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Appendix 4 
 
Electropherogram showing the effect of C14MImCl concentration on the 
interaction between monomeric and homodimeric forms of UPF50 and the 
corresponding micelles. 

 
CE and MEKC conditions: fused-silica capillary 60/51.5cm (Ltot/Leff), id 50 µm, 
detection 200 nm and 230 nm, capillary temperature 25 °C, applied voltage -10 
kV (micellar BGE with C14MImCl and CTAB) and +10 kV (non-micellar BGE 
and micellar BGE with SDS). 
1-tetradecyl-3 methylimidazolium chloride concentration increases from top to 
bottom of the electropherogram.  
The ionic strength of all buffers was held constant at 35 mM.  

1- UPF50 monomer 
2- UPF50 homodimer 
3- dodecylbenzene 
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Appendix 5 
 
Log k values of the retention factors of the reduced and oxidized forms of 
GSH analogues. 
 
The log k values of the retention factors of monomeric and dimeric forms of 
GSH analogues were in the range of 0.95–2.22 (RSD% 1.10–8.87) for UPF17, 
0.90–2.13 (RSD% 2.82–8.10) for UPF1, 0.36–2.22 (RSD% 1.92–8.43) for 
UPF51, 0.42–1.90 (RSD% 2.90–8.60) for UPF50, -1.21–0.37 (RSD% 2.24–
6.38) for GSH when C14MImCl was used as a pseudostationary phase (PSP).  
When CTAB was employed as PSP for determination of the retention factors of 
monomeric and dimeric forms of UPF peptides, the log k values were in the 
range of 0.91–2.11 (RSD% 4.90–9.94) for UPF17, 0.80–2.17 (RSD% 2.34–
9.40) for UPF1, 0.27–1.69 (RSD% 2.50–11.70) for UPF51, 0.28–1.38 (RSD% 
1.64–9.21) for UPF50, -1.22–0.06 (RSD% 1.60–10.30) for GSH. 
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ABSTRACT 
 
This thesis describes the development of capillary electrophoretic techniques for 
investigation of endogenous antioxidants (glutathione, superoxide dismutase 
enzymes) and their synthetic analogues (glutathione analogues aka UPF 
peptides).  These antioxidant defensive systems contribute to the biodiversity of 
mechanisms for the removal of reactive oxygen species (ROS) and ultimately, 
SOD and GSH work synergically against free radical damage. Under certain 
diseased conditions, GSH pool depletion occurs leading to ROS/antioxidant 
imbalance and, as a result, an oxidative stress is developed.  Administrating 
GSH directly to overcome this problem is complicated due to the low 
bioavailability of the latter. Therefore there is a need to design GSH analogues 
as potential pharmaceuticals that will possess similar antioxidative properties 
like glutathione but have a higher chance to penetrate through the membranes. 
When the passive absorption of compounds across anisotropic and charged 
biomembranes is under question, the knowledge of the acid dissociation (pKa) 
constants of compounds and partitioning mechanisms (log k) of ionized 
compounds like UPF peptides are of vital importance and should be determined 
in the first place. Thereby, the constant search for new potential drugs has 
caused an increased demand for the development of fast, accurate and sensitive 
analytical techniques that can overcome problems of low quantities, impurities 
and unstable nature of compounds of interest during the early stages of the drug 
development process and exploratory studies. Special attention is devoted to the 
capillary electrophoresis (CE) method – an important analytical tool that has 
prominent benefits such as high speed of separation, low background electrolyte 
and sample requirements, ease of operation and automation. Besides, an often-
required step in sample preparation for CE analysis is dilution only. This all 
makes capillary electrophoresis a promising analytical method for clinical 
chemists in the early stages of drug development processes.  Diverse 
applications of CE techniques include not only estimation of pKa and log k 
values for physicochemical profiling in early drug (UPF peptide) discovery 
stages, but also metal cofactor determination in superoxide dismutase enzymes, 
which is an essential step in the characterization of SOD. Different metal 
cofactors present in various forms of SOD enzymes ensure redox cycling 
resulting in the disproportionation of the superoxide radical into molecular 
oxygen and hydrogen peroxide. The SOD activity depends on the effective 
metal ion acquisition and the degree of metalation, therefore measurement of 
metal content is crucial in characterizing enzyme biological activity. Therefore, 
a capillary electrophoresis protocol was developed for the simultaneous 
determination of transition metal content in superoxide dismutase enzymes as 
an important step in understanding the SOD activity.  
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KOKKUVÕTE 
Antud töö on pühendatud kapillaarelektroforeetiliste metoodikate väljatööta-
misele endogeensete antioksüdantide [glutatioon (GSH), superoksiiddismutaas 
(SOD)] ja nende sünteetiliste analoogide (glutatiooni analoogide ehk UPF-
peptiidide) uurimiseks. Need antioksüdantsed kaitsesüsteemid toetavad 
mitmesuguste bioloogiliste kaitsemehhanismide toimimist, eemaldamaks 
aktiivset hapnikku sisaldavaid osakesi (ROS), kusjuures SOD ja GSH toimivad 
sünergiliselt vabaradikaalse kahjustuse vältimiseks. Teatud haiguste korral 
ilmneb GSH varude kahanemine, põhjustades ROS/antioksüdant tasakaalu 
rikkumist ning seega oksüdatiivse stressi tekkimist. Madala omastatavuse tõttu 
on GSH otsene manustamine selle probleemi ületamiseks raskendatud. Seetõttu 
kerkib esile vajadus välja arendada (disainida) GSH analoogid, et luua 
glutatiooni-taoliste antioksüdatiivsete omadustega, kuid kõrgema 
membraaniläbimisvõimega potentsiaalseid ravimeid. Tingimustes, mil ühendite 
passiivne absorptsioon läbi anisotroopsete ja laetud biomembraanide on küsitav, 
võib ioniseeritud ühendite (nt UPF-peptiidide) happelise dissotsiatsiooni 
konstandi (pKa) ja jaotuskonstandi (log k) teadmine olla eluliselt oluline ning 
nende määramine esmatähtis. Seega, vajadus konstantide määramiseks uute 
potentsiaalsete ravimite loomisel põhjustab kasvava nõudluse kiirete, täpsete ja 
tundlike analüüsimetoodikate järele, mis võimaldaksid ületada väikeste 
määratavate koguste, rohkete lisandite ning ühendite labiilsusega seotud 
probleeme juba ravimi uurimusliku ja arendusliku etapi varajastes staadiumites.  
SOD-ensüümides esinevad metall-kofaktorid, mis tagavad redokstsükliseeru-
mise, mille tulemuseks on superoksiidradikaali disproportsioneerumine 
hapnikuks ja vesinikperoksiidiks. Kuna SOD-i aktiivsus sõltub efektiivse 
metalliiooni kättesaadavusest ja metallisisalduse määrast, siis on 
metallisisalduse mõõtmine ensüümi bioloogilise aktiivsuse iseloomustamisel 
keskse tähtsusega. 
Käesolevas töös on metoodikate arendamisel pööratud erilist tähelepanu 
kapillaarelektroforeesile (CE) ja tema alaliigile mitsellaarsele elektrokineetili-
sele kromatograafiale (MEKC), analüüsimeetodile, millel on sellised olulised 
eelised nagu suur lahutuskiirus, efektiivsus, madalad nõudmised taustelektro-
lüüdi ja proovi osas, käitlemise lihtsus ning automatiseerimise võimalus. 
Järgnevalt on esitatud töö põhitulemused: 
Arendati välja kapillaarelektroforeesi protokollid glutatiooni ja selle analoogide 
üheaegseks lahutamiseks ning seejärel nende peptiidide dissotsiatsioonikonstan-
tide määramiseks. Peptiidide lahutuvust uuriti laias pH vahemikus (7,40‒10,00), 
kasutades erinevate kontsentratsiooniga (50‒250 mM) anorgaanilisi (fosfaat ja 
boraat) ning tsvitterioonseid (CHES, TES and MOPS) puhvreid/taustelektro-
lüüte. Dissotsiatsioonikonstantide määramiseks mõõdeti peptiidide efektiivsed 
elektroforeetilised mobiilsused pH vahemikus 5,50‒10,00, kasutades optimee-
ritud taustelektrolüüte (CHES, TES, MOPS ja atsetaati) ioontugevusega 50 mM. 
Uuriti UPF-peptiidide ja nende homodimeeride vahelisi interaktsioone sõltuvalt 
ioonsete pindaktiivsete ainete tüüpidest ja kontsentratsioonist, kasutades MEKC 
meetodikat. Füsioloogilise pH juures mõõdeti negatiivselt laetud GSH 
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analoogide jaotuskonstandid, kasutades nii katioonseid (C14MImCl, CTAB) kui 
ka anioonseid (SDS) mitsellaarseid süsteeme. Leiti, et peptiid-mitsell 
interaktsioonid kasvavad nii pH kui ka pindaktiivse aine kontsentratsiooni 
kasvuga.  Katioonsete mitsellide puhul täheldati tugevamaid interaktsioone 
C14MImCl-ga, mis võib olla tingitud suurema arvu interaktsioonisaitide 
olemasolust imidazooliumi ioonis. Hüdrofoobsed interaktsioonid monomeersete 
UPF-peptiidide ja katioonsete mitsellide vahel on nõrgemad kui 
elektrostaatilised mõjud. 
Määrati siirdemetallide sisaldus superoksiiddismutaasides, millel on oluline osa 
selle ensüümi aktiivsuse mõistmisel. Selleks töötati välja ja valideeriti kiire, 
lihtne ning kuluefektiivne CE protokoll, mis võimaldas Cu2+, Zn2+, Fe3+ and 
Mn2+ üheaegset määramist. 
Kokkuvõtteks – kapillaarelektroforees on sobiv meetod erinevate aineklasside 
füsikokeemiliste parameetrite mõõtmisteks.  
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v�vtq|{ywvwoqww~�ty�yu�~qvsr~zysq�oq{�xw�qpo}vp��vsqtq|~svtvoot~svr~q�w�Ð�v�y��qprrquvpxr}~w|qvt��yuryrpvoyor~xyv�vtq|{ywq��́ �svttyx���w�}vzy�yy�w���r}yw~�yxµ£¶�l�q�|r}y������v�x�����vpyq��~qtq|~svt~�rypywr�ysv{wyr}y�oqwwywwv�r~q�~xvr~zyvsr~z~r~ywµ ¶��}y~py��ysrq�x~��ypy�r~wqtvryxsyttw}vwvtwq�yy�~�zywr~|vryxµ�����¶��}yo}�w~qs}y�~svtopqoypr~ywq�r}ywy�yusq�oq{�xw�{wr�yopys~wyt�xyryp�~�yxop~qprqo}vp�vsy{r~svt{wy�Ñ�qutyx|yq�o�vzvt{ywvtwqv~xw~�r}y�~qtq|~svtwr{x~ywq�r}y~p�yrv�qt~w���~qtq|~svtrpv�woqpr�s}y�~svtpyvsr~z~r��vxwqpor~q��yrs��pvx~r~q�vtrys}�~Ò{ywrqxyryp�~�yo�vzvt�{yw�w{s}vwoqry�r~q�yrp~sr~rpvr~q�qpwoysrpqwsqo~s�yr}�qxw�r�o~svtt�pyÒ{~pytvp|yv�q{�rwq��vryp~vtu~r}}~|}o{p~r���quyzyp�~r~wq�ry�opq}~�~r~zyt�x~��s{trrqq�rv~�sq�oq{�xw~�r}~w�qp��ywoys~vtt�vryvpt�wrv|yw~�opqsywwxyzytqo�y�rv�x~�y�otqpvrqp�wr{x~yw��}{w�xyzytqo�y�rq�vtryp�vr~zy�yr}qxw~wv�ysywwvp�v�x{wy�{tws~y�r~�so{pw{~r�mn~wu~xyt�{wyx~�r}yxyryp�~�vr~q�v�xwyovpvr~q�q��́ �v�x~rwq�~xvr~q�opqx{srwµ�¤��¡¶��yw~xywmn�~r~woqww~�tyrqxyryp�~�y�qr}�́ �v�x�́ �́����Óm�vtr}q{|}wy�w~r~z~r��v��yyxrq�y~�opqzyx{w~�|Ô{qpyw�sy�rxyp~zvr~�~�|qpytysrpqs}y�~svtxyrysr~q�µ����¢¶��́ �wyovpvr~q��v�vtwq�yvssq�ot~w}yx~�pyvtr~�y{w~�|r}yp��qwopv�Óm��´µ��¶�Õssvw~q�vtt����Ómw{��ypw�pq�tquwytysr~z~r�u}y�voot~yxrqwqtzyovpr~s{tvpopq�ty�w��{p�r}yp�qpy�vtq�|r~�y~wpyÒ{~pyxrqwyovpvry�́ ��pq�~rwÖ×Ø×ÙÚÛÜØÝÜÞß́yyr}yvpr~styq�t~�yrqz~yu�~|w���¡v�x�~�sqtq{p�àá����âãäåæçèàéèêëìíîïðñéòàóôõïíö�âê÷øùê÷ð ¦¦¦²XbXi\[̂Yd̂[Xf]fÁú̂c[_Zb²îh
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Publication III 
 
Kazarjan, J., Vaher, M., Kaljurand, M. Aggregation of phosphate and 1-
tetradecyl-3-methylimidazolium chloride background electrolytes during 
micellar electrokinetic chromatography. – Electrophoresis, 2015, 36, 1040-
1042. 
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Publication IV 
 
Kazarjan, J., Vaher, M., Hunter, T., Kulp, M., Hunter, G.J., Bonetta, R., 
Farrugia, D., Kaljurand, M. Determination of metal content in superoxide 
dismutase enzymes by capillary electrophoresis. – J. Sep. Sci., 2015, 38, 
1042-1045. 
 
 













103 

CURRICULUM VITAE 
 
1. Personal data 

Name    Jana Kazarjan 
Date and place of birth  21.03.1985, Tallinn, Estonia 
E-mail address   jana.kazarjan@gmail.com 
     

2. Education 
Educational institution Graduation year Education (field of 

study/ degree) 
Tallinna Linnamäe Gümnaasium 2004 Secondary education 
Tallinn University of Technology  2007 Applied Chemistry and 

Biotechnology/ B.Sc. 
(Hons) 

Tallinn University of Technology  2011 Applied Chemistry and 
Biotechnology/ M.Sc. 
(Hons) 

  
3. Language competence/ skills (fluent, average, basic skills) 
Language Level 
Estonian Fluent 
English Fluent 
Russian Fluent 

 
4. Special Courses 
Period Educational or other organisation 
2011–2014 Graduate School “Functional materials and 

processes”, Tallinn University of Technology, 
Estonia 

Sept 30–Oct 3, 2012 19th International Symposium, Exhibit & Workshops 
on Electro- and Liquid Phase-separation Techniques, 
Baltimore, Maryland, USA   

Feb–Jun 2013 Department of Physiology and Biochemistry, 
University of Malta, Malta 

Oct 22–23, 2013 POKE Symposium, Sustainable Chemistry and 
Process Technology in the Northern Baltic Sea 
Region, Vaasa, Finland 

Dec 11–12, 2013 POKE Symposium, Sustainable Chemistry and 
Process Technology in the Northern Baltic Sea 
Region, Tallinn, Estonia 

Spring 2014  Pharmaceutical Bioinformatics, online course, 
Uppsala Universitet, Sweden 

Jan–Jun 2014 Department of Physiology and Biochemistry, 
University of Malta, Malta 



104 

Spring 2015  Applied Pharmaceutical Bioinformatics, online 
course, Uppsala Universitet, Sweden 
 

Jun 21–25, 2015 42nd International Symposium on High Performance 
Liquid Phase Separations and Related Techniques, 
Geneva, Switzerland 

 
5. Professional Employment 
Period Organisation Position 
2011–2013 Tallinn University of 

Technology 
Teaching in the fields of 
analytical chemistry 

 
6. Research activity  
Jana Kazarjan, bachelor’s degree, 2007, suprs Aini Vaarmann, Anu Viitak, 
Investigation of content of heavy metals and chlorides in dusts of street cleaning 
services, Tallinn University of Technology, Faculty of Science, Department of 
Chemistry, Chair of Analytical Chemistry 

 
Jana Kazarjan, master's degree, 2011, supervisor Merike Vaher, Determination 
of carbohydrates by capillary electrophoresis, Tallinn University of Technology, 
Faculty of Science, Department of Chemistry 

 
 
 

  



105 

ELULOOKIRJELDUS 

1. Isikuandmed
Ees-ja perekonnanimi Jana Kazarjan 
Sünniaeg ja -koht 21.03.1985, Tallinn, Eesti 
Kodakondsus Eesti 
E-posti aadress jana.kazarjan@gmail.com 

2. Kontaktandmed
Õppeasutus 
(nimetus lõpetamise ajal) 

Lõpetamise aeg Haridus (eriala/ kraad) 

Tallinna Linnamäe  
Gümnaasium 

2004 Keskharidus

Tallinna Tehnikaülikool 2007 Rakenduskeemia ja
Biotehnoloogia/ B.Sc. 
(Hons) 

Tallinna Tehnikaülikool 2011 Rakenduskeemia ja
Biotehnoloogia/ M.Sc. 
(Hons) 

3. Keelteoskus (alg-, kesk- või kõrgtase)
Keel Tase
Eesti Kõrg
Inglise Kõrg
Vene Kõrg

4. Täiendusõpe
Õppimise aeg Täiendusõppe korraldaja nimetus 
2011–2014 Doktorikool “Funktsionaalsed

materjalid ja tehnoloogiad”, Tallinna 
Tehnikaülikool, Eesti 

Sept 30–Oct 3, 2012 19th International Symposium, Exhibit 
& Workshops on Electro- and Liquid 
Phase-separation Techniques, 
Baltimore, Maryland, USA   

Feb–Jun 2013 Füsioloogia ja Biokeemia instituut, 
Malta Ülikool, Malta 

Oct 22–23, 2013 POKE Symposium, Sustainable 
Chemistry and Process Technology in 
the Northern Baltic Sea Region, Vaasa, 
Soome 

Dec 11–12, 2013 POKE Symposium, Sustainable 
Chemistry and Process Technology in 
the Northern Baltic Sea Region, Tallinn, 
Eesti 



106 

Kevad 2014  Pharmaceutical Bioinformatics, online 
kursus, Uppsala Universitet, Rootsi 

Jan–Jun 2014 Füsioloogia ja Biokeemia instituut, 
Malta Ülikool, Malta 

Kevad 2015 Applied Pharmaceutical Bioinformatics, 
online course, Uppsala Universitet, 
Rootsi 

Jun 21–25, 2015 42nd International Symposium on High 
Performance Liquid Phase Separations 
and Related Techniques, Genf, Šveits 

 
5. Teenistuskäik 
Töötamise aeg Tööandja nimetus Ametikoht 
2011–2013 Tallinna 

Tehnikaülikool 
Õppetöö läbiviimine 
analüütilise keemia 
alal 

 
6. Teadustegevus 
Jana Kazarjan, bakalaureusekraad, 2007, juhendajad Aini Vaarmann, 
AnuViitak, Raskmetallide ja kloriidide sisalduse uurimine 
tänavakoristusfirmade pühkmetes, Tallinna Tehnikaülikool, Matemaatika-
loodusteaduskond, Keemiainstituut, Analüütilise keemia õppetool 

 
Jana Kazarjan, magistrikraad, 2011, juhendaja Merike Vaher, Neutraalsete 
suhkrute määramine kapillaarelektroforeesi meetodil, Tallinna Tehnikaülikool, 
Maatemaatika-loodusteaduskond, Keemiainstituut, Analüütilise keemia 
õppetool. 
 
 
 
 
 
 
 
 
 

  



107 

DISSERTATIONS DEFENDED AT  
TALLINN UNIVERSITY OF TECHNOLOGY ON  

NATURAL AND EXACT SCIENCES 
 
1. Olav Kongas. Nonlinear Dynamics in Modeling Cardiac Arrhytmias. 1998. 
2. Kalju Vanatalu. Optimization of Processes of Microbial Biosynthesis of 
Isotopically Labeled Biomolecules and Their Complexes. 1999. 
3. Ahto Buldas. An Algebraic Approach to the Structure of Graphs. 1999. 
4. Monika Drews. A Metabolic Study of Insect Cells in Batch and Continuous 
Culture: Application of Chemostat and Turbidostat to the Production of 
Recombinant Proteins. 1999. 
5. Eola Valdre. Endothelial-Specific Regulation of Vessel Formation: Role of 
Receptor Tyrosine Kinases. 2000. 
6. Kalju Lott. Doping and Defect Thermodynamic Equilibrium in ZnS. 2000. 
7. Reet Koljak. Novel Fatty Acid Dioxygenases from the Corals Plexaura 
homomalla and Gersemia fruticosa. 2001. 
8. Anne Paju. Asymmetric oxidation of Prochiral and Racemic Ketones by Using 
Sharpless Catalyst. 2001. 
9. Marko Vendelin. Cardiac Mechanoenergetics in silico. 2001. 
10. Pearu Peterson. Multi-Soliton Interactions and the Inverse Problem of Wave 
Crest. 2001. 
11. Anne Menert. Microcalorimetry of Anaerobic Digestion. 2001. 
12. Toomas Tiivel. The Role of the Mitochondrial Outer Membrane in in vivo 
Regulation of Respiration in Normal Heart and Skeletal Muscle Cell. 2002. 
13. Olle Hints. Ordovician Scolecodonts of Estonia and Neighbouring Areas: 
Taxonomy, Distribution, Palaeoecology, and Application. 2002. 
14. Jaak Nõlvak. Chitinozoan Biostratigrapy in the Ordovician of Baltoscandia. 
2002. 
15. Liivi Kluge. On Algebraic Structure of Pre-Operad. 2002. 
16. Jaanus Lass. Biosignal Interpretation: Study of Cardiac Arrhytmias and 
Electromagnetic Field Effects on Human Nervous System. 2002. 
17. Janek Peterson. Synthesis, Structural Characterization and Modification of 
PAMAM Dendrimers. 2002. 
18. Merike Vaher. Room Temperature Ionic Liquids as Background Electrolyte 
Additives in Capillary Electrophoresis. 2002. 
19. Valdek Mikli. Electron Microscopy and Image Analysis Study of Powdered 
Hardmetal Materials and Optoelectronic Thin Films. 2003. 
20. Mart Viljus. The Microstructure and Properties of Fine-Grained Cermets. 2003. 
21. Signe Kask. Identification and Characterization of Dairy-Related Lactobacillus. 
2003 
22. Tiiu-Mai Laht. Influence of Microstructure of the Curd on Enzymatic and 
Microbiological Processes in Swiss-Type Cheese. 2003. 
23. Anne Kuusksalu. 2–5A Synthetase in the Marine Sponge Geodia cydonium. 
2003. 
24. Sergei Bereznev. Solar Cells Based on Polycristalline Copper-Indium 
Chalcogenides and Conductive Polymers. 2003. 



108 

25. Kadri Kriis. Asymmetric Synthesis of C2-Symmetric Bimorpholines and Their 
Application as Chiral Ligands in the Transfer Hydrogenation of Aromatic Ketones. 
2004. 
26. Jekaterina Reut. Polypyrrole Coatings on Conducting and Insulating 
Substracts. 2004. 
27. Sven Nõmm. Realization and Identification of Discrete-Time Nonlinear 
Systems. 2004. 
28. Olga Kijatkina. Deposition of Copper Indium Disulphide Films by Chemical 
Spray Pyrolysis. 2004. 
29. Gert Tamberg. On Sampling Operators Defined by Rogosinski, Hann and 
Blackman Windows. 2004. 
30. Monika Übner. Interaction of Humic Substances with Metal Cations. 2004. 
31. Kaarel Adamberg. Growth Characteristics of Non-Starter Lactic Acid Bacteria 
from Cheese. 2004. 
32. Imre Vallikivi. Lipase-Catalysed Reactions of Prostaglandins. 2004. 
33. Merike Peld. Substituted Apatites as Sorbents for Heavy Metals. 2005. 
34. Vitali Syritski. Study of Synthesis and Redox Switching of Polypyrrole and 
Poly(3,4-ethylenedioxythiophene) by Using in-situ Techniques. 2004.  
35. Lee Põllumaa. Evaluation of Ecotoxicological Effects Related to Oil Shale 
Industry. 2004. 
36. Riina Aav. Synthesis of 9,11-Secosterols Intermediates. 2005. 
37. Andres Braunbrück. Wave Interaction in Weakly Inhomogeneous Materials. 
2005. 
38. Robert Kitt. Generalised Scale-Invariance in Financial Time Series. 2005. 
39. Juss Pavelson. Mesoscale Physical Processes and the Related Impact on the 
Summer Nutrient Fields and Phytoplankton Blooms in the Western Gulf of Finland. 
2005. 
40. Olari Ilison. Solitons and Solitary Waves in Media with Higher Order 
Dispersive and Nonlinear Effects. 2005. 
41. Maksim Säkki. Intermittency and Long-Range Structurization of Heart Rate. 
2005. 
42. Enli Kiipli. Modelling Seawater Chemistry of the East Baltic Basin in the Late 
Ordovician–Early Silurian. 2005. 
43. Igor Golovtsov. Modification of Conductive Properties and Processability of 
Polyparaphenylene, Polypyrrole and polyaniline. 2005. 
44. Katrin Laos. Interaction Between Furcellaran and the Globular Proteins 
(Bovine Serum Albumin -Lactoglobulin). 2005. 
45. Arvo Mere. Structural and Electrical Properties of Spray Deposited Copper 
Indium Disulphide Films for Solar Cells. 2006. 
46. Sille Ehala. Development and Application of Various On- and Off-Line 
Analytical Methods for the Analysis of Bioactive Compounds. 2006. 
47. Maria Kulp. Capillary Electrophoretic Monitoring of Biochemical Reaction 
Kinetics. 2006. 
48. Anu Aaspõllu. Proteinases from Vipera lebetina Snake Venom Affecting 
Hemostasis. 2006. 
49. Lyudmila Chekulayeva. Photosensitized Inactivation of Tumor Cells by 
Porphyrins and Chlorins. 2006. 



109 

50. Merle Uudsemaa. Quantum-Chemical Modeling of Solvated First Row 
Transition Metal Ions. 2006. 
51. Tagli Pitsi. Nutrition Situation of Pre-School Children in Estonia from 1995 to 
2004. 2006. 
52. Angela Ivask. Luminescent Recombinant Sensor Bacteria for the Analysis of 
Bioavailable Heavy Metals. 2006. 
53. Tiina Lõugas. Study on Physico-Chemical Properties and Some Bioactive 
Compounds of Sea Buckthorn (Hippophae rhamnoides L.). 2006. 
54. Kaja Kasemets. Effect of Changing Environmental Conditions on the 
Fermentative Growth of Saccharomyces cerevisae S288C: Auxo-accelerostat Study. 
2006. 
55. Ildar Nisamedtinov. Application of 13C and Fluorescence Labeling in 
Metabolic Studies of Saccharomyces spp. 2006. 
56. Alar Leibak. On Additive Generalisation of Voronoï’s Theory of Perfect Forms 
over Algebraic Number Fields. 2006. 
57. Andri Jagomägi. Photoluminescence of Chalcopyrite Tellurides. 2006. 
58. Tõnu Martma. Application of Carbon Isotopes to the Study of the Ordovician 
and Silurian of the Baltic. 2006. 
59. Marit Kauk. Chemical Composition of CuInSe2 Monograin Powders for Solar 
Cell Application. 2006.  
60. Julia Kois. Electrochemical Deposition of CuInSe2 Thin Films for Photovoltaic 
Applications. 2006. 
61. Ilona Oja Açik. Sol-Gel Deposition of Titanium Dioxide Films. 2007. 
62. Tiia Anmann. Integrated and Organized Cellular Bioenergetic Systems in Heart 
and Brain. 2007. 
63. Katrin Trummal. Purification, Characterization and Specificity Studies of 
Metalloproteinases from Vipera lebetina Snake Venom. 2007. 
64. Gennadi Lessin. Biochemical Definition of Coastal Zone Using Numerical 
Modeling and Measurement Data. 2007. 
65. Enno Pais. Inverse problems to determine non-homogeneous degenerate 
memory kernels in heat flow. 2007. 
66. Maria Borissova. Capillary Electrophoresis on Alkylimidazolium Salts. 2007. 
67. Karin Valmsen. Prostaglandin Synthesis in the Coral Plexaura homomalla: 
Control of Prostaglandin Stereochemistry at Carbon 15 by Cyclooxygenases. 2007. 
68. Kristjan Piirimäe. Long-Term Changes of Nutrient Fluxes in the Drainage 
Basin of the Gulf of Finland – Application of the PolFlow Model. 2007. 
69. Tatjana Dedova. Chemical Spray Pyrolysis Deposition of Zinc Sulfide Thin 
Films and Zinc Oxide Nanostructured Layers. 2007. 
70. Katrin Tomson. Production of Labelled Recombinant Proteins in Fed-Batch 
Systems in Escherichia coli. 2007. 
71. Cecilia Sarmiento. Suppressors of RNA Silencing in Plants. 2008. 
72. Vilja Mardla. Inhibition of Platelet Aggregation with Combination of 
Antiplatelet Agents. 2008. 
73. Maie Bachmann. Effect of Modulated Microwave Radiation on Human 
Resting Electroencephalographic Signal. 2008. 
74. Dan Hüvonen. Terahertz Spectroscopy of Low-Dimensional Spin Systems. 
2008. 



110 

75. Ly Villo. Stereoselective Chemoenzymatic Synthesis of Deoxy Sugar Esters 
Involving Candida antarctica Lipase B. 2008. 
76. Johan Anton. Technology of Integrated Photoelasticity for Residual Stress 
Measurement in Glass Articles of Axisymmetric Shape. 2008. 
77. Olga Volobujeva. SEM Study of Selenization of Different Thin Metallic Films. 
2008. 
78. Artur Jõgi. Synthesis of 4’-Substituted 2,3’-dideoxynucleoside Analogues. 
2008.  
79. Mario Kadastik. Doubly Charged Higgs Boson Decays and Implications on 
Neutrino Physics. 2008. 
80. Fernando Pérez-Caballero. Carbon Aerogels from 5-Methylresorcinol-
Formaldehyde Gels. 2008. 
81. Sirje Vaask. The Comparability, Reproducibility and Validity of Estonian Food 
Consumption Surveys. 2008. 
82. Anna Menaker. Electrosynthesized Conducting Polymers, Polypyrrole and 
Poly(3,4-ethylenedioxythiophene), for Molecular Imprinting. 2009. 
83. Lauri Ilison. Solitons and Solitary Waves in Hierarchical Korteweg-de Vries 
Type Systems. 2009. 
84. Kaia Ernits. Study of In2S3 and ZnS Thin Films Deposited by Ultrasonic Spray 
Pyrolysis and Chemical Deposition. 2009. 
85. Veljo Sinivee. Portable Spectrometer for Ionizing Radiation “Gammamapper”. 
2009. 
86. Jüri Virkepu. On Lagrange Formalism for Lie Theory and Operadic Harmonic 
Oscillator in Low Dimensions. 2009. 
87. Marko Piirsoo. Deciphering Molecular Basis of Schwann Cell Development. 
2009. 
88. Kati Helmja. Determination of Phenolic Compounds and Their Antioxidative 
Capability in Plant Extracts. 2010. 
89. Merike Sõmera. Sobemoviruses: Genomic Organization, Potential for 
Recombination and Necessity of P1 in Systemic Infection. 2010. 
90. Kristjan Laes. Preparation and Impedance Spectroscopy of Hybrid Structures 
Based on CuIn3Se5 Photoabsorber. 2010. 
91. Kristin Lippur. Asymmetric Synthesis of 2,2’-Bimorpholine and its 5,5’-
Substituted Derivatives. 2010. 
92. Merike Luman. Dialysis Dose and Nutrition Assessment by an Optical 
Method. 2010. 
93. Mihhail Berezovski. Numerical Simulation of Wave Propagation in 
Heterogeneous and Microstructured Materials. 2010. 
94. Tamara Aid-Pavlidis. Structure and Regulation of BDNF Gene. 2010. 
95. Olga Bragina. The Role of Sonic Hedgehog Pathway in Neuro- and 
Tumorigenesis. 2010. 
96. Merle Randrüüt. Wave Propagation in Microstructured Solids: Solitary and 
Periodic Waves. 2010. 
97. Marju Laars. Asymmetric Organocatalytic Michael and Aldol Reactions 
Mediated by Cyclic Amines. 2010. 
98. Maarja Grossberg. Optical Properties of Multinary Semiconductor 
Compounds for Photovoltaic Applications. 2010. 



111 

99. Alla Maloverjan. Vertebrate Homologues of Drosophila Fused Kinase and 
Their Role in Sonic Hedgehog Signalling Pathway. 2010. 
100. Priit Pruunsild. Neuronal Activity-Dependent Transcription Factors and 
Regulation of Human BDNF Gene. 2010. 
101. Tatjana Knjazeva. New Approaches in Capillary Electrophoresis for 
Separation and Study of Proteins. 2011. 
102. Atanas Katerski. Chemical Composition of Sprayed Copper Indium Disulfide 
Films for Nanostructured Solar Cells. 2011. 
103. Kristi Timmo. Formation of Properties of CuInSe2 and Cu2ZnSn(S,Se)4 
Monograin Powders Synthesized in Molten KI. 2011. 
104. Kert Tamm. Wave Propagation and Interaction in Mindlin-Type 
Microstructured Solids: Numerical Simulation. 2011. 
105. Adrian Popp. Ordovician Proetid Trilobites in Baltoscandia and Germany. 
2011. 
106. Ove Pärn. Sea Ice Deformation Events in the Gulf of Finland and This Impact 
on Shipping. 2011. 
107. Germo Väli. Numerical Experiments on Matter Transport in the Baltic Sea. 
2011. 
108. Andrus Seiman. Point-of-Care Analyser Based on Capillary Electrophoresis. 
2011. 
109. Olga Katargina. Tick-Borne Pathogens Circulating in Estonia (Tick-Borne 
Encephalitis Virus, Anaplasma phagocytophilum, Babesia Species): Their 
Prevalence and Genetic Characterization. 2011. 
110. Ingrid Sumeri. The Study of Probiotic Bacteria in Human Gastrointestinal 
Tract Simulator. 2011. 
111. Kairit Zovo. Functional Characterization of Cellular Copper Proteome. 2011. 
112. Natalja Makarytsheva. Analysis of Organic Species in Sediments and Soil by 
High Performance Separation Methods. 2011. 
113. Monika Mortimer. Evaluation of the Biological Effects of Engineered 
Nanoparticles on Unicellular Pro- and Eukaryotic Organisms. 2011. 
114. Kersti Tepp. Molecular System Bioenergetics of Cardiac Cells: Quantitative 
Analysis of Structure-Function Relationship. 2011. 
115. Anna-Liisa Peikolainen. Organic Aerogels Based on 5-Methylresorcinol. 
2011. 
116. Leeli Amon. Palaeoecological Reconstruction of Late-Glacial Vegetation 
Dynamics in Eastern Baltic Area: A View Based on Plant Macrofossil Analysis. 
2011. 
117. Tanel Peets. Dispersion Analysis of Wave Motion in Microstructured Solids. 
2011. 
118. Liina Kaupmees. Selenization of Molybdenum as Contact Material in Solar 
Cells. 2011. 
119. Allan Olspert. Properties of VPg and Coat Protein of Sobemoviruses. 2011. 
120. Kadri Koppel. Food Category Appraisal Using Sensory Methods. 2011. 
121. Jelena Gorbatšova. Development of Methods for CE Analysis of Plant 
Phenolics and Vitamins. 2011. 
122. Karin Viipsi. Impact of EDTA and Humic Substances on the Removal of Cd 
and Zn from Aqueous Solutions by Apatite. 2012. 



112 

123. David Schryer. Metabolic Flux Analysis of Compartmentalized Systems 
Using Dynamic Isotopologue Modeling. 2012. 
124. Ardo Illaste. Analysis of Molecular Movements in Cardiac Myocytes. 2012. 
125. Indrek Reile. 3-Alkylcyclopentane-1,2-Diones in Asymmetric Oxidation and 
Alkylation Reactions. 2012. 
126. Tatjana Tamberg. Some Classes of Finite 2-Groups and Their 
Endomorphism Semigroups. 2012. 
127. Taavi Liblik. Variability of Thermohaline Structure in the Gulf of Finland in 
Summer. 2012. 
128. Priidik Lagemaa. Operational Forecasting in Estonian Marine Waters. 2012. 
129. Andrei Errapart. Photoelastic Tomography in Linear and Non-linear 
Approximation. 2012. 
130. Külliki Krabbi. Biochemical Diagnosis of Classical Galactosemia and 
Mucopolysaccharidoses in Estonia. 2012. 
131. Kristel Kaseleht. Identification of Aroma Compounds in Food using SPME-
GC/MS and GC-Olfactometry. 2012. 
132. Kristel Kodar. Immunoglobulin G Glycosylation Profiling in Patients with 
Gastric Cancer. 2012. 
133. Kai Rosin. Solar Radiation and Wind as Agents of the Formation of the 
Radiation Regime in Water Bodies. 2012.  
134. Ann Tiiman. Interactions of Alzheimer’s Amyloid-Beta Peptides with Zn(II) 
and Cu(II) Ions. 2012. 
135. Olga Gavrilova. Application and Elaboration of Accounting Approaches for 
Sustainable Development. 2012. 
136. Olesja Bondarenko. Development of Bacterial Biosensors and Human Stem 
Cell-Based In Vitro Assays for the Toxicological Profiling of Synthetic 
Nanoparticles. 2012. 
137. Katri Muska. Study of Composition and Thermal Treatments of Quaternary 
Compounds for Monograin Layer Solar Cells. 2012. 
138. Ranno Nahku. Validation of Critical Factors for the Quantitative 
Characterization of Bacterial Physiology in Accelerostat Cultures. 2012. 
139. Petri-Jaan Lahtvee. Quantitative Omics-level Analysis of Growth Rate 
Dependent Energy Metabolism in Lactococcus lactis. 2012. 
140. Kerti Orumets. Molecular Mechanisms Controlling Intracellular Glutathione 
Levels in Baker’s Yeast Saccharomyces cerevisiae and its Random Mutagenized 
Glutathione Over-Accumulating Isolate. 2012. 
141. Loreida Timberg. Spice-Cured Sprats Ripening, Sensory Parameters 
Development, and Quality Indicators. 2012. 
142. Anna Mihhalevski. Rye Sourdough Fermentation and Bread Stability. 2012. 
143. Liisa Arike. Quantitative Proteomics of Escherichia coli: From Relative to 
Absolute Scale. 2012. 
144. Kairi Otto. Deposition of In2S3 Thin Films by Chemical Spray Pyrolysis. 
2012. 
145. Mari Sepp. Functions of the Basic Helix-Loop-Helix Transcription Factor 
TCF4 in Health and Disease. 2012. 
146. Anna Suhhova. Detection of the Effect of Weak Stressors on Human Resting 
Electroencephalographic Signal. 2012. 



113 

147. Aram Kazarjan. Development and Production of Extruded Food and Feed 
Products Containing Probiotic Microorganisms. 2012. 
148. Rivo Uiboupin. Application of Remote Sensing Methods for the Investigation 
of Spatio-Temporal Variability of Sea Surface Temperature and Chlorophyll Fields 
in the Gulf of Finland. 2013. 
149. Tiina Kriščiunaite. A Study of Milk Coagulability. 2013. 
150. Tuuli Levandi. Comparative Study of Cereal Varieties by Analytical 
Separation Methods and Chemometrics. 2013. 
151. Natalja Kabanova. Development of a Microcalorimetric Method for the 
Study of Fermentation Processes. 2013. 
152. Himani Khanduri. Magnetic Properties of Functional Oxides. 2013. 
153. Julia Smirnova. Investigation of Properties and Reaction Mechanisms of 
Redox-Active Proteins by ESI MS. 2013. 
154. Mervi Sepp. Estimation of Diffusion Restrictions in Cardiomyocytes Using 
Kinetic Measurements. 2013. 
155. Kersti Jääger. Differentiation and Heterogeneity of Mesenchymal Stem Cells. 
2013. 
156. Victor Alari. Multi-Scale Wind Wave Modeling in the Baltic Sea. 2013. 
157. Taavi Päll. Studies of CD44 Hyaluronan Binding Domain as Novel 
Angiogenesis Inhibitor. 2013. 
158. Allan Niidu. Synthesis of Cyclopentane and Tetrahydrofuran Derivatives. 
2013. 
159. Julia Geller. Detection and Genetic Characterization of Borrelia Species 
Circulating in Tick Population in Estonia. 2013. 
160. Irina Stulova. The Effects of Milk Composition and Treatment on the Growth 
of Lactic Acid Bacteria. 2013. 
161. Jana Holmar. Optical Method for Uric Acid Removal Assessment During 
Dialysis. 2013. 
162. Kerti Ausmees. Synthesis of Heterobicyclo[3.2.0]heptane Derivatives via 
Multicomponent Cascade Reaction. 2013. 
163. Minna Varikmaa. Structural and Functional Studies of Mitochondrial 
Respiration Regulation in Muscle Cells. 2013. 
164. Indrek Koppel. Transcriptional Mechanisms of BDNF Gene Regulation. 
2014. 
165. Kristjan Pilt. Optical Pulse Wave Signal Analysis for Determination of Early 
Arterial Ageing in Diabetic Patients. 2014. 
166. Andres Anier. Estimation of the Complexity of the Electroencephalogram for 
Brain Monitoring in Intensive Care. 2014. 
167. Toivo Kallaste. Pyroclastic Sanidine in the Lower Palaeozoic Bentonites – A 
Tool for Regional Geological Correlations. 2014. 
168. Erki Kärber. Properties of ZnO-nanorod/In2S3/CuInS2 Solar Cell and the 
Constituent Layers Deposited by Chemical Spray Method. 2014. 
169. Julia Lehner. Formation of Cu2ZnSnS4 and Cu2ZnSnSe4 by Chalcogenisation 
of Electrochemically Deposited Precursor Layers. 2014. 
170. Peep Pitk. Protein- and Lipid-rich Solid Slaughterhouse Waste Anaerobic Co-
digestion: Resource Analysis and Process Optimization. 2014. 
171. Kaspar Valgepea. Absolute Quantitative Multi-omics Characterization of 
Specific Growth Rate-dependent Metabolism of Escherichia coli. 2014. 



114 

172. Artur Noole. Asymmetric Organocatalytic Synthesis of 3,3’-Disubstituted 
Oxindoles. 2014. 
173. Robert Tsanev. Identification and Structure-Functional Characterisation of the 
Gene Transcriptional Repressor Domain of Human Gli Proteins. 2014. 
174. Dmitri Kartofelev. Nonlinear Sound Generation Mechanisms in Musical 
Acoustic. 2014. 
175. Sigrid Hade. GIS Applications in the Studies of the Palaeozoic Graptolite 
Argillite and Landscape Change. 2014. 
176. Agne Velthut-Meikas. Ovarian Follicle as the Environment of Oocyte 
Maturation: The Role of Granulosa Cells and Follicular Fluid at Pre-Ovulatory 
Development. 2014. 
177. Kristel Hälvin. Determination of B-group Vitamins in Food Using an LC-MS 
Stable Isotope Dilution Assay. 2014. 
178. Mailis Päri. Characterization of the Oligoadenylate Synthetase Subgroup from 
Phylum Porifera. 2014. 
179. Jekaterina Kazantseva. Alternative Splicing of TAF4: A Dynamic Switch 
between Distinct Cell Functions. 2014. 
180. Jaanus Suurväli. Regulator of G Protein Signalling 16 (RGS16): Functions in 
Immunity and Genomic Location in an Ancient MHC-Related Evolutionarily 
Conserved Synteny Group. 2014. 
181. Ene Viiard. Diversity and Stability of Lactic Acid Bacteria During Rye 
Sourdough Propagation. 2014. 
182. Kristella Hansen. Prostaglandin Synthesis in Marine Arthropods and Red 
Algae. 2014. 
183. Helike Lõhelaid. Allene Oxide Synthase-lipoxygenase Pathway in Coral 
Stress Response. 2015. 
184. Normunds Stivrinš. Postglacial Environmental Conditions, Vegetation 
Succession and Human Impact in Latvia. 2015.  
185. Mary-Liis Kütt. Identification and Characterization of Bioactive Peptides 
with Antimicrobial and Immunoregulating Properties Derived from Bovine 
Colostrum and Milk. 2015. 
186. Kazbulat Šogenov. Petrophysical Models of the CO2 Plume at Prospective 
Storage Sites in the Baltic Basin. 2015. 
187. Taavi Raadik. Application of Modulation Spectroscopy Methods in 
Photovoltaic Materials Research. 2015. 
188. Reio Põder. Study of Oxygen Vacancy Dynamics in Sc-doped Ceria with 
NMR Techniques. 2015. 
189. Sven Siir. Internal Geochemical Stratification of Bentonites (Altered Volcanic 
Ash Beds) and its Interpretation. 2015.  
190. Kaur Jaanson. Novel Transgenic Models Based on Bacterial Artificial 
Chromosomes for Studying BDNF Gene Regulation. 2015. 
191. Niina Karro. Analysis of ADP Compartmentation in Cardiomyocytes and Its 
Role in Protection Against Mitochondrial Permeability Transition Pore Opening. 
2015. 
192. Piret Laht. B-plexins Regulate the Maturation of Neurons Through 
Microtubule Dynamics. 2015. 
193. Sergei Žari. Organocatalytic Asymmetric Addition to Unsaturated 1,4-
Dicarbonyl Compounds. 2015. 



115 

194. Natalja Buhhalko. Processes Influencing the Spatio-temporal Dynamics of 
Nutrients and Phytoplankton in Summer in the Gulf of Finland, Baltic Sea. 2015. 
195. Natalia Maticiuc. Mechanism of Changes in the Properties of Chemically 
Deposited CdS Thin Films Induced by Thermal Annealing. 2015.  
196. Mario Öeren. Computational Study of Cyclohexylhemicucurbiturils. 2015. 
197. Mari Kalda. Mechanoenergetics of a Single Cardiomyocyte. 2015. 
198. Ieva Grudzinska. Diatom Stratigraphy and Relative Sea Level Changes of the 
Eastern Baltic Sea over the Holocene. 2015. 
199. Anna Kazantseva. Alternative Splicing in Health and Disease. 2015. 




