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Abstract

ABSTRACT

Alzheimer’s disease (AD) is a form of progressive dementia which affects many of the world’s
population. AD patients show a decrease in cognitive function, loss of memory and at a later stage,
decreasing physical activity. So far, the only definite diagnosis of AD is still based on post-mortem
demonstration of extensive cell loss, and the presence of amyloid plaques and neurofibrillary
tangles in the brains of sufferers. Cleavage of the amyloid precursor protein (APP) by B-secretase
results in the production of the C-terminal fragment (CTF) of APP, C99, which is in turn cleaved
by the y-secretase. This cleavage event produces the AP peptides, which aggregate to form the
amyloid deposits seen in the brains of AD patients. y-Secretase has eluded identification for many
years, however it has been shown in various eukaryotic systems that it is a highly stable protein
complex of high relative molecular mass consisting of the membrane proteins PS-1, Nicastrin

(NicA), Pen-2 and Aph-1.

This thesis shows that E. coli represents a simple and efficient system that can be used to analyse
human membrane proteins, and in this case to verify that PS-1, NicA, Pen-2 and Aph-1 are the
minimal components required for y-secretase activity. Components of the y-secretase complex were
successfully cloned and expressed in E. coli and their topologies in the bacterial membrane were
studied in vivo by a genetic approach which involves generating hybrids of the target membrane
proteins to alkaline phosphatase (PhoA). In addition, initial experiments carried out with the aim of
reconstituting y-secretase activity in E. coli are described. Furthermore, the E. coli two hybrid
system was successfully utilised to unveil interactions between the y-secretase components and to
isolate candidate interaction partners of PS-1 and its gain of function mutant PS-1Aexon9. Thus E.

coli can be used as a model system to aid our understanding of the processes involved in AD.
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B-Lactamase
5-bromo-4-chloro-3-indolylphosphate
Bovine Serum Albumin

83 residue C-terminal fragment of APP
99 residue C-terminal fragment of APP
Caenorhabditis elegans
Cholamphenicol

Drosophila melanogaster
Dimethylformamide

Escherichia coli

Enzyme Linked Immunosorbent Assay
Endoplasmic reticulum

Ethanol

Familial Alzheimer’s disease
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F.C.
His-tag
IPTG
kb

kDa
LB
NBT
NicA
NZA
ODx
PAGE
PhoA/AP
PKC
pNPP
PS

RIP
Rpm
Psi

PS

RT
sAPP
S. cerevisiae
SDS
TACE

TBS-T

Final Concentration

6X histidine tag
Isopropyl-p-D-thiogalactoside
Kilo basepair

Kilo dalton

Luria Bertani medium
4-nitroblue-tetrazoliumchloride
Nicastrin

NZ Amine A medium

Optical Density at wavelength X
Polyacrylamide Gel Electrophoresis
Alkaline Phosphatase

Protein kinase C

p-nitrophenyl phosphate
Presenilin

Intramembraneous proteolysis
Revolutions per minute

Pound force per square inch
Presenilin

Room temperature

Soluble N-terminal APP fragment
Saccharomyces Cerevisiae
Sodium dodecyl sulphate

TNF-a converting enzyme

Tris Buffered Saline with Tween-20

Abbreviations
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TCA

Tet

™

Trichloroacetic acid
Tetracycline
Transmembrane

Tumour necrosis factor a
Wildtype

Weight per volume

Abbreviations
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1 GENERAL INTRODUCTION

1.1 Alzheimer’s disease

1.1.1 Introduction

Alzheimer’s disease (AD) is the most widespread form of progressive dementia worldwide as it
affects about 17-25 million people. In western countries AD is regarded as the fourth leading cause
of death after heart diseases, cancer and stroke. The incidence of AD increases with age, and it
doubles every five years beyond the age of 65. However, diagnosis of AD is limited to the
exclusion of other diseases and the only definite diagnosis to date is still based on post mortem
histopathological demonstration of amyloid plaques and neurofibrillary tangles (Figure 1.1) (Czech

et al., 2000).

AD is a brain disease which especially affects the temporal and parietal cortex, hippocampus, and
amygdala. AD patients suffer from loss of memory, deterioration in cognitive function, and
eventually decreasing physical abilities (Czech et al., 2000). The neuropathology of AD is defined
by extensive neuronal cell loss and by the presence of neurofibrillary tangles and amyloid plaques
in the brains of sufferers. Neurofibrillary tangles are intracellular protein aggregates in the form of
paired helical filaments, mostly consisting of the microtubule associated protein tau (Goedert et al.,
1992). Amyloid plaques are extracellular protein aggregates composed in the majority of the -
sheet structure, amyloid B-peptide (AB) (Glenner and Wong, 1984; Masters et al., 1985b). AP is
deposited in the brain parenchyma and in the majority of AD cases, in the wall of cerebral blood

vessels (Masters et al., 1985a).
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Chapter (1) General introduction

1.1.2 The genetics of AD

There are two types of AD. Most cases of AD are sporadic with no obvious inheritance pattern and
late age of onset (65 years or over). However, there are a few autosomal dominant cases of familial
AD (FAD) where the age of onset is much lower (St George-Hyslop, 1998). The major cause of
FAD is mutations in the presenilin-1 (PS-1) gene on chromosome 14. There are more than 50
missense mutations identified to date, localised throughout the protein with hot spots more
predisposed for pathogenic mutations, especially in the transmembrane segments and the region
from residue 260 to 290 encoded by exon 8 (Czech et al., 2000). Some mutations have also been
localised to the PS-2 gene on chromosome 1, and the majority of PS mutations have been found to
occur in residues conserved in PS-1 (Rogaev et al., 1995). Thus, all PS mutations are missence
mutations, except for the mutation of a splice acceptor site resulting in the deletion of exon 9 (delta

exon 9 mutation).

Down’s syndrome patients often develop AD by the age of 50. The APP gene was mapped to
chromosome 21 (Goate et al., 1991) and data that shows increased expression of APP in the brains
of Down’s syndrome patients is available (Czech et al., 2000). This led to the discovery of several
rare missense mutations within the APP gene which are located within or close to the AB sequence.
Examples are the ‘Dutch’ mutation (E693Q) which causes a structural change in A, thus
accelerating the rate of fibril formation (Levy et al., 1990; Wisniewski et al., 1991), the ‘Flemish’
mutation (A692G) which alters y-secretase activity resulting in an increase of AP secretion (Haass
et al., 1994) and the ‘Swedish’ mutation (KM670-671NL) which promotes APP cleavage by B-

secretase (Vassar et al., 1999) also resulting in higher levels of AP produced (See section 1.3.2).

The apolipoprotein E4 allele (apoE4) was found to considerably increase susceptibility for sporadic

and familial AD (Strittmatter et al., 1993). Apolipoprotein is a plasma membrane protein involved
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in cholesterol transport (Mahley, 1988). It is produced and secreted in the central nervous system
by astrocytes (Boyles et al., 1985; Ignatius et al., 1986; Pitas et al., 1987). Its synthesis is increased
following injury and it is implicated in the growth and repair of the nervous system during

development or after injury (Boyles et al., 1989; Ignatius et al., 1986).

The risk of AD increases with the dose of the ApoE4 allele, but the ApoE2 allele appears to have
protective properties (Corder et al., 1994; Corder et al., 1993). The ApoE genotype influences the
onset of AD in patients with Down-syndrome and in those with APP mutations but not in families
with presenilin mutations (Bales et al., 1997; Lendon et al., 1997). ApoE is thought to have a role

in the aggregation and/or clearance of AP in the brain (Bales et al., 1997).

1.2 The amyloid precursor protein (APP)

APP is a type I transmembrane glycoprotein, proteolytic cleavage of which, produces the amyloid
peptide (AB), which forms the major component of the extracellular amyloid deposits in AD (Kang
et al., 1987). The AP region of APP consists of 40-42 amino acid residues, located partly within the
ectodomain and partly within the transmembrane domain of APP (Figure 1.2) (Kang et al., 1987).

Proteolytic cleavage of APP is carried out by a-, B- and y-secretases.
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