TABLE OF CONTENT

ST CONTENT

1 | Introduction

1.1 Ubiquitin 3
1.1.1 Ubiquitin evolution 3
1.1.2 Ubiquitin conservation 5
1.1.3 Ubiquitin gene family 7
1.1.4 Structure of ubiquitin 9
1.1.5 Folding of ubiquitin 11
1.1.6 Stability of ubiquitin 12
1.2 Lysine linkage: decoding ubiquitin 13
1.3 Ubiquitin proteasome pathway 15
1.3.1 Ubiquitin 16
1.3.2 Ubiquitin activating enzyme (E1) 16
1.3.3 Ubiquitin conjugating enzyme (E2) 17
1.3.4 Ubiquitin ligase enzyme (E3) 19
1.35 Deubiquitinating enzymes (DUBS): 23
1.3.6 Proteasome: machinery for death sentence 25
1.4 The multitudes of cellular functions of ubiquitin 26
1.4.1 Proteasomal degradation 26
1.4.2 Non-proteolytic functions of ubiquitin 28
1.5 Role of ubiquitin proteasome system in diseases 30
1.6 Drug development to target ubiquitin proteasome system 33

Hypothesis and objectives of present study
Functional characterization of ubiquitin mutations in saccharomyces

cerevisiae

2.1 Introduction 38

2.2 Materials and methods 41

2.2.1 Strains, media and plasmids 41

2.2.2 Cell cycle analysis 41

993 Levels of Cdc28 protein kinase and Fus3 MAPK in presence of mutant 43

- ubiquitin

2.2.4 Effects of ubiquitin variants on ROS level 45

995 Consequence of ubiquitin mutants on lysosomal degradation of uracil 45
permease

2.2.6 Effect of ubiquitin mutations on trafficking of carboxypeptidase s protein 46

2.2.7 Influence of variants of ubiquitin on different antibiotic stress 47

2.2.8 In vivo polyubiquitin chain formation assay 48
Incorporation of variants in lys63 and lys48 linked chain formation by

2.2.9 . 49
western blot analysis

2.2.10  Degradation of substrate ubiquitin fusions by N-end rule and UFD 49




pathways

2.3 Results 51
2.3.1 Effects of ubiquitin variants on cell cycle progression. 51
Levels of Cdc28 protein kinase and Fus3 MAPK in presence of mutant
2.3.2 O 55

ubiquitin
Influence of ubiquitin variants on the production of reactive oxygen
2.3.3 . 59
species in SUBG60 cells
2.34 Consequence of ubiquitin mutants on lysosomal degradation of uracil 60
2.3.5 Effect of ubiquitin mutations on trafficking of carboxypeptidase s protein 61
Influence of ubiquitin variants on complementation ability over various
2.3.6 - 63
antibiotic stress
2.3.7 In vivo polyubiquitin chain formation assay 66
2.3.8 Incorporation of variants in K63 and K48 linked chain formation 68
939 Degradation of substrate ubiquitin fusions by N-end rule and UFD 69
e pathways
2.4 Discussion 72

Structural characterization of mutant form of ubiquitin UbEP42 and its

single mutant derivatives

3.1 Introduction 80
3.2 Materials and methods 81
3.21 Strains and media 81
3.2.2 Mutagenesis of yeast ubiquitin 82
3.2.3 Cloning of yeast ubiquitin variants in pkk223-3 vector 84
3.24 Expression and purification of proteins 84
3.25 Structural characterizations 85
3.3 Results 86
Generation of mutant forms of yeast ubiquitin by site directed mutagenesis
331 : . 86
using recombinant PCR
3.3.2 Cloning of yeast ubiquitin variants in bacterial expression vector 88
3.3.3 Expression and purification of yeast ubiquitin variants 89
3.34 Far and near UV cd spectra of variants of ubiquitin 91
3.35 Fluorescence spectrum of ubiquitin mutants 95
34 Discussion 98

Molecular effects of ubiquitin mutants on growth and propagation of

candida albicans

4.1 Introduction 101

4.2 Materials and methods 104

421 Strains and media 104

4.2.2 Experimental procedures 105

4.3 Results 108
Overexpression of UbEP42, UbL50P and UbI61T causes lethality in c.

431 albicans 108

432 C. albicans cells expressing_ubep42, ubl50p and ubi61t show slow growth 109
phenotype and reduced survival

4.3.3 UDbEP42, UbL50P and UbIG1T impair cell cycle progression in c. 110




Albicans

Diminished expression of Cdc28 protein kinase in cells expressing

434 UbEP42, UbL50P and UbI6LT 110

435 _UbEP42, UbL50P a_nd Ubl(_SlT reduce_: thermotolerance of host cells and 112
impair heat stress withstanding capacity

4.3.6 UbEP42, UbL50P and UbI61T reduce resistance towards antibiotic stress 113

437 Expression of UbEP42, UbL50P and UbI61T results in impairment of k63 114

o and k48 linked polyubiquitinations

Mutant ubiquitin proteins interfere with morphogenesis of yeast form to

4.3.8 115
hyphae

4.4 Discussion 117

Studies on the lethal effects of mutated forms of ubiquitin on breast cancer

cell line MCF-7

5.1 Introduction 122

5.2 Materials and methods 124

521 Cell line and culture conditions 124

5.2.2 Mutagenesis 124

523 Plasmid construction 125

524 Transfection and generation of stable cell line 127

505 Standardization of the Tet-On system for inducible expression of mutant 129

- ubiquitin protein

5.2.6 Effect of overexpression of mutant forms of ubiquitin on MCF-7 cells 130

5.2.7 MTT assay to detect cell proliferation efficiency 130

5.2.8 Cell survival via clonogenic assay 130

5.2.9 Assay for monitoring antibiotic resistance 131

5.2.10  Fluorimetric detection of ubiquitin mutant protein localization 131

5.3 Results 132

531 Generation of the mutant_ forms of gbiquitin UbEP42, UbS20F, UbA46S, 132
UbL50P and UbI61T using recombinant PCR

532 Construction of mammalian expression vectors for expressing HUbEP42 134

o and its single mutant derivatives

533 Optimization of tet-on system for inducible expression of mutant ubiquitin 136
proteins

534 HUbEP42, HUbL50P and HUDIG1T cause lethality in MCF-7 cells, while 137
hubs20f and huba46s do not affect the cells

535 Effect of fexpressio_n of mutant forms of ubiquitin on the growth of MCF-7 138
cells monitored using mtt assay

536 Inﬂl_Jenpe of parent ubiq_uitin _mutant HUDEP42 and its single mutant 139
derivatives on clonogenic ability of MCF-7 cells.

5.3.7 Effect of mutant ubiquitins over resistance to antibiotic stress. 140

5.3.8 Fluorimetric detection of ubiquitin mutant protein localization 141

5.4 Discussion 144
Summary 149
References 152
List of publications / poster and oral presentation 176




