked to deeply
exhale 3-5 times into the sampler, but depending on
Figure 1. The photograph and scheme of the EBfse person’s lung capacity, the number of
sampler used in this work. exhalations was modified to collect approximately
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100 pL of the EBC. After the EBC sampling wawoltage polarity. Fig. 2 shows the separation of a
completed, the condensate from the syringe waklisodel mixture of 8 anions that was achieved in less
was swept with the plunger to the syringe tip anihan 2.5 min.

transferred to the sample vial for CE analysist Par
of the EBC sample was also used in another
experiment, published elsewhere, in which the p
was measured using a microelectrode.

1 mV

2.5. Patients and healthy individual selection

mV)

In this initial screening, a group of healthyz
individuals and a group of patients diagnosed Wi1-§_
asthma and pulmonary fibrosis were selected. Tlg i
healthy individuals had no documented GERD, n
heartburn and were free from other relate —
symptoms. The healthy individuals were selecte
from approximately the same age group as tt
patients (i.e. the average age of 48 for healthy \
the average age of 56 for the patients). The patiel o 05 , .5 ) 25
suffered from asthma and pulmonary fibrosis an time (min)

were from the Department of Pulmonary Diseases

of University Hospital in Brno.

%
o
%

%
6(/0

¢ &
FR
NS

Figure 2.Separation of a model mixture of 4 inorganic asion
and 4 organic acids. BGE: 20 mM MES/HIS, 2 mM 18wa1e

6, 30 uM CTAB. HV: positive +15 kV, C4D detection.nlo
concentrations in the parentheses in pM: aceta®)y2
chloride, nitrate, lactate, propionate, butyrat&){2nitrite,
sulfate (10).

3. Results and Analysis

3.1. Electrolyte selection

For separation of ionic content of EBC, the BGE

composed of MES and HIS was chosen, as this

electrolyte allows analysis of anions, organic scid

and cations with good sensitivity. MES and HIS

fulfill the criteria for suitable co- and counterri in The ion concentrations were selected to be

CE se_paration using the contactless CondUCtiV_igfmilar to those found in EBC samples. Fig. 3 shows
detection (C4D). The conductance of the respecti fre separation of cations using the same conditions

BGE compqnent_s is low, thus analytes includingut reversed voltage polarity. The ammonium
small organic acids (acetate, lactate, butyratd) w ation is usually present at 100-fold higher

be detected as positive peaks. The addition of 1 oncentrations than other cations in the EBC, its

crown-6 1o the separation electrolyte improves th@oncentration was thus also increased to 1000 pM
resolution of K and NH" cations and does not

: L .__to reflect the expected concentration. Note thahev
influence the selectivity of other measured CatIOI](i this high excess the separation of,Nffom K*

oa g_reat extent, nor doe_s It |nf|uenc¢ the seqoara Is sufficient and the BGE composition can be used
of anions and organic acids. CTAB is added to tr}gr real sample analysis

separation electrolyte to decrease the electroégemot
flow (EOF).

It should be noted here that although this
separation  electrolyte allows simultaneous
separation of anions and cations using dual-opposit
end injection [11], in this work anions and cations
were determined separately, by switching the high
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- A\\,@ Table 1. Calibration equations of all separated anions,
&@06 cations and organic acids. BGE: 20 mM MES/HIS, 2 mM
— 1mv ° 18-crown-6, 30 pM CTAB. HV: positive +15 kV or
negative -15 kV, C4D detection.
% -
T—z; lon Calibration equation R range (UM)
g
3 4
CI y=0.0278x + 0.0258 0.9957 0.6-25
| \é‘)@ \o@
Jj% NO; y=0.0270x + 0.0023 0.9994 0.6-25
QO
i NOs y=0.0315x + 0.0166 0.9987 0.6-25
| I | I | SQ# y=0.0656x + 0.0143 0.9980 0.25-10
0 0.5 1 1.5
time (min) acetate y=0.0156x + 0.0200 0.9995 1-200

lactate  y=0.0207x + 0.0097 0.9996 0.6-25

Figure 3.Separation of a model mixture of 5 inorganic aatio propionatey=0.0189x + 0.0024  0.9983 0.6-25
BGE: 20 mM MES/HIS, 2 mM 18-crown-6, 30 uM CTAB.

HV: negative -15 kV, C4D detection. lon concentras in the butyrate y=0.0188x -0.0001 0.9990 0.6-25
parentheses in pM: ammonium (1000); calcium (25),

potassium, sodium and magnesium (10). NH;* y=0.0211x - 0.1437 0.9993 25-1000

. : : K* y=0.0347x + 0.0013 0.9994 0.25-10
3.2. Analysis of anions in EBC samples

) Ca* y=0.0528x +0.0059 0.9995 0.6-25
From each subject, the EBC sample was collected

as described earlier. About 50 pL of the sample wa"™  y=0.0356x + 0.0079  0.9996 0.25-10
transferred into an Eppendorf vial and, .. . _ i i
hydrodynamically injected into the CE system. The y=0.0618x-0.0054  0.9995 0.25-10
EBC samples were analyzed first for anions and
organic acids, using positive HV polarity and then
for cations using negative HV polarity, with the HV

electrode placed in the detection vial. Theijg 4 shows series of electropherograms of anions
concentration of all 13 ions in the samples Wagng organic acids in a healthy individual, patient
evaluated using calibration curves measured Willith acid reflux and patient with weakly acid reflu
standard solutions, the parameters, such as e can clearly see that the concentrations of
calibration equation, regression coefficienf)(@1d  seyeral anions, most notably chloride, nitrate and
concentration range, are shown in Table 1. In thb‘-iganic acids are significantly higher in the pattie
initial screening we have attempted to analyzgoyp than in the healthy volunteer. Some small
several samples from the healthy group and patiefgrganic anions such as nitrite and nitrate atenof
that were diagnosed as having the acid or weaklyynd in the EBC of patients with respiratory
acid reflux and identify the ions that would bejiseases as markers of the nitrosative stressh®n t
significantly different in these groups. other hand, the presence of an increased
concentration of chloride and organic acids may be
significant towards the GERD diagnosis.
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. reflux. BGE: 20 mM MES/HIS, 2 mM 18-crown-6, 30 pM
g CTAB. HV: negative -15 kV, C4D detection.

WEAKLY

_|AcID REFLUX 4. Discussion

g :|:O5mV We have tested a Iimited number of sgbjects and
= ' attempted to establish, whether a simple EBC
§ B . sample could be used as a surrogate for more
g | ' invasive, expensive and tedious diagnostic
(8] ACID REFLUX

methods. The analysis of anions showed some
promising results with regards to selected small
inorganic anions (chloride and nitrate) and organic
1 HEALTHY acids that were elevated in the patients suffering
from GERD symptoms, compared to healthy
U volunteers. Unfortunately in the cation analydis, t

' differences were not significant and cations were
deemed unsuitable.

time (min)

Figure 4. Separation of anions in EBC samples of healthy - Conclusion
person, person with acid reflux and person withklyeacid
reflux. BGE: 20 mM MES/HIS, 2 mM 18-crown-6, 30 uM

CTAB. HV: positive +15 kV, C4D detection. We used capillary electrophoretic analysis of EBC

for the first time in an attempt to distinguish the

3.3. Analysis of cations in EBC samples groups of patients with GERD from healthy
) _ _ individuals. CE with C4D was used for analysis of
The analysis of cations in the same samples candQ&,|| inorganic anions, cations and organic acids

seen in Fig. 5. Although higher concentrations of,asent in the EBC samples. Although it has been
ammonia cation were found in patients compared yvn that selected samples had elevated

healthy individual, the content was not signifi¢@nt -ncentrations of chloride, nitrate, butyrate and
different from the healthy individual, and thisy onionate, the number of subjects was too small to
applied for other cations (KNa', C&", Mg™) as  graw definite conclusions on discriminatory power
well. of these ions. It also seems that although thege is
difference between healthy and acid reflux/weakly
& acid reflux groups, the results between acid and
weakly acid reflux are very similar and these two
- |V groups cannot be separated based on the current
data. A larger scale clinical study, in which EBIC o
patients and healthy individuals is scrutinizedhwit

s ) :
E 7 regard to ion content, pH and concentration of othe
Tg“, 4 biomarkers (for instance pepsin in saliva) to abtai
g statistically significant results for evaluation is
S | aciant ik being currently performed. Nevertheless, the ihitia

data hold some promise for EBC as a useful non-

AGID REFLUX invasive alternative to other methods used in GERD
HEALTHY diagnostics.
: i : SYMBOLS
0.5 1 15
time (min) BGE background electrolyte
Figure 5.Separation of cations in EBC samples of healthy €4b conf[actless conduct|V|t_y detection
CE capillary electrophoresis

erson, person with acid reflux and person withkiyeacid . ) .
P P P CTAB  cetyltrimethylammonium bromide
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DI deionized
EBC exhaled breath condensate
GERD  gastroesophageal reflux disease
HIS L-histidine
ID inner diameter
MES 2-(N-morpholino)ethanesulfonic acid
oD outer diameter [6]
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Abstract

For nanopores, there can be made a difference batwatural and artificial nanopores, as
ion channels and carbon nanotubes or nanoporesrcaed into foils. Artificial nanopores
have microscopic-length and a nanoscopic radius-$on transport through the nanopore is
connected with an important property: the selettiviDue to this property the nanopore can
be used, for instance, as a nanoscopic porus sensor

The basic concept of our model nanopore sensohas the presence of an analyte
molecule modulates the ionic current flowing thrbulge pore. The analyte molecule (usually
a biomolecule) is detected selectively if it is bduto the nanopore. If the binding is a
reversible process involving physical forces tha¢ aveaker than chemical bonds, the
probability that the analyte molecule binds to thanopore is proportional to its
concentration. From calibration curves (currenta@centration) the analyte concentration
can be determined.

In this modeling work, we create simple models thembrane, the pore and the
electrolyte. Negative charges are located on thiadcal pore’s wall to make the pore cation
selective. For the electrolyte, the Primitive Modg&Electrolytes is used, which treats the ions
as hard spheres with their charges located in trdecs, and the solvent as a constant
dielectric continuum. The binding sites are modelsdtth a square-well potential. We applied
the Local Equilibrium Monte Carlo (LEMC) method quad with Nernst-Planck (NP)
equation. This method (NP+LEMC) is suitable fordsteven micromolar concentrations.

We present a modeling study to analyze the dewositvity (defined as 1/10, where |
and 10 are the currents in the presence and absdnice analyte, respectively) to the various
model parameters: number, strength, and width ef binding sites; properties of the
electrolyte and the analyte. Through the calculatedcentration profiles, the molecular
mechanisms of the system can be understood.
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P16 QUANTITATIVE ASSESSMENT AND AUTOMATIC ID OF GLY CANS OF
CQA IMPORTANCE IN BIOLOGICS DEVELOPMENT
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3 MTA-PE Translational Glycomics Research Group, Research Institute for Biomolecular and Chemical
Engineering, University of Pannonia, Veszprem, Hungary

Abstract

Carbohydrate profiling of the conserved asparafimed glycosylation site (Asn 297 in most
instances) of monoclonal antibody therapeutics ke step in each phase of the product
development cycle in the biopharmaceutical industgfficacy, stability, half-life and
immunogenicity are all highly dependent on the Meglsylation of protein therapeutics. The
two major effector functions N-glycosylation mayesdt in therapeutic monoclonal antibodies
are antibody-dependent cell-mediated cytotoxicifDCC) and complement-dependent
cytotoxicity (CDC), via alterations in core fucoatibn and antennary galactosylation,
respectively [1]. The presence of high mannose tlgeans affects half-life via interaction
with mannose-binding lectins (MBL). Therefore, acate and quantitative analysis of mAb
N-glycosylation provides important information tceest the glycosylation aspects of critical
quality attributes (CQA) of biologics developmer@apillary electrophoresis with laser
induced fluorescent detection (CE-LIF) is one dd tiighest resolution methods to separate
fluorophore (APTS) labeled oligosaccharides. CE-uREh the recently introduced triple
internal standard based automated GU calculatiomhode in conjunction with instant
structural assignment of glycans of CQA importanséeng the built-in database provided
qualitative and quantitative glycan identificatiovith special focus on core fucosylation
(ADCC, CQA), antennary galactosylation (CDC, CQAldathe presence of high mannose
structures (serum half-life, CQA) [2].
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Abstract — The exact cause of anthracycline induced cardiotoxicity remains unknown. Dexrazoxane is the only approved drug
for myocardium protection. However, the lack of information regarding mechanism of action and its structure-activity
relationship hinders development of new, more effective and safer cardioprotective drugs. The aim of this project is to develop
a pilot UHPLC-MS/MS method for determination of a novel analogue of dexrazoxane, JAS-2 and its metabolite in cell culture
medium. Developed conditions will be further optimized for analyses of JAS-2 and its metabolite in different relevant biological
materials (e.g. plasma, heart tissue, etc) and applied to a bioactivation study in vitro and in vivo.

Keywords: UHPLC-MS, Dexrazoxane, Cardioprotective drugs

4,4'-(butane-2,3-diyl)bis(piperazine-2,6-dione)
(JAS-2, Fig 2a) was synthesized as novel analogue
_ ] ~_of DEX. Pilot studies performed on neonatal rat
Anthracycline chemotherapeutics (doxorUb'C'necardiomyocytes indicate that JAS-2 is more
daunorubicine) are one of the most effectivgeciive in protection of cardiomyocytes from toxi
anticancer drugs clinically used in the therapy Qfttect of anthracyclines as compared with DEX.

hematologic malignancies and several solid tumots,q further development of this novel analogue
(e.g. breast, ovarian and gastric carcinoma, boﬂ?quires a modern

sarcoma, etc.) [1, 2]. However, their clinical ise

limited by the incidence of -cardiotoxicity,

especially its chronic forms, which lead to the

development of congestive heart failure [2-4]. The a) 0
exact cause of anthracycline induced cardiotoxicity

NH
remains unknown. It is assumed that these drugs are o JVN\/g
able to form reactive oxygen species that further W ©

1. Introduction

produce extremely toxic and reactive hydroxyl
radicals and this reaction is catalyzed by iron (Fe o} DEX
ions. Another hypothesis attributes an important
role to the interaction of anthracyclines with b) CONH,
topoisomerasefpl[1, 4].
HOOC™ N N._ COOH
Dexrazoxane (DEX, Fig 1a) is the only approved
drug effective in preventing anthracycline induced H,NOC ADR-925
cardiotoxicity. DEX was traditionally assumed to be
a prodrug and its cardioprotective effect was
attributed to the Fe chelation properties of its Figure 1. The only approved cardioprotective drug
metabolite ADR-925 (Fig 1b). Meanwhile, recent preventing anthracycl_ine induce_d cardi_otoxicity -
. L. . . dexrazoxane (a) and its metabolite (b) with chegpti
investigations suggest that cardioprotective effiéct properties,
DEX is more complex and may be associated with
the interaction of the parent drug with
topoisomerasepl[3, 5, 6]. The lack of information
about the mechanism of cardioprotective effect of
DEX hinders development of novel, more effective

and safer analogues.

$$55Correspondence: piskacha@faf.cuni.cz
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mm, 1.8 um, Agilent) . The mobile phase was

Table I Overview of SRM for individual analytes Composed Of a mlxture Of elther Water or 05 - 10
mM ammonium formate (A) and methanol or
parent - - : . . .
ion CE (eV) product ionts  acetonitrile (B) in a diferent gradient profilesER

was utilized as an internal standard for JAS-2.
JAS-2net 319.1 -16.0; -29.0 187.2; 142.15ADR-925 (Fig 1b) and 1,2-diaminopropane-
N,N,N',Ntetraacetic acid (PDTA, Fig 2a) were
84.0tssted as a potential internal standards for JAS-2

-13.0; -32.0; .
JAS-2 282.8 169.05;

42.0 55.0 The quantification was done using SRM for higher
selectivity (Tab 1). Various dilution ratio (5x, 3,0
DEX 269.1 -13.0 155.0 20x) of cell culture media - DMEM (Sigma Aldrich,
CE = collision energy Geramany) were tested during sample preparation

development using different concentrations of
analytical method capable of determination of this

compound in biological materials to investigate its Q

fate in cardiomyocytes and an organism. The 2 HJ\NH
objective of this study is to develop a pilot UHRLC o) N%/N o
MS/MS conditions for determination of JAS-2 and NH\H)
its metabolite (N,N-bis(carbamoylmethyl)-2,3- S JAS-2
diaminobutaneéN,N-diacetic acid, JASw;, Fig.
2b) in the solution and cell culture medium
(DMEM). b) rCONH2
HOOC/\N%/N\/COOH
2. Experimental J
H,NOC JAS-2,

JAS-2 was synthesized via six-step proceduffiethanol (20%, 50% and 100%).
starting from meso-2,3-butanediol. The crucial step

of the_ prepar_ation, cyclization of term_inal Figure 2. JAS-2 (a), a novel analogue of the
piperazine-2,6-diones, was performed according to cardioprotective  drug dexrazoxane and its
method of R. M. Snapka et al [7]. The two rings metabolite (b).

opened metabolite (JASwd was prepared COOH

analogicaly to ADR-925 by alkaline hydrolysis of a)

JAS-2 and subsequent acidification using the ion HOOC™ N
exchanger Amberlyst 15. Identity and purity were
verified by NMR and MS techniques. The stock
solutions were prepared using solvents DMSO,
methanol 50% and methanol 100% for JAS-2, JAS-
2metand DEX respectively.

N._ COOH

HOOC
CONH,
b)

N.__CONH
H,NOC™ N ~ 2

. H,NOC
The analyses were performed using a UHPLC

system (Nexera, Shimadzu, Japan) coupled with a ) o CONH,
triple quadrupole mass spectrometer with ESI ion o~ )J\/N\/COOH
source (LCMS-8030, Shimadzu, Japan). Following HOOC™ N
chromatographic columns were tested during the H,NOC

method development: Atlantis HILIC Silica (150 x

2.1 mm, 3um, Waters), Cogent 2.0 Bidentate C18 (
(100 x 2.1 mm, 2.2um, MicroSolv Technology HooC™ >N~ > N~_-COOH
Corporation), Luna Omega Polar (100 x 2.1 mm,

1.6 um, Phenomenex),una Omega PS (100 x 3 _ HNOC .

mm, 5 um, Phenaenex), Synergi Polar (100 x 3'OFlgure 3.PDTA - one of the tested internal standardsdi#)er

compounds that will be tested as internal standardR281B
mm, 2.5um, Phenomenex), Zorbax SB Aq (3x10Qy) jr-H2 (c), GK-657 (d).

CONH,
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the method was proved over the concentration range
from 5 to 150 pmol/l with R2 0,999 and from 10

Linearity of the method was evaluated over thg, ;5 wmol/l with R2> 0,996 for JAS-2 and JAS
concentration range from 5 to 150 pmol/l and 10 t? . respectively -
me .

125 ymol/l for JAS-2 and JASn& respectively,
using linear regresion for each compound separately
and together in a mixture.

4. Conclusion

The novel UHPLC-MS/MS conditions for
determination of JAS-2 and its metabolite in

. o : . DMEM cell culture medium was developed. After
The main complication of simultaneous analysis oi

3. Results and Discussion

JAS-2 and it tabolit distinct polarii election of an internal standard for the metabplit
~< and 1ts metabolite was distinct polar Iese(}g is condition will be utilized for stability/acttion

these anaytes,_ which I(_aad to_their comple_t tudy in DMEM medium. Moreover, this study
dlffer_ent retention behav_lor. More_over, the r_"grbrovides a basis for further optimization and
polarity of JAS-Ze:and its chelation properties, ,jiqaiion of the bioanalytical method for analyses

resulted q mh poor Tetentlon dOf thi corEp?]und %8¢ JAS-2 and its metabolite in different relevant
reversed phase columns and weak peak Shapes. biological materials (e.g. plasma, heart tissug), et

Luna Omega Polar (100 x 2.1 mm, 16n, This study brings novel data to investigation of
Phenomenex) was finally selected as a stationgggrdioprotective analogue of DEX, JAS-2 and its
phase because it provided the best separati@pplication in further reaserch may hepl to clarif
properties and peak Shapes for such differeme structure-effect relationshipin the groupE‘)D
analytes. DEX was chosen as internal standard falogues.
JAS-2. The structurally close analogues of the
metabolite (ADR-925 and PDTA) could not be used

as internal standards for JAGe2as their retention

behavior resulting in JASw: peak overlapping, 80
associated with signal suppression and poor
repeatability of both tested internal standards.
Hence the linearity for JASmé: had to be tested 404
without using aninternal standard. 1,2-
DiaminopropaneN,N,N',N‘tetraacetamide
(JR281B Fig 3b), N,N' 0
bis(carbamoylmethyl)glycinamide-N,N'-diacetic

100+

%B

204

0 2 4 6 8

. . Time (min)
acid (JR-H2, Fig 3c) and N,N-
b!s(ca.rbarr?oylmethyl)ethylene . diamineN* Figure 4. Gradient profile of the mobile phase,
diacetic acid (GK-657, Fig 3d) will be further tedt expressed as a concentration of the organic so{@ynt
as potential internal standards for JAQ:2 as a function of time.

The composition of mobile phase was optimized
and 1 mM ammonium formate (A) and methanol
(B) in the following gradient: 0-1.5 min - 5% (B);
1.5-3 min — 5-90% (B); 3-5 min 90% (B); 5.01-8
min 5% (B) (Fig 4) were found to be appropriated.
The representative chromatogram of separation in
shown in Fig 5.

Samples were prepared by dilution of the DMEM
medium five times with methanol 50%. Linearity of
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P18 IN VITRO BIOACTIVATION STUDY OF A NEW ANTIPROLIFERATIVE DRU G
SOBUZOXANE IN BIOLOGICAL MATRICES
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Abstract — Sobuzoxane was synthesized as a prodrug of an antiproliferative bis-dioxopiperazine drug ICRF-154 (analogue of
cardioprotectant dexrazoxane) to improve its bioavailability. Although it is a clinically approved drug in Japan, there are only
scarce information on its metabolism and no modern method suitable for comprehensive biodegradation study. Therefore,
we developed first UHPLC-MS/MS method for analysis of thes compounds in relevant biological material and applied it to an
in vitro biodegradation experiment in cardiac cells and plasma. Because of suspected rapid degradation of the prodrug,
sample preparation consisted of simple protein precipitation. The in vitro experiment confirmed that sobuzoxane is in
biological matrices rapidly metabolized to the active compound and then further to EDTA-like chelating agent.

Keywords: bis-dioxopiperazines, sobuzoxane, biodegradation, UHPLC-MS/MS

1. Introduction dexrazoxane (DEX). DEX metabolic conversion to

the chelator - ADR-925 is shown kig. 2. So far,
Analogues of bis-dioxopiperazine were developgii€reé was not published any method capable of
as potential anticancer drugs — inhibitors ofimultaneous analysis of SBZ and its metabolites
topoisomerase I, an important enzyme for DNAICRF-154, EDTA-diamide) in relevant biological
replication that makes it a perfect target for eancmaterials that could be used for comprehensive
therapy!l. One of bis-dioxopiperazines, namelypioactivation study.

dexrazoxane, was found to be effective iRnq aim of our study was to develop and validate
preventing anthracycline induced cardiotoxicity angJHPLC-MS/MS method for simultanous analysis

was approved for the use in clincal practice as @ gz |CRF-154 and EDTA-diamide. This
cardioprotective ageiit The exact mechanism of . th04  was applied to a pilot bioactivation

cardioprotective action is still unknown. Moreoverexperiment with SBZ in neonatal ventricular rat

the development of bis-dioxopiperazines i%ardiomyocytes (NVCM) and plasma and the

significantly complicated by poor bioavailability yagits were compared with bioactivation of DEX.
and solubility.

Sobuzoxane 8§BZ, 4,4-(1,2-ethanediyl)bis(1- o o -
isobutoxycarbonyloxmethyl-2,6-piperazinedione), _I/\OJLGA\,K

Fig.1) has been synthesized as a prodrug of 1,1 N,
ethylendi-3,5-dioxopiperazinelGRF-154, Fig.1) I\n’\““’OTO"’J\
to increase its lipophilicity and mainly solubility @ 9
enable p.o. administratiSh Although SBZ is a *

clinically approved drug in Japiéin the data on its 0 ICRF-154
bioactivation in biological materials are only smar >—\G_ oz o= —wa\AfO

It is probably immediately after administration ot — oz
converted to ICRF-154, formaldehyde and.@@e o

released during this esterase dependent activatis x

(Fig. 1) Bl Furthemore, ICRF-154 is likely EDTA-diamide
metabolized in the body to its analogue with opel TN oo
bis-dioxopiperazine ringEEQTA-diamide, Fig.1) neE "_come

with chelating properties. This metabolism pathway
was only hypothesized and it is based or Figure I Biodegradation of sobuzoxzne (SBZ)

biodegradation data of its close analogue - and structures of its metabolites — ICRF-134 and
EDTA-diamide
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Table 1 Selected precursor and product ions of 4]
studied compounds and their internal standards HIy

used for quantitation GﬁJ‘v\wJ\\ E—
Compound Mw (g/mol) SRM Conrz
SBZ 514 532.3 — 341.1 . / \
ICRF-154 254 2552 5 141.1 . -
EDTA-diamide 289 290.9 — 158.9 A AL o "
1S-SBZ 486 504.0 — 383.1 a b “‘f "“O”v\fo “cooH
DEX 268 269.1 — 155.2 1 L o
ADR-925 304 305.1 — 173.1 DEX \ ADR-925
HOOC /
7
—_\OSV\\J\\/\FO

=}

2. Experimental

Figure 2 Biodegradation of dexrazoxans (DEX)
2.1. Samples and Measurements and structure of its metabolite ADR-923

Studied compounds and their internal standargéPerazinedione) for EDTA-diamide, ICRF-154
were synthesized at the Department of Organic aafid sobuzoxane, respectiveljigs. 2 and R

Bioorganic Chemistry of Faculty of PharmaCyBiodegradation study of sobuzoxane was conducted

_(é:ha_rles Unlve_r:n()j/, qzeCSMiepughl\(jl)S a%(j the'fn following biological matrices and concentrations
dentity was verified using an - [he rest the drug: neonatal ventricular rat cardiomyosyte

of the substances and LC-MS solvents used in thisy,,cum (100 M), DMEM cell culture medium

study were purchased from Sigma-AIdrich(30 UM, 100 uM) and rabbit plasma (100 uM).
(Germany). Experiment was followed by stability study of

All samples were analyzed using a Nexera XMERF-154 (50 uM) in DMEM cell culture medium
UHPLC system coupled with LCMS-8030 tripleand rabbit plasma. ADS buffer (pH 7.4) and PBS
quadrupole mass spectrometer with ESI ion sourBgffer (pH 7.4) were used as a control media is thi
operating in a positive mode (Shimadzu, Japarftudy for DMEM medium and rabbit plasma,
The acquired data were processed usiri§spectively. All experiments were conducted at
LabSolutions software (v. 5.60 SP2, 201337°C, NVCM cells were incubated in 5% €O
Shimadzu, Japan). Chromatographic separation w&se!Culture ® Incubator — ESCO, USA).

achieved on a Zorng SB-Ag column (100 x 3 m iological matrices used in biodegradation study
1.8 pum, Agilent) with the same ty'pe of a ualhore treated by protein precipitation or simple
column. The CO"”T‘” was flushed _W_'th amixture Ofy, ion Because of low post-preparative stability
2 mM I,EDT,A solution and acgtonltrlle (90:1_07’\’) of sobuzoxane, 0.1% formic acid was added to both
b(_afore its f|r§ tuse to remove ions thaft may ne!mf recipitation and dilution media. As formic acid
with analysis of analyte with chelating propertie as incompatible with analysis of EDTA-diamide,

(EDTA-diamide). _Mobf|le phasedcomposet(]j %his metabolite was analyzed separately from ICRF-
(A) 1 mM ammonium formate and (B) methano 54 and sobuzoxane. The NVCM cells were

was employed in a following gradient: O - 1_'5 MM onicated for 3 min. Then 300 ul of pure ice-cold
(5% B), 1.5 — 5 min (5-90% B), 8.51 - 13 min (5%

B). A flow rate of 0.3 ml/min, a column thermostat
temperature of 30°C and an injection volume of 3 |
were used. Autosampler temperature was set o~ JH

15°C. Quantitation was performed in selecte 0 0" N

reaction monitoring mode (SRM) using low ()J\/N\/\N/\fo
resolution (sedable ). Close structural analogues HTNVO 0~
of studied compounds were utilized as intern: o \ér
standards — ADR-925, dexrazoxane and-@,£2-
ethanediyl)bis(N1-propoxycarbonyloxmethyl-2,6- Figure 3 Structure of internal standard for

sobuzoxane (IS-sobuzoxane)
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methanol was added and the precipitate Wi  sww
centrifuged for 10 min (10,000 rpm, 4°C).
Supernatant was filtered (0.22 pum), divided int
two parts and 0.1% of formic acid was added for tF
analysis of SBZ and ICRF-154. DMEM cell culture
medium and buffers (PBS, ADS) were diluted 20 |
with 20% methanol with or withouth adddion of
0.1% of formic acid and injected. Plasma sample ) AN o .
were precipitated with 150 pl of ice-cold methanc ot b
and centrifuged fO'I' 10 min (10,000 rpm_’ _4°C) Figure 4 Example of chromatographic separation
Supernatant was filtered (0.22 pm) and injecte: f sobuEGEEE il
The method was validated within concentratio their internal standards
ranges relevant for the bioactivation study byimgst interval but it was not equimolar to the fall in 3B
linearity, precision and accuracy according to FDB8oncentration. This may be explained by poor
guideline on Bioanalytical Method Validatiofl  solubility of ICRF-154. Stability experiment of
and fitted well the criteria. ICRF-154 (50 uM) in DMEM medium showed
gradual equimolar conversion of the drug to its
open-ringed analogue — EDTA-diamide. This
confirmed our hypothesis of similar degradation
3. Results and Discussion behavior of ICRF-154 compared to dexrazoxane.

Abscluts intensity

3 %
time {min)

Next, biodegradation of SBZ in cardiac cells was
studied using incubation of the drug (100 pM) with

UHPLC-MS/MS method development was\NVCM in DMEM cell culture medium. At selected

hindered mainly by distinct polarity of the anafytetime intervals DMEM medium was sampled and
and chelation properties of EDTA-diamide thagliluted before analysis (see Experimental). The
resulted in its poor sensitivity. Gradient mode waiVCM cells were harvested and flushed with ice-
utilized for optimal separationFig.4) and the cold PBS before sample treatment. Low
chromatographic column was flushed with anoth@oncentration of sobuzoxane was detected in
chelator - EDTA prior to first use to decrease thVCM cells at the beginning of the experiment and
amount of metals present in the systen@fter 6-hour incubation period the SBZ

Furthermore, formic acid used as a solvent fgioncentration decreased bellow the detection limit

ICRF-154, because of its low solubility, suppresse®f the UHPLC-MS/MS method. Surprisingly high
ionization of EDTA-diamide. Therefore, for theconcentrations of ICRF-154 were found in the cells
verification of the optimal chromatographiceven at the first time interval which suggestsdapi
conditions as well as stability and biodagradatiopiodegradation of SBZ by the cells. ICRF-154 was
study saturated solution of ICRF-154 in water wa§en gradually metabolized to EDTA-diamide.
used. Because of its low concentration, stabilfty & oncentration of SBZ in DMEM medium in which
ICRF-154 in DMEM and rabbit plasma was testethe NVCM cells were incubated decreased more
at 50 pM concentration to avoid excessive dilutioguickly compared to the DMEM medium without
of the matrix. For comparison with sobuzoxane ariié cells. Also, low concentrations of ICRF-154

dexrazoxane the results were expressed in % Wwere detected and slightly higher concentration of
inicial concentration. EDTA-diamide was found in this medium.

- _ Comparison of this experiment with our previous
Stability of SBZ (100 UM, 30 pM) in DMEM cell gata on incubation of DEX (100 pM) with NVCM
culture medium and ADS buffer (as a control) wage||s showed that by using a prodrug (sobuzoxane),
examined. Equally slow degradation of SBZ wagjgher concentrations of the active compound
observed in both media and the decrease QERF-154) can be achieved in the cardiac cells. It
concentration of SBZ was comparable at both tested probably caused by higher lipophility of the

concentrgtions. No ICRF-154 was detected after %%drug which enables better passage through the
hours of incubation. On the other hand low amouRk| membrane.

of EDTA-diamide was found at the last time

3.1. Experiments
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In vitro experiment in rabbit plasma confirmed thaimetabolism of sobuzoxane in rabbits. They may
SBZ is quickly metabolized to ICRF-154 as tha@lso advance the development of new
prodrug was not detectable even after 8 minutes @drdioprotective drugs and help understanding the
incubation and appropriate gain of ICRF-154 watlill mechanism of action of bis-dioxopiperazines.
found. It was then relatively slowly converted to

EDTA_-diamide. On the other hand, concentration %cknowledgement

SBZ in PBS decreased slowly, no ICRF-154 was

detected in the samples and only low amount
EDTA-diamide was found after 24 hours. Th
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P19 COMBINATION OF PREPARATIVE ISOELECTRIC FOCUSING AND MALDI-
TOF MS FOR IDENTIFICATION OF COLORED BACTERIA
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Abstract — This study describes a preparative method based on isoelectric focusing (IEF) of colored microorganisms in a
cellulose-based separation medium. Three oportunistic human pathogens, Micrococcus luteus, Dietzia sp. and Rhodotorula
mucilaginosa, were first analyzed by preparative IEF. Zones of the separation medium with microbial cells were collected
with a spatula, simply processed and analyzed by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry.

Keywords: bacteria, Isoelectric focusing, mass spectrometry

1. Introduction microorganisms, two bacteriddicrococcus luteus
CCM 169T andDietzia sp. CCM 2585) and one

Identification  of microorganisms from aYeast Rhodotorula mucilaginosaM019), were
complicated matrix is required for diagnosticselected for this purpose. These microorganisms are
purposes in medicine, environmental studies, fodPPortunistic human pathogens found especially in
industry, and many other areas. Many differedf?munocompromised patients [7-9].

conventional techniques, such as polymerase chain

reaction, DNA-typing, specific antibodies, are used

for characterization of variety of microorganisms _

[1,2]. In recent years, matrix-assisted lases- EXPerimental

desorption/ionization time-of-flight mass

spectrometry (MALDI-TOF MS) has become a fas2.1. Chemicals

and reliable technique for identification of varsou . : . .
The vast majority of chemicals, including all the

microorganisms including pathogenic ones [3]'hemicalsfor preparative IEF, were purchased from
Nevertheless, sample preparation, includin re- ) ’
v ple preparal incuding p igma-Aldrich  (Schnelldorf, Germany). 3,5-

separation and pre-concentration techniques,liis sfi . . . .
a crucial step in the analysis of many microbi |me_thoxy-4_-hyd_r oxycinnamic acid .(SA) and
samples. protein calibration mixture ProMix2 were

purchased from LaserBio Labs (Sophia-Antipolis
Electrophoretic techniques can be advantageousledex, France). Colored markers for preparative
used for both the pre-concentration and separatiti- pl 2.0 (green), 6.2 (red), 10.1 (violet) were
of microorganisms [4]. Isoelectric focusing (IEE) i developed and synthesized at the Institute of
an example of technique suitable for separation aAdalytical Chemistry of the CAS, v. v. i. All
pre-concentration of microorganisms. The I|EEhemicals were of analytical or MS grade.
separates microbial cells according to their défer

isoelectric points (pl) and it also increaseg-2. Bacterial strains and growth conditions

concentration of the separated microorganisnﬁ'e strains oMicrococcus luteu€£CM 169T, and

during focusing [4.’5]' The microorganisms - ar ietzia sp. CCM 2585 were obtained from the

usually separated in the capillary format of IE . . :

(CIEF) [5]. However, the use of this technique iCzech Collection of Microorganisms (Brno, Czech
' ' f?epublic). The colored straifR. mucilaginosa

somewhat limited by the small volume of th . . .
sample which is injected into the capillary. ! 019 was |sola_1ted from cll_nlcal _materlal and stored
in a Collection of Microbiology, Masaryk
The objective of this study is to demonstrate thidniversity and St. Anne’s University Hospital
ability of method combining recently developedBrno, Czech Republic). The tested strains included
preparative IEF in a cellulose-based separatidnthis study were stored at—70 °C in Itest crpes!
medium [6] with a MALDI-TOF MS analysis to (ITEST plus, Czech Republic). Before each
identify microorganisms. Three coloredexperiment, the strains were thawed quickly at 37
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°C and cultivated on blood or Mueller-Hinton agaresuspended in 10 of SA solution. After a brief
(Oxoid, United Kingdom) at 37 °C for 72 hours. shaking, all microbial samples were centrifuged
again at 3000xg for 3 min and the supernatants (0.7
uL each) were spotted onto a sample plate
previously overlaid with the SA solution and ledt t
dry at room temperature. All MS experiments were
The preparative IEF device was describegerformed on the AB Sciex TOF/TOF 5800 System

previously [6]. Eight hundred microliters of theoperating in a linear positive ion mode.
separation medium together with 80 of the d
marker solution (pl 2.0, 6.2 and 10.1, each of them Results and Discussion
5 ug mL-1) were introduced in an empty V-shaped
plastic trough was positioned on a power source ag(.jl. Preparative IEF
fixed by inserting the working electrodes into the
trough. The power source was switched on at tinmreparative IEF of a blank sample of PSS, yellow
t0. The through was covered with a plastic lid teells of M. luteus cinnamic cells of R.
retard the evaporation of water from the separatignucilaginosaand pink cells oDietzia sp., each of
medium. After two hours, the plastic lid washem re-suspended in PSS, are shown in the photo
removed and 10QL of the microbial sample was of the trough in Figs. 1A-D. PSS as a blank sample
introduced along the central third of the trough aind microbial samples were injected into the trough
time tinj= t0 + 2 h. The sample was eitheat time t0+2h. Focused zones of pl markers can be
individual microorganism or a mixture of theobserved at time t0+20h. The position of cell zones
microorganisms resuspended in a physiologic@las localized directly visually or by a comparison
saline solution (PSS). The IEF device was letif the zones of knownlpalues of p markers and
running for additional 18 h and then the fractionshe cells. The yellow zone of the focused cellslof
defined by the positions of coloretiparkers, were |uteus was found in the acidic part of the cebelo
collected and analyzed by MALDI-TOF MS. bed corresponding to & lpwer than 2.0, green zone

of pl marker. Similarly, the focusing process can be
2.4. Fraction processing for MALDI-TOF MS  gpserved in Figs. 2C and 2D. Thanks to a greater

The colored part of the bed with the separated ceﬁOIOr cont'rast. of white cellulose vs. C|'nnam|_c sell
f R. mucilaginous, the zone of the cinnamic cells

was harvested by a spatula and inserted into the Y : .
eppendorf tube. The fraction was overlaid with 10 ecomes visible already at time t0+3h (Fig. 2C).

pL of distilled water and centrifuged at 1000xg for fL:IIy:‘ocu?eg Zones, C|rl1:r_1am|;Cand2pI|an, are V'.S'b:e
5 min on the MiniSpinPlus (Eppendorf), then af e twenty nours, see Figs. or 2D, respegtive

3000xg for 10 min, and subsequently at 6000%g fate separation bed has a gel-like appearance after
20 min. The pellet was used for MALDI-TOF MSthe focusing run so the fractions containing

2.3. Preparative |IEF device and procedure

analysis. microbial cells can be easily collected by a syatul
The cells from the fractions were further analyzed
2.5. MALDI-TOF MS by MALDI-TOF MS.

Cultivated microbial strains were resuspended i

deionized water to the final concentration of 108 1 42 MALDI-TOF Ms

cells mL-1. Fifty microliters of the bacterial The cultivated microbes taken from the Petri dish
suspension was centrifuged at 6000%g for 20 migere first analyzed by MALDI-TOF MS in order to
the supernatant was discarded and the pellet waistain reference mass spectra of the individual
resuspended in 5L of SA solution (20 mg Mt microorganisms (Figs. 2A, 3A and 4A). Then the
in ACN/0.1% TFA, 3:2, (v/v)). The colored part ofsingle strains were analyzed by preparative IEF,
the bed with the separated cells was harvested bjtgctions were collected and analyzed by MALDI-
spatula and inserted into the eppendorf tube. TH®F MS. The microbial cells were easily extracted
fraction was overlaid with 100 L of distilled wate from the collected fractions with water further
and centrifuged at 6000xg for 20 min. Theyrocessed for MALDI analysis. Figs. 2B, 3B and 4B
supernatant was discarded and the cells wesRow the mass spectra &. mucilaginosa M.

138



luteus and Dietzia sp., respectively, after their

analysis by preparative IEF. With respect Ro Blank sample, 100 uL. PSS, pf markers pf 2.0 (green), 6.2 (red) and 10.1 (violet)
mucilaginosaand M. luteus (Figs. 2B and 3B, b

respectively) most of the mass signals detected s ~

i, =t +2 h

the mass spectra of the individual strains were al . — |
detected in the mass spectra of the same straénrs ¢ t=1p=201

their analysis by preparative IEF. Unfortunately — |
low-quality mass spectra were obtained in the ca

of Dietziasp. (Fig. 4B). Nevertheless, major peak 107 cell L M. dutes n 100 . PSS and p markers. (g =t +2
were detected in the mass spectraDidtzia sp. B |
analyzed both before and after preparative IEF. ———— e

also follows from the obtained data of all th .
examined strains that some of the shared m

signals differ in their intensities and, moreove| e o i ﬂl
there are some mass signals detected only in ¢ T )
type of the sample, in the mass spectra of eitt ——

t=t+20h

e —

microbial strains or IEF fractions. It seems the
some cells are changed during preparative IEF, (e.
cell disruption can occur) which results in change

in the mass profile. 10° cell mL"! Dietzia sp. in 100 ul. PSS and p/ markers, ty, =t + 2 h

B “
Then, all three strains together were separated | 1=t +20h -
preparative IEF, respective fractions were coliécte  [f© =2 = & &
and analyzed by MALDI-TOF MS. Obtained mas o1

spectra of the fractions dR. mucilaginosa M.

luteus andDietzia SP- are shown in Figs. 2C, 3C Figure 1.Preparative IEF of the blank sample of PSS
and 4C, respectively. These mass patterns (A) M. luteus (B), R. mucilaginosa (C) and Dietzia sp.
correspond to those obtained by the MS analysis of (D). Sample: 100uL of PSS (A) or the microbial
the fractions collected after preparative IEF of o obonoon T PSS (B-D), each of ther déli mL

) s X prep pl marker p 2.0, 6.2 and 10.1; (D1) sample prepared
single strains (Figs. 2B, 3B and 4B). Analogous to from the collected fraction; time: t0, the poweusm®
the previous analyses described above, there areswitched on; tinj.= t0+2 h, the sample injectiomet

differences, rather in the intensities of the o> of 20 h. the time of focusing run: empty

some ' e ] rectangle, collected fraction of the focused zaoenf
mass signals than in the detected mass signalsthe trough.

themselves, in the mass spectra of IEF fractions of

the same strains (Figs. 2B vs. 2C, 3B vs. 3C and HHove in independently of their size. The focused

VS. 4C)j Although mor.e ,ObV'O‘,J,S differences in _bOtPnicrobial zones in the cellulose bed were collected
mass signals and their intensities were foundeén t ccording to the color of the zones or their

case oR. mucilaginosathe majority of the detected g ojectric points. The cells from the zones were

mass signals are shared by both IEF fractionsras SBrther analyzed by MALDI-TOF MS in order to
be seen in Figs. 2Ab and Ac. verify the focusing ability of the preparative IEF.
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Figure 2. MALDI-TOF mass spectra ofR.
mucilaginosa (A) cultivated bacterial cells; (B)
fraction collected after preparative IEF of singlein;
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P20 DETECTING MONO-PHOSPHORYLATED ISOBARIC PEPTIDES USING
CESI-MS

BETTINA SARG, KLAUS FASERL, AND HERBERT H. LINDNER*
Division of Clinical Biochemistry, Medical University of Innsbruck, Innsbruck, A-6020, AUSTRIA

Abstract — Here we applied a low-flow capillary electrophoresis (CE) —electrospray ionization interface coupled to a mass
spectrometer to analyze mono-phosphorylated isobaric peptides, still a very challenging task in the proteomics field, as side
specific product ions are often weak or not even detectable. If such positional isomers cannot be separated, an unambiguous
assignment of site-specific phosphorylation effects is problematic, a quantification often impossible. In the course of a kinase
activity study isobaric mono-phosphorylated peptides were identified as potential substrates and therefore, the CE-MS
approach was evaluated for their identification and quantification.

Keywords: capillary electrophoresis-mass spectrometry, post-translational modifications, phosphorylation,
isobaric peptides, quantification

1. Introduction applying +30 kV with a simultaneous pressure of 1
psi for 60 min at the capillary inlet. The flow eat

It is known that CZE is able to separate peptidd¥as determined to be approximately 10 nL/min.
with identical amino acid composition but with

different sequence provided the sequence variatign Results and Analysis

causes a variation in pKa values of the

corresponding peptides. This can be induced, 8.9. fetanolically labeled peptides obtained after Lys-C
local differences in hydrophobicity, conformatloncleavage from two yeast strains were pre-

extent of hydration and even more importantly by, tionated by RP-HPLC and the fractions of

interaction between charged moieties. For thifterest were analyzed by CE-MS using a neutral
reason, variation of buffer pH and concentratioh an.4jjjary [1]. Among other interesting candidates a
the addition of organic solvents, e.g. TFE can Bgyiential kinase substrates, six phosphopeptide
used to optimize resolution. Moreover, the nUMb&Lo mers were identified that differ in their migeat

and position of adjacent charges present eittteeat ;o by at least 0.4 min. Figure 1 shows the aimglys

amino' terminus or in the interior of the peptidQ/maof peptide NQFYQLPPTPTSSK, which was found
selectively alter the overall charge of those &Sl 5 e ejther phosphorylated at Thr-8 or Ser-11. The

In this study, CE-MS was used as complementayyiyiqual isobaric phosphopeptides were mutually

approach for the quantification of mMONO<jeqarly separated. The lower electrophoretic
phosphorylated isobaric peptides, still

: _ 1aes, a Veobility was consistently found for the isomer with
challenging task in the proteomics field. the phosphate group bound to a serine or threonine
residue being in close vicinity to a basic residue
2. Experimental the N-terminus.

NQFYQLPPTPTSSK 53" r\ NQFYQLPTPTpSSK

neutrally-coated fused-silica capillary with a paso
tip acting as nanospray emitter (Sciex, Brea, CA::

:
A CESI 8000 (Sciex, Brea, CA) equipped with Ei
o
(total length: 90 cm, i.d.: 30 um, o.d.: 150 pumewa -

o

w79 |
coupled via an ESI module to a Thermo Scientifii &=/ se s e [ o s ne,_snes
LTQ Orbitrap XL ETD (Bremen, Germany). Prior NQFYQLPPTPTSSK NQFYQUPTPTRSSK
to each analysis the system was rinsed wit e
background electrolyte (10% acetic acid) for 3 mir "
at 50 psi. The sample was introduced by applying L] UI?“;Z NG
pressure of 5 psi for 50 sec (40 nL injection vodym Heaw/Light =0.611 Heavy/Light 0743

followed by a plug of BGE (5 psi for 5 sec).

Capillary electrophoresis was conducted by F9ure 1. CE-MS separation of phosphopeptide

isomers. Extracted ion electropherogram of theigept
NQFYQLPPTPTSSK mono-phosphorylated on two
different sites; quantification spectra and H/Ligatof
Correspondence: Herbert.Lindner@i-med.ac.at the two SILAC labeled phosphopeptide pairs.

kkkkk
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As a further example, the CE-MS analysis of peptides was achieved (ratios ranging from H/L
peptide (SPTLASTDDINSASASVNSHATSVK), =0.562 to 1.330). The isobaric phosphopeptides
which showed even three different phosphorylatiowere clearly separated from each other and in every
sites is depicted in Figure 2. The peptidease the isomer with a phosphate group bound to
phosphorylated on Ser-6 shows the higheserine or threonine residues that were in vicitoty
mobility, followed by the serine peptide modified aa basic amino acid or the N-terminus exhibited a
Ser-23 close to the C-terminal Lys-25. The peptidewer electrophoretic mobility.

with the phosphorylated N-terminal exhibits the

lowest electrophoretic mobility. It should be n(_)teql_ Conclusion

that also other structural effects could selecyivel

influence the migration behavior; however, further, . L o .
and more extended studies are necessary to Ver%aplllary electrophoresis in combination - with

such relationships. Based on the ability of CZE t%gc%;_ratel M.S detectlor; SUCCQSSer: lly hsep;artatdes
separate the three positional isomers pstional [ISomers ot = mono-phosphorylate

unambiguous identification of the correspondingemIcles allowing unambiguous identification and

phosphorylation site along with a reliable uantification of individual protein modification

e ites.
quantification of all three mono-phosphorylate&
ar i/ SPTLASTDDI...SHATpSVK e
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P21 COLD PLASMA: THE WAY TO IMPROVE THE SALD ICP MS ANALYSIS
REPEATIBILITY
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1 Department of Chemistry, Masaryk University, Kamenice 5, Brno, 625 00, Czech Republic

2 CEITEC-Central European Institute of Technology, Kamenice 5, Brno, 625 00, Czech Republic

3 Regional R&D Center for Low-Cost Plasma and Nanotechnology Surface Maodifications, Department of
Physical Electronics, Masaryk University, Kotlafska 2, Brno, 611 37, Czech Republic

Abstract — This work deals with the preparation of model biological microsamples for Substrate Assisted Laser Desorption
Inductively Coupled Plasma Mass Spectrometry (SALD ICP MS). This technique provides direct and fast analysis of liquid
samples deposited onto polyethylene terephthalate (PET) plate (substrate) in the form of dried droplets with minimal sample
preparation and submicrolitre sample volume requirements. Furthermore, SALD allows direct analysis of samples in organic
solvents, which cannot be directly nebulised to ICP MS. These benefits are, however, balanced out by low repeatability of
the assay, typically about 30 %. One of the approaches to increasing the repeatability is a modification of the substrate
surface by Diffuse Coplanar Surface Barrier Discharge (DCSBD) with an addition of an internal standard to the sample. Using
this approach, a relative standard deviation under 10 % for model biological samples can be achieved. The only limitation of
this technique is the occurrence of the so-called “aging effect”, i.e., the gradual return of the modified physicochemical surface
properties to the original state.

Keywords: SALD ICP MS, Plasma Treatment, DCSBD, Microsample, Internal Standard

1. Introduction The plasma system of the so called DCSBD is
composed of regularly alternating silver electrodes

The determination of elements in biologicaP™ Which high alternate voltages are applied. The
samples is often complicated by complex matriceglectrodes are located in a dielectric structure
presence of organic solvents, and trace amounts@@Sisting of dielectric oil and thin ceramic piate
the elements of interest. For this reason, it i5N€ Mostcommon arrangement of electrodes in this
necessary to select a technique that bridges t#@vice is in the form of two intermeshing combs.
obstacles mentioned above. Such a technique is, ®i#rface discharges are then generated on the surfac
example, Substrate Assisted Laser Desorpti¢h the ceramic plate, serving as a dielectric barri
Inductively Coupled Plasma Mass SpectrometrjDis electrode arrangement (plasma in contact only
(SALD ICP MS), which is capable of analysingWith inert and highly resistant ceramics) can csinsi
liquid samples of submicrolitre volumes in the forn@f @ theoretically infinite amount of 20x8 cm
of dried droplets (stains) onto a ponethernQCSBD units and thus, it is theoretically posstole
terephthalate (PET) substrate [1-3]. The greatd§ach infinite plasma area.

difficulty of this technique is the low repeatatyli e principle of substrate surface treatment isthas
of the assay. This is caused mainly by the poorly, {he excitement and ionization of the speciea by
reproducible deposition of submicrolitre volumesygh oitage discharge and subsequent introduction
droplets and the non-homogeneity of the staiRg ihe resulting species onto the substrate suiface

produced in terms of the area and the thicknessgt tqrm of radicals, ions and excited molecules.
the solid residue layer in the stain.

N ] A disadvantage of this technique over other
The assay repeatability can be increased B}‘n sicochemical modifications is the gradual
increasing the surface energy of the substrate aﬂ]éjirease of the surface tension compared to the
using internal standards that can correct trlﬁ'iginal value prior to the modification, or the so

mentioned effects. called “aging effect” [6]; this period is in thedsr

One way to increase the surface energy, i.©f several months. Factors influencing the quality

wettability of the substrate is to expose it byiefh the modification are the voltage and frequency of
cold the electromagnetic field, the composition of the

gaseous atmosphere, the exposure time and the

plasma, specifically Diffuse Coplanar Surfacgeometry of the sample and electrode.
Barrier Discharge (DCSBD) [4-5].

ttfCorrespondence: preisler@chemi.muni.cz
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2. Experimental different sample volume requirements for the
given measuring technique a volume qfllwas

In the first experiment, a DCSBD device equired to measure contact angles andiD.tr
(RPS400-Roplass plasma system 400 W, RoplassS,ALD ICP MS.

Czech Republic) was used to increase the surfacpe piate with samples was then inserted into the
energy of the PET substrate (Bayer gpation cell (model UP213, New Wave Research,
MaterialScience, Germany). The substrate surface,. USA) equipped with a 213-nm Nd:YAG

was modified at 300 W for one, five and ten , se |aser, 3D positioning system and built-in
seconds. Subsequentlyll of 0.5 mM trisodium  ccp camera for visual control of the ablated

citrate (Sigma-Aldrich, USA) solution  was g5mnjes. The dry aerosol created during ablation
deposited onto the PET substrate in ten replicateg, 5o analysed by the ICP mass spectrometer

as a model biological sgmple. The contact angle Agilent 7500ce ICP-MS, Agilent, USA). In order
were measured by the instrument (See System B, “yatermine of the beginning and end of the

Advex Instruments“, (Czech Republic) using agpation process, tH&C isotope was monitored in
technique called “sitting droplet on a solid 4qgition to the other isotopes of interest.
foundation”. The device consists of a CCD camera

placed on a sliding table in front of which a For the ablation of the stains, a "zig-zag" ablatio
substrate plate is placed. Using a micropipettefrajectory was selected with a 1j1@ ablation line
1uL droplet of sample is deposited onto the and a 16Qum.s*scanning speed. The remaining
substrate and the See System software calculatd¥asic ablation parameters are shown in Tab.1.
the contact angle based on the interpolation of theTa
height and width of the arc describing the drop
shape. The size of the contact angle was evaluateqsotope integration time 0.1s

ble 1.Ablation parameter settings

immediately after modification of the substrate He carrier gas flow rate 1.0 L.min
surface and further after one, seven and 31 days. — 7

Ar auxiliary gas flow rate 0.6 L.min
Based on the previous experiment, where the Ar plasma gas flow rate 15 L.min?
aging of the modified surface was monitored by Laser pulse repetition rate 10 Hz
varying the contact angle and the size of the stain Laser beam waist 250N
depending on the dropping time that elapsed from

Laser fluence ~0.75 J.¢m

surface  modification, a  complementary
experiment was performed. One mL of citrate
sample was mixed with cadmium and indium 3. Results and discussion
standards (aqueous calibration solutions, CRM,

Analytika, Cze_ch Republicl) so that the resulting st the contact angle formed byl of 0.5 mM
solution contained 400 ng:Lof these standards. jirate droplets and PET substrate surface was
The 200 nL droplet sample solutions thus preparecyajyated immediately after modification of the
were applied in five replicates using a gypstrate surface and then after one, seven and 31

micropipette on the surface of the modified PET yays, the substrate surface being modified for one,
substrate immediately, one, three and six daysiye and ten seconds in ten replicates.

after the modification.
Fig.1 shows that the 0.5 mM citrate solution

The Cd and In standards, chosen because of tgropets that were applied onto substrate surface
their similar weights and first ionization energies 4t peT modified by DCSBD for one second have
were used to correct the intensity of the monitoredy,q highest contact angle and hence less

signals. The purpose of this experiment was tQyetiability; i.e., a longer duration of DCSBD
demonstrate whether the substrate aging affectg,qgification causes a higher  wettability.

the signals intensity. At the same time, the size OHowever, it is also evident from Fig.1 that the

the stains was measured. Ideally, the applicationyifaces with the longest DCSBD modification

conditions should be the same as in the experimenmes had the fastest tendency to return to their
where aging was observed by measuring Contacériginal state in the long term.

angles. However, this was not possible due to
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that the analytes were homogeneously dispersed in
the stain. The ablation records in Figs.2A and 2B

. | R also show higher homogeneity of the stains.
co | 2 Samples applied three and six days after
Ess | ——1s modification showed higher corrected values of
£ _——a RSD: 12 % and 19 % respectively, mainly due to a
Eas // = higher inhomogeneity (Figs.2C and 2D). Average
$ 0] . HIn/*Cd integrated signal intensity values for the
35 1 spots applied one, three and six days after surface
30 modification could be used for quantification oéth

» = BB W ke B monitored analytes as the values almost coincided.
However, the average value of the integrated signal
Figure 1.Dependence of the droplet contact angle size of 0.5from droplets applied to the substrate immediately

mM citrate solution against the PET surface modifity g0 the modification differed. This could be cedis
DCSBD for one, five and ten seconds; droplets wer

e . . .
deposited immediately, one, seven and 31 days feer by extreme changes in the physical propertiesef th
modification substrate surface immediately post modification.

deposition time of droplet after modification [days]

In the following experiments, the aging effect

of the substrate surface modified by DCSBD on th1eable 2.SALD ICP MS signals of“'Cd and!8in
intensity of SALD ICP MS signals was monitored ' . . .
200 nL droplets of 0.5 mM citrate Solutionsfrom stains of 0.5 mM citrate deposited at différen

containing 400 ngt of cadmium and indium times after PET surface modification.

standards were deposited in five replicates onideposition meg s In /Stain

surface of the immediately modified PET surfacgéme [days] Cd |size [mm]

and one, three and six days after modification. 0 X[CPS]* 044 11 25 12401
From Tab.2, it is apparent that the stain sizes, RSDI%] 14 10 75

which should be theoretically dependent on tr(;f X[Cpsr 14 31 22 16402

wettability rate and the aging of the modifie RSD[%] 34 38 72 |

substrate surface, c_JIo not affect the repeatahn'fit;_/ X[CPSF 22 48 23

the assay for the given samples. Furthermore, it 3s 1,40,2

evident that the average integrated intensity ef th ESD o] 32 29 12

1Cd and™dn signals from the stain ablation of the, X [CPSI™ 28 88 22 1 , 14

0.5mM citrate sample immediately, one, three and RSD[%] 34 24 19

six days after modification of the PET surfacé[CPS-16]
differed. This finding was against the assumption
that these values should be the same, becaude in al
cases the same amount of sample solution was
deposited and the spots were practically 100 %
ablated by visual inspection. The repeatabilitihef
ablation was low and RSD values ranged above
30%. Such high values of RSD could be attributed,
in particular, to the character of the sample fifsel
which was crystalline after drying, and the analyte
as they were inhomogeneously distributed therein.
However, when quantifying the signal intensity
ratio of ¥In/*!Cd, this inhomogeneity could be
corrected, and the RSD values then varied around
7.5% for samples deposited immediately and one
day after surface modification of the PET. The
samples on the treated surfaces had the highest
wettability and therefore, it was possible to assum

145



0,9 - - 20 to its original state prior to the modification. &h
%‘ W 3 15 experiments showed that the integrated signal
3 06 intensities of the selected analyt€dCd and'*dn,
= E l1 l l l ‘ - 10 present in the desorbed spots of 0.5mM citrate
® G 03 ‘ " i F L 5 solution that were deposited at the substrate cairfa
1 oo | I\ k ! u‘ud! 'j\IL I A)| " at various time intervals following its modificatio
! _L' differed. Also, the repeatability of the analysis o
0 50 100 150 200 o .
individual samples expressed as RSD changes with
ablation time [s] deposition time. RSD values were around 30% for
0.5 mM citrate samples. When quantifying the ratio
2,0 - - 30 of integrated'™n/**'Cd signals, it was found that
%'._' 15 _ | | 151 the values did not differ significantly from each
§% ! - [ - 20 other and could be used in quantitative analysis.
£w 107 | l '1 Using internal standards, RSD values were reduced
€ 05 - ,.l I LI | - 10 to less than 10 % for citrate samples.
t 1%@&!“ B)
0,0 - . . - 0
0 50 100 150 200 250 300 Acknowledgement
ablation time [s]
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Figure 2.Ablation record of stains of 0.5 mM citratel®]
deposited A) immediately, B) 1, C) 3 and D) 6 days
after PET substrate surface modification.

4. Conclusion

[4]
DCSBD technology was chosen for surface
modification, i.e., increase of substrate surface
energy and surface wettability. However, the
disadvantage of this technique is the aging of the
treated surface, i.e., the return of the modifiel$]
physicochemical properties of the substrate surface
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Abstract

Analytical glycomics is a rapidly developing fieltue to the emergence of glycoprotein

therapeutics and the growing interest of glyco-kaoker discovery. Glycans are among the
most structurally diverse substances in naturegs,ththeir exact structural assignment

represents a challenge. Capillary electrophoredis laser induced fluorescent detection is

one of the high-resolution analytical tools to asldr this issue, especially with automated
glucose unit (GU) value calculation and the asdediatructural assignment using the built-

in database. With the utilization of internal aratinjected bracketing standards, GU value
calculation can be fully automated, and using thf@rmation from a single run supports

highly accurate structural identification. It wasbserved, however, that separation

temperature in capillary electrophoresis playsmpdrtant role in the migration properties of

different carbohydrate structures manifested bytisigi GU values and altered resolution.

Thus, once a GU value database is establishedji@ea temperature, all analyses should be
conducted at that temperature to assure the adgaiddlce automated structural assignment.
Any changes in the separation temperature necessitdabase modification, specific at that
particular temperature. Since resolution betweeredr and even branched glycans can
increase or decrease under different thermal cmmdif temperature gradient capillary

electrophoresis can be applied for selectivity mjation. Once the optimal separation

temperature is defined for the glycan sample corept®in hand, all subsequent separations
should be accomplished at that temperature witrats®ciated database.
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P23 DETERMINATION OF HOMOCYSTEINE IN URINE AND SALI VA BY
MICROCHIP ELECTROPHORESIS
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Abstract — An on-line combination of isotachophoresis (ITP) and capillary zone electrophoresis (CZE) was employed on a
microchip with a column-coupling technology for the determination of homocysteine in various body fluids. ITP with high
concentration ability was used as a sample pretreatment and injection technique for CZE, which allowed rapid and sensitive
determination of homocysteine. The resolution of the analyte from other constituents present in real complex samples was
enhanced by discrete spacers, which were added to the injected sample. A solid phase micro-extraction pretreatment
technique based on silver-form and barium-form resins was used prior to the ITP-CZE analysis to remove high concentrations
of chloride and sulfate naturally present in the analyzed samples. The combination of the micro-pretreatment and micro-
electrophoresis technigues allowed the determination of trace concentrations of homocysteine in urine and saliva samples.

Keywords: homocysteine, body fluids, microchip electrophoresis, solid phase microextraction

1. Introduction the glass microchip with amperometric detection lwas
Homocysteine (Hcy) is a non-protein—forming sulfuithan 80 s [6]. A PDMS microchip produced by a sienpl
amino acid whose metabolism is at the interseatibn photolithographic technique allowed rapid separatid
two metabolic pathways: remethylation anddCy and cysteine [20]. MCE analyzes are more
transsulfuration. In  remethylation, homocysteindavorable than CE because they are considerablyesho
acquires a methyl group from N-5-methyl they achieve higher separation efficiency and, in
tetrahydrofolate or from betaine to form methionifiee ~ particular, reduce overall costs associated witnubal
reaction withN-5-methyltetrahydrofolate occurs in all consumption and waste production.

tissues and is vitamin B12 dependent, whereas the This paper deals with the development of new
reaction with betaine is confined mainly to thestiand

is vitamin B12 independent. A considerable proporti |, c-s cTE
of methionine is then activated by ATP to form S- C ts TE "
adenosylmethionine [1]. [

Increased concentration levels of HCy in body D1 C-LE ‘)
fluids are considered to be an important risk factoa ( R JEF L.
marker of various diseases, particularly cardiouksc LE ?DZ e
ones [2]. In review papers [3-5], individual metkoof . C-BE ® B8

determination of Hcy in biological samples are
summarized. Analytical methods using high perforogan
liquid chromatography (HPLC) to separate Hcy amaeo
of the most commonly used. HPLC methods for Hcy

Figure 1.A scheme of CC microchip with conductivity
detection. C-LE = the first (ITP) separation char(ael
4.5 ul volume) filled with leading electrolyte; C-BE
the second (CZE) separation channel (a 4.3 pl vdlume

quantification utilize derivatization proceduresnas| as filled with background electrolyte; C-TE = the thir
procedures with non-derivatized Hcy by electrocluani channel

detection. The growing interest in clinical analyzes (a 0.8 pl volume) filled with terminating electrédy C-

generated increased attention to the rapid detetiom S = sample injection channel (a 9.9 pl volume); D2,

of Hcy using automated methods. For this reason, =Ptconductivity sensors; BF = bifurcation sectidB,

immunoassay of Hey in plasma has become a preferred LE. TE, S = inlets for the background, leading,

analytical approach [5]. terminating and §amp|e solutions to the microchip
Recently several procedures have been published channels, respectively; W = an outlet channel ® th

for the determination of Hcy by capillary electropésis waste container.

(CE). CE compared to HPLC is more advantageous in

terms of the need for a very small sample volunsedg method for the determination of Hcy in various body

resolution, short analysis time, simplicity of amation fluids on the microchip with coupled channels (CQ)e

and elimination of various (toxic) solvents. This i CC technology employed on the microchip with conhtac

evidenced by many of the works that dealt with theonductivity detection enables to couple on-lingiltary

determination of Hcy in body fluids, e.g. in plasi@a zone electrophoresis (CZE) separations  with

18], serum [13] or urine [16,19]. Most of them demith  isotachophoretic (ITP) sample pretreatment.

the use of laser-induced fluorescence as a detectidrine and saliva samples were simplified by soldge

technigue, and UV detection was also used. micro-extraction (SPME) prior to the ITP-CZE
A miniaturized form of CE, microchip separations on the microchip. SPME based on silver-

electrophoresis (MCE), was used for the separatiwh form and barium-form resins provided a high degrke

detection of Hcy and glutathione. The analysis tione compatibility with MCE and high selectivity, and thie
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same time removed huge content of chloride andsulf

in the analyzed body fluids samples. TG 20mV

2. Experimental |

ITP-CZE separations were carried out on ¢

/\ /Thr

poly(methylmethacrylate) microchifig.1) with the CC / ‘L Apm

technology and with integrated conductivity deteati J NV/ \ 1

sensors (lonChiy! 3.0, Merck, Darmstadt, Germany). \N/ ey
Chemicals used for the preparation of electrolyt

solutions and model samples were obtained from &gm

Aldrich  (Bratislava, Slovakia), Fluka Chemika-

BioChemika (Buchs, Switzerland), Serva (Heidelberg . : . : . : ,

Germany) and Lachema (Brno, Czech Republic] 500 600 700 800

Samples of urine and saliva were collected fron Time [s]

volunteers. Before analysis, the samples were

homogenized and analyzed after appropriate dilution Figure 2.Electropherogram from ITP-CZE separation

with deionized water, and pretreated by SPME toorem of homocysteine in presence of discrete spacers.

chloride and sulfate. SPE microcolumns of 0.5 mL Sample injected on microchip: 1@@nol I* Apm,

volume containing silver-form a barium-form resins ~ 15#mol I Hey, 150umol I”- Thr in 50 % terminating

(Alltech, Grace Davison Discovery Sciences, Deltfie ~ S/€CUrolvte. Apm = aminopimelate; Hey =
USA) were used for this purpose. homocysteine; Thr = threonine; G = conductivity.

_ _ when universal and not very sensitive conductivity
3. Results and Discussion detector was used. Under employed working and
eparation conditions, the reproducible migration

: : - locities (RSD values of migration times were fie t
hydrodynamically closed system with eliminated’® ST
electroosmotic flow. These working conditions' 2N9€ 0'5. - 1.2 %) and determinations of trace
effectively reduce the fluctuations of total migoat congentratlons O.f Hey (RSD values of peak areazwer
velocity of the analytes what is very important for’L'2 %) were a_chlev_ed. . .
reaching reproducible results, especially on the Con5|d_er|ng_ high concentrations levels of_chlor|de
microchip with short separation paths [21]. In thé® an_d sulfate in urine and saliva samples, thesgafmheg
separations, leading electrolyte having a pH of éhd anions were removed b_efore ITP'C.ZE gnaly3|s _froau‘l re
glycine terminating electrolyte were used. In theeC Sa”.‘p'es by SPME using the resins in the_ silver and
step of the ITP-CZE combination, the pH of theparlum forms. The content of Hcy in body fIU|d.s_z.ieap
background electrolyte was 9.8 ' was evaluated by the method of standard additiorgus

The ITP realized in the first separation channel OH—P'CZE analysis after SPME preteatment. The Hcy

the microchip Fig.1) preconcentrates the analyte and

other sample constituents for the CZE separatem €n T

the other hand, close migration configuration oé th ¢ imp. I“’"‘V

constituents in the ITP stage of the ITP-CZE coratiam

can be a limiting factor for reaching the required

resolution of the analyte from matrix constituents,

especially on the microchip with short separation

channels. In such case, discrete spacers (DS) are

effectively used to define the fraction of the s&mnp

transferred to the second CZE channel when the CC

technology is employed. Then, sample constituents

migrating outside of the mobility interval defineg the

DSs are removed from the separation system. Imns

ITP works as an on-line sample clean-up technigice p

to the CZE. In our case aminopimelate and threonine

were used as the front and rear DS, and the umadbésir

sample components were electrophoretically removed

o S e B O SO0 o aCions of Hey. Sample mected on microchip: 2
; times diluted urine, 40@mol It Apm, 200umol I'* Thr

(Fig.2). o _ in 50 % terminating electrolyte with (a) 0; (b) 1@)

A 1.4 umol ! limit of detection (LOD) for Hcy was 20; (d) 40umol I'* Hey. Apm = aminopimelate; Hey =
obtained by combination of ITP-CZE on the microchip  homocysteine; Thr = threonine; imp. = impurity; G =
A relatively large sample volume injected on midrpc conductivity.

(9.9 ul) contributed to the reaching of low LOD value

ITP-CZE separations were performed in

U T T T T T T T T T 1
1100 1150 1200 1250 1300 1350

Time [s]

Figure 3. Electropherograms from ITP-CZE analyses
of urine sample after SPME pretreatment with vagiou
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concentration in the tested sample of urine wasepp
22 umol I' (Fig.3) and in the sample of saliva was
approx. 6umol I,

[8]

4. Conclusion

The SPME-ITP-CZE method performed on the
microchip with conductivity detection and CC[9]
technology enabled fast (total analysis time ofrapp20

min) and reliable determination of trace conceitrabf

Hcy in biological samples such as urine and saliva.
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P24 ANALYSIS AND IDENTIFICATION OF POLYPHENOLIC COM POUNDS IN
GREEN FOODS USING A COMBINATION OF HPLC-ESI-IT-TOF- MS/MS

PAVEL gKVARA, JuLIA KEZMANOVA, CSILLA MISLANOVA, ANDREA VOJS STANOVA

Department of Analytical Chemistry, Comenius University Faculty of Natural Sciences, llkovi¢ova Bratislava,
SK-842 15, Slovak Republic

Abstract — The beneficial effects of green foods on human health are well known. These benefits are mainly due to polyphenol
content. The aim of this work was the development and utilization of advanced mass spectrometric (MS) technique combined
with high performance liquid chromatography (HPLC) for analysis and identification of polyphenolic compounds in green
foods. HPLC-ESI-MS/MS analyses of selected extracts prepared from various types of green food (Urtica dioica L. and Allium
ursinum) and their polyphenolic profiles were performed by LCMS-IT-TOF analyzer equipped with electrospray ionization.
HPLC separation were carried out on Kinetex XB-C18 (100 x 2.1 mm; 2.6 pm) using gradient elution (water+0.1% formic
acid: acetonitrile+0.1% formic acid) with 0.2 ml/min flow rate. The MS1-MS3 analyses were performed within 50-1000 m/z
range in both positive and negative ionization modes. Total analysis time was 20 minutes and injected volumes were 2 pl or
5ul, respectively.

Keywords: polyphenolic compounds, green food, HPLC-MS analysis, identification

1. Introduction identification and characterization of phenolic
compounds in green foods using a combination of
From a chemical point of view, antioxidants ardigh performance liquid chromatography and mass
phenolic compounds derived from simple phenofPectrometry with electrospray ionization (HPLC-
up to complex polyphenols. The antioxidant is §5-MS) and atmospheric pressure chemical
substance whose molecules limit the activity dPnization (HPLC-APCI-MS). For example, HPLC-
oxygenated compounds - reduce their likelihood &SI-MS was used for separation and identification
lead them to a less reactive state. Antioxidamtit i Phenolic acids in custard apple [7], tannins in
the oxidation process in the body or in the mixsuréehestnut samples [8], phenolic compounds in
in which they are found. In food, they extend the@roundnuts [9], tomato [10], spinach [11] and

expiration. In the body, they reduce the likelihoo@ingerol-related species (gingerols and shogaols) i

used for identification of carotenoids in samplés o
The main reason for monitoring the presence amgango and citrus [13]. The HPLC-ESI-MS method
activity of antioxidants is their beneficial effeat was used also to ana|yze samp]es of nettle [14] and
the human organism. Their health benefits includgear’s garlic [15].

antioxidant, anti-bacterial, anti-carcinogenic,iant _ _ _ _
allergenic and anti-inflammatory properties [2-4]The aim of this work was to analyze and identify

Antioxidants in green foods belong to a group d?olyphenolic compounds in selected samples of
low-molecular-weight natural antioxidants whos@réen food using a combination of high

scientific name is phenolic compounds [5]. GreeRérformance liquid chromatography and high
foods are divided into four basic groups: herbs aff§solution mass spectrometry techniques.

spices, fruits, vegetables and nuts.

Despite the fact that numerous polyphenolig' Experimental

coumpound have been detected in the green food,
there is still a need for new reliable analyticafll HPLC-ESI-MS/MS analyses were performed

methods. The most common procedures féY Using Shimadzu LC-MS-IT-TOF ™ (Shimadzu,
identification and determination of polyphenolickyoto, Japan).  This mass spectrometer is
coumpounds in green food are based on Samﬂ%mbining an electrospray ionization (ESI), a 3D
pretreatment by liquid-liquid extraction followegl b duadrupol ion trap (IT) and an orthogonally
separation and identification  using highaccelerated time-of-flight analyzer (TOF) as
performance liquid chromatography coupled witRroviding both the high sensitivity and high

tandem mass spectrometry (HPLC-MS/MS) [GIesqution of ions. The HPLC part consisted of:
Several authors are concerned with th@utosampler (SIL-20A), high pressure pumps (LC-

HHCorrespondence: skvaral@uniba.sk
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20AD), thermostat (CTO-20A), DAD detectorusing HPLC-ESI-MS/MS or stored in a refrigerator
(SPD-M20A), degasser together with mixer uniat 4 °C for maximum of 24 hours.

(DGU-20A5) and control unit (CBM-20A). LC-MS
Solutions v 3.5.1. (Shimadzu) software was used fgr
data acquisition and data evaluation.

Results and Discusion

Chromatographic separation of the polyphenoli€he first part of the experimental work was focused
compounds was performed on a Kinetex XB-C18n the optimization of conditions for
column (100 x 2.1 mm; 2.6 um), (Phenomenexhromatographic separation of phenolic compounds
Torrance, CA, USA). Acidified water andin selected extracts prepared from different plant
acetonitrile (both with addition of 0.1 % or 10species. After HPLC separation, optimization of the
mmol/L formic acid) were used as mobile phasesiobile phase composition with respect to the
Gradient elution of mobile phase was used. Thenization of the analytes was performed. To
flow rate of the mobile phase was 0.2 ml / min. Thconfirm the effect of the mobile phase composition
gradient program was 0 min.: 5% B; 3 min.: 10% B;
8 min.: 40% B; 10 min.: 60% B; 11 min.: 90% B;
12 min.: 90% B; 12.1 min: 5% B; 20 min.: 5% B.
The chromatographic column was thermostated
40 °C. All MS analyses were performed in bott ] |\ By 1 i
positive and negative ionization modes. The voltac | :
at the ESI capillaries was +4.5 kV and -3.5 kV. Th - ﬂ
range of recorded values was set to 50-1000 m * 1
The temperatures of the CDL capillary and hei ==
block were set to 200 °C. The injected sample Figure 1.HPLC-ESI-MS analysis of the nettle extract

volume was 2 pL or 5 pL, respectively. (5 min.extraction) with the addition of 10 mmol/L

formic acid to the mobile phases. TIC in positived@o

; TIC - Top, TIC in negative mode - Bottom, Midle of

2.1. Chemicals figure including EIC records of identified phenolic
compounds.

The following chemicals were used to prepare the
solutions and mobile phases: water for LC-MS : .
acetonitrile for LC-MS (both LiChrosolv, Merck, on the resulting MS signal,

Darmstadt, Germany), formic acid for LC-MSg simple experiment was proposed. HPLC-ESI-
(Sigma-Aldrich, Steinheim, Germany). Standard g{1S/MS analysis of the bear’s garlic and nettle
selected polyphenolic compounds were obtaintextracts used mobile phases, which varied only with

from Sigma-Aldrich. the concentration level of the added formic acid.
) _ Gradient elution utilized, using the following
2.2. Sampling and sample preparation mobile phases with different formic acid addition:

0.1% formic acid in water (A) / 0.1% formic acid in
acetonitrile (B) and 10 mmol/L formic acid in water
(A) / 10mmol/L formic acid in acetonitrile (B). For
the illustrative purposesigures 1 and Zhow the

The samples of the nett{@rtica dioica L.)were
collected in March 2017 in the geographical area
Hrustin, after which they were dried and stored in

dry and dark place. Samples of Bear's gaAltym )
results from the HPLC-ESI-MS analysis of the 5

ursinum) were collected in March 2017 in the ™~ )
geographical area of Bratislava, after which theMinute extract of the nettle. After comparing these

were dried and stored in a dry and dark placer prifésults with the resuits of measuring a 5 minute

to the analysis, the extracts of each sample weettle extract with the addition of 0.1% (26.5

prepared as follows: Approximately 0.5 g of eaC_mmoI/L) formic acid to the mobile phases, it isazle

was weighed and 50 ml water was poured at 97 othat the use of a higher formic acid concentraigon

The extracting time was 5, 10 and 15 min. Thmore appropriate for nettle extract analysis

extracts were then filtered through filter paped an(promotmg the protonation of molecules).

samples were filtered through a syringe microfilteappropriate composition of the mobile phases for
(PVDF with pore size 0.22 um) and then analyzed

154



HPLC-ESI-MS analysis of the garlic extract. Inoverview of the composition of individual extracts

Figure 3we can see the results of 15 minutes bearpsepared from different plant species as well as
garlic extract measuring with the addition of 0.1%nformation on the nature and structure of the
formic acid to the mobile phasdsigure 4 shows phenolic compounds contained therein.
the results of 15 minutes garlic extract measuringharacterization and identification of individual

with the addition of 10 mmol/L formic acid is polyphenolic compounds in plant extracts was
preferable for the analysis of the garlic samples. performed by analysis of the obtained MS1-MS2

, " . ._spectra.
The final conditions for chromatographic separanonp

and mass spectrometric detection are describedin Figure 5we can see the MS1 and MS2 spectra of
detail in the experimental part. the coumaric acid in the sample of nettle extriact.
the MS1 spectrum we see an ion with m/z 163.0471

On the basis of the data obtained from HPLC-ES: 1o to coumarone [M-HJion. In the MS2

MS analyses, it is possible to obtain a bett s“pectrum obtained by fragmentation of coumaric
acid we see the ion with m/z 119.0612, which was
formed by cleaving the carboxyl group from the
coumaric acid molecule. Another analyte found in
! } the nettle sample was the chlorogenic acid, the
presence of which was confirmed by the MS1 and
i MS2 spectra shown iigure 6 The MS1 spectrum
is dominated by the ion with m/z 353.0780
corresponding to the [M-HJion of chlorogenic
acid. In the MS2 spectrum obtained by
fragmentation of the ion with m/z 353.0780 we see
the ion with m/z 191.0557, which was obtained by
cleaving -GOsH; from the chlorogenic acid
P molecule. In this spectrum we further see the ion
e 0 with m/z 179.0378, which was formed by cleaving
“ -C70sHs from the chlorogenic acid molecule. In
MS2 spectrum we also see an ion with m/z
173.0451, which corresponds to this cleavage. An
1 ion with m/z 135.0459 in MS2 seen in the
chlorogenic acid spectrum was probably generated
by cleaving the carboxyl group from the ion m/z

DL

Figure 2.HPLC-ESI-MS analysis of the nettle extract
(5 min.extraction) with the addition of 0,1% fornaicid

to the mobile phases. TIC in positive mode TIC - Top,
TIC in negative mode - Bottom, Midle of figure
including EIC records of identified phenolic
compounds.

o
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00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 19.0 20.

Figure 3.HPLC-ESI-MS.analysis of the garlic extract

(15 min. extraction) with the addition of 0,1% faem 179.0378.
acid to the mobile phases. TIC in positive mode TIC -
Top, TIC in negative mode - Bottom, Midle of figure
including EIC records of identified phenolic
compounds.
e ‘nﬂrzw " 1630471 [M-H] . MS1
50 s HB’T\‘
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Figure 4. HPLC-ESI-MS analysis of the bear’s garlic
extract (15 min. extraction) with the addition od 1
mmol/L formic acid to the mobile phases.TIC in
positive mode TIC - Top, TIC in negative mode -
Bottom, Midle of figure including EIC records of
identified phenolic compounds.

Figure 5. MS1 and MS2 spectra corresponding to
coumaric acid obtained by HPLC-ESI-MS/MS analysis
of nettle extract (15 min.extraction) in the negati
ionization mode.
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Figure 6.MS1 and MS2 spectra of the corresponding
chlorogenic acid obtained by HPLC-ESI-MS/MS
analysis of nettle extract (15 min.extraction) het
negative ionization mode.
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Figure 7. MS and MS/MS spectra corresponding to
chloroformic acid obtained by HPLC-ESI-MS/MS
analysis of bear’s garlic extract (10 min min.esticn)

in the negative ionization mode.

As in the case of the HPLC-ESI-HRMS analysis of
nettle extracts, tandem mass spectrometry was used
in garlic
extracts. For illustratiorkigure 7 shows the MS1
and MS2 chlorogenic acid spectra. In the Ms1[2

to identify polyphenolic substances

spectrum we see the molecular ion [M-k]ith
353.0844 m/z, which

illustrated chlorogenic acid fragments.

The identification of each polyphenolic compound
was possible via retention time as well as MSyy)

spectra of samples and authentic standards.

4. Conclusion

is associated with the
chlorogenic acid in a sample of the garlic extract.

the MS2 spectrum we see the ions with m/z
191.0496 and 179.0298 which were formed from
the precursor ion (353.0844 m/z) and belong to thég’]

composition of the analyzed extracts as well as
information about the nature and structure of the
polyphenolic compounds represented therein.
Using the developed HPLC-ESI-IT-TOF-MS
method, we were able to confirm the presence of 13
antioxidants in the sample of nettle extracts atd 1
antioxidants in the sample of garlic extracts. Base
on the results obtained, it can be stated that the
developed HPLC-MSn method is a suitable tool for
the characterization and identification of
polyphenolic compounds in extracts prepared from
green foods.
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P25 SILICA MONOLITHIC CAPILLARY COLUMNS FOR HILIC S EPARATIONS

DANA MORAVCOVA! AND JOSEF PLANETA?

1 Czech Academy of Sciences, Institute of Analytical Chemistry, Veveri 97, Brno, 60200, CZECH REPUBLIC

The capillary monolithic columns (0.1 mm x 150 mm) prepared by acidic hydrolysis of tetramethoxysilane in the presence of
polyethylene glycol and urea were modified to zwitterionic stationary phases and evaluated under HILIC separation conditions
employing mixture containing nucleosides and nucleoside phosphates. The polymeric layer of zwitterion did not affect the
high separation efficiency of original silica monolith. The prepared zwitterionic columns showed high separation efficiency
exceeding values of 61 000 — 289 000 theoretical plates/m for 2-methacryloyloxyethyl phosphorylcholine-based stationary
phase and 59 000 — 135 000 theoretical plates/m for [2- (methacryloyloxy)ethyl]-dimethyl-(3-sulfopropyl)-ammonium
hydroxide-based stationary phase under optimal separation conditions. The grafted layer of zwitterion on the silica monolithic
surface also significantly improved the separation selectivity to compounds of interest.

Keywords: HILIC, silica monolith, nucleoside, nucleotide, capillary chromatography

1. Introduction _
2. Experimental

Silica-based monolithic columns were developed b _ _
Nakanishi and coworkers in the early 1990s [1, 2¢-1. Material and Instrumentation

Their preparation procedure was improved over “ﬁEDSA and MEPC monolithic capillary columns

years _[3]' The unigue structurg' of silica-ba_se\glere prepared following a protocol outlined in our
monolith provides high permeability of separatio revious study [4]. In order to obtain a stable

bed and good mass transfer kinetics leading to hi %Iymeric layer of MEPC on the silica-based

'sep;';lrajuon efficiency. Thus, they found the p_OB't'OmonoIith, the polymerization time was prolonged to
in liquid chromatography as an alternative % hours

particle packed columns.

o . . Toluene, adenosine, uridine, cytidine, and
While silica-based monolithic columns dedicated tﬂucleotides — adenosine monophosphate (AMP)

reversed-phase separations are well established, g&lenosine diphosphate  (ADP) adenosine
new stationary phases for HILIC_separation arl_a St{lriphosphate (ATP), cytidine monophosphate
under the research. Concerning the publlsh?eMP)’ cytidine diphosphate (CDP), uridine

papers, the preparation of silica—baseq mono““?ﬁonophosphate (UMP), and uridine diphosphate
via. so-called “one-pot” process prevails. On th DP) were purchased from Sigma—Aldrich

other hand, the chemical modification of preforme rague, Czech Republic). Acetic acid, ammonium
silica monolith offers well defined silica Skeletonnydroxide, and acetonitrile (ACN)

having almost the same permeability and Separati?@HROMASOLV HPLC gradient grade) were
efficiency for all designed stationary phases. obtained from Riedel-de Haén (Prague, Czech

This contribution presents a characterization dfepublic).

siIica—bgsed monolithic capillary columns p_rep_areﬁpl_c equipment consisted of two identical syringe
employing the second approach. The ZW_'tter'omﬁumps (100 DM with D-series controller, Teledyne
monomers [2 - (methacryloyloxy)_ethyl] i Ollme'thllsco, Lincoln, Nebraska, USA) directly connected
- @ - sulfopc;opyl) i amm?lnluml r}ydrox;]dfto a static nano mixer (60 nl volume) (Upchurch
(I\r/]IED?]A) | r?nl 2MEI;C methacry c()jy oxyethy Scientific, Oak Harbor, WA, USA). The injection
phosphorylchaline ( ) were used 1o Prepaigas performed by an electrically actuated E90-220
desired stationary phases. The prepared qugnmf‘ection valve with 60 nl inner loop (Valco,
were eyaluated .under H”‘IC, s_eparanon C(?nd't'ori=°1ouston, TX, USA) and T-splitter with a restrictor
employing a mixture containing nucleoside an?fused silica capillary 0.025 mm x 150 mm length).

nucleoside phosphates. The inlet part of the monolithic column was insdrte

$$588Correspondence: moravcova@iach.cz
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through the body of the splitter into the injection

valve to minimize extra-column dispersion.

o 3.2. HILIC separation of nucleosides and
The monolithic column outlet was connected to a pycleotides

Spectra 100 UV-Vis detector (Thermo Separation

Products, Waltham, MA, USA) via 0.035 mm x 120 _ _ _

mim long fused siica capilary (with optical bubble {7 LT eceion fctod, e negnt cquvater
cell window i.d. 0.110 mm) using PTFE sleeve. UV plates per metelN), and peak asymmetrpi$
detection was performed at 210 nm. The detector obtained on silica monolithic column. Seig.1 for
signal was processed by chromatography station SeParation conditions.

software Clarity (DataApex, Prague, Czech

Republic). Compound k  H[um] N As
Toluene - 7.4 135185 0.67
Xanthine 0.03 4.5 222547 0.88

3. Results and Discussion Caffeine 0.13 5.8 172795 1.00

Theobromine  0.19 5.2 192528 1.13
Hypoxanthine 0.87 4.8 209601 1.33

3.1. Chromatographic properties of bare silica

monolith The commercially available methacrylate based

The prepared bare silica monolithic capillarynonomers MEDSA and MEPC were selected for

columns were evaluated under HILIC conditionf€ preparation of zwitterionic stationary phases.
employing a mixture containing toluene ad he bare silica monolith prepared in 0.1 mm i.d.
unretained compound and four purine bases suchsdica fused capillary was modified by 3-

xanthine, caffeine, theobromine, and hypoxanthin&imethoxysilylpropyl methacrylate and a polymer
Fig.1 presents obtained chromatogram where dfiyer, with the appropriate zwitterion, was grafted

purine bases are baseline separated and have na@- The suitability of these columns for isodrat
symmetrical peaks. HILIC separation of nucleosides and nucleotides

was studied.
The prepared column shows high separation

efficiency reaching values of 135 000 — 220 000 Fig.2 presents chromatograms for selected
theoretical plates/m corresponding to the minimugPmpounds obtained on MEDSAFi§.2A) and

plate height in a range 4.5-7.4 um, Sable 1 MEPC (ig.2B) capillary columns. The better
separation was obtained on MEPC coluffig 2B)

where all 11 compounds present in a sample
mixture are well separated in a time less than 25
16 min. The value of peak asymmetAq reflects the
1l change in the molecular shape of the analyte and it
slightly increases with increasing number of

10k Table 2.The retention factoikf, the number of
theoretical plates per meteéd)( and peak asymmetry
8r 4 (As) obtained on MEPC column. SEg.2. for

separation conditions.

1 5 Compound  k N As
2r Toluene - 138955 1.0
. u A~ : . Adenosine 0.16 201048 1.0
0 2 4 6 ) 8 Uridine 0.25 289537 1.1

min

Cytidine  0.41 244314 0.9
AMP 124 206697 1.3
UMP 1.66 183465 1.5
CMP 250 157760 1.4
ADP 3.98 122169 2.0
UbP 534 112389 24
CDP 758 81476 2.8
ATP 9.73 61462 21

Figure 1.HILIC separation of four purine bases on
bare silica-monolithic capillary column.

Mobile phase: 95% (v/v)ACN/5% (v/v) 100 mM
ammonium acetate pH=4.5; flow rate 500 nL/min;
UV detection at 210 nm. Peak identification: 1 —
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Figure 2.Separation of nucleosides and nucleoside
phosphates on prepared MEDSA (A), MEPC (B), and

bare silica (C) monolithic columns.

Mobile phase: 70% (v/v) ACN/30% (v/v) 50 mM
ammonium acetate pH = 4.5; flow rate 500 nl/min;

UV detection at 210 nm.

5 min 6

Table 3.The retention factok], the number of

theoretical plates per meteé)( and peak asymmetry

(A9 obtained on MEDSA column. S&&y.2 for
separation conditions.

Compound Kk N As
Toluene - 131000 1.2
Adenosine 0.12 135641 1.1
Uridine 0.19 129895 1.2
Cytidine 0.28 130754 1.2
AMP 0.46 101991 15
UMP 0.66 89032 1.0
CMP 0.91 90838 1.1
ADP 0.97 71440 1.7
UDP 140 48371 5.1
CDP 1.78 49250 3.1
ATP 1.78 59378 35

phosphate groups in relevant nucleotide, Eaigle
2.

On the other hand, the separation efficiency
decreases with number of phosphate groups in the
molecule of nucleoside phosphate and nucleotides
show lower values oN compared to nucleosides.
The similar trend was observed also on MEDSA
modified monolithic capillary column.

MEDSA modified monolithic column shows
lower separation efficiency than MEPC column for
all nucleosides and nucleotides even the number of
theoretical plates per meter is for toluene
comparable, sedable 3 MEDSA column also
shows lower retention for selected compounds,
especially for di- and triphosphates of relevant
nucleosides. This can be explained by the fact, tha
monomers used for column maodification differ in
their terminal groups, which affects the seledgyivit
of the prepared stationary phases. The MEDSA
monolithic capillary contains negatively charged
end sulfo groups which decreases the retention of
negatively charged nucleoside phosphates. On the
other hand, the MEPC monomer provides to the
stationary phase a slightly positive charge
originating from the phosphorylcholine functional
group which improves retention of negatively
charged nucleoside phosphates under the HILIC
separation conditions, e.g., the retention faktfor
ATP is approximately 5-times higher on MEPC
column comparing to MEDSA column.

The separation of nucleosides and nucleotides
on bare silica monolithic capillary column shows
Fig.2C. Bare silica monolith does not have
sufficient selectivity to compounds of the targht.
compounds are eluted out from the column in a time
range cca 1 min which is accompanied with
coelution of most compounds.

4. Conclusion

Silica-based monolith in capillary format coated
with zwitterionic polymer layers is a good
alternative for analysis of complex mixtures
containing highly polar compounds such as
nucleosides and nucleotides. Especially, MEPC
stationary phase containing positively charged
terminal group enables to achieve the highly
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P26 MOLECULAR GLYCOHISTOPATHOLOGY BY CAPILLARY
ELECTROPHORESIS
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2 MTA-PE Translational Glycomics Research Group, University of Pannonia, Egyetem u. 10, Veszprém 8200
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Abstract — N-linked glycans from standard glycoproteins, human serum and mouse tissue samples were investigated by
capillary electrophoresis laser induced fluorescence (CE-LIF) detection. Intact, formalin treated and formalin-fixed, paraffin-
embedded (FFPE) samples were used. FFPE samples were deparaffinized firstly, all of the samples solubilized with
radioimmunoprecipitation assay (RIPA) buffer and digested with PNGase F endoglycanase enzyme for the N-glycan release.
This step followed by fluorophore labeling and analysis by capillary electrophoresis. No significant differences were detected
in the N-glycome profile at any investigated samples. The FFPE mouse tissue samples from lung have been used for N-
glycan profiling. From this tissue sample, sixteen different N-linked carbohydrate structures were identified with
exoglycosidase sequencing and GUcal software.
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1. Introduction Guidelines for Animal Experiments and were
approved by the Institutional Ethics Committee at

Since 1893, formalin was used for tissue fixatiof’® National Institute of Oncology, Budapest,
[1]. Furthermore, formalin fixation combined withHungary (permission number: 22.1/722/3/2010).
paraffin embedment became the most prevaleﬁ{\'Gase F, Arthrobacter ureafaciens sialidase
method to preserve tissues from degradation [AfABS), Bovine kidney fucosidase (BKF), Jack bean
This type of retained tissue is routinely prepdred 9alactosidase (JBG), Coffee beamalactosidase
pathological investigations, thus formalin fixed CBG) and Jack Bean hexosaminidase (JBH) were
paraffin embedded (FFPE) tissue samples becaff@" ProZyme (Hayward, CA). The 8-
almost exclusively used for long-term storage i@minopyrene-1,3,6-trisulfonate (APTS) and the
histopathological laboratories and hospitals. 4éar Maltooligosaccharide ladder were from SCIEX
number of archival tissue banks were establishégrea, CA).

worldwide. FFPE specimens can serve as a valuable ) ]

alternative for fresh frozen biopsy samples, which-2- Theoretical Methodologies

should be stored at -80°C [3]. Glucose Unit values of the peaks of interest are

The aim of our study was to develop a technigedlculated by the  GUcal  software  [4]
which could be suitable for global N-glycosylatiofWww.gucal.ny —allowing adequate structural
profiling of FFPE tissues using high performanc@SSignment using the built in database and the
capillary electrophoresis analysis with laser iretuc NIBRT based glycan database.
fluorescence.

3. Results and Analysis

2. Experimental
First the effect of formalin fixation and paraffin
2.1. Samples and Measurements embedding were investigated on standard
glycoproteins, human serum and mouse tumor
Fetuin, immunoglobulin G (IgG), ribonuclease Btissue samples.Figure 1 represent the comparison of
human serum, radioimmunoprecipitation assaye APTS labeled N-glycan profiles of intact (A, C,
(RIPA) buffer, maltose, sodium cyanoborohydridef, G) and formalin-fixed, paraffin-embedded (B, D,
formaldehyde, paraffin and all other chemicals were
from Sigma-Aldrich (St. Louis,MO). SCID male
mice were used for the analyses. Animal-model
protocols were carried out in accordance with the
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RFU Table 1: Exoglycosidase array reaction mixtures
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Figure 1. CE-LIF traces of APTS labeled released Table 2. APTS-labeled mouse lung N-glycans,
glycans from IgG (A, B), fetuin (C, D), ribonuclease B (E, sequenced by exoglycosidase array and identified
F) and human serum (G, H). Trace A, C, E and G: not by GUcal software.
treated control; trace B, D, F and H: formalin-fixed
paraffin-embedded. Separation conditions: NCHO
coated capillary, 50 cm effective length (60 cm total), . -
NCHO separation gel-buffer, E = 500 V/cm, Peak#| MT [min] Gu Structure
temperature 25°C, Injgctlon: 1 psi/5 s. The lower X axis 1 11.429 4549 A2G(4)25(6,6)2
shows the corresponding GU values.
2 11.588 4,721 A2G(4)2S(3,6)2

3 11.679 4.819 F(6)A2G(4)2S(6,6)2

4 11.842 4.996 F(6)A2G(4)25(3,6)2)

5 12.05 5.240 A1[3]G(4)2S(3)1

6 12.771 6.096 A2G(4)2S(6)1

7 13.171 6.607 | F(6)A2[6]G(4)2S(6)]]

12 14 16 Time (min)

8 13.254 6.713 M5

G5 G6 G7 G8 G9 G10 G11 G12 GU

9 13.429 6.936 F(6)A2G1Gals1
Figure 2. CE-LIF profile of APTS labeled released

glycans from FFPE mouse lung tissue sample. 10 13.727 7.326 F(6)A2[3]G(4)2S(6)1]
Separation conditions were the same as in Figure 1.

11 13.913 7.595 M6

F, H) 1gG (trace A and B), fetuin (trace C and C 12 13.983 7.691 FO)A23]G(4)2S(3)Y

RNase B (trace E and F) and human serum (Tr | 13 14.967 9.039 A2G(4)2
G and H). Y axis represents the relative fluoresc

units (RFU). The two X axes show the migratic | 14 | 15333 | 9530 M8
time and the GU values of the APTS label 15 15.762 10.106 F(6)A2G(4)2
maltooligosaccharide ladder which was used

standard for the experiments. Furthermore, AP | 16 17.433 | 12.366 FA2G2Ga2

labeled maltose was injected with every sample

an internal standard for the trace alignment. | _ _
apparent differences were observed between tiiuse lung tissue was used for the analysis, both

corresponding capillary electrophoresis tracess THixed with formalin and embedded in paraffin. After
result suggests that formalin fixation and paraffifhe deparaffinization and the solubilization, the

embedment have no effect on the N-glycosylatiof@MPle was released enzymatically, labeled with a
of the investigated samples [5]. charged fluorophore then analyzed by CE (Figure

2). The N-glycan pool of the lung tissue contains
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mostly sialylated structures (GU=4-8) and som®&. Conclusion
neutral (GU=9-13) oligosaccharides.

N-glycans from lung FFPE tissue were identified bPUr Study revealed that N-glycan profiles were
their GU values during exoglycosidase array bas&fntical before and after the formalin fixatiordan
carbohydrate sequencing. The reaction mixtures ¢ _Paraffin embedding. It was demonstrated that
the array contained Arthrobacter ureafaciersF PE samples could be useful for the identification
sialidase which removei(2-3,6,8) linked sialic of glycan structures which is the first step on the
acids; Bovine kidney fucosidase which releage path to utilize huge sample collections located in
2,3,4,6) fucoses; Jack bean galactosidase whigfSPitals for prospective and retrospective
removeB(1-4,6) linked galactoses; Coffee bean biomedical and biopharmaceutical studies.
galactosidase which cut a#l(1-3,4,6) galactose

residues and Jack Bean hexosaminidase whidleknowledgement

remove the  p(1-2,4,6) linked N-

acetylglucosamines. 0.5 U was used from eaqthe research was supported by the MTA-PE
exoglycosidase enzyme. The fluorophore labelegansiational Glycomics program (#97101), the
samples were digested at the same time. TR&FIH K116263 grant and the

digestion was incubated at 37°C overnight in 58|ONANO_GINOP- 2.3.2-15-2016-00017 project.

mM ammonium-acetate buffer (pH 5.5). The

combinations of the reaction mixtures (a-f) ar

shown in Table 1. The ammonium-acetate conte%tEFERENCES

was removed by centrifugal vacuum evaporator
drying. [1] Blum, F.. Formaldehyde, Enzyklopadie d

mikroskop Technik, Urban & Schwarzenb@@j0
Table 2 shows the glycan structures of the N-  1(1): 478-92. N
glycome of FFPE lung tissue which appeared i;g] Fox, C.H.; Johnson, F.B.; Whiting, J.; Roller, P.P.

. g Formaldehyde fixation, The journal of
Figure 2. The calculation of the GU values was histochemistry and cytochemistry : official journal

made by GUcal software. For the structural of the Histochemistry Societ@85;33(8):845-53.
identification, publicly available databases werg3] Magdeldin, S.; Yamamoto, T.: Toward deciphering
used as it was mentioned above [6]. proteomes of formalin-fixed paraffin-embedded
(FFPE) tissueRroteomic2012;12(7):1045-58.
[4] Jarvas, G.; Szigeti, M.; Guttman, A.: Structural
4. Discussion identification of N-linked carbohydrates using the
GUcal application: A tutorialJournal of proteomics

. . 2017.
All N-linked glycans of standard egcoprotelns,[5] Donczo, B.; Szigeti, M.; Ostoros, G.; Gacs, A..

human serum and mouse tissue samples were Toyari, J.; Guttman, A.: N-Glycosylation analysis
liberated by PNGaseF digestion before and after the of formalin fixed paraffin embedded samples by
fixation and embedding processes. The released capillary electrophoresislectrophoresis2015 37
glycans were labeled with fluorescent dye (APTS) = (17-18): 2292-6.

: o« ] Donczo, B.; Szarka, M.; Tovari, J.; Ostoros, G.;
and analyzed by capillary electrophoresis - las Csanky, E.: Guttman, A.: Molecular glycopathology

induced fluorescent detection. by capillary electrophoresis: Analysis of the N-
glycome of formalin-fixed paraffin-embedded
mouse tissue samplesklectrophoresis 2017;
38(12):1602-8.
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P27 ENHANCED SEPARATION AND CHARACTERIZATION OF DEA MIDATED
PEPTIDES WITH CE-MS

KLAUS FASERL,! BETTINA SARG,! AND HERBERT H. LINDNERY*
1 Division of Clinical Biochemistry, Innsbruck Medical University, Innsbruck, A-6020, AUSTRIA

Here we applied a low-flow capillary electrophoresis (CE) —electrospray ionization interface coupled to a mass spectrometer
to analyze asparagine deamidation and aspartate isomerization. We achieved excellent resolution of asparagine (Asn),
aspartic acid (Asp) and isoaspartic acid (iso-Asp) containing peptides using a synthetic peptide mixture. The migration order
in CE enabled a clear assignment of in vitro deamidation/isomerization sites in a protein standard mixture of intermediate
complexity (48 proteins) as well as the determination of the in vivo deamidation rate of histone H1.0 directly in a crude nuclear
protein fraction.

Keywords: CE-MS, deamidation, iso-aspartate, isobaric peptides.

1. Introduction Sequest was used for data analysis. Raw data
obtained by CE-MS from UPS1 were searched

Nonenzymatic asparagine (Asn) deamidation argainst the IPI human database version 3.86 (91,519
aspartate (Asp) isomerization of proteins represserintries) to which 48 sequences of the Universal
an important degradation reaction. Asn deamidatidffoteomics Standard were added.

proceeds mainly through the formation of a

succinimide ring intermediate that is quickly3. Results and Analysis

hydrolysed to n-Asp and isoAsp at a ratio of about

1:3. MS identification of deamidated peptides i gynthetic peptide mixture consisting of Asn, Asp
relatively straightforward as deamidation addgqq iso Asp containing peptides was analysed using

0.984 Da to the mass of a molecule. AnalyticgtegiMs and a bare fused silica capillary.
techniques for the identification and quantificatio Optimization of the analysis conditions enabled a

of isoAsp are much more challenging primarilyear  separation into six peaks (Figure 1).
because Asp and isoAsp have identical mass aflification of the isoAsp containing peptidesswa
formal _charge. ThereforeZ a reliable pre-sepa_ratl%rformed via ETD fragmentation, as this
is an important prerequisite for the analysis Gfagmentation method produces reporter ions (c+57
deamidation products, as it adds complementagy,qor 7.57) which are unique to isoAsp. However,
information before MS analysis. reporter ion intensity is often very weak and ribt a
peptides are amenable for ETD fragmentation, such
2. Experimental as short and low-charged peptide ions. Therefore, a
reliable separation is an important prerequisite fo

For CE-MS analysis a CESI 8000 (Sciex, Brea, CAU‘e analysis of deamidation products. The change of
equipped with a bare fused or neutrally chargé’dﬂt charge introduced by deamidation as well as the
capillary (total length: 90 cm, i.d.: 30 pm, 0.450
um) was coupled via an ESI module to a Therm
Scientific Q Exactive Plus or LTQ Orbitrap XL
ETD (Bremen, Germany). A synthetic peptide
mixture consisting of six decapeptides containin
Asn, Asp and isoAsp was used to examine tt
migration behavior on CE. In a next step, thi
Universal Proteomics Standard (UPS1) containin
48 human proteins was digested under differe| 0 . . | . |
conditions to study the in vitro deamidation ” Tmemn %
products and the reliability of CE-MS. Proteome

Discoverer (ThermoScientific) with search engine
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Figure 1.CESI-MS separation of 6 synthetic peptides
covering deamidated and acetylated forms of the N-
terminal peptide TENSTSAPAA of the human histone
H1.0. CESI-MS conditions: Bare fused silica
1t*"Correspondence: Herbert.Lindner@i-med.ac.at capillary; BGE, 0.1 % formic acid; MS instrument,
Thermo Scientific LTQ Orbitrap XL ETD.
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slight differences between the pKas of Asp andl. Conclusion
isoAsp makes CE particularly well suited for this

kind of analysis. To improve the separation Wue to the reduced net charge introduced by
replaced the bare fused silica capillary by a mutryeamidation as well as the slight differences
coated capillary. In total, the CE-MS analysismbt petween the pKa of the isomers Asp and isoAsp a
digests yielded a total of 928 identified peptidegjiaple CE separation can be obtained. For further
sequences. A set of 390 peptides contained at leg$brmation on this topic we would like to refer
one asparagine and roughly one quarter was indg@@ders to the full scientific publication on which
found to be deamidated. On the basis of thgjs apstract to the CECE 2017 (14th International
migration times we were able to calculate thﬁnerdisciplinary Meeting on Bioanalysis ) in

separation selectivity of the aspartate angeszprém, Hungary is based[1].
isoaspartate containing peptides (Figure 2). The

method enables an efficient separation of d'i& K led
deamidated forms as well (Figure 2C). cknowledgement

The authors thank Jeff D. Chapman from SCIEX

GYLPEPVTVTWNSGTLTNGVR Separations for providing the sheathless high

isoAsp sensitive porous sprayer interface.
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Figure 2.Extracted ion electropherograms of the
deamidated peptide GYLPEPVTVTWNSGTL-
TNGVR present in the Universal Proteomics
Standard. CESI-MS conditions: Neutrally coated
capillary; BGE, 0.1 M acetic acid; MS instrument,
Thermo Scientific Q Exactive Plus.
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