Contents

ACKNOWIEAZEIMENTS «..eueeeeeecarsesiiisisiises e s e bbb a e LSS v
IADSEIACE v enereeeseeseeseeeeeseeeaseesseeesssessseeaasesaseeseessae s s eeeas e e eaeeeRa s e eR s S e eR e e e a e e e A s e e Ae e e E e E eSS vii
Keywords
Riassunto
PATO1E CHIAVE. trvvveieiiteeeeiiieeeeeisteesireesesbateteiate s e eias e e s s e e e s s s e e s s e e s e e b e s s a e e s e e s e e e s s e s s e e et s st
Contents
LISt OF FIZUI@S..ueuueueueuerereuetesesesesesesesese e s es st s s b s s s ed bbb E e E L E e E e E L L L xiv
List of Tables
Chapter 1 TTE Lo e (3T aTe) £ DT T PP PP PP PT PSPPI 20
11 What if protein design could change our FULUFe? ...t s 21
1.2 Current protein design and engineering strategies and key challenges ... 22
1.3 The beauty of simplicity: using naturally occuring small protein domains ... 25
1.3.1  Why the B1 domain of streptococcal protein G (GBL)? .....coviiiiiiiiiiiiiiiiee
1.3.2  Why and how to introduce hydrolytic aCtivity? ..o 27,
1.4 Objectives and overview Of this thesis ... 28

Chapter 2 Background
2.1 THEOTEEICAN e e evesereseeaueasesresssassasssessasneessasssosusssasonsesmenstentssnesnsesssosstsnsssnsestasstsssanatosssstsdosnesnissnssntornisntnnuessnonssons 30
2.1.1  Density functional theory (DFT) ..o 30

2.1.2  Molecular dynamics (MD) ...

2.1.3  QM/MM MOIECUIAE QYNAMICS c..ieieeiiiueiiiiiir ittt s 36

2.1.4 Metadynamics

22 Experimental...

2.2.1  Protein purification MEthOGS .........ciiiiiiiiiiiii 38

2.2.2  Circular dichroism (CD) spectroscopy

2.2.3  Dynamic light SCATEIING (DLS) w.ouvuiviuitiiis ittt 42

2.2.4  Analytical ultracentrifugation (AUC) ........ooiiiiiiiiiiii 43

Chapter 3 Can biomimetic zinc compounds assist a (3 + 2) cycloaddition reaction? A theoretical perspective .......... 46
3.1 TTa e 1o [0 oL o] o P TEU OO O PP P PP PP TSRO PT PR 46

312 Computational details

38 Results and discussion

3,31 UNCALAIYZEA FRACTIONS vttt 50



Contents

3.4

Chapter 4

4.1

4.2

4.3

4.4

Chapter 5
S
59
5.3
5.4
Chapter 6
6.1

6.2

6.3

Chapter 7
7.1

7.2

7.3

3.3.2 Catalyzed reactions

Contents

51 7.4

Conclusions

59

Bestowing hydrolytic activity to the B1 domain of protein G: a joint theoretical and experimental investigation

61

Introduction

Results and discussion

Methods

7.4.1 Experimental procedure

42.1 QM/MM based refinement of the first zinc coordination spherein GB1....

4.2.2  Design and characterization of a hydrolytically active metallo variant of GB1 ..

4.2.3  Structure, stability and metal coordination sphere

4.2.4 Characterization of hydrolytic activity: lost and found

4.2.5 Molecular insights into the binding of CO2

Conclusions...

Methods

4.4.1 Experimental Procedure.

4.4.2 Computational details

Computational design and characterization of a hyperstable metallo protein: a small domain on the rise 84

Introduction

84

Results and discussion

85

Conclusions

Methods

.86

87

Design of a robust metalloprotein: making an old story brand new

88

Introduction

88

Results and discussion ...

6.2.1 Creating an artificial metal binding site via genetic algorithm (GA) optimization.........

6.2.2 Structure and dynamics of metallo-GB1 in solution

6.2.3  Crystal structure analysis of the designed mutant bound to Zn*2..............

Conclusions..

Methods

6.4.1 Experimental procedure

=08

98

6.4.2 Computational procedure

Two new thermostable variants of GB1 designed by genetic algoritm optimization ...........ccocveevevee

Introduction

Results and discussion

721 Thermostability enchancement through genetic algorithm based optimization

7.2.2  Stability of the designed mutants

7.2.3  Crystal structures of B1-QM1and B1-QM2

Conclusions...

107

107

109

.. 109

112

114

116

7.4.2  Computational details
Chapter 8 General conclusions and future perspectives
61 N e
63
Appendix A
%63 g " - g o
Coordinates and Energies of All Optimized Structures
...66
Uncatalyzed reactions
66
Catalyzed reactions
69
Appendix B
70 3
Unfolding variants of GB1 bound to zinc through molecular dynamics
72
Refer
73 q .
Curriculum Vitae
273
76

xiii

122

124
127
127,
127

127

181
181
195

211



