~ }““1 h—l &
gy = NS,
ol 5 i ; ’\1
J)k /‘-—jﬁf ’(J_-; i :
Ry T g, A
«..,\\ g 8 B N 28 Lr [9 ¢ Jg‘\;\
4 ﬁ <~:‘_,.4?~:}_-? ) ¢ /,-)_r 3 £
v e s
<

Folding and structural studies of sauccharomyces cerevisiae
Phosphoglycerate Kinase

Nuno Bustorff

Schlisseltechnologien / Key Technologies
Band/Volume 282
ISBN 978-3-95806-754-7

IJ JULICH

Forschungszentrum

Mitglied der Helmholtz-Gemeinschaft




Forschungszentrum Jilich GmbH
Ernst Ruska-Centrum fir Mikroskopie und Spektroskopie mit Elektronen (ER-C)
Strukturbiologie (ER-C-3)

Folding and structural studies of saccharomyces
cerevisiae Phosphoglycerate Kinase

Nuno Bustorff

Schriften des Forschungszentrums Jilich
Reihe Schliisseltechnologien /Key Technologies Band/Volume 282

ISSN 1866-1807 ISBN 978-3-95806-754-7



xi

Contents

Acknowledgements

Abstract

Uberblick

List of Figures

List of Publications

List of Tables

List of Acronyms

1 Introduction
1.1 Protein folding and structure formation . . ... ... .. ... ...
1.2 Co-translational protein folding . . . . . . .. ... ... ... ....
1.3 Study of multi-domain proteins . . . . . . ... ... ... .
1.4 Strategy to study co-translational protein folding . . . . . . . .. ..
1.5 Methods for studying nascent chain folding events on the ribosome .
1.5.1 Single-molecule fluorescence . . . . . . .. ... ... ...

1.52 Cryo-EM . . . ...

vii

ix

xxi

xxiii

xxiii

XXV

12



xii Contents
1.6 Alms . . . . .o 25

2 Materials 27
2.1 Instrumentation. . . . . . .. ... Lo Lo 27
2.2 Consumables . . . ... ... ... 30
23 Chemicals . . . .. .. ... 31
2.4 Fluorophores . . . . . . . . . . . . ... 33
25 Buffers. ... ... 34
2.6 Antibiotics . . . ... 35
2.7 Imhibitors . . . . .. ... 35
2.8 Antibodies. . . . . ... 35
29 Markers . . ... 36
2.10 Software . . . . . . ... 36

3 Methods 39
3.1 Molecular biology . . . . . . . ... 39
3.1.1 In-fusion cloning . . . . ... ... ... ... ... 39

3.1.2 Transformation . . . . . . ... ... L 40

3.2 Biochemistry . . . . . ... ... 40

3.2.1 Bacterial expression of double cysteine variants for sm-FRET

characterization . . . . . . . . . .. . ... 40



Contents xiii
3.2.2  Cell-free protein synthesis and purification . . . . . . .. . .. 41
3.2.2.1 Expression of yeast PGK truncation variants for sm-
FRET . . . ... 42
3.2.2.2 Expression of ribosome nascent chain complexes
(RNCs) for sm-FRET . . .. ... ... ....... 42
3.2.2.3 Sample preparation of ribosome nascent chain com-
plexes (RNCs) for cryo-EM . . . . ... .. ... .. 43
3.2.3 Labeling of proteins for single-molecule FRET experiments . 44
3.2.3.1 Cpysteine labeling . . . . . .. ... ... L. 44
3.2.3.2  Unnatural amino acids labeling . . . . . ... .. .. 45
3.3 Fluorescence measurements . . . . . . . . .. ... ... ... 45
3.3.1 Preparation of cover slides . . . . .. ... ... ........ 45
3.3.2  Fluorescence correlation spectroscopy . . . ... ....... 46
3.3.3 Single-molecule FRET measurements . .. ... ....... 47
3.4 Cryo electron microscopy (cryo-EM) . . . .. ... .. L. 47
3.4.1 Sample preparation for negative stain . . . . ... ... ... 47
3.4.2 Image recording of negatively stained EM grids . . . . . . .. 47
3.4.3 Sample preparation for cryo-EM . . . .. ..o L. 48
3.4.4 Data acquisition in cryo-EM . . . ... o000 00 48
3.4.5 Dataprocessing. . . . ... ... oo 49



xiv Contents
3.4.6 Model building . . . . ... ... 50
4 Results and Discussion 51
4.1 sm-FRET . . . .. 0 51
4.1.1 In silico analysis of putative labeling positions on the N-
terminal domain of yeast PGK . . . . .. .. ... ... ... 51
4.1.2 Biochemical characterization of N-terminal domain FRET
pair yPGK variants . . . . ... ..o o000 54
4.1.3 sm-FRET measurements of N-terminal domain FRET pair
yPGK variants . . . . . .. ... L o 55
4.1.3.1 Unfolding transitions in yeast PGK with label posi-
tions in the N-terminal domain . . . . . . . . .. .. 59
4.1.4 Incorporation of unnatural amino acids . . . ... ... ... 67
4.1.4.1 Limitations of cysteine labeling . . . . . .. ... .. 67
4.1.4.2 Limitations of protein size in the incorporation of
unnatural amino acids . . . . ... ... 68
4.1.4.3 Alternatives to using CpK and AzF . . .. ... .. 70
4.1.5 Production of yPGK released truncations for cysteine labeling 74
4.2 Cryo-EM . . . .o 76
4.2.1 cryo-EM sample preparation and characterization . . . . . . . 76

4.2.1.1 Biochemical optimization of sample for cryo-EM . . 78



Contents XV

4.2.2  Analysis of cryo-EM data . . . . . ... ... L. 82

4.2.2.1 Proof of stalling with secMstr . . . ... ... ... 90

4.2.2.2  Heterogeneity of protein translation with stalling . . 93

4.2.2.3 Differences between yPGK truncations . . . .. .. 95

5 Conclusion and Future Perspectives 101
Appendix 105

A sm-FRET denaturant series 105

B Cell-free synthesis of yPGK truncations 107



Schlisseltechnologien / Key Technologies
Band/Volume 282
ISBN 978-3-95806-754-7

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Acknowledgements
	Abstract
	Überblick
	List of Figures
	List of Tables
	List of Publications
	List of Acronyms
	Introduction
	Protein folding and structure formation
	Co-translational protein folding
	Study of multi-domain proteins
	Strategy to study co-translational protein folding
	Methods for studying nascent chain folding events on the ribosome
	Single-molecule fluorescence
	Cryo-EM

	Aims

	Materials
	Instrumentation
	Consumables
	Chemicals
	Fluorophores
	Buffers
	Antibiotics
	Inhibitors
	Antibodies
	Markers
	Software

	Methods
	Molecular biology
	In-fusion cloning
	Transformation

	Biochemistry
	Bacterial expression of double cysteine variants for sm-FRET characterization
	Cell-free protein synthesis and purification
	Expression of yeast PGK truncation variants for sm-FRET
	Expression of ribosome nascent chain complexes (RNCs) for sm-FRET
	Sample preparation of ribosome nascent chain complexes (RNCs) for cryo-EM

	Labeling of proteins for single-molecule FRET experiments
	Cysteine labeling
	Unnatural amino acids labeling


	Fluorescence measurements
	Preparation of cover slides
	Fluorescence correlation spectroscopy
	Single-molecule FRET measurements

	Cryo electron microscopy (cryo-EM)
	Sample preparation for negative stain
	Image recording of negatively stained EM grids
	Sample preparation for cryo-EM
	Data acquisition in cryo-EM
	Data processing
	Model building


	Results and Discussion
	sm-FRET
	In silico analysis of putative labeling positions on the N-terminal domain of yeast PGK
	Biochemical characterization of N-terminal domain FRET pair yPGK variants
	sm-FRET measurements of N-terminal domain FRET pair yPGK variants
	Unfolding transitions in yeast PGK with label positions in the N-terminal domain

	Incorporation of unnatural amino acids
	Limitations of cysteine labeling
	Limitations of protein size in the incorporation of unnatural amino acids
	Alternatives to using CpK and AzF

	Production of yPGK released truncations for cysteine labeling

	Cryo-EM
	cryo-EM sample preparation and characterization
	Biochemical optimization of sample for cryo-EM

	Analysis of cryo-EM data
	Proof of stalling with secMstr
	Heterogeneity of protein translation with stalling
	Differences between yPGK truncations



	Conclusion and Future Perspectives
	Appendix
	sm-FRET denaturant series
	Cell-free synthesis of yPGK truncations
	Leere Seite
	Leere Seite



