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ABSTRACT

This thesis is divided into two parts, each part

addressing a particular aspect of the biogenesis of rat liver

peroxisomes. The first part describes the characterization of

the peroxisomal integral membrane polypeptides, and the second

part describes the primary structure and targeting of

peroxisomal 3-ketoacyl-CoA thiolase.

In the first part, membranes were isolated from liver

peroxisomes of untreated rats and rats 'treated with

clofibrate, a hypolipidemic drug which induces peroxisomal

proliferation in rodent hepatocytes. The membranes were used

to raise an antiserum in rabbits that reacted with six

peroxisomal integral membrane polypeptides (molecular masses

140, 69, 50, 36, 22 and 15 kDa). Treatment of rats with

clofibrate caused a 4- to 10-fold induction in the 69 kDa

integral membrane polypeptide, while the other integral

membrane polypeptides remained unchanged or varied to a lesser

extent. The anti-peroxisomal membrane serum reacted with two

integral membrane polypeptides of the endoplasmic reticulum

which co-migrated with the 50 kOa and 36 kOa integral membrane

polypepti~es of peroxisomes. Subcellular fractionations and

immunoblot analyses indicated that these integral membrane

polypeptides were co-localized to peroxisomes and endoplasmic

reticulum. Immunoprecipitation of in vitro translation
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products of RNA isolated from free and membrane-bound

.polysomes indicated that th.a 22 I 36 I and 69 kDa integral

membrane polypeptides were synthesized on free polysomes I

while the 50 kDa integral membrane polypeptide was

predominantly synthesized on membrane-bound polysomes. The

predominant synthesis of the 50 kDa integral membrane

polypeptide on membrane-bound polysomes raises interesting

possibilities concerning its biosynthesis and trafficking.

3-Ketoacyl-CoA thiolase (thiolase) catalyzes the final

step of the fatty acid a-oxidation pathway in peroxisomes.

Thiolase is unique among rat liver peroxisomal enzymes in that

it is synthesized as a precursor possessing an amino-terminal

extension, which is cleaved to generate the mature enzyme. To

facilitate further examination of the synthesis, intracellular

transport and processing of this enzyme, cDNA recombinants

encoding thiolase were selected from a 19t11 rat liver library

using antiserum raised against peroxisomal thiolase. Upon

sequencing several cDNA recombinants, it was revealed that

there are two distinct thiolase enzymes in rat liver

peroxisomes, thiolase 1 and thiolase 2. The cDNAs encoding

thiolases 1 and 2 exhibited 94.6% nucleotide sequence identity

and 95.4% identity at the level of deduced amino acid

sequence. Interestingly, the expression of the genes encoding

the two thiolases was differentially regulated. The mRNA

encoding thiolase 1 was expressed at a low level in untreated
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rat liver and was induced greater than lO-fold upon treatment

with clofibrate. In contrast, the mRNA encoding thiola~e 2

appeared to be constitutively expressed in rat liver and was

only slightly induced upon treatment of rats with clofibrate.

The cDNA encoding peroxisomal thiolase 2 was used in in vivo

targeting studies which indicated that the thiolase prepiece

contains information for targeting this protein to

peroxisomes.

v



ACKNOWLEDGEMENTS

I would like to thank my supervisor, Dr. Richard

Rachubinski, whose never-ending enthusiasm for science has

been an inspiration. I would like to extend my appreciation

to the members of my supervisory committee, Dr. G. Gerber, Dr.

R. Epand, Dr. P. Branton and Dr. M. Hatton for their helpful

discussions and suggestions throughout this project.

To my colleagues and friends, Wayne Murray, John

AitChison, Bill Nuttley, Jim Sloots, Baowei Zhang, John

Glover, Tony Brade and Jill Regeoczi, thanks for providing a

stimulating and fun work environment. Special thanks to my

dearest friend Wayne Murray for all the support and guidance

throughout the last seven years.

I would like to thank my family, Mom and Dad, Carolyn,

cheryl, Brian, Bonnie and Greg and my best friends Paula Smith

and Suzanne Menzie for their endless support and encouragement

and for always being there in times of need. I would also

like to thank John Gerenda for his support in the last few

months of this work.

I am indebted to my sister Cheryl and Barbara Sweet

for "their assistance with the typing of this manuscript and

John Aitchison for a critical reading of the manuscript.

Finally, I would like to acknowledge the Medical Research

Council of Canada for the financial support during my studies.

vi



TECHNICAl. ACKNOWLEDGEMENTS

I would like to thank Dr. Gilbert-Andre Keller

(currently at Genentech, San Fransico, CAl for performing the

immunofluorescence microscopy with the anti-peroxisomal IMP

antibodies.

I would also like to acknowledge Or. Bart swinkles and

Or. Steve Gould in the laboratory of Dr. Suresh Subramani

(Department of Biology, University of California at San Diego)

for preparing the thiolase cDNA expression constructs and

performing t.he transfections and immunofluorescence microscopy

used to detenuine the role of the thiolase prepiece in

peroxisomal targeting.

vii



~.L.E OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATIONS

INTRODUCTION

1.1 General Characteristics ~f Percxisomes

1.2 Functions of Mammalian Peroxisomes

iii

vi

xiv

xviii

xix

1

1

3

1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
1. 2.6
1.2.7
1. 2.8
1.2.9

a-Oxidation Pathway
Cholesterol Biosynthesis
Formation of Bile Acids
Synthesis of Ether-Linked Glycerolipids
The Glyoxylate Cycle
The Pentose Phosphate Pathway
Purine Catabolism
Amino Acid Metabolism
Polyamine Catabolism

5
9

12
16
19
21
23
25
29

1.3 Peroxisome Biogenesis 30
1.3.1 Biogenesis 30
1.3.2 Turnover of peroxisomes 33
1.3.3 Protein Targeting to Peroxisomes 34
1.3.4 Protein Targeting to Other Organelles 39

1.3.4.1
1.3.4.2
1.3.4.3
1.3.4.4

1.3.4.5

Targeting of Proteins to Mitochondria
Targeting of Proteins to Chloroplasts
The Targeting of Nuclear Proteins
Targeting Proteins to the
Secretory Pathway
General Comments on Protein Targeting

39
42
44

45
50

1.4 Evolutionary origin of Microbodies

1.5 Induction of Mammalian Peroxisomes by
Hypolipidemic Drugs

viii

51

55



1.6 The Peroxisomal Membrane 62

1.6.1
1.6.2
1.6.3

Properties of the Peroxisomal Membrane
Composition of the Peroxisomal Membrane
Biogenesis of the Integral Membrane
Proteins

62
65

67

1.7 Peroxisomal Disorders

1.8 The Project

MATERIALS AND METHODS

2.1 Materials

70

76

79

79

2.1.1
2.1. 2
2.1.3
2.1.4
2.1-5

2.1.6

2.1.7

Chemicals and Reagents
Radiochemicals
Enzymes
Antisera
cDNA LibraryJ Cloning Vectors and Host
Bacterial strains
Vectors and Cell Lines Used for
Transfections and Immunofluorescence
oligodeoxyribonucleotides

79
80
80
81

82

83
84

2.2 organelle Isolations and Marker Enzyme Analyses 85

2.2.1

2.2.2
2.2.3
2.2.4
2.2.5
2.2.6

Isolation of Peroxisomes, Mitochondria
and Lysosomes from Rat Liver
Preparation of Rat Liver Microsomes
Catalase Assay
Cytochrome c Oxidase Assay
Esterase Assay
N-Acetyl-B-Glucosaminidase Assay

85
88
89
89
90
90

2.3 Analyses of Proteins 91

2.3.1 Bradford Method of Protein Determination 91
2.3.2 Sodium Dodecyl Sulfate polyacrylamide

Gel Electrophoresis 91
2.3.3 Preparative 50S-PAGE and Electroelution

of polypeptides from Acrylamide Gels 92

2.4 Iso'.ation of Organelle Membranes 93

2.5 Preparation and Characterization of Antisera 94

2.5.1 Preparation of Antisera
2.5.2 Immunoblot Analysis

ix

94
95



2.5.3 Affinity Purification of Monspecific
Antibodies from Heterogeneous Antiserum 96

2.5.4 Immunofluorescence Microscopy 96

2.6 Isolation of RNA and Cell-Fr.ee Translation 97

2.6.1
2.6.2
2.6.3

2.6.4
2.6.5

Preparation of Total RNA from Rat Liver 97
Preparation of Poly(A)+RNA 98
Isolation of RNA From Free and Membrane-
Bound Rat Liver Polysomes 99
Cell-Free Translations 100
Fluorography 101

2.7 Immunoprecipitation of Cell-Free Translation
Products 102

2.8 Screening the 19t11 Rat Liver cDNA Library 103

2.9 Preparation of Fusion Protein Extracts from
19t11 Lysogens 105

2.10 Preparation of Phage DNA and Subcloning
into Plasmids 106

2.10.1 Preparation of Phage DNA 106
2.10.2 Subcloning of cDNA Inserts from Phage

into Plasmids 107

2.11 Transformations of E. coli with Plasmid DNA 108

2.12 preparation of Plasmid DNA 109

2.13 Analysis and Purification of DNA by
Electrophoresis 111

2.13.1 Agarose Gel Electrophoresis 111
2.13.2 Non-Denaturing Polyacrylamide Gel

Electrophoresis 112
2.13.3 Denaturing Polyacrylamide Gel

Electrophoresis 112
2.13.4 Purification of DNA from Gel Fragments

by Electroelution 113

2.14 Labeling DNA Probes

2.14.1 5 ' -end Labeling of
Oligodeoxyribonucleotides

2.14.2 Labeling cDNA Probes
2.14.3 Labeling the 1 kbp Ladder

x

113

113
114
115



2.15 Analyses of DNA by Blotting and Hybridization 116

2.15.1 Southern blot Analysis 116
2.15.2 Bacterial Colony Hybridization 117

2.16 Nucleotide Sequence Determination 118

2.17 Construction of Exonuclease III Nested
Deletion Fragments 119

2.18 Analyses of RNA 119

2.18.1 Northern Blot Analysis 119
2.18.2 RNA Slot Blot Analysis 120

2.19 Primer Extension of Partial cDNA Recombinants 121

2.20 In vivo Targeting of Rat Liver Thiolase to
Peroxisomes in Mammalian Cells 124

2.20.1 Plasmid Constructions 124
2.20.2 Tranfections of Mdmmalian CV-1 and

CV-H Px110 Cells 128
2.20.3 Immunofluorescence Microscopy 128

RESULTS AND DISCUSSION 130

3. Characterization of the Integral Membrane
Polypeptides of Rat Liver Peroxisomes 130

3.1 Subcellular Fractionation of Rat Liver 131

3.1.1 Isolation of Peroxisomes, Mitochondria
and Lysosomes 131

3.1.2 Isolation of Rat Liver Micr~somes 144

3.2 Isolation of Peroxisomal Membranes 146

3.3 Characterization of Anti-Peroxisomal IMP serum 148

3.3.1 Immunoblot Analyses of Rat Liver
Subcellular Fractions with Anti-
Peroxisomal IMP serum 148

3.3.2 Purification of Monospecific IMP
Antibodies from Heterogeneous Antiserum 154

3.3.3 Immunofluorescence Localization of
Peroxisomal IMPs in CV-l Cells 156

3.3.4 Reaction of the Anti-Rat Peroxisomal
IMP Serum with Human Liver and Yeast
Proteins 159

xi



3.4 Effect of Clofibrate on the Peroxisomal IMPs 164

3.5 Intracellular Site of Synthesis of the
Peroxisomal IMPs 168

3.6 Summary and Future Directions 181

4. Cloning and Sequence Determination of a cDNA
Encoding a Second Rat Liver Peroxisomal
3-ketoacyl-CoA Thiolase 185

4.1 Preparation and Characterization of Anti-
Thiolase Serum 186

4.2 Selection and Sequencing of cDNA Recombinants
Encoding Rat Liver Peroxisomal Thiolase 188

4.2.1 Primer Extension of the Thiolase 2 mRNA 193

4.3 Comparison of the Nucleotide Sequences of
cDNAs and Deduced Amino Acid Sequences of
Rat Peroxisomal Thiolases 1 and 2 198

4.4 Northern Blot Analysis of mRNA Encoding
Thiolase 1 and Thiolase 2 203

4.5 Identification of the Initiator Methionines
for Thiolases 1 and 2 207

4.6 Comparison of Amino Acid Sequences of Rat
Peroxisomal Thiolases 1 and 2 with other
Thiolases 210

4.7 In vivo ~argeting Studies of Peroxisomal
Thiolase in Mammalian Cells 214

4.7.1 The Role of the Prepiece in Targeting
Thiolase to peroxisomes 214

4.7.2 Deletion Analysis of the Thiolase
Prepiece 220

4.7.3 Characteristics of the Thiolase
Prepiece 224

4.8 Summary and Future Directions

CONCLUSIONS

xii

230

234



APPENDIX 237

A.l Selection and preli~inary Characterization
of a Partial cDNA Encoding the 50 kDa IMP 237

A.2 Analysis of the mRNA Encoding the 50 kDa IMP 248

A.3 Primer Extension of the mRNA Encoding th~

50 kDa IMP 251

A.4 Comparison of the Deduced Amino Acid
Sequence of the 50 kDa IMP cDNA with
Sequence Data Banks 255

A.5 Summary 257

BIBLIOGRAPHY

LIST OF PUBLICATIONS

xiii

259

288



LIST QF FIGURES

Figure

1.2.1 Fatty acid B-oxidatlon pathway in liver
peroxisomes 6

1.2.2 The cholesterol biosynthetic pathway in
mammals 10

1.2.3 Major ~caction pathway for the biosynthesis
of cholic acid and chenodeoxycholic acid
from cholesterol 13

1.2.4 The proposed peroxisomal reaction pathway
for the side-chain modification of 26­
hyroxycholesterol to 3B-hydroxy-5-cholenoic
acid 15

1.2.5 The pathways for glycerolipid biosynthesis 18

1.2.6 The glyoxylate cycle 20

1.2.7 The pentose phosphate pathway 22

1.2.8 Pathways of purine degradation 24

1.2.9 Two possible pathways of lysine catabolism 26

1.2.10 Metabolism of glyoxylate in the peroxisomes
of some mammals 28

1.3.1 Two models of peroxisome biogenesis 31

3.1.1 Flowchart of the subcellular fractionation 133

3.1.2 Distribution of subcellular organelles from
untreated and clofibrate-treated rat livers
following isopycnic centrifugation in
sucrose gradients 137

3.1.3 50S-PAGE analysis of subcellular fractions
from untreated and clofibrate-treated rat liver
collected from sucrose density gradients 143

3.2.1 SDS-PAGE analysis of rat liver peroxisomes and
peroxisomal membranes isolated from untreated

xiv




















































































































































































































































































































































































































































































































































































































