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PL-1
SEPARATION SCIENGE FIFTY YEAR PERSPEA(E AND THE FUTURE

Karger, Barry L.

Barnett Institute , Northeastern University, Boston, MA 02115 USA

With the receipt of Beckman Medal, it is appropriate to look back on my 50 year career in bioanalytica
chemistry and to look forward to the next 5 to 10 years (not possible 50 years ahead). My focus has |
separation science, not just the principles but also the ap@uagoreal problems. When | began my
career, chromatography was where analytical chemists conducted research, first in GC and then this new fi
high pressure liquid chromatography. Electrophoresis in a slab gel format was the dorisdéin of the biolog
When column operation became available (CE), | moved into this field and, along with a few others, was in
in developing technology for the Human Genome Project. Since then a key development has been the
advance of MS which continugsistaldy. While CE had a major impact on DNA separations, its wide
applicability has been held back by a lack of effective coupling to MS. This is changing, and it is likely that C
will have an impact in the coming years, both in a column ardfariotfluidther areas in the coming

period include nanoscale separations where new physical principles can be used to advantage, e.g. slip f
will discuss these new developments from the context of what | learned over my career. The most impc
principle is to understand the problem and goal to which your technology will be applied. Impact is what me
and your technology is only as good as the problems it is able to solve. These points will be discussed i
presentation.
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PL-2
SINGLBMOLECULELISANEXTENDEINANOR_UIDIADEVICE

Kitamori, Takehiko

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

One of the most promising applications of microfluidics is immunoassay, which is expected to be personz:
and mobile in the near future as a clinical and social application in the aged society. We proposed micro E
system using a microfluidic devibe early period of microfluidics [1], and had already made it in practical and
commercial use. Our scientific and technological curiosity has already gone into immunceaasay in extended
fluidic system. Ultimate smallness of extanddtiidics kes it be ultimate small volume analysis which
ranges from femto to even atto liter level. These values are several orders smaller than single cell volt
Creating methodology of analysis in this volume sector is really challenging and \aittlyigagh la bre

the bio and medical research fields.

We fabricated extendado channels into glass microchips, and succeeded in fluidic -&66tminain10

size. Detection at this size and volume is quite difficult, and therefore, we dexiopéuteafdiface

contrast thermal lens micro detectiehL{)Cand we also succeeded in optical readcfit@fesoant

molecules in an extendado channel which was smaller than even optical wavelength. We have already
developed three main oulogies for extendedio fluidics, that is, fabrication, control and detection, and we
applied them to develop extemalenl chromatography and immunoassay at atto liter and femto liter scale. One
of the indispensable breakthrough technologies &ovatimesal applications is low temperature bonding
method for glass substrates and covers. Surface modification -oanexmatetkls is able to survive

during the bonding processes in case the bonding temperature is at room temperature or a bit highe

An ELISA system was realized in an extenddtlidic device. Depth of the channel was 200 nm, while the
width was 3 &m. The | ength of t he <capantibade ant i
reaction volume was almost 100 lfemntén addition to this device, we prepare several different dimensions
devices. This ultrathin liquid layer is much smaller than diffusion length of target antigen protein and the t
antigen proteins collide several 1000 times at the capdyréememtibidized surface. Therefore, the target
antigen proteins may be perfectly captured by the immobilized capture antibody, and chemical amplificati
enzymatic reaction and ultrasensitive readot oyl Bi&y be able to detect the captured Awtiggly,

we succeeded in detecting countable numbers and even single target antigen protein by referring to Poi
distribution of the obtained signal.

References

[1.] Kiichi Sato, et al., AGdlem., 72, 1144 (2000)
[2.] A number of related papers aretigitd:i/park.iteakyo.ac.jp/kitamori/
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PL-3

USING MICROSCALE SERAIONS AND MASS SPROMETRY TO UNDEREY THE BIOLOGICAEQWANISMS
OF DISEASES

Yates, lll J.RPankow, S.; Bamberger, C.; Wang, Y.; Fonslow, B.; Han, X.

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

A component to understanding biological mechanisms in disease involves identifying the proteins express
cells as well as their modificaimhghe dynamics of perturbed processes. Several major technologies, but
especially mass spectrometry, have benefited femaldaggaome sequencing of organisms. The sequence
data produced by these efforts can be used to interpret mass spertobmpaitgias and thus enables

rapid and largeale analysis of protein data from experiments. Advanaiménsiaitl separations as

well as mass spectrometry have improved the scale of experiments for protein identification. Quantitative
spectrometry can be used to study biological processes sucipratginoteieractions, development or the
effects of gene mutations on pathways. Recent studies on the loss of function mutant form of the Cystic Fil
Transport Regulaggf$08) as jtrogresses through the folding pathway will be presented. Through the study of
proteifprotein interactions, we are beginning to understand the critical interactions regulating pathways for e
or destruction. What is clear from these studies asethatopnplexes are mixtures of different protein
proteoforms that require new approaches to sort them out to establish their functional roles. We will show r
data using a CE system to investigate protein complexes.

11
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PL-4

LGMSOF PROTEINS USISIGP FLOW CAPILLARIE

Wirth, Mary; JNu, Zhen; Zhang, Ximo

Purdue University

Slip flow is a nanofluidic phenomenon that enhances flow rates for submicrometer paipickesein reversed

l iquid chromatography. The phenomenon enables 0.
instruments, thereby giving highecpegka ci t i es than conventional capi
and 4.5m in length, packed withrg@8d i f i ed 0. 5 & m sfold flonceahanremeritsidael e s |,
to slip flow. This gives stable nanospray for LCMS with a rgas@tiabldesgth. We show that complex
protein mixtures are separated with peak capacities on the order of 750 for intact proteins. The phy:s
narrowness of the peaks provides for high sensitivity by virtue of maintaining a high concentretion of protein
eluting zones. The peaks widths are a few seconds, whiffameadon®atible with high resolution mass
spectrometers.

References
[1.] Wu, Z., et dnal. Cher2014, 8615921598
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PL-5

PUTTING ARTEFACTSWORK TURNIN®NASEPARATION PROBLENBO ULTRRORTABLE AND SENGET|
LAB-ONCHIPNADETECTION SOLUTION

Viovy, Jeahoui§ Venzac, Bastle@hamp, Jerom€isse, IsmaiBockelmann, Ulkjch
Descroix, StephdnMalaquit,aurert

WUMR 168 I nstitut Curie, Centre National de | a Rec
2ESPCI, Gulliver Laboratory Nanobiophotonics Group

We shall present a new fabel DNA detection method with direct electronic read. It uses a nonlinear
electrohydrodynamic phenomenon discovered by our group when trying to separate by capillary electroph
large DNA molecules: when subjected etetiigb fields, suspensions of large charged macromolecules in
microchannels, such as long DNA molecules, create "giant" dynamic concentratijrwhickuations

size fractionatif#t]. These fluctuations are associated with large conductivity heterogeneties. More recently,
demonstrated the possibility to detect these heterogeneities usimpdedontdatonductivity detector. In

order to decouple the detection electromidbe high voltage excitation one, an original and simple "doubly
symmetric" floating mode baipemated detection scheme was developed. A wavelet analysis is then applied
to unravel from the chaotic character of the electohydrodynamia ststkikiigisal robustly reflecting the
amplification of DNA [3]. We also present recent and unpublished results, combining this method with isoth
RollingCircleAmplification of DNA, which naturally yields molecules from hundred thousaadato several m
base pairs. This allows for the development of very compact, low caestfamnehechigy for the specific

and ultrgensitive detection of DNA. Applications for portable devices in various fields of medicine, environn
and biotechnology méldiscussed.

E=320V/cm@15hz

/
¢
/

t=0s

High voltage / 4

New contact conductivity excitation /
measurement device /

5 \ .
DNA solution detectors (planar Pt microelectrodes)

t=20s

Microchip with integrated \
planar Pt microelectrodes DNA aggregate

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

References

[JL. Mitni k, C. Hel I er, J. Prost, and fJd.elld.s. Vidoo\Sy,i efin
267, no. 5195, pp. 219 (1995).

[2]S. Magnhusdottir, H. | sambert, C. Hel |l er , and J.L Vi

Biopolymers, vol. 49, pp- 885, 1999. (1995)

[3.] A lowcost, labdtee DNA dection method in-takchip format based on electrohydrodynamic instabilities, with
application to lerange PCR, Mdiakite, J Champ, S Descrddalaquin, F AmblardVitvyjab chip 12: 4738
4747 (2012)

Acknowledgement
Work supported in patEbyprojects HEALFB2016259796 and 1€2011.3-317742
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PL-6
IMPROVING PATIENT OOVEE BY STRATEGICHEOLOGY DEVELOPMENTHE HEALTHCARESBER

Markev ar ga , 2 Gy°r gy

1Div. Clinical Protein Science & Imaging, Biomedical Centded3eptnoént Technology and Industrial Electrical
Engineering,
Lund University, Lund, Sweden
2Dept. of Surgery, Tokyo Medical University, Tokyo, Japan

Global Healthcare is under pressure to meet the demands from patients to reach an improved efficient
Cancet Neurodegeneratj@iabetes and Cardiovascular diseases. Societies have difficulties in managing ar
increasing burden of healthcare Mesisdrug characterization assays are central in providing evidence to the
specificity and selectivityugfsd Targeted drug development requires mode of drug action mechanistic studies
in order to get approval from the FDA. Disease presentation and clinical sample collection are key stra
resources that need to be invested in order to understamechsees®s and to design the next generation
diagnostics and treatments for Cancer patients. The technological developments provide a novel tool to ac
such highly detailed imaging by using Imaging Mass Spectrometer. In the first human stadyavadertaken
been able to provide evidence of drug localization within targeted pathophysiology regions. In addition
present data on the occurrence of, IRESSA, TARCEVA and Tiotropium within lung after dosing expos
revealing specific localizatioissuetcompartmentsat 1@ s pat i al r e s-odlulatlevedsn t hat
Mass spectrometry imaging provides an effective means to measure the distribution of drug molecules in t
samples. By comparing drug ion distribution patterns ictiiasueveeobserved that following exposure,
IRESSA, TARCEVA and Tiotropium parent ions and fragment ions were dispersed in a the central airway
the lung parenchyma and pleura. To meet hospital demands, Biobanks are developed in axder to integrat
collection of clinical samples from health and disease that provides human information to aid the unmet ne
patients. Interfacing Biobantkedern healthcare developments becomes intimately linked to archiving patient
samples in large scale ssudmilding biobank archiVdmse developments are seen within current
application of Personalized Medicine strategies of matching specific disease genotypes and phenotypes
specific pharmaceutical drug treatment has shown tremendous effiahdgnporsevediseases. The
expansion of this treatment paradigm into other diseases has led to new thinking considering the diagnosi
treat ment of di sease, including APrecision Medic

14
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PL-7
WHY DO WE LOSEIANALYTICAL INSIGHNS© HUMANEUROMUSCULAR DEGENEON

Bergquist, Jonas

Analytical Chemistry, Department of CHaMi{Stayd SciLife Lab, Uppsala University, Boxr59248Hppsala,
Sweden

No matter what we do, eat or prastiomer or later we all will start loosing our abilities to control our bodily
functions, maintain muscle control and innervations. Most of us will grow old and degrade by natural cal
while some of us unfortunaiill be affected by fast or slow progressive diseases or even have accidents witt
traumas that will initiate dramatic degenerative effects. Amyotrophic latata sctemsimst common

type ofmotor neuron disease in adult patients andciertredaby progressive muscle paralysis. However,

the clinical tools for ALS diagnostics do not perform well enough and their improvement is needed. We
recently demonstrated ¢hahotgun proteomic approach coupled with relative quantitdtiadedingethy

(DML) method can analyze the global changes in the human skeletal muscle proteome from ALS patients.
limited amount of muscle biopsy taken from randomized ALS patients and healthy controls were usec
comparisorlheunderlying objectweour studwas to identify potential protein biomarkers related to the
development of ALS but also to be able to get in detail structural characteristics of protein modifications th:
initiated by disease. These proteins are invagvedalnbiaiacal processes including muscle development

and contraction, metabolic process, enzyme activity, glycolysis, regulation of apoptosis and transport activ
order to eliminagerisk to confuse ALS with other denemvatote biopsies of patients postpolio

syndrome and ChaldarieTooth disease (negative controls) were compared to those of ALS and control
samples. In parallel we have been monitoring patients from the intensive care unit (ICU) that after accident
trauma ends up in assistedtilation or respirator treatment. These patients experience dramatic muscle
denervation and degeneration already after a few days of treatment. We have identified a number of diff
factors behind this phenomenon that also reveals new knowllee gativaliaging muscle.



1€



KEYNOTE LECTURESI)
AND

ORAL PRESENTATIONS (L)

ORDER OEESSIONS

17



18



MSB 2014 1 PROTEINS

KNO1

ALASER PRINTEROTATIODRIVEN MICRODEV(BDMIN POLYESTER WITHSBIVE VALVE FLOW CBRL
FOR PROTEIN QUNATION AND CELL COWN |

Ouyang, ¥.Thompson,BBegley, M.Landers, James!P3

1Department of Chemistry, University of Virginia
2Department of Mechanical Enginéérinegrsity of Virginia
3Department of Pathology, University of Virginia

The eveincreasing application ofdre®sChip (LOC) technology tewedd problems has elevated interest

in these analytical devices. As the development becomes nwrdrvgpliaat] the functionality shown to

be robust, flow control andetfesttive manufacturability of microdevices from inexpensiveof&ihenercial

shelf materials becomes critical

We have shown the utility for psiygster (overheadnsparencies) as the substrate and tpriatetio

generate rotatidriven microdevices (RDMs) for a variety of analytical processes including DNA extraction, P(
and electrophoretic separathm.followed this by demonstrating thike €8T microhips could be

fabricated for fluidic transport controlled by centrifugal forces and vaivimgdyasephobic valgs.

simply using rotation speeds that generate enough centrifugal force, fluids could be mobilized through
channels and; kigher speeds, through hydrophobic vatv®eT RDM with two fluidic layers fabricated by
laser ablating the microfeatures in the polyester sheet and then laminating using the toner for bonding, we
that a simple colorimetric protein assaycearidoeout in an automated manrm®ing so, we highlight the

ability to integrate a substantial number of fluidic control elements to achieve a basic diagnostic functionalit
protein quantification). The functionality requires fluidmheteriragd aliquoting, and thus, represents an
effective demonstration of fundamental operations required for a broad range of other applications. One of
involves cell counting via DNA quantitation based on the extent of magnetic beadteyoEigaion as
signalA bidirectional rotating magnetic field (RMF) was critical to effective magnetic actuation of the PeT R
for multiplexed cell counting. Enumeration of white blood cells in the human blood samples was demonst
with the RDM withgenable accuracy for clinical applications (CV=10%). Fusifigthigecasd versatile

PeT RDM with a simpleMF, we present a promising strategy for automation and multiplexing of limited bloo
count chemistries.

1¢
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L-01-1
CAPILLARY ELECTROMRESIS FOR MINIATURIEDN ENZYMATIC ABSAON KINASES OF AGING PATHWAY'S

Ne h m®,; R\eei hnrig® , B eHhael dag Routier, Sylva@orin,rPhilippe

Institut de Chimie Organique et Analytiqua(iOd)tre dBiophysiquslo | ® c, Univarsity of Orleans
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L-01-2

THE COUPLING BETWHEE OPTIMAL EXPERIVIEL CONDITIONS FIOHE PURIFICATIONRIROTEINS AND
THE FORMULATION Q¥OVEL TYPE OF ANDIBCUM
WITH AN EXTREMEL@HHBELECTIVITY

Hj ert ®n, Stell an

Institute of Biochemijdthypsala University, Biomedical Center, Upfg&dl2%Bppsala, Sweden

Upon a review of all scientific papers | have published and of an article by Sober and Petersen | found th
extremely high resolution of proteins could be achieved bji@naanobiy two separation methods: anion
exchange chromatograaphy (or free zone electrophoresis) andihtgiagpioobahromatography. These

two (three) methods are based on the parameters negative net surface charge and net surfate hydrophobi
proteins (and viruses and bacteria). Accordingly, the same parameters may be expected to characterize
surface structure of both proteins, viruses and bacteria. This conclusion gives us immediately the inform
about the surface properties @fel alass of antibiotica for selective capture (= the inactivation) of pathogens:
Their net surface charge should be the same as that of the pathogen and their net surface hydrophot
somewhat higher than that of the pathogen for its selectivietisagiatkogen. Two animal experiments
confirm this conclusion.

21
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STRATEGIES FOR IMPR/DETECTABILITY@HPILLARY ELECTRORESIS
Kanemori, Koichi; Ota, Hiroya; Kawai, Takayuki; Naito, Toyohiro; Kisok&akKiayia;

Kyoto Uiversity

The analysis of carbohydrates is one of the important issues in biologgad&disisaiog carbohydrates

are important in biological functions. Among various techniques for analyzing carbohydrates, capil
electrophoresis (CE) is advantageous due to its ability to achieve a rapid analysis with low consumptic
samples. In meentional CE of carbohydrates, however, a troublesome derivatization of a sample is ofte
required for the detection and/or separation since most of carbohydrates have no UV absorbance and no cf
To overcome this drawback, we focused on theEa#fivatystS using quinolineboronic acids (QBAs) which
form complexes withddid compounds like most carbohydrates. In a background solution (BGS) containin
QBAs, the complexation provides the variations of both the fluorescence intensitieeindpdyopeatient e
mobility of the complex from those of native carbohydrates, resulting iAfiteatHildoedsatehce detection

and selective separation of carbohydrates. The variations of $peetrdassidpBAs by the complexation

were measuredth adding sorbitol into QBA solutions. As a typical result, the emissioiso@Biity of 5

was increased upon adding sorbitol. To investigate the effects of the complexation and pH of the BGS o
mobility of-S0QBA, the effective elphtiic mobilities ofiShQBA and its complex with sorbitol were
measured with varying pH. Since the complexesidpB# Bith carbohydrate gave a negative charge to the
neutral carbohydrate at pHLB.0, the electrophoretic migration of the cospltainvea without any pre

column derivatization. Nine carbohydrates, including sorbitol, mannitol, galactitol, catechol, galactonic
arabitol, xylitol, me&sgthlitol, and mannose, were analyzed in a phosphate buffer-isoQa&iAingtich

indcated the successful detection and separation of these carbohydrates without any derivatization.

The combination of anlimm sample concentration techniqueydange sample stacking with an
electroosmotic flow pump (LMRER)with mass spectramdMS) in CE was investigated to improve the
detectability. Constructing L\CEHRS has been difficult due to the lack of the outlet reservoir, since LVSEP
requires a BGS from the outlet side of the capillary for pumping out the samplstowhtrithe Ishbéh

liquid poured into the electrospray ionization (ESI) interface was employed as the BGS, where the sheath
was successfully introduced into the capillary from the ESI interface. To evaluate the analytical performar
the systemthree aromatic sulfonic acids were analyzed. As a result, the analyte20faldre 75
concentrated in LVSEFPMS compared to conventioridISE

References
[1] Kawali, T.; Sueyoshi, K.; Kitagawa, F.; Otsui&ha,Gher82(2010) 6568511.
2] Kawai, T.; Watanabe, M.; Sueyoshi, K.; Kitagawa, F.;,JOGuan&togrl12322012) 538.

Acknowledgement
SENTAN (JST); KAKENHI (MEXT) No. 24350039.
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L-021

PROTEIN IMPRINTED HRRIRLS FOR THE TARGIROTEIN CAPTURE
IN THE PROTEONEEMPLE

Yang, Kaiguang, Qinran; Liu, Jinxiang; Li, Senwu; Zhang, Lihaai Liu

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

With the recent development of proteome techniques, the interest in finding biomarkers from human plasn
clinical diagnosis has gained new momentum. However, the wide dynamic range of proteins in abundance
1010, brings great challenges toveistow abundance proteins with significant biological functions [1].
Therefore, in proteome study, it is indispensable to deplete high abundance proteins to identify low abunc
ones. Antibody techniques have been proven the most effective liosthods, jdijth the consideration of
stability, robustness and cost, the development of artificial antibody, molecularly imprinted materials, might
stateoftheart solution.

Three generations of protein imprinted materials were developedfan pratestmigs application. In the

first generation, porous pristgirinted monolithic polyacrylamide materials was prejiarietphgtig

strategy and applied to extract the target proteins from complex protein mixtures by affinity]chromatography
the second generation, one new approach, combhaiogydieddibon with surface imprinting technology, was
developed to prepare pratfiimty materials, which showed higher specific recognition ability towards the targe
proteins [3]. The othew approach in the second generation, hierarchical imprinting, was developed anc
applied for high abundance protein imprinting [4.] In the third generation, the epitope of the target protein
applied to overcome the difficulty in obtaining tbéepuss pne template. Meanwhile, envircfriapdbgl

polymer sedfssembly technology, instead of polymerization, was applied to fabricate the materials. |
conclusion, molecular imprinting would be a promising method for the proteomic study.

Referenes

[1.] Issaq HJ, Xiao Z, Veenstré&s€mym and plasma proteo@iusmical Review®907107, 3603620
[2.] Liu JXYang, K@t al. Journal of Separation Scie2@¥0, 33, 118

[3.] Liu JXYang, K@t al.Chemical Communicati@fdl, 47, 398971

[4.] Li, QR, Yang, KBal.Microchinfcta201318Q 13791386.
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L-022
APPLICATION OF MICRRLYSIS IN PRELINICAL PHARMACCKTNC STUDY
Lu, ChiMing; Lin, Li€€hwe# Tsai, Tunbid

INational Yarding University
2National Research Institute of Chinese Medicine

Objectives: Microdialysis is aimealand continuous sampling technique for small molecules. The basic
principle of mi crodi al ysi sand the davingpfaree 3si avcencedtriatiorf u s i
gradient allowing analytes to pass througkparserable membrane. Based on the perspective of clinical
pharmacology, only the protdiound fraction of a drug is available for absorption, distribotigm, metab

and elimination, as well as delivery to the target sites for pharmacodynamic actions.

Methods: Blood, brain and bile microdialysis systems consisted of a microinjection pump, a microfraction co
and the appropriate microdialysis probeslyBiemtiobes for blood (10 mm in length), brain (3 mm in length)
and bile (7 cm in length) were made of silica glass capillary tubing arranged in a concentric design.
enterohepatic circulation study, the bile duct of the donor rat was camialifetedeplioer and the other

end of tube was inserted through the bile duct into the duodenum of the recipient rat. Lamivudine is
antiretroviral drug which is used as one of the example to investigaupfenmn lamivudine in the rat

blood ad liver, and subsequently to examine its pharmacokinetics in rat.

Results: The regional brain distribution, the portion of drug that passes thrdugim tharridoodnd
hepatobiliary excretion can be defined by the area under the curve (AUd)odatimain
(AUCbrain/AUCblood) and ‘dduld (AUCbile/AUCblood). Furthermore, the pros and cons of microdialysis
are discussed, including the detailed surgical techniques in animal experiments from rat blood, liver and bile
for the analgsof proteianbound drug. The pharmacokinetic data of lamivudine demonstrated that the area
under concentration versus time curve (AUC) of |
195.81 min eg/ mL af tnegkg, iv)ahaielmumationpradedafmi fit ¢ 280 i ove
N 4.19 and 38.26 N 4.91 min, respectively. The
blood and liver after drug administration.

Conclusion: The strategy of muétipfgisg in a single animal largely reduces the use of experimental animals
and receives more reliable datafdingcal pharmacokinetic study.
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EXTENDED ELECTROSPREEDLE FOBEMSSEPARATIONS

Foret % FTahowW§&KkapEan2k, Karel

Y nstitute of Analytical Chemi-68200y of Academy
aculty of Science, Mas@lt3rk University, Kot

With the recent instrumental developments, capillary electrophoresis coupled to mass -bffectrometry (CE
seems to be gaining momentum especially for analyses of complex bioldgidales@@EpIAS. coupling

is almost exclusively practiced witedtresgdray ionization. Based on the fluidic connections of the separation
capillary to the electrospray emitter, the interface designs are typically divided into two categories, i.e., the s
and sheathless arrangement, with additional subdivisisnsoamii design, liquid junction arrangement,

etc. For the flow rates above 100 nL/min, electrospray is considered to be concentration sensitive. Thus
sensitivity ofthe®ES s et up reflects the i nst mwthealettsprayab i | i
needle in the lowest possible volume of the spray liquid. In the simplest case the electrospray tip can serve
as the CE separation capillary without the need for any additional interface. In such an arrangement the
separationotumn must be of sufficiently low internal diameter to provide stable and efficient spray and,
principle, only one high voltage power supply can be used, driving both the CE separation and the electro
ionizationJnder suitable conditions, witdldrég the capillary size and background electrolyte conductivity,
sufficient electric field strength for the electrophoretic separation can be established by the electrospray ci
passing through the CE column. This work describes the prasftidas lapjpsoach with respect to the

internal diameter and length of the CE column, the composition and conductivity of the BGE and the ap
separation/spray voltage. Several examples of CE/MS analyses of biomolecules will demonstrate the pra
potatial and limitations of this direct CE/MS connection.
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L-031
DETECTION OF MONOALRXRBONATES BEMS/MS

do Lago, Claudimjr\tidal Denis T. R.; Francisco, Kelliton J. M.; Bezerra, Vagner

University ok8 PaulpSwo PaulpBrazil

Monoalkyl carbonates (MACs) or hemiesters of carbonic acid (HECAS) are an emerging class of substance
potential interest in biological processes. Although the knowing about existence of MACs dates back alm
hundred years, evidences that compautiis class can be formed spontaneously from an alcohol and
bicarbonatk in conditions similar to the biological systemae only recenly2]. Previous studies with

capillary electrophoresis with capacitively coupled contactless conductivity-GiB)ectiomwg@Ehe
determination of mobility, diffusion coefficient, and ionic radius of several HECAs as well as kinetic
thermodynamic constants for the formation reaction in aqueoik3médiamsubsequent study,
electrospray ionization mass spectr{lBSiB) was introduced as an alternative tepfinidwepresent

contribution deals with the useBSBES/MS, which improves the limit of detection and selectivity.

The background electrolyte (BGE) was ammonium propionate (pH 8.7), which allows separation and detect
the MACs in the counter EOF flevESIhsheath liquid was ammonium propionate in water/methanol 1:1. As
previously obsenjdll mild ESI conditions favors the transfer of MACs to the gaseous phase. The selectivit
was improved by MS/MS detection in the MRM mode by monitoring the tafigiticpaivhatural

collision (0 eV) with Dueto the possible decomposition of the MACs during the CE run because of the Joule
heating, a new thermostating case for the CE capillary was created.

Although loss of 44 u at low collision energy is a striking feature of the MACs comparedtés other carboxyl
coupling with CE is even more advantageous in the detection of MACs because it gives an orthogonal dime
in cases as, for example, the solution prepared with allyl alcohok.aBdtiNatd@@allyl carbonate and
Na(OH)(HGPhave the sanm’z 101. However, Naigrates as a cation and, thus, the isobaric cluster is not
formed during the detection of the CE peak of monoallyl carbonate. The separation of a mixture of MAC
ethanol, propanol,-fiutanol, andf@ntanol was also demonstratedincrease of sensitivity compared to
CEC'D allowed for the first time the detection of monogeranyl carbonate: a MAC of a fatty alcohol that |
carbonate counterpart of the geranyl pyrophosphate (an important intermediary in the bis}ynthesis of stero
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RETHINKING THRROTEOMICS STRATEGREC/MS SCALING FOR OPTIMASRLTS

van de Goor, Tom

Agilent Technologi®galdbronn, Germany

NanaeLGMS is often used in Proteomics experiments, due to the high sensitivity of nanospray and optimal us
the small sample amount. Sample loadability using enrichment columns and eabewéwgreratiain

a challenge.

In recent years, UHPLC has improved speed and resolution in chromatogr2jpgrosinmadides and

increased pressure. Apglyhis approach in rRe@dS however, does not always lead to improved results

for the Proteomics experiment. Also, electrospray ionization development has reduced the sensitivity
between nanospray and standard electrospray, which brings igm tvbeqliestt is time to rethink the

optimal setup for Proteomics experiments, especially when developing methods for routine applications.
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APPLICATION OF CGRHEELL SILICBASED CHIRAL STATABN PHASES IN NANGANDCEC

Fanali, Salvatore

Institute of Chemical Methodologies, Italian National Research Council (C.N.R.)

Recently chromatographic stationary phases (SPajesllioa coshell material have been sucdgssfu
experimented and adopted for both chiral and achiral separations -pifongnahdagh liquid
chromatography (HPLC). The success in using such columns stands in the properties of the silica part
enabling fast analysis and high efficiengydumaito the better homogeneity of the particles and the faster
mass transfer (mobile and stationary phase). The structure of the phase is represented by a solid core with |
thin layer outside responsible for the interactions with analytes.

Based orthe literature data, it seems thasleleparticles can offer valuable results especially when
analyzing large molecules. However, recently, such SPs have been also applied for the separation of ¢
molecules, e.g., chiral compounds of pharnhateutist

In this communication the main advantages in using superficially shediispértictes in liquid
chromatography will be briefly introduced. Afterwards the separation of chiral compiouidis by nano
chromatography (nd&@) and capitly electrochromatography (CEC) employahglt paticles containing
(adsorbed) cellulose derivatives will be illustrated. The main experimental parameter influencing efficienc
chiral resolution will be discussed.
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CAPILLARY ELECTROPIEOR CHIRAL ANALYSND DETERMINATIONHEEIX INVERSION BAFROF
HELQUATSSING SULFATED CYDE®TRINS AS STERECSETORS

Ka s i c k;&Kpval\Dgsan; 8avelova, Petra; Severa, Lukas; Vavra, Jan; Adriaenssen, Louis; Teply, Filip

Acad. Sci. CR, Ir8tg. Chem. & Biochem.

HelquatshelicaN-heteroaromatic dicatioepyesent a new class of functional organic molecules [1]. They
were introduced as a structural link between helicenes and viologens (paraquat and diquat). Combining mol
charactéstics of both these classes of compounds, chirality of helicenes and electrochemical properties
viologens, helquats possess potential to be applied in molecular electronics and catalysis. In the relatively s
synthetic procedure, helquats weieedbts racemates contaikingndP-helical forms [1, 2]. However,

pure enantiomers are necessary for investigation of their properties depending on helical chirality. For moni
of preparative resolution of racemic mixtures of helquats, ameslectpiihoresis (CE) method was
developed [3, 4].

Enantiomers of a series of 34 helquats comprising 5, 6 and 7 fused rings in the helical backbone were res
by CE in acidic 22/35 mM sodium/phosphate background electrolyte, pH 2.4, using randomly or single is
s u | f-a-talndtyciddextrins (§as chiral selectors.-bvalent interactions between dicationic helquat
enantiomers and sulfated CDs provided negatively charged complexes, which were separated as anior
reversed voltage polalt® kV) in untreated or hydroxypropylcelllosedcoaf used si |l i ca cap
id/od, 300/400 mm effective/total length, and deteeadddnplidvi at 200 nm.

Evaluation of CE analyses of the whole set of 34 helquats showed that at least one of the sulfated CDs prc
baseline separatidnatl 34 helquats. Concerning the capability of the individual randomly sulfated CDs fo
helquat enantioseparation,-th€[3 separated completely 28 helquats (82% success rate), f@HéBed by S

with 22 helquats (65%) abiC® with 16 resolved he&(#7%). From the single isomers sulfated CDs, the

best results were obtained ushulip2£&yb-sulfeb-CD with 27 resolved helquats (79%).

Additionally, CE was applied to determine helix inversion barrier of helquats, i.e. activatioinéreyefsimtual

of M- andP-helquat helical forms. The configurationally labile helquats could not be resolved but enantiomers of mq
hindered helquat structures were separated by CE and their helix inversion barrier was found to bad# the range 106
kJd/mol.

References _ )

[1]L. Adriaenssens, L. Sever a, T. G811 ov §, I . C2sasSov 8
S| av?2 | e Khem.FEur. 15 (20pN0721076 . )

[2]J. VS8vr a, L. Sever a, P. Gvec, | . EurQ.20sgaChed/(Z12)489 Kov al
499.

[8]L. Sever a, D. Koval, P. Novotng§g, M. OoOnl| 8k, P. S8§zel
New J. Cherg4(2010) 106B067.

[4]D. Koval, L. Sever a, L. A Elecdtrapleore88s(2001526@8692. V8vr a, F.

Acknowledgemesit

The work was supported by the Czech Science Foundation (projects nos. P20GI22R4ER931S) and by the
ASCR (Research Project BA838963

28



MSB 2014 47 CHIRAL ANALYSIS 1

L-042

COMPARATIVE ENANTIRSEATION dFBLOCKERS WITH TWQRATED-CYCLODEXTRINRIVATIVES IN
AQUEOUS AND N®BRUEOUEEWITH SPECIAL EMPHRASI
ON ENANTIOMER AFFINPATTERNS

Wang, Tingtihdreng, YidgChankvetadze, Bezhdiang, Zhendji€@rommen, Jacqges

1Department of Pharmacy, Jinan University, Guangzhou, China
Anstitute of Physical and Analytical Chemistry, School of Exact and Natural Sciences, Thilisi State Ugiaersity, Thilisi, G
3Laboratory of Analytical Pharmaceutical Chemistry, Department of Pharmaceutical Sciences, University of Liege, Lie
Belgium

A series of eight chirblocker drugs, acebutolol, atenolol, carazolol, carteolol, carvedilol, propranolol, sotalc
and talinolol, have been enant-tydoextpra(Ch) teeiviitivas,s i n g
namely heptakis (@i®-methyb-sulfo¥-cyclodextrin (HD¥#ED) and heptakis {@:8-acetyb-sulfof-

cyclodextrin (HDA&ED), in aqueous and-aquneous capillary electrophoresis (CE). The main objective of
this work was to study the influence of the nature ofts\jbsitudror acetyl) in positions 2 and 3 on the CD
derivatives and of the electrophoretic medium (water or methanol) on enantioselectivity and enantiomer a
patterns (EAPSs) for these structurally related compounds. The EAPs towards thesétwd @Disewe

opposite to each other in both aqueous @agiemus media for atenolol and talinolol while opposite EAPs
towards the two CDs were only observed in aqueous CE (ACE) for carteolol and sagleloas B non
(NACE) for acebutolalazalol and propranolol. On the other hand, opposite EAPs with a given CD derivative
were also observed when the aqueous background electrolyte (BGE) was replaced by the methanolic B(
some cases: for carazolol, carteolol, carvedilol and profiranmesémce of HDMSD and only for

acebutolol with HBBSD. The more pronounced tendency to changes in EAP with the BGE composition in th
presence of HDMIED might be related to the fact that this CD derivative generally leads todader affinities
enantioselectivities compared to-blOBSThe possible molecular mechanisms leading to these changes in
EAP are being studied in both aqueous -aogiemus BGES using rotating frame nuclear Overhauser effect
(1D ROESY) NMR spectroscajy [1
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QUALITATIVE AND QUARNTIVE ANALYSIS BROTEIN MODIFICABQMINGHEATHLESEAPILLARY
ELECTROSPRAMASSSPECTROMETRCESIMS)

Lindner, Herbert H.

Innsbruckledical University

Traditionally, ESIMS and/or MALIAS are the analytical techniques of choice for the analysis and
guantification of pwanslationally modified proteins and peptides. However, it is well documented that analys
of especially mphopeptides using-E&IMS is not without challenges. Poor ionization efficiency, low
separation efficiency and neutral losses etc. often impedes detection and characterization.

Thus, we evaluated the capability oMSE®SI the separation and amalysvarious common protein
modifications using a PTM standard provided by the ABRF Proteomics Standards Research Group (sPRG
PTM standard, consisting of 70 different maodified peptides including 29 phosphopeptides, was analyzed witl
CESl and LEESIMS. The results were compared with respect to the number of identified peptides an
separation characteristics. The application of acidic conditions and an uncoated capillary result in a mod
suppression of the EOF. When working in positivedkd)ea(low flow rate towards the MS can be obtained

and also the positively charged peptides migrate towards the MS. Applying-this, sysdetatrali
phosphorylated peptides, which are less positively or even negatively chargecaeatcukffally sk

other positively charged peptides.

In the second part of the study we investigated corefasihiekesmall highly basic proteins occurring in

all higher eukaryotes in multiple sul&ipéstones are subjected to extensittapslstional modifications

that are known to be significant for gene expression and DNA repair. Both the complexity and unique ph
and chemical property of this protein family is a challenging task requiring the most advanced separ:
techniquesna sophisticated instrumentation available. Althoivfh deESition of histone modifications is

limited by the mass loading capacity of the system, it has the advantage of providing a rapid overview o
modification status of intact proteins galéswisand reproducible comparisons between treated and untreated
cells or different cell phases.

Finally, CE®MS was used to characterize and quantify phosphoproteins and phosphopeptides present in
highly complex sample, the proteome of yeasisdbbgleldabeling in cell culture (SILAC) was used for
relative quantification of two yeast proteomes. Protein extracts of these two strains were mixed :
enzymatically digested using€L¥&e resulting peptides wergepegated by RFPLC and weraadyzed

by CESMS using a neutral capillary. A total of 1244 phosphorylation sites could be assigned and 13
phosphorylated peptides quantified. 50 phosphopeptides were found to be differently regulated relative t
unphosphorylated protein. Thepvesdnted here shows the first quantitative phosphoproteomic approach that
combines stable isotope labeling by amino acids in cell culture (SILAMS se{taCESH.
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IN-SPRAY SUPERCHARGINANTACT PROTEINS@APILLARFLECTROPHORESIBSS SPECTROMETRY
USING A SHEATH LIQINTERFACE

Bonvin, Gr ®g &ihapgler,Jukeudaz, Serge;

University of Geneva

Capillary electrophoresis (CE) hyphenated with electrospray ionization (ESI) mass spectrometry (MS)
suitabléechnique for the analysis of intact proteins. The main configuration to realize this coupling is the sh
liquid interface, which is characterized by the additiorupf llgoidk@roviding the electric contact as well as

the appropriate flow andeslcomposition for ionization and evaporation. One main advantage of this interfac
is that the composition of the sheath liquid can be adjusted to optimize the ionization without affecting
selectivity and efficiency. In the case of protein,itmizéiature is particularly interesting to modulate their
chargestate distribution (CSD).

In this study, we report for the first time the addition of supercharging reagents to the sB&hSiquid in CE
experiments of intact proteins to increasaximum chargea§Zof multiplgharged ggshase ions, while
maintaining acceptable separation performance. Various supercharging agents -niteoberested (2
alcohol, -Bitrobenzyl alcohehi#obenzyl alcohol, and sulfolane) with difédgmoubd electrolytes (BGE).

Their impact was estimated for three model proteins (human insulin, human growth hormone, hemoglobil
exhibiting different properties in terms of size, structure, and flexibility. Their influence on thedjlobal sensitivi
CE performance for each protein was also assessed.

First, the impact of the main CE parameter on p
when the pH of the BGE was increased, which indicated that although the sheatmpguidrlegle am i

protein ESI, the CSD is also driven by the BGE pH, which determines the protein charge state in solution p
its ionization by electrospray. Then, the addition of supercharging reagents to the sheath liquid was succes
implemente t o further modify the proteinsé CSD. Amor
nitrobenzyl alcohaNBA) and sulfolane were selected as appropriate additives because they presented th
highest volatility avoiding clogging issuesnpaoilncts permitted a shift toward higher charge states in acidic
condition. The additiomdIBA permitted to fully protonate the strongest basic amioAagidsy§, and

His), whereas sulfolane exhibited a more effective supercharging refletinebiBpa enabling the
protonation of less basic amino acids. Under basic conditions, the tested reagents did not succeec
supercharging proteins and sulfolane even suppressed ionization for the most flexible protein. This ri
suggested that piogethat are negativeiarged in solution could not experispeayirsupercharging. As
expected, the addition of supercharging reagents to the sheath liquid had no deleterious impact on the
performance, regardless of the pH. The sensitivitd dokabg unchanged for every proteins and
supercharging additives, while in some cases sulfolane led to a sensitivity improvement.

This work has not been presented in international congress yet. It was submitted to Analytica Chimica Acta
currentlynder minor revisions.
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"PLUGANDPLAYOC18SILICA MONOLITHICRIDCARTRIDGES FOR ANALYSIS OF NEURBPIDES BY ©N
LINE SOLID PHASE RATTION CAPILLAR¥EETROPHORESIS

Benavente, Fernahdorti/illanueva, Elén&imenez, Esteldilmaz, Fatrha
Barbosa, Josesana\ebot, Victotia

1Department of Analytical Chemistry, University of Barcelona
2Department of Chemical Technology, Abant I1zzet Baysal University

Capillary electrophoresis (CE), like many other micrtestalidioas, has poor concentration sensitivity due

to the limited sample volume that can be loaded onto the capillary. Several strategies have been investiga
order to improve CE sensitivity. Today, the dise @¢folid phase extraction capikatyophoresis (SPE

CE) is widely recognized as a powerful approach to overcome this maje8]diam8REE[1an

extraction microcartridge or analyte concentrator placed near the inlet of the separation capillary contai
sorbent which retaihe target analyte, enabling a large volume of sample to be introduced. After rinsing t
eliminate neetained molecules, the retained analyte is eluted in a smaller volume of appropriate solutic
resulting in sample cleprand concentration enhagcerefore the electrophoretic separation.

In this study, Cé#ica monoliths were synthesized as a porous layer in open tubular capillary columns to be ¢
later into microcartridges for the analysis of neuropeptidE&UY SR& SREEMS [4]First, several

types of Cidllica monolithic (MtC18) microcartridges were used to analyze standard solutions of fiv
neuropeptides (i.e. dynorphin7}y g€ubstance P-{¥), endomorphin 1, methionine enkephalin and [Ala]
methionine enkephalin). The 8WGtbents, were especially selective against endomorphin 1 (Endl) and
substance P-{4) (SP (I1)). The best results in terms of sensitivity -amidrotdeartridge reproducibility

were achieved using the microcartridges obtained from a 10 char agagilléupucolumn with a thin
monolithic coating of large thymurghsize 4 ¢ m jtarun Repeatability, microcartridge durability, linearity
ranges and LODs were studied by-SRECEMS. As expected due to the improved selectivity, the best
LOD enhancement was obtained for End1 add)SBAGId with regard to-KE). Finally, the suitability of

the methodology for the analysis of biological fluids was tested with plasma samples spiked with End1 and !
11). Results obtained were pramigg because both neur ope-hwhickithkas c o ul
was a value close to the). LOD for standard sol uti
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CE ICP/M$OR SCREENING PROSETARGETED BY URAWI
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During the last decade, metalloproteomics has received increasing attention due to its widespread impe
toxicology, metabolomics, and neurophysiology. Once incorporated into an organism, metal selection by a f
is the result of multiple stepsefiine, analytical approaches have to cope with this complexity and allow the
analysis of metal speciation in complex samples. These difficulties are exemplified by uranium, which pla
important role in the nuclear fuel cycle. Its toxicity isathemibah radiological, and it accumulates in the
skeleton and kidneys [1]. However, the mechanisms involved in both transport in blood and delivery to t
organs remain unknown. Hence, identification and characterization of uranium trasgpeyt tproteins
develop efficient prevention and detoxification approaches.

In our research, Capillary Electrophoresis (CE) hyphenated with Inductively Coupled Plasma Mass Spectro
(ICP/MS) was used to combine the less intrusive, high separatonGEfiaikntlie capacity to sensitively

detect multiple elements of ICP/MS. Additionally, a UV detector was installed to enable the visualizatic
proteins during the analysis. This method addresses two main challenges: 1) achieving higtioresolution sepa
and 2) maintaining the integrity of the ymameimcomplexes during the analysis. Specific electrophoretic
buffers create working conditions close to physiological conditions and reduce adsorption of uranium ont
silica and the consequessbdiation of the proeteemnium complexes during the separation.

This method was used for the simultaneous characterization of the interaction between uranium and se
proteins in the presence or absence of physiological competitors, e.g.strargpoataplexing agent of

uranium in blood. A mixture containing the main proteins in serum was analyzed, and the results were com
to affinity constants determined from individual proteins. Moreover, the interaction of uranium with cal
phosphatbinding proteins was investigated to provide information regarding the accumulation of uranium
bones.

In conclusion, a reliable and precise analytical method for uranium speciation was established. Although the
on capillary surface can compike target proteins for binding to uranium, the method offers valuable
information about the interaction process between uranium and various proteins. This method could be fi
developed to study the speciation of uranium in more intricaterbpésical s
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RECENT STUDIES ON ERWMER SEPARATIGBCMANISMS IN CAPIRYAELECTROPHORESIS

Chankvetadze, Bezhan
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Capillary electrophoresis (CE) is important techniques fosepzabtiimal of enantiomers. It is clear that

even only at the expense of higher peak efficiency CE may allow to observe enantioseparations for certain
analyteselector pairs where the separation power of HPLC is insufficient for achievadgttisgohiral

CE offers almost unlimited possibility from the viewpoint of adjustment of separation factor. Together
aforementioned conceptual advantages CE offers some favorable technical characteristics for achieving
separation selecyivithus, chiral stationary phases (CSPs) in HPLC contain commonly limited and predefine
amounts of a chiral selector, whereas the concentration of a chiral selector is easily variable and just limit
the solubility (for charged selectors also Mitedting) of a chiral selector in a CE buffer. In addition, the
combination of two or more (chiral) selectors is technically much easier and not associated with instrum
difficulties in CE compared to cohuphng in HPLC. Again, two colummspledavith given amounts of

the chiral selectors in HPLC whereas the ratio of chiral selectors in a combination can be easily optimized i
Thus, chiral CE offers really enormous flexibility from the viewpoint of the adjustment of theitseparation sele
This in combination with the inherently high separation efficiency makes chiral CE a very powerful techniq
separation of enantiomarsddition, CE offers enormous possibilities for investigation of fine (stereochemical
mechanisms of rmwvalent intermolecular interactions. The most important conceptual advantages of CE fc
the investigation of «womalent interactions together with the high efficiency is the cumulative character of thi
technique. The combination of these two maysatlangothe fine (enantioselective) effects in selector
selectand interactions which can be easily overlookedcwimeativa techniques are used, or even with
cumulative techniques that offer moderate or low efficiency.-Separativeanalgitechniques, such

as nuclear magnetic resonance (NMR) spectroscopy, can be also used to-towedtigaiet@@ctions. A

main conceptual difference between NMR spectroscopy and separative techniques like chromatography ar
is that in NMR spestopy no spatial separation of interacting species occurs as a consequence of thos
potential interactions. Therefore, the results of each interaction are not accumulated and the final result is t
a single selecteelectand interaction. Conta@rthis, every increment of a single $skdetiand

interactions resulting in different distribution of components between two phases (or one phase and
pseudophase) (spatial separation) sums up, justifying any final selectivity achieeettdhnispesativ

NMR spectroscopy complements CE well for studies aimed to better understanding of erantioselective
covalent interactions in the liquid phase by providing the information about the stoichiometry, associc
constants and structure ofweelectand complexes. The main topic of this presentation is a combined use of
CE and NMR spectroscopy for better understanding of mechanisms of noncovalent interactions betw
cyclodextrins and chiral drugs exemplified with talinolol, prokedoptofemd



MSB 2014 617 CHIRAL ANALYSIS 2

L-061
STEREOSPECIFIC CARRY ELECTROPHORESSSAYS FOR METHIGNSULFOXIDE REDUCEASNZYMES

Scriba, Gerhard K. E Hei nemann, Stef an, H. ; Sch°nher

Friedrich Schiller University Jena

Under conditionsogfdative stressiriethionine{let) residues in peptides and proteins are easily oxidized to
L-methionine sulfoxidevigt(O)) by reactive oxygen spediést(Q@ontaining proteins accumulate during

ageing and may play a role in degenerative .disetsidmound as well as fredét(O) can be reduced by
methionine sulfoxide reductase (Msr) enzymes, a group of thiol oxidoreductases, protecting cells ag:
oxidative damage. Because of the chirality of the sulfoxideleh@gtgxists as tteérf diastereomers,

i.e., Emethionin€S)-sulfoxide {MetS(O)) and-methionin@R)-sulfoxide {MetR-(O)). For the reduction of

the diastereomers, stereospecific Msr enzymes exist. MsrA enzymes reduce-freenahii/peSteny

while MsrBneymes reduce protaiind IMMetR-(O) with little affinity for fréetR-(O). The latter is

reduced by methioriResulfoxide reductase (fRMsr) [1, 2].

The present contribution will report the development and application of validateapdfélineaasdyis for

the analysis of the stereospecificity of Msr enzymes. The separatioiVief{ @plokgstereomers and
dabsyl-Met in a in a successive multiplgpabyricer coated capillary using a 35 mM phosphate buffer, pH
8.0, containith mM sodium dodecyl sulfate as background electrolyte and an applied voltage of 25 kV w
employed for an offline assay for the analysis of the reductiblet(Olrédy Msr enzynfieSlanine was

used as internal standard. Following enzymeriacdeaitratization eé¥et(O) and the produbtdt was

performed with dabsyl chloride. The stereospecificity of human Msr enzymes includikigriten Michaelis
kinetic data could be determined.

An ircapillary assay used Fmbtet(O) as Msr substr&eparation of the diastereomers as well as the
product FméeMet was achieved in a successive multigdelyomér layer coated capillary using a 50 mM

Tris buffer, pH 8.0, containing 30 mM sodium dodecyl sulfate as background electrolyteltaut arf applied

25 kV. /Aminobenzoic acid was employed as internal standard. An injection sequence of incubation buf
enzyme, substrate, enzyme and incubation buffer was selected. Following optimization of to mixing time
mixing voltage the assay waseswently applied for the analysis of stereoselective reduclisvietSFmoc

(O) by human MsrA and of thelFMetR-(O) by human MsrB.

An assay employing a peptide substrate was developddHbeNgO)ysDNP. Separation of the
diastereome and the reduced product was obtained -gilifiassedpillary using 50 mMHGispH 8.0,

containing 12 mg/mL sulfbtegtlodextrin as background electrolyte. The assay was applied to study the
reduction ofMet(O) by Msr enzymes.
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Unusual amino acids are those amino acids that are neither found in proteins assembled during prc
biosynthesis nor generated by posttranslational modifications. The unusual amino acids are found mosi
plants and microorganisms and arise as iatesnoeds the end products of metabolic pathways.

In recent years, as key components of humerous bioactive molecules, pharmaceuticals and peptidomim
unusual amino acids (especi al |l y -aoremdhoydssbgcomeh e si z €
increasingly important. Determination of the biologically active conformation of peptide hormones is an imp
goal in modern biology. Since most peptide hormones are highly flexible molecules with numerous conform
possible under ploysgical conditions, one useful approach involves the introduction of conformationa
constraints. I n t his appr ehaecl handgurcfsete dra built intsthe uct u i
peptides in order to stabilize specific structures.

The wideanging utility of unusual amino acids has led to considerable interest in their enantioselecti
syntheses, which require analytical methods for a check on the enantiopurity of the final products.

Direct HPLC methods for the enantioseparatios aof airl s - 0 aamilya acigs were carried out on
different types of selectors. Recently devElogezhalkaloithased chiral stationary phases, Chiralpak

ZWI X( +) E)aeEnde xhWIbX(t ed highly efficiewptddsnedalr ati o
amino acids. Due to their zwitterionic nature, the chiral selectors in principle allow the enantiomeric separat
a remarkably broad scale of ionizable chiral analytes, ranging from acidic to basic and zwitterionic compoun
Theseparations were carried out inigtzumode applying methanol/acetonitrile mobile phase containing different acid
and base additives (formic acid, acetic acid, phosphoric acid, ammonia, ethylamine, diethylamine, triethylamine
propilamine). Thefatiint amines and acids greatly influenced not only retention but selectivity and resolution too. T
separation was optimized by variation of methanol/acetonirile and acid/base ratio. Of the acids acetic acid, while fro
amines triethylamine provdxk tthe most promising with respect to enantioseparation. In some cases direct correlation
was observed between the structure of analytes and chromatographic parameters.

Experiments were performed at constant mobile phase compositions in thentEfpesatdrenrarder

to study the effects of temperature, and thermodynamic parameters were estimateckfoorm{lots of In
versus Il Some mechanistic aspects of the chiral recognition process are discussed with respect to t
structures of theadytes. It was found that the enantiomeric separations were in most caselsiesthalpically

but entropicatlyiven separation was also observed. The sequence of elution of the enantiomers wa
determined in most cases.
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Both excitatory and inhibitory amino acid neurotransmitters have important role in the function of the ce
nervous system (CNS). Glutamate and aspartate are the primary excitatory transmittetbewhdanglycine is
inhibitory transmitter besides gamina butyric acid (GABA). It was also found that low amounts of D
enantiomers of some amino acids are present in the CNS and their neuromodulator functions are under inte
studies. Various analytical methave been reported for quantifying amino acid enantiomers. Capillary
electrophoresis is especially useful for separation of small polar compounds available in limited sample vo
However, the detection of amino acids is problematic as thgyscalstooption. Their sensitive detection

thus requires fluorescence derivatization, allowing the applicétionceddiserescence (LIF) detector.

First we studied the role of aspartate in neurotransmission during learning and meimasyitformation,
concentration along with glutamate was needed to be determined in brain microdialysate samples. T
commonly used fluorescent tags have been tested for labeling the analytes. Our results suggest that contr
the excellent intrinsic semgitf/LIF detection, limit of quantification about 100 nM can be reached, because o
the fair efficiency of the derivatization reaction at low analyte concentration. Consequently the LOQ is abot
to two orders of magnitude higher than the lirottaf.dete

D-Amino acids are gaining increasing interest as modulators of neurotransmission, especially during neu
development and neurogenesis, suggesting their involvement in neuronal plasticity and functional adaptat
the nervous system. Althotigh presence of severanino acids in mammalian brain has been
demonstrated, the most significant rederofeDand-Bspartate as modulators of N D#mate receptors

has been described.

CELIF methods for chiral separation and quantifitatboesoéntly labeled amino acids, among them D
aspartate andderine have been developed. Following derivatization the amino acids of interest are negativ
charged, thus a positively charged -alimadextrin: -rionodeoxg-mono(drydroxy)propylamiro

cyclodextrin was chosen as chiral selector. Unlike some neutral cyclodextrins this selector was found appro
for chiral resolution of the studied amino acids. In case ofmigitatiminsodual cyclodextrin system was
applied to adjust the siliégtof the separation.

The applicability of the method has been shown for the amahyss adids in brain tissue samples, and
microdialysates of experimental animals, as well as extracts of cell culture. Differentidedis&ibotdon of D
D-aspartate in the brain areas has been demonstrated. In the chicken Jraintit@essDvere most
abundant in the medial striatumtadusidold chicken, where their concentration was 21 and 18 nmol/g wet
tissue, respectively. Their concentratishdven considerable-@ggendence.-Glutamate has not been

detected in the brain samples. In the microdialysates 50 nM change in the coisegimezationlcHbb

measured with appropriate accuracy. However, the method lacks the senisititiitg fitetguaination of
D-aspartate in these samples, where about one tenth of the extracellular analyte concentration is present d
the efficiency of the sample collection.
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Glycoprofiling of proteins with multiple glycosylation sites is a challenging task, not only because of the ¢
components in a given oligosaccharide can have different positions and linkages, but also the occupancy
microheterogeneity nature adifferent sites. High performance capillary electrophoresis is one of the
frequently applied techniques for detailed glycosylation analysis. The use of fluorophore labeling assures
high sensitivity, especially with laser induced fluoresceneetiiF)Tdegeted exoglycosidase digestion

with sialidase, fucosidase and other sugar specific enzymes is a powerful additional tool to obtain pre
structural information (linkage and position) of complex glycosylation paftSrissoMihielithemd, a

useful orthogonal method for rapidusemtitative glycan profiling of material limited samples.

The HIV Envelope glycoprotein (Env) is a particularly perplexing molecule from a glycan analysis perspe
Env is also the sole target for lmngaantibodies and is of key interest in the field of rational immunogen
design. The HIV surface subunit, gp120, contains most of the antigenic surface of the molecule, and
moderate efficacy results of recent HIV vaccine trials has rewtdliosdandtethe use of soluble gp120
constructs as vaccine immunogens. Env is nearly 50% carbohydrate by masdinkisc2§lyoddyIstion

sites, and the glycosylation profile has been shown to influence both antigenicity and immunogeni
Additnally, several key epitopes have glycan components as some of the most broadly neutralizing antibc
are glycan dependent. Therefore, glycosylation profiles of gp120 immunogens are a key variable for the elic
of an effective humoral responsesabidy/. Such effects have already been observed due to differences in the
degree of sialylation of gp120 subunits from different expression systems.

In this presentation, globglybbsylation patterns are compared for gp120 constructs frorfatesrious iso
Capillary electrophoresis with laser induced fluorescence detection combined with the use of exoglycosi
digestion steps was used to analyze the peak distribution in the glycosylation profiles and to elucidate
structures. Because of appamemigration of several structures, W/ Bias also applied to verify the
molecular masses of the components identified in the samples. This comparative study revealed that \
glycoform distributions are relatively invariant between simgpd Bdkedesiruct modifications, such as gD
tagging in recent RV144 trials, can substantially alter the glycosylation profile.
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Introduction

Among all pesanslational modifications, glycosylation is the most common one and plays crucial roles
various biochemical processes including cell adhesion, protein folding, receptor binding and signal transdu
Protein glycosylation analysssilischallenging due to the diversity of gitycamres regarding linkage

position, branching, length and composition of the polysaccharide chains. Common diseases like cancel
inflammation are known to be associated with aberrant proteionglyoofdeist The-dietail
characterization of these glycan profiles and structures is required for improving our understanding of dis
related changes in their expression level as well sgdaifibediological functions

Experimental

CapillaryHPLC was hyphenated to high resolution mass spectrometry (MS) for the characterization
oligosaccharide structures attached to proteins. Glycan Reductive Isotope Labeling (GRIL) of
oligosaccharides released from the proteins was chosen dasatagglmighed for improving accuracy and
reproducibility of relative glycan quantititikad glycans were released enzymatically and derivatized by
12Cs-"Ce-anilineOlinked glycans were released chemically bstep aeaction coverbeaelimination

and derivatization wifkkd-phenyB-methyb-pyrazolone (PMP). Porous graphitized carbon (PGC) as well as
zwitterionic (ZIB)LIC surfaces were used as stationary phases foatitessiapselective separation of

the labelebtllglycans. In an alternative approach, following the classigplgyotemmic stream, the site
specificity of glycosylation was monitored when working on the level of glycopeptides.

Results

Using the described isotope labeling methods an imprevedardgitdaiion of the different glycan variants

could be attained. Aniline labllg¢tans were separated according to size and linkage positions by means of
ZIGHILIC as well as by PGC surfaces, allowing so the relative quantitation of isolzaris. iEufiezent
abundances of these glycan variants were found when comparing different model glycoproteins.

Conclusion and Outlook

Strengths and weaknesses of the different experimental/methodological approaches will be discussed in tel
sensitiytand type of structural information to be gained.

The described methodology is aimed at analyzing glycosylation of proteins secreted from @ell cultures. In
vitrosetting the change of glycosylation pattern upon inflammatory stimulatioill dighaarettsred for
establ i shi ng-asSopaied giysmnatards! a mmat i on

References
[1.] E.Gimenez, V.Sadebot, A.Rizzi, Anal.Bioanal.Chem (2013) 48319307

4C



MSB 2014 77 GLYCOMICS

L-07-2

LECTIN AFFINITY ENRMENT IN COMBINATWINH MICROCHIP CARRY GEELECTROPHORESIS FOR
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Glycosylations play a crucial role in a variety of pnoctgdisgsrecognition events, immunology, and cancer
biology-or gaining a better understanding of the biological function of a glycoprotein or to control the integri
an engineered proditds thus of importance to find new bioanalytical methods with high reliability and low tim
consumption. A very suitable platform is offered with the 2100 Bioanalyzer (Agilent Technologies) that en
microchipapillary gel electrophoretic (MCQARiamdth high sensitivity comparable to and sometimes even
exceeding results from conventional sodium dodecylmlid@idamide gel electrophoresisPEBE

after silver staining [1].

Since method specific parameters are to date onlyf@vaitadelified proteins, a detailed evaluation for
welknown model glycoproteins using MCGE was performed with respect to precision of sizing, accurac
guantitation, and detection sensitivities. The results showed high reproducibility id cgizimitation a
comparable to those of unmodified proteins. With an increasing degree of glycosylation, however, the mole
weights determined by MCGE deviated from mass spectromefPAGRIdBINEd values. Investigating

the dynamic range foclip stiming in comparison to covalent fluorescent labeling prior to separation resulted
in higher sensitivities for the latter.

For targeted analysis of glycoproteins in complex biological samples the combination of MCGE with preci
affinity enrichment iguieed. After covalent labeling of the sample the glycoproteins were specifically enriche
with lectins covalently linked to tosylactivated magnetic beads (Life Technulidgibsfferkitmmhtaining

the competitive sugar, and analyzed by ME@E ténedfectively diministpecific interactidsiading and

elution conditions were optimized using again the set of model glycoprajding ano oy | at e d
galactosidase as negative cofRtmolvalidation of the method, humansetaat as a complex biological

sample was analyzed using the developed strategy. Confirming selective enrichment the same sample wa:
separated by SIPAGE and glycoproteins were identified biyrggltigestion and maassisted laser
desorptivionization tire&flight mass spectrometry (MRQBMS). Serum was used either pure or after
depleting the twelve most abundant proteins (Top 12 spin columns, Pierce) leading in both cases to
identification of merely glycoproteins next tolsenim &he approach was further applied to the only fairly
studied glycoproteome of the cellulose degradingitinugiesma atrovitidsulting in the identification of

two proteing one of whicHygalactosidase, is known to have several pughto@syiation sites in
Trichoderma reepdi For both experiments it was observed that lectin enrichment shows unspecific interactio
(protein binding) of the beads with the investigated biological sample.

Taking the possible occurrence of unspe@titions into account for data interpretation, the developed lectin
affinity enrichment combined with MCGE proved to be a rapid and reliable method for selective and sen
glycoprotein analysis.

References
[1.] Bousse, L., Mouradian, S., Minalla, A., Yee, H., Williams, K.,Ahdir@hefi3 (2001) 124212.
[2]Gamauf , c. ., Mar chetti, M. , Kal |l i o, J. P FEBSd.e n , T. ,

274 (2007) 162700.

41



MSB 2014 77 GLYCOMICS

L-07-3
SIALIC ACID LINKAGEALYSIS ON GLYCOPIEEB USINGEESIMS/MS

Kammeijer, Guinevere ;Sldhsen, Bas C.; Mayboroda, Oleg A.; Hensbergen, Paul J.; Wuhrer, Manfred

Center for Proteomics and Metabolomics, Leiden University Medical Center

A growing body of evidence suggests that the linkage of sialic acids on glycoproteins may become an imp
marker of disease progre$iof plausible explanation for this phenomenon is that sialic acids are often found
at the end of the glycan chain, serving as a binding site for human lectins, toxins and pathogens. The prc
specific antigen (PSAnaxker for prostate cancer, is known to contain many different glycans at a single N
glycosylation siteedNand as such it represents a good model for studying the relationship between
glycosylation and health sgtus

A combination of capilelectrophoresis (CE) and high resolution time of flight (TOF) mass spectrometry (UHF
QQgTOF maXis Impact) was chosen as an analytical platform for this study. CE is known for its high sepat
efficiency and sensitivity, especially in combindtieninmitivative sheathless ESI interface from Beckman
Coulter.

Commercially acquired PSA was reduced, alkylated and digested with trypsin prior to analysis. With our c
setup we were able to identify 35 glycan compositions with a minor amauntpobtBidAvEight). We

found three clusters of either mmmeor disialylated glycopeptides in our electropherogram. Strikingly, we
observed that within the clusters that contain at least one sialic acid, we detect several different peaks wit
same glycan compositions, demonstrating isomer separation which appeared to be caused by the separati

di fferentially Ilinked (U2,3 and U2,6) -spedfitic ac
derivatization of enzymaticalgsegleNy | y c a ns , -inked siadic atids are ddrvertdd into a lactone
whil€ibRel sialic acids form an et hyl ester. Fu

linkage specific sialidase. Overall, we identified alsovehB§lgitbpeptides on a singhgcsylation site.

We are currently investigating if the pKa values of the differentially linked sialic acids differ from each othe
whether this might explain the separation. To the best of our knowlealtjd linilsegigliecific separation

has hitherto not been described in literature. Therefore, we believ&8itIHidiatform not only has

great potential for studying PSA in prostate cancer research but also in other glycoproteondy workflows to
disease related alterations in glycosylation.
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Analyte labeling.q, with a fluorescent tagiriaightforward when the analyte is monofunctional, but difficult
when the analyte is multifuncteogap(oteins). Labeling is fast, when the concentration of the analyte is high,
but slow when the analyte is present in a dilute solutionnirigadebiath of these difficulties, we designed

a labeling method caB€ALERshort faBimultaneouSaptureLabeling andfficienRelease) that relies on

a newSolid PhaselLabelindgreagent3PLR to integrate and optimize all steps of the |labedisg) fhe

design and useSEALERvill be demonstrated via the fluorescent labelinggobanaumtaining analytes

present in dilute solutions. Implemented in a pipette tiprehetard@iR& Rconsists of four elemeita:

hydrophilic motiolsuppor{ji) cleavable tethers anchored to the monolith and corfiig¢atéddmphore

that carriev)an amineeactive arm (structure shown below). The hydrophilic monolith is synthesized from 2
methoxyethyl acrylate (MEA) ahgdr@xyethyacrylate (HEMA) as monomers and ethyleneglycol
dimethacrylate as crosslinker. By varying the mole ratio of MEA and HEMA, the surface concentration c
hydroxyethyl groups serving as anchors for the cleavable tethers can be tuned as ddwredrfacegulate t
density and spacing of the cleavably anchored reactive fluorophores. The hydrophilic tether incorporates ar
cleavable L@oxolane ring formed frdmdéoxybenzaldehyde and glycerol. The glycerol side ef the 1,3
dioxolane ring is atetho position 6 of aan@nel,3disulfonamido pyrene fluorophore via an ether linkage.

The amineeactive group is implemented as a pentafluorophenol activated carboxylic acid group attached to
8-amino group of the pyrene core of the fluorophereiimal groups of the disulfonamide substituents in the

1- and 3positions of the pyrene core can be strong electrolytes, weak electrolytes or nonelectrolytes accort
to the needs of the separation and/or detection method used for the daladysis aridhge (in our case,

they are alkylsulfonate groups facilitating CE separation of the labeled #pRlRis)ugddsin the
SCALERmMethod that consists of the following sequence of steps. First, a dilute solutigmoaopan amino
containing analyte in a pH 8 bicarbonate buffer is aspirated (repeatedigpPttiRoogtaithiag pipette tip

to exhaustively remove the analyteolugionsand immobilize (accumulate) itSPLER&hen, all of the

remaining reactive pentafluorocarboxylate ester grouf#ldRatiee converted to amides by a highly
concentrated solution of an auxiliary quencher amine. This renders themdupreaeinie their
attachment to an already labeled analyte. Next, the excess quencher solution is washed off and the anct
fluorophorésattached to either analyte or quencher mebreutdsaved off, in under 10 minutes, by a few
microliters of gH 5 acetic acidacetate buffer. The collected effluent is then analyzed using the desired
separation and detection method. All elemer@®bRtlam be easily modified to suit the analyte/ analytical
method.

1
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The effective mobiliy)(is the main parameter characterizing the electrophoretic behavior of a given solute.
is well known th@ag is a decreasing function of the ionic strength for all solutes. Nevertheless, the decreas
depends strongly on the nature of the soluter(spmatllyelectrolyte, nanoparticles). Different electrophoretic
modelings from the literature can describe this ionic strength dependence. However, the complexity of the
strength dependence with the solute characteristics and the varigtijcaf thepaasaions of the different

existing models, make the phenomenological ionic strength dependence difficult to apprehend. In this wor
ionic strength dependence of the effective mobility was systematically investigated on agessof different sc
(small mono and multicharged ions, polyelectrolytes and organic/inorganic (nano)particles). T
phenomenological decrease of the electrophoretic mobility with the ionic strength was experimentally desc
by calculating the relative electrophubiiity decrease per ionic strength d&ciadingé range of 0.005

0.1 M ionic strength. I nt er esgli mtgd ,ySas mngtioreopihn ¢ a |
the solute electrophoretic mobility at 5 mM ionic stremdghiraiigvdifferent zones that are characteristics to

the solute nature. In short, small ions occupy the lower part-pibtrendidipe nanoparticles and particles

the upper part. Polyelectrolytes occupy a relatively localized zone froffth tih¢heppéddie part of the

graph.

This new graphical representation offers a convenient and easy way to distinguish solutes according to
chemical nature (small ions, nanoparticles, polyelectrolytes). It also gives ph&eahesm|agiceth

represents the percentage of relative mobility decrease per ionic strength decade, and that can be directly
by experimentalists. Such approach should be highly \@ligdié&fyoor confirm the nature of a given
solutef{ii) help in optimizingpaeation of mixtures containing different kinds of solutes by modification of the
BGE ionic strength. Examples of applications ofpha smifiee characterization of polymeric drug delivery
systems will be given. Knowing the importance of learinpatent industrial applications and their relative
risks and regulations, this new approach may also contribute in defining simple experimental protocols fc
identification of nanoparticles in industrial products.
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Retention time alignmé&##] [s an important supporting step in quantitgtraegssing of INS(/MS)
chromatograms preparing the raw data for statistical analysigainpoiffiingnexperiments. Inaccurate
retention time alignment may introduce error in identifying corresponding peaks in multiple chromatogran
peaks, where partially or entirely single stage information (retention time and mass to alalotg ratio) is av
Accuracy of time alignment depends on multiple propertiesM&@(MM&S)LEhromatogram set such as
molecular complexity, concentration variability and distribution of compounds along the retention time and
to charge ratio dimensions. 8lijfitgonality in separation between chromatogram introduce an uncertainty to
identify the absence or corresponding compounds in multiple chromatograms [4]. This presentation will cove
current retention time alignment approaches can deal theogifitiesof INS(/MS) datasets and which

quality control methods are available for users to assess the global and local accuracy of retention
alignment.

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