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INTRODUCERE

Proteinele sunt cel mai mare grup de macromolecule continute de toate celulele vii.
Toate proteinele, pornind de la bacterii pana la cele mai complexe organisme, sunt formate
din 20 de aminoacizi. Acesti amioacizi sunt legati covalent in nenumarate combinatii
pentru a forma secvente unice corespunzand diferitelor proteine. Toti acesti 20 de
aminoacizi proteinogenici sunt a-aminoacizi, asadar structura lor generala include o
grupare aminica si una carboxil legate de acelasi atom de carbon.

O trasdtura comund pentru aproape toti a-aminoacizii (exceptind Gly) este ca
paseda cel putin un centru chiral. De-a lungul anilor, multe studii s-au axat pe semnificatiile
D-aminoacizilor din diverse probe. Acestia au fost detectati in diverse tesuturi de
vertebrate si nevertebrate, in forma libera sau formand legaturi peptidice. Printre ei, D-Ser,
D-Asp, D-Ala, D-Glu si D-GIn sunt aminoacizii liberi care se gasesc 1n cantitati semnificative
in tesuturile mamiferelor.

Iopoteza si obiective

Analiza chirala a aminoacizilor devine din ce in ce mai necesara, fiind necesara
dezvoltarea de noi metode de analiza sensibile si eficiente pentru a obtine maximul de
informatie dintr-o prob3, in cel mai scurt timp.

Obiectivul principal al acestui proiect a fost dezvoltarea unor metode noi si eficiente
pentru analiza D- si L-aminoacizilor din probe biologice. Drept urmare, s-au realizat trei
studii (cuprinse in capitolele 3, 4 si 5), prin implementarea catorva strategii utilizand
diverse tehnici separative (CE si LC). O componentd comuna a acestor metode a fost
derivatizarea aminoacizilor cu (+) sau (-)-FLEC. Produsii de reactie sunt perechi de
diastereoizomeri, care pot fi separati folosind medii achirale.

Tinta primului studiu a fost dezvoltarea unui sistem automatizat de analiza pentru
separarea si cuantificarea de D- si L-aminoacizi. Pentu aceasta, o abordare CE-MS a fost
folosit3, si mai exact MEKC-MS.

A doua metoda care a fost dezvoltata a presupus o abordare tintita pentru analiza D-
aminoacizilor relevanti In contextul neutometabolomicii.

Obiectivul celui de-al treilea studiu a fost de a oferi o separare LC imbunatatita
pentru derivatii FLEC. Pana acum, toate metodele LC dezvoltate pentru analiza FLEC-DL-
AA presupuneau utilizarea unei faze stationare in faza inversa (C4, C8 sau C18) si faze
mobile cu continut de tetrahidrofuran.



STADIUL CUNOASTERII

Capitolul 1:

Multe rolri importante din organismul uman au fost atribuite in ultimii 20 de ani D-
aminoacizilor, un rezumat al literaturii relevante fiind descris in capitolul 1. De exemplu,
unii D-aminoacizi (D-Ser, D-Ala, Gly) au fost identificati drept co-agonisti ai receptorului
excitator N-metil-D-aspartat. Dezechilibrele acestor D-aminoacizi au fost legate de
numeroase boli neurologice si neurodegenerative, cum ar fi schizofrenia, depresia,
epilepsia, scleroza amiotrofica laterald, maladia Parkinson etc. Unii D-aminoacizi au fost de
asemenea introdusi In terapie, cum ar fi D-Ser (impreuna cu antipsihotice) in tratamentul
simptomelor pozitive, negative si cognitive ale schizofreniei.

Analiza chirala a aminoacizilor intotdeauna reprezinta o provocare. Avand in vedere
masa lor moleculara mica si lipsa cromoforilor sau fluoroforilor din structura, separarea si
detectia acestora este dificila. Pentru a depasi aceste neajunsuri, derivatizarea chirala a
devenit o practica comuna, crescand detectabilitatea aminoacizilor si, in acelasi timp, ofera
oportunitatea reglarii selectivitatii.

Capitolul 2

In decursul ultimilor 30 de ani, (+)-1-(9-fluorenyl) ethyl chloroformate ((z)-FLEC)
(Fig. 1) a fost folosit drept agent de derivatizare chiral in numeroase aplicatii analitice
implicand o gama larga de molecule endogene, farmaceutice sau relevante pentru mediu.
0 recenzie cuprinzatoare a literaturii de specialitate despre utilizarea FLEC ca agent de
derivatizare chiral este prezentata in capitolul 2. Obiectivul a fost prezentarea tuturor
aspectelor semnificative legate de stadiul cunoasterii in derivatizarea cu FLEC si separarea
chirala a derivatilor rezultati folosind LC, SFC si CE, o atentie specialad cazand pe aspectele
practice ale procedurii de derivatizare.
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Fig. 1. Structurile (-)-FLEC (stanga) si FMOC (dreapta).



CONTRIBUTII PERSONALE

Capitolul 3

in contextul dezvoltirii de metode bioanalitice, automatizarea proceselor este o
necesitate pentru economisirea timpului, reducerea costurilor si cresterea fiabilitatii
metodelor. Al treilea capitol prezinta, pentru prima data, dezvoltarea unui sistem MEKC-
MS complet automatizat pentru analiza chirala de D- si L-aminoacizi folosind FLEC drept
agent de derivatizare chiral.

Procedura de derivatizare a fost optimizata folosind un plan experimental care a dus
la obtinerea urmatoarelor conditii optime: proba si FLEC injectate in raport 2:1 (15s, 30
mbar:7.5 s, 30 mbar) urmate de amestecarea timp de 15 min folosind un voltaj de 0,1 kV.
Diasteroizomerii formati au fost apoi separati folosind un electrolit continind 150 mM
perfluorooctanoat de amoniu (APFO) (pH=9,5) si detectati prin spectrometrie de masa.
Separare la linia de baza s-a obtinut pentru 8 perechi de diasteroizomeri si separare
partiald pentru 6. Metoda a dovedid o bunad repetabilitate si liniaritate In zona de
concentratii micromolar. Aplicabilitatea acestei metode a fost dovedita folosind probe de
LCR artificial.

Capitolul 4

Considerand ca pana acum doar cativa D-aminoacizi s-au dovedit a fi relevanti din
punct de vedere biologic, 0 metoda CE-MS de analiza tintita este prezentatd in capitolul 4.
Aceasta este destinata analizei chirale a cinci aminoacizi relevanti din punct de vedere
biologic (Ser, Asn, Asp, Gln, Glu) din LCR. Pentru a obtine separarea chirala, aminoacizii au
fost derivatizati cu (+)-FLEC, selectivitatea chirala fiind In strans dependenta de pH pentru
toti analitii. BGE-ul optim a fost format din 150 mM acid acetic, ajustatla pH 3,7 cu NH4OH.
Mai mult, o inversare a ordinii de migrare a derivatilor de Asp a fost observata. Acest
fenomen pare a fi cauzat de interactiuni intramoleculare care afecteaza pKa-ul celei de-a
doua grupari ionizabile (carboxilul de pe catena laterala).

Aplicabilitatea metodei a fost evaluata folosind LCR artificial. O metoda de extractie
pe faza solida a fost dezvoltatd pentru extractia selectiva a derivatilor de FLEC. A fost
realizatd o evaluare a efectului de matrice si a randamentului de extractie, concluzionand
ca efectul de matrice este neglijabil iar regasirile sunt intre 46-92%. Metoda ofera o
sensibilitate adecvata pentru studiile metabolomice (limite de detectie sub 1 uM).



Capitolul 5

Studiul cuprins In capitolul 5 este menit sa imbunatateasca cunostintele despre
separarea cromatografica a FLEC-DL-AA, toate metodele LC de analiza descrise in trecut
avand cateva neajunsuri importante. De exemplu, in toate studiile s-au folosit faze
stationare in faza inversa de tip C4, C8 sau C18 in combinatie cu faze mobile ce contineau
THF in diferite concentratii. Este binecunoscut faptul ca THF este daunator instrumentelor
LC, deteriorand sau scurtind durata de viatd a diverselor componente din plastic sau
cauciuc. Scopul acestui studiu a fost evaluarea selectivitatii a doua faze stationare pe baza
de derivati de fenil pentru separarea FLEC-DL-AA. In acest scop, a fost utilizati elutia in
gradient a unei faze mobile formate din acetat de amoniu in combinatie cu diversi solventi
organici. S-a observat ca diastereorezolutia este strans influentatd de pH-ul componentei
apoase, in acelasi timp fiind mai putin influentatd de alte variabile cum ar fi natura
solventului organic, durata gradientului sau procentul de faza organica de la inceputul
gradientului. Pentru o Intelegere mai bund a acesor fenomene s-a utilizat un plan
expermental, stabilindu-se cateva corelatii pentru explicarea comportamentului
cromatografic.

CONCLUZII

Au fost dezvoltate trei metode de analizd moderne si eficiente pentru analiza chirala
a aminoacizilor proteinogenici. Separarea acestora s-a realizat folosind tehnici separative
(CE si LC) cuplate cu spectrometrie de masa. In primul studiu (capitolul 3) este descrisa
dezvoltarea unui sistem de analiza complet automatizat. Automatizarea s-a realizat
folosind derivatizarea in-capilard. Cel de-al doilea studiu (capitolul 4) este centrat pe
dezvoltarea unei metode de analiza pentru analiza tintitd a cinci aminoacizi relevanti din
punct de vedere biologic si extractia acestora din probe biologice. Ultimul studiu (capitolul
5) s-a axat pe evaluarea selectivitatii a doua faze stationare bazate pe derivati de fenil,
avand FLEC-DL-AA ca molecule tinta. Planificarea experimentala si analiza multivariata au
fost folosite pentru a intelege mai bine comportamentul cromatografic.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE

Cele trei studii de cercetare reprezinta metode de analiza noi si eficiente care au fost
dezvoltate pentru analiza chirala de aminoacizi.

Primul studiu este format din dezvoltarea unei tehnici automatizate inovative
pentru analiza chirala de aminoacizi prin MEKC-MS. Pentru prima dat3, analiza chirala a
acestora a fost realizata printr-o metoda MEKC-MS si, mai mult decat atat, o noud abordare
de derivatizare in-capilara a fost dezvoltata si optimizata. Variabilele care afecteaza
derivatizarea au fost optimizate utilizand planificarea experimentala.

Al doilea studiu reprezinta o metoda CE-MS pentru studii neurometabolomice
tintite. Este cunoscut faptul ca doar unii D-amino acizi sunt relevanti biologic, asadar
accentul a cazut pe analiza chirald a Ser, Asp, Asn, Glu si Gln, acestia jucand un rol



semnificativ in corpul uman. Separarea la linia de baza s-a obtinut pentru toti aminoacizii,
iar sensibilitatea este adecvata pentru analiza acestora in lichide biologice. O descoperire
interesanta din punct de vedere analitic a fost facuta atunci cand inversarea ordinii de
migrare a enantiomerilor acidului aspartic a fost observata. Pentru prima dat3, o inversare
a ordinii de migrare a diastereoizomerilor a putut fi documentata, iar mecanismul explicat.
Prin masurarea mobilitatii electoforetice a celor doi diastereoizomeri s-a putut observa
clar ca inversarea ordinii de migrare a fost cauzata de diferente discrete ale valorilor pKa
ale celei de-a doua grupari ionizabile (carboxilul distal) acelor doi diasteroizomeri.

Ultimul studiu, cuprins in capitolul 5, reprezinta o noua alternativa pentru separarea
FLEC-DL-AA prin cromatografie de lichide. Douad faze stationare fenil au fost evaluate, in
combinatie cu faze mobile conventionale, In termeni de selectivitate si performanta
separarii diastereoizomerilor. Comparativ cu studii anterioare, aceasta abordare ofera
importante avantaje, cum ar fi timpul de analiza rapid, selectivitate excelenta si folosirea
de faze mobile conventionale (evitind THF). Mai mult, unele detalii privind mecanismele
de separare au putut fi observate prin corelatii realizate de analiza multivariata a datelor
experimentale si a parametrilor fizico-chimici ai aminoacizilor.



SUMMARY OF THE PhD THESIS

Development and validation of
electrophoretic and
chromatographic methods
coupled with mass spectrometry
for metabolomic analyses

PhD candidate: Radu-Cristian MOLDOVAN

PhD supervisors: Prof. dr. Radu OPREAN
Prof. dr. Marianne FILLET




SUMMARY

INTRODUCTION

LITERATURE REVIEW

Chapter 1: D-amino acids implications in neurological and
neurodegenerative diseases

1.1 Origins of D-amino acids

1.2 D-amino acids’ metabolism

1.3 Roles of D-amino acids in the nervous and endocrine systems
1.3.1 D-Ser
1.3.2 D-Asp
1.3.3 Other D-amino acids

1.4 D-amino acids used in therapy

Chapter 2: (+) or (-)-1-(9-fluorenyl)ethyl chloroformate as chiral
derivatizing agent
2.1 Introduction
2.2 General aspects of FLEC derivatization reaction
2.2.1 FLEC synthesis and purity
2.2.2 Derivatization principle and reaction mechanism
2.2.3 Automatization of the derivatization process
2.2.4 Practical aspects
2.2.4.1 Analyte:FLEC molar ratio
2.2.4.2 Buffers and pH range
2.2.4.3 FLEC dissolution medium
2.2.4.4 Reaction kinetics
2.2.4.5 Removal of excess FLEC and produced FLEC-OH
2.2.4.6 Solid-phase derivatization
2.2.4.7 Column care and practical advice
2.2.5 Selectivity and sensitivity compared to other derivatization
agents
2.2.6 Sample preparation
2.3 State of the art in the separation of FLEC derivatives
2.3.1 Chromatographic and electrophoretic separations
2.3.1.1 Chromatographic separations
2.3.1.2 Electrophoretic separations
2.3.1.3 Elution/migration order
2.3.1.4 Detection modes

O© 0 NN o G

11

11
12
12
13
13
15
15
15
16
17
17
18
18
19

21
21
21
21
22
23
24



2.3.2 FLEC derivatization for the chiral analysis of amino acids
and peptides
2.3.3 FLEC derivatization for the chiral analysis of
pharmaceuticals
2.3.4 Other applications
2.4 Conclusion

PERSONAL CONTRIBUTION
Hypothesis and objectives

Chapter 3: A micellar electrokinetic chromatography-mass
spectrometry  approach  using in-capillary  diastereomeric
derivatization for fully automatized chiral analysis of amino acids
3.1 Introduction
3.2 Material and methods
3.2.1 Chemicals and reagents
3.2.2 Instrumentation
3.2.3 Solution preparation
3.2.4 Electrophoretic method
3.2.5 Derivatization procedure
3.2.6 MS parameters
3.2.7 DoE and data analysis
3.3 Results and discussion
3.3.1 MEKC-UV and method adjustment for MS detection
3.3.2 CE-MS studies
3.3.2.1 ESI related technical observations
3.3.2.2 BGE optimization for chiral separation
3.3.2.3 Optimization of the in-capillary derivatization
procedure
3.3.2.4 Pre-capillary versus in-capillary derivatization
3.3.2.5 aCSF samples
3.4 Conclusions and perspectives

Chapter 4: Capillary electrophoresis-mass spectrometry of derivatized
amino acids for targeted neurometabolomics - pH mediated reversal of
diastereomer migration order

4.1 Introduction

4.2 Materials and method
4.2.1 Chemicals and reagents
4.2.2 Instrumentation
4.2.3 Electrophoretic separation
4.2.4 MS parameters
4.2.5 Derivatization and SPE

4.3 Results and discussion

25

29

32
33

35
37
39

39
41
41
41
41
42
42
42
43
43
43
44
44
45
47

50
52
54

55

55
56
56
57
57
58
58
60



4.3.1 Preliminary investigation by CE-UV
4.3.2 Method transfer to MS and BGE optimization
4.3.3 Method suitability for biological samples
4.3.3.1 Initial tests
4.3.3.2 Extraction optimization
4.3.3.3 Extraction efficiency and matrix effect evaluation
4.4 Conclusion

Chapter 5: Selectivity evaluation of phenyl based stationary phases for
the analysis of FLEC-DL-amino acids by UHPLC-MS
5.1 Introduction
5.2 Materials and method
5.2.1 Chemicals and reagents
5.2.2 Instrumentation
5.2.3 LC method
5.2.4 MS parameters
5.2.5 Derivatization and sample preparation
5.3 Results and discussion
5.3.1 Preliminary studies
5.3.1.1 pH of the aqueous mobile phase component
5.3.1.2 Organic phase and gradient
5.3.1.3 Selectivity of diphenyl and biphenyl columns
5.3.2 Optimization of FLEC-DL-AA separation
5.3.2.1 Optimized separation conditions using Rs as response
5.3.2.2 Optimized separation conditions using Rs and Rt as
responses
5.3.2.3 Comparison of stationary phase selectivity
5.4 Conclusion

6. General discussion
7. General conclusions
8. Originality and innovative contributions

BIBLIOGRAPHY
ANEXES

Keywords: amino acids, metabolomics, chiral derivatization, reversal
of migration order, FLEC, chiral separation

60
60
64
64
65
65
69

71

71
72
72
72
73
73
73
73
73
74
75
75
78
80
82

85
89

91
95
97

99
115



INTRODUCTION

Proteins are the largest group of macromolecules found in all living cells. All
proteins, starting from bacteria up to the most complex living organisms, are formed by 20
amino acids. These amino acids are covalently bound in countless combinations to form
unique sequences corresponding to all different proteins. All these 20 proteinogenic amino
acids are a-amino acids, therefore the general structure includes an amino group and a
carboxyl grouped linked to the same carbon atom.

A common feature of almost all a-amino acids (except Gly) is that they have at least
one chiral center. Over the years, numerous studies dealt with the significance of D-amino
acids in various samples. D-AAs were detected in numerous tissues of vertebrates and
invertebrates, either in free form or peptide-bound Among them, D-Ser, D-Asp, D-Ala, D-
Glu and D-Gln are the free D-AAs occurring in significant levels in mammalian tissues.

Hypothesis and objectives

The chiral analysis of amino acids is becoming more and more necessary. Therefore,
new sensitive and efficient tools need to be developed in order to get the maximum of
information out of a sample in the shortest time possible.

The main objective of this research was to design new and efficient methods for the
analysis of D- and L-amino acids in biological fluids. Therefore, three studies were
performed (comprised in chapters 3, 4 and 5) on both CE and LC. The objective was reached
by implementing several strategies using different separative techniques. A common
feature of all the developed methods was the derivatization of amino acids with (+) or (-)-
FLEC. The reaction products are pairs of diastereomers, which can be separated using
achiral separation media.

The aim of the first study was to develop an automatized analysis setup for the
separation and quantification of D- and L-AAs. For this, a CE-MS approach was used, and
more specifically MEKC-MS.

The second method that was developed was a targeted approach for the analysis of
relevant D-AAs in the context of neurometabolomics.

The third study was meant to provide better LC separation tools for FLEC
derivatives. Until now, all of the previously developed LC methods for the analysis of FLEC-
DL-AAs used reversed phase C4, C8 or C18 stationary phases and THF based mobile phases.



LITERATURE REVIEW

Chapter 1:

In the last 20 years many important roles in the human organism have been
attributed to D-amino acids. A summary of the relevant literature is described in Chapter
1. For instance, some AAs (D-Ser, D-Ala, Gly) have been identified to be as co-agonists of
the N-methyl-D-aspartate excitatory receptor of glutamate. Their misregulation has been
linked to numerous neurological and neurodegenerative diseases, such as schizophrenia,
depression, epilepsy, amyotrophic lateral sclerosis, Parkinson’s disease etc. Some D-AAs
have also been introduced in therapy, such as D-Ser (together with antipsychotics) in the
treatment of positive, negative and cognitive symptoms of schizophrenia.

The chiral analysis of amino acids usually proves to be challenging. Considering the
small molecular mass of the amino acids and their lack of chromophore or fluorophore
moieties in the structure, their separation and detection proved to be difficult. In order to
overcome this, chiral derivatization is a common practice, increasing the detectability of
the amino acids and, at the same time, offering the opportunity to tune the selectivity.

Chapter 2

Over the last 30 years, (*)-1-(9-fluorenyl) ethyl chloroformate ((+)-FLEC) (Fig. 1)
was used as a chiral derivatizing agent (CDA) in various analytical applications involving a
wide range of endogenous, pharmaceutical and environmentally relevant molecules. A
comprehensive literature review on the use of FLEC as a CDA is presented in Chapter 2.
The aim was to present all the significant aspects related to the state of the art in FLEC
labeling and subsequent chiral separation of the resulting diastereomers using LC, SFC and
CE techniques, with a special focus on some of the practical aspects of the derivatization
procedure.
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Fig. 1. (-)-FLEC (left) and FMOC (right) structures.



PERSONAL CONTRIBUTION

Chapter 3

In the context of bioanalytical method development, process automatization is
nowadays a necessity in order to save time, improve method reliability and reduce costs.
The 37 Chapter presents, for the first time, the development of a fully automatized MEKC-
MS method with in-capillary derivatization for the chiral analysis of D- and L- amino acids
using FLEC as labeling reagent. The derivatization procedure was optimized using an
experimental design approach leading to the following conditions: sample and FLEC plugs
in a 2:1 ratio (15s, 30mbar: 7.5s, 30mbar) followed by 15 min of mixing using a voltage of
0.1 kV. The formed diastereomers were then separated using a background electrolyte
(BGE) consisting of 150 mM ammonium perfluorooctanoate (APFO) (pH=9.5) and detected
by mass spectrometry (MS). Complete chiral resolution was obtained for 8 amino acids,
while partial separation was achieved for 6 other amino acid pairs. The method showed
good reproducibility and linearity in the low micromolar concentration range. The
applicability of the method to biological samples was tested by analyzing artificial
cerebrospinal fluid (aCSF) samples.

Chapter 4

Given the fact that until now only some D-AAs have been found to be biologically
relevant, the development of a targeted CE-MS approach is presented in Chapter 4. The
method is intended to be used for the chiral analysis of five biologically relevant amino
acids (Ser, Asn, Asp, GIn and Glu) in CSF. In order to achieve chiral resolution, the amino
acids were derivatized with (+)-FLEC and the chiral selectivity was found to be highly
dependent on pH for all analytes and the optimized BGE consisted of 150 mM acetic acid,
adjusted to pH 3.7 with NH4+OH. Furthermore, a reversal of the migration order of Asp
derivatives was observed. This phenomenon seems to be caused by intra-molecular
interactions affecting the pKa of the second ionizable group (the side chain carboxyl).

The applicability of this method was evaluated using aCSF. A solid phase extraction
(SPE) protocol was developed for the selective extraction of the FLEC derivatives. A full
evaluation of the matrix effect and extraction yield was performed concluding that the
matrix effect is marginal and the recoveries are between 46 and 92%. The method offers
adequate sensitivity (limits of detection below 1 pM).

Chapter 5

The study comprised in Chapter 5 is meant to progress the knowledge in the liquid
chromatographic separations of FLEC-DL-AAs. All the methods described before for their
diastereomeric separation had some important drawbacks. For example, all studies



employed C4, C8 or C18 stationary phases in combination with THF in various ratios as
mobile phases. It is well known that THF use is detrimental to the liquid chromatographic
instruments, which cause damage and/or shorten the life of different plastic or rubber
components. The aim of this study was to evaluate the selectivity of two phenyl stationary
phases for the separation of FLEC-DL-AAs. For this, gradient elution of ammonium acetate
in combination with different organic solvents was employed. The diastereoresolution was
observed to be closely influenced by the pH of the mobile phase; at the same time, the
resolution was less influenced by other variables such as the nature of organic solvent,
length of the gradient or the starting percentage of organic solvent. For a better
understanding of these phenomena, an experimental design was employed, several
correlations being established explaining the chromatographic behavior.

CONCLUSIONS

Three novel and efficient analysis methods were developed for the chiral analysis of
proteinogenic amino acids. Their separation was achieved using separative techniques (CE
and LC) coupled with mass spectrometry. In the first study, comprised in chapter 3, the
development of a completely automatized analysis system is described. The
automatization was successfully achieved using in-capillary derivatization. The second
study (chapter 4) is focused on the development of a targeted analysis method for the
enantiomers of 5 biologically relevant amino acids and their extraction from biological
samples. The last study (chapter 5) deals with the selectivity evaluation of two phenyl
based stationary phases, having FLEC-AA derivatives as target analytes. Experimental
design and multivariate data analysis were used in order to better understand the
chromatographic behavior.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS

The three research studies which were carried represent new and efficient analysis
methods that have been developed for the chiral analysis of amino acids.

The first study is comprised of the development of an innovative automated
technique for the chiral analysis of amino acids by MEKC-MS. For the first time, the chiral
analysis of amino acids was achieved on a MEKC-MS setup and, moreover, a new in-
capillary labeling approach was developed and optimized. The variables affecting the
derivatization were optimized using an experimental design procedure.

The second study represents a CE-MS method for targeted neurometabolomics. It is
known that only some D-amino acids have a biological value, therefore the focus was on
the chiral analysis of D- and L- enantiomers of Ser, Asp, Asn, Glu and Gln, as these amino
acids play significant roles within the human body. Baseline separation was achieved for
all amino acids and the sensitivity is adequate for the analysis of these D-AAs in biological



fluids. An interesting discovery was made from an analytical point of view, when the
reversal of migration order was observed for Asp enantiomers. For the first time, a reversal
of migration order of diastereomers could be documented and the mechanism explained.
By measuring the electrophoretic mobilities of the two diastereomers, it could be clearly
observed that the reversal of migration order was caused by a discrete difference in the
pKa values of the second ionizable group (distal carboxyl) of the two diastereomers.

The last study, comprised in chapter five, represents a new alternative for the
separation of FLEC-DL-AAs by liquid chromatography. Two phenyl stationary phases were
evaluated, in combination with common mobile phases, in terms of their selectivity and
performance for separating the diastereomers. Compared to the previous studies, this
approach offers important advantages such as fast analysis times, excellent selectivity and
use of common mobile phases (as compared to the THF based mobile phases reported in
literature). Moreover, insights in the separation mechanisms were gained through
correlations by multivariate analysis of the experimental data and physicochemical
parameters of the amino acids.



