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SYNOPSIS

Synopsis of the Thesis

Title of the Thesis: Studies on DNA topology and DNA-Amyloid
Beta (AP) peptides interaction in relevance to Alzheimer’s
disease.

Name of the candidate: S.Anitha

Alzheimer's disease (AD) is a complex neurodegenerative disorder of multiple
etiology. It is a devastating dementia, correlated with a region specific
neuronal cell loss. The complex neuropathology includes cortical atrophy,
formation of neurofibrillary tangles, deposition of amyloid B peptide (AB) in
senile plaques, synaptic loss, oxidative stress, metal deposition, and apoptosis
and all these coupled events lead to the neuronal loss. Despite progress in
uncovering many of the factors that contribute to the etiology of the disease,
the cause of the nerve cell death still remains unknown. It is very well
accepted that conformational changes in the proteins namely AR play an
important role in the neurodegeneration of AD, however little is known about
the DNA conformational alteration. The changes in the genetic material of AD,
so far documented are, i) mutations in genes, amyloid precursor protein (APP),
presenilin-1 (PS-1) and presenilin-2 (PS-2), ii) shift in the DNA from a
potentially transcribable euchromatic state to a condensed and probably
heterochromatic state, iii) oxidative damage as revealed by damaged
products namely 8-OH Guanosine and 8-OH Cytosine and iv) genetic
imbalance caused by the tetraploidy status of the genome by the way of
unusual replication before the cell death . However there is no data on DNA
topology in AD brain. Hence the present study aimed to understand studies
pertaining to DNA topology and AB-DNA interactions in relevance to

neurodegeneration in AD brain.



DNA Topology in AD brain

Brain cells are very complex and have high level of gene expression, 3-4 times
more than that found in liver and kidney. In brain cells where the level of gene
expression is very high, accumulated DNA damage may have serious
consequences in terms of altering genomic integrity consequently affecting the
transcriptional fidelity and ultimately the survival of the organism. It was
speculated that accumulated DNA damage in the brain might result in
conformational changes in the DNA making it ineffective during transcription.
Nevertheless the sequence and the DNA topology have been proposed to have
a crucial role in DNA functional aspects like replication, transcription, and
susceptibility of DNA for oxidative damage and mutations. Extensive studies on
handedness and various high ordered structures were studied for the
oligonucleotides, but little is known about genomic DNA topology with respect to
non Watson-Crick right-handed B-DNA forms, their functional ability and

possible implications in the pathogenic features in the brain.

Our study on genomic DNA isolated form the hippocampus region of the
brain of AD affected patients revealed altered DNA conformation. Hippocampus
was selected as it is one of the first brain regions affected in AD and is involved
in the processing of short-term memory and spatial memory. The DNA was
isolated form moderately affected (MAD), severely affected (SAD) AD brain and
control aged (CA), and control young (CY) brain hippocampus. The Circular
dichroism study revealed that SAD DNA showed a typical left-handed Z-DNA
conformation whereas CY and CA brain DNA have the usual Watson-Crick B-
DNA conformation. Interestingly, MAD DNA has modified B-DNA conformation
(probable B-Z intermediate form). Immunochemical study with anti-Z-DNA 1gG
polyclonal antibody revealed that only the SAD DNA have the reactivity with the
antibody, confirming left-handed Z-DNA conformation in SAD. The ethidium
bromide binding pattern to DNA and melting temperature (Tm) profiles also
revealed the conformational transition from B to Z- DNA in SAD brain. Agarose
gel studies of CY and MAD DNA did not show any fragmentation. Both CA and
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SAD DNA were fragmented as evidenced by their smear migration pattern. It is
interesting to mention that even though there is no difference between CA and
SAD DNA as both of them have smeared pattern, EtBr staining is faint for SAD
DNA. And this is due to its Z-DNA conformation. The conformational alteration
has also been seemed to follow the disease progression as MAD has B-Z
intermediate form and SAD has Z-DNA form. The study was also extended to
DNA isolated from other regions of the brain, superior frontal gyrus and
parahippocampal gyrus, which are also shown to be implicated in the AD.
However no conformational alteration in DNA was observed in these two
regions. The results reveal that the conformational alteration seems to be region
specific. Estimation of DNA single strand (by Nick Translation assay) and double
strand breaks (by Terminal transferase assay) in the three regions of the control
and AD brain revealed more breaks in hippocampus. The topological change in
DNA, particularly the B to Z-transition in the hippocampus, will have tremendous
implications in the functional biology of the brain cells e.g. transcription,
replication and recombination. Based on the above results we hypothesized that
AD etiological factors such as like AB, phosphorylated tau, metals and oxidative
stress might play role in the conformational transition. AD specific proteins like
AB and phosphorylated tau are lysine rich and studies have shown that lysine
rich proteins favor the conversion of B—»Z DNA transition. Tau was reported to

bind to and stabilize the DNA. We investigated the A binding to DNA.

Amyloid 3 (Ap) peptide DNA interaction

AB, a hallmark feature of the senile plaques, is a proteolytic product of the
transmembrane amyloid precursor protein. Evidence implicates a central role for
AB in the pathophysiology of AD. According to the amyloid cascade hypothesis,
the accumulation of Ap deposits as amyloid plaques in the patient’s brain is the
primary event in the pathogenesis of AD. Under pathogenic conditions, the
transition from a random coil to a pB-sheet conformation in B-amyloid peptide

causes deposits of the amyloid fibrils. The apparent role of AB, especially Ap (1-



42) (the number in the bracket indicates the number of amino acids of the
amyloid precursor protein sequence) is now considered as a unifying
pathological feature of diverse forms of AD. In vitro studies have shown that Ap
(1-42) rapidly aggregates into fibrils and that extracellular fibrillar Ap peptides
induce apoptosis in cultured neurons. On the other hand, recent reports have
demonstrated intraneuronal accumulation of Ap (1-42) in AD vulnerable regions.
Intraneuronal AB (1-42) accumulation has also been reported in transgenic mice
expressing familial AD proteins. In the present study, we provided new evidence
for AB immunoreactivity in the nucleus of apoptotic hippocampal cells of AD
brain. Based on the evidence for nuclear localization of Ap in AD brain, we
hypothesized that AB might play a role in modulating DNA topology and possibly
contribute to the B->Z-DNA helical transition associated with AD.

In the present study, we evidenced that the AB binds to supercoiled DNA
(scDNA). Further AB (1-42) not only binds to scDNA but also is able to alter the
superhelicity of DNA. An initial B—~C transition was observed which gradually
transformed into y-DNA, presumably reflecting a partial DNA collapse into a y-
phase. In y-DNA, the DNA molecules are tightly packed in to toroidal
superhelical bundle whose chiral sense is defined by the intrinsic DNA
handedness. Specifically, the right-handed secondary conformations such as
the B-DNA and C-DNA motifs stabilize a left-handed tertiary conformation. The
y-DNA conformation induced by AP (1-42) is structurally closer to Z-DNA, which
was observed in SAD brain. This evidently indicates that DNA topological
change induced by Ap is similar to the change seen in AD brain DNA. Other Ap
peptides like Ap (1-16), AB(1-28) andAp (1-40) caused modified DNA forms in sc
DNA. Our study also provided intriguing observation of the sequence specificity
of the AB peptide binding. The AB peptides showed preferential binding to AT
rich sequences (poly d(AT) (AT)) and caused B—A DNA transition. Ap (25-35),
the hydrophobic region of AB (1-42) and another potent neurotoxic Ap fragment
has been shown to aggregate the sc DNA. Hence the results are novel interms

of their DNA binding property.



Amyloid induced DNA damage: New toxic role

The proposed mechanisms for neurotoxicity for Ap are diverse and there is no
unifying mechanism for the toxicity and one of the mechanisms proposed was
induction of apoptosis. Under in vitro conditions AB (1-42) is reported to be
capable of inducing apoptosis in cultured cortical neurons. Neuronal cells
treated with AP exhibit morphological and biochemical characteristics of
apoptosis, including membrane blebbing, compaction of nuclear chromatin and
internucleosomal DNA fragmentation. Interestingly studies also suggested that
AR exert its toxic effect via activation of transcription factors. Studies also
correlated between the DNA damage and amyloid deposits however the

mechanism remains unclear.

Recent debate with in the AD community has focused on whether
fibrillar (amyloid) or soluble oligomers of AB are active species of the peptide
that ultimately cause the synaptic loss and dementia associated with AD.
Studies suggest that Ap-dependent toxicity can occur before significant

extracellular accumulation; possibly involving soluble intracellular A forms.

Our study provided fundamental contribution that AP peptide (1-42)
could cause DNA damage directly. Agarose gel studies reveal that Ap (1-42)
caused open circular and linear form of DNA in sc DNA by inducing single
strand and double strand breaks. Transmission Electron Microscopic (TEM)
study also revealed formation of open circular and linear of sc DNA induced by
AB peptide (1-42). Time dependent DNA nicking of Ap (1-42) revealed that the
soluble forms of AP (corresponding to low thio T binding) are more toxic than
the fibrillar forms of AR (1-42) (corresponding to high thio T binding). Further
metal ions Mg and Ca which solubilize the aggregated Ap enhance DNA
nicking ability leading to the hypothesis that soluble forms of Ap are more toxic
than the aggregated forms. Zn metal ion which is shown to promote the

aggregation of the AB did not have any effect of DNA nicking of AB. The DNA
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nicking was also shown by other AB peptides having different amino acid
lengths like AB (1-16), Ap (1-28), AB (1-40) and ApB (1-43). However there
exists subtle differences in the DNA nicking caused various peptides and are
differentially modulated by metals. DNA nicking of Ap was inhibited by
aurintricarboxylic acid (ATA), a potent nuclease inhibitor. We propose based
on the enhancement/inhibition of DNA nicking by metals and ATA respectively
that histidine residues are implicated in the DNA nicking activity. Both metals
and ATA bind to histidine residues. ATA prevents the formation of the protein-
DNA interaction thereby inhibiting the DNA nicking. Metals by binding to
histidine residues might result in solubilization of the A and enhance toxicity.

The results evidenced a new toxic role of AB in terms of its direct DNA nicking
activity and there by it alters the helicity of sc DNA. Our finding of DNA nicking
activity of AB peptides has biological significance in terms of causing DNA

damage.

In a nut shell the study provides the following contributions.

« Evidenced topological change in genomic DNA in the hippocampus
region of AD brain.

« Shown Nuclear localization of AP in the nucleus in AD affected
apoptotic hippocampal neurons.

¢ AP binds to supercoiled DNA and causes helicity change.

« Provided an evidence on DNA nicking in terms of single strand and

double strand breaks by Ap peptides.

The relevance of the above findings in understanding the neurodegeneration

in AD have been discussed in the thesis.
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1.1. Introduction

Alzheimer's disease (AD) is the most common form of dementing
neurodegenerative disorder among elderly people. Dementia refers to brain
disorder that affects person’s ability to carry out daily activities. AD is
malignant, reducing remaining life expectancy by almost half and raising the
risk of death over five years threefold (cancer raises it fourfold). AD is a
progressive mental deterioration manifested by memory loss, inability to
calculate, visual-spatial disturbances, confusion and disorientation. AD
involves parts of the brain that control thought, memory, and language and is
characterized by selective primary neuronal and synaptic loss in the
hippocampus and cerebral cortex that correlates clinically with dementia
(Reviewed by Smith, 1998) (Fig. 1.1). The disease usually begins after age 60
yrs and risk goes up with age, while younger people may also get AD but it is
much less common. About 5% of men and women aged 65-74 yrs have AD
and nearly half of those aged 85 yrs and older may have the disease.
However it is important to note that AD is not a normal part of aging. AD is
named after Dr. Alois Alzheimer in the year 1906 (Alzheimer, 1907). Dr.
Alzheimer noticed changes in the brain tissue of a woman who had died of an
unusual mental illness. He found abnormal clumps (now called amyloid
plagues or senile plaques) and tangled bundles of fibers (now called
neurofibrillary tangles) in the brain. Today these tangles and plaques in the
brain are considered signs or hallmarks of AD. A molecular genetic and
histologic analysis of the neurophychiatric case described by Dr. Alzheimer
has been reported (Graever et al., 1997).

It was not until the seminal work of Blessed and colleagues (Blessed et
al., 1968) that the disease was recognized, not as a rare neurological disorder,
but as the most common cause of dementia. In 1930, Divry succeeded in
staining another pathologic structure, the SPs using the dye Congo Red, which
bound to a component called amyloid on the basis of its physicochemical
properties resembling those of polysaccharides. The intraneuronal aggregates
called neurofibrillary tangles (NFTs) were shown by Kidd and co-workers at

the electron microscopic level to be formed by paired helical flaments (PHFs)
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Figure. 1.1. AD begins in the entorhinal cortex, which is near the hippocampus
and has direct connections to it. It then proceeds to the hippocampus, the
structure that is essential to the formation of short-term and long-term
memories. Affected regions begin to atrophy (shrink). These brain changes
probably start 10 to 20 years before any visible signs and symptoms appear.
(Courtesy: Alzheimer’'s Disease Education & Referral Center (ADERA), a
service of the National Institute on Aging)

thin filaments of 10 nm in diameter (Kurt et al., 1997). It was not until the
middle of the 1980s that the core protein component of PHFs was identified as
microtubule-associated protein tau by the groups of Wisniewski in the U.S.
and Brion in Belgium (Grunke-lgbal et al., 1986; 1988; Brion et al., 1986).
Close to the same time, Glenner and collaborators found that the amyloid
deposits were composed of a 4-kDa peptide with a significant beta-sheet
structure called beta amyloid (AB) (Glenner and Wong, 1984).

Survival of the disease is variable in patients with AD, and they usually
die of infections. On an average, AD patients live from 8 to 10 yrs after they
are diagnosed, though the disease can last for as many as 20 yrs.
Histopathologic characteristic features seen in the brain of AD patients are the
presence of SP with A accumulation, NFTs and cerebrovascular amyloid
deposits (Selkoe, 1989; Terry, 1994). Extensive neuronal damage and loss of
synapses are also found in AD brain (Terry and Katzman, 1983). The kind of
neuropathological changes which occur in AD also occur in other
neurodegenerative disorders and to a lesser degree in normal aging (Hardy
and Allsop, 1991). The cognitive deficits of AD have been attributed to
abnormalities in the cerebral cortex and hippocampal formations in that NFTs
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and SPs are prominent in these brain regions. Infact, the density of neuritic
plaques in the cortex of AD patients at autopsy correlates with the severity of
their cognitive defects (Blessed et al., 1968).

Nearly 5 million people in the United States (US) have been affected by
AD. Estimates of nearly 22 million people worldwide with AD in near future
exist. AD represents the fourth leading cause of death in the US and its
profound morbidity has a major socioeconomic impact. In India and South
Asian nations, cultural traditions took the onset of senility as a natural process
of aging. Since the average life expectancy was rather short in these nations
until a few decades ago, the AD was assumed to be an occurrence or the
phenomenon of the Western nations. There is a greater recurrence of this
disease now noticed in India, especially among the people of middle classes.
Sadly, the belief that the AD is a Western phenomenon is not really true. A
handful of prevalence studies emerging from the less developed countries
have reported lower prevalence rates of dementia than in the industrialized
countries. A low frequency of ApoE allele consistent with low prevalence of
AD has been reported in India (Chandak et al., 2002). Given the latest United
Nations population projections of the astounding figure of 1.1 billion elderly in
the less developed countries by the year 2050, even the suggested low
prevalence rate would predict a huge number of cases with dementia in the
coming decades. Such an eventuality may pose enormous challenges for
health  and community care and create important socio-economic
consequences. This suggests that the risk of dementia of AD in Indian
population is fairly comparable to that in the US, although it is in variance with
the published prevalence rates in India. Clearly, further prevalence studies
aiming at population groups with different demographic characteristics (e.g.,

urban areas) are needed.

1.2. Symptoms

AD begins slowly and at first, the only symptom may be mild forgetfulness. In
this stage, people may have trouble remembering recent events, activities, or

the names of familiar people or things. They may not be able to solve simple
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math problems. Such difficulties may be a bother, but usually they are not
serious enough to cause alarm. However, as the disease goes on, symptoms
are more easily noticed and become serious enough to cause people with AD
or their family members to seek medical help. For example, people in the
middle stages of AD may forget how to do simple tasks, like brushing their
teeth or combing their hair. They can no longer think clearly. They begin to
have problems speaking, under-standing, reading, or writing. Later on, people
with AD may become anxious or aggressive, or wander away from home.

Eventually, patients need total care.

1.3. Classification of AD

AD is usually divided into early-onset (presenile) dementia accounting for 25%
of cases and late-onset (senile) dementia using the age 65 yrs at onset as the
cut off age (Terry and Katzman, 1983), and it is also divided into familial and
sporadic forms of disease according to family history (genetic background).
Early-onset familial cases comprise 10% and late-onset familial cases 30% of
all AD patients (Van Duijn et al., 1991). Most cases of AD are sporadic and
familial AD patients only account for about 5% of all AD. Clinical and

pathological findings are common to both sporadic and familial AD.

1.4. Diagnosis of AD

The diagnosis of AD is not based on defined qualitative features but rather is
differentiated from normal aging based on the number of SPs in the cortical
extracellular space and NFTs within the vulnerable neurons. Obviously, the
study of a multisystem brain disorder with genetic and sporadic factors and
involving essentially half of the aged population is complex. No definite early
test or marker for AD exists. Various clinical, neuropsychological, biochemical,
pharmacological, and genetic factors have been evaluated as tools for early
diagnosis, but none of them has turned out to be unabridged. The clinical
diagnosis of AD is based on criteria defined in the Diagnostic and Statistical
Manual of Mental Disorders (DSM IlI-R, American Psychiatric Association
4



1987) and criteria of the National Institute of Neurological and Communicative
Disorders and Stroke and Alzheimer's Disease and Related Disorders
Association Work Group (NINCDS-ADRDA) (Mc Khann et al.,, 1984). The
NINCDS-ADRDA criteria provide guidelines for clinical diagnosis of AD.
Definite AD can be confirmed in neuropatholigical examination of the brain
tissue either from biopsy or autopsy material. The criteria of the
Neurophathology Task Force of the Conortium to Establish a Registry for
Alzheimer’s Disease (CERAD) (Mirra et al., 1991) have been commonly used
to set the neuropathologic diagnosis of AD.

Today, the only definite way to diagnose AD is to find out whether there
are plaques and tangles in brain tissue. To look at brain tissue, however,
doctors must wait until they do an autopsy, which is an examination of the
body done after a person dies. Therefore, doctors can only make a diagnosis
of "possible" or "probable" AD while the person is still alive. At specialized
centers, doctors can diagnose AD correctly up to 90% of the time. Doctors
use several tools to diagnose "probable" AD, including: questions about the
person's general health, past medical problems, and the history of any
difficulties the person has carrying out daily activities, tests of memory,
problem solving, attention, counting, and language, medical tests-such as
tests of blood, urine, or spinal fluid, and brain scans. Some of these test
results help the doctor find other possible causes of the person's symptoms.
For example, thyroid problems, drug reactions, depression, brain tumors, and
blood vessel disease in the brain can also cause AD-like symptoms. Some of

these other conditions can be treated successfully.

1.4.1. The criteria for the clinical diagnosis of probable AD

-dementia established by clinical examination and documented by the
Mini-Mental test (MMT), Blessed Dementia Scale, or some similar
examination, and confirmed by neuropsychological tests;

-deficits in two or more areas of cognition;

-progressive worsening of memory and other cognitive functions;

-no disturbance of consciousness;



-onset between ages 40 and 90 yrs, most often after age 65; and
-absence of systemic disorders or other brain diseases that themselves

could account for the progressive deficits in memory and cognition.

1.4.2. Criteria for diagnosis of AD

-the clinical criteria for probable AD and

-histopathologic evidence obtained by biopsy or autopsy.
Although familial AD gene testing has been done in a few families on a
research basis (Lannfelt et al., 1995). However such testing needs to be done
in the context of professional genetic counseling because of the involvement of
the wide range of clinical, psychological and ethical as well as genetic issues.
Modern imaging techniques have yielded tantalizing possibilities for
determining whether an individual suffers from AD or some other form of
dementia. These include positron emission tomography (PET) (Fig. 1.2),
single photon emission tomography and functional magnetic resonance
imaging (MRI) for measurement of brain functional activity, computer-assisted
tomography hydrogen magnetic resonance spectroscopy ('H MRS) and MRI
for brain anatomy and magnetic resonance spectroscopy (MRS) for

measurement of chemical composition (Helpern et al., 2004).

Figure. 1.2. PET Scan (glucose utilization) of (a) Normal Brain and (b)
Alzheimer's Disease Brain. Red and Yellow indicate high level of glucose
uptake in a living healthy person and a normal control subject. The Alzheimer’s
patient exhibits large decrease in energy metabolism in the frontal cortex (top
of the brain) and temporal lobes (sides of the brain). (Courtesy: Alzheimer’s
Disease Education & Referral Center (ADERA), a service of the National
Institute on Aging).



These techniques have been proved to be useful for positive diagnosis even in
at risk individuals and in distinguishing AD from other causes of dementia,
such as vascular and frontotemporal dementia (Leslie, 2002; Rapport, 2002;
Schuff et al., 2002). Thus, in clinical practice, the diagnosis is based on typical
features of the disease (gradual progression of intellectual and functional
decline without other distinguishing features), and exclusion of other conditions
causing dementia or cognitive dysfunction. Usually an AD diagnosis requires
a follow-up of at least six months.

1.5. Genetic risk factors of AD

The genetics of AD is proving to be complex and the number of genetic risk
factors associated with this disorder is increasing steadily (Bertram and Tanzi,
2004; Cacabelos, 2004). Recent progress in genetic analysis has made it
possible to identify three genes that cause familial AD, which are the genes for
amyloid precursor protein (APP) on chromosome 21, presenilin-1(PS1) on
chromosome 14, and presenilin-2 (PS2) on chromosome 1(Seherrington et al.,
1995; Levy-Lahad et al., 1995a and b; Rogaev et al., 1995; Goate et al.,
1991). And the other factor is ApoE allele. ApoE 4 allele has been identified as

susceptible genetic risk factor especially in late-onset AD patients.

1.5.1. Mutations in amyloid precursor protein (APP)

The APP gene is located on chromosome 21 (Goate et al., 1991) and a total of
six mutations have been described so far, all of which lead to AD. The APP
gene mutations are responsible for about 2% of all published cases of familial
AD (Tanzi et al., 1996; Campion et al., 1996). The first clue pointing to the
involvement of chromosome 21 in AD came from the observation that
individuals with Down’s syndrome, who have chromosome 21 trisomy,
invariably develop clinical and pathological features of AD if they live over
30yrs (Mann et al., 1986). This supported a theory that chromosome 21 can
underlie AD phenotype (Wisniewski et al., 1985; Mann, 1985). Sequencing of
APP gene revealed mutations in the A sequence. Native APP is a
7



transmembrane protein of 110 to 135 kDa, with a long extracellular N-terminal
segment and a short intracellular C-terminal tail. The important cleavage
product of the APP is a 39-43 amino acid peptide, the 4kDa A (Glenner and
Wong, 1984; Masters et al., 1985; Kang et al., 1987). Two thirds of sequence
of the AP localizes to the N-terminal region of the APP and the remaining
portion of the Ap is contained within the transmembrane domain (Kang et al.,
1987; Selkoe et al., 1988; Lemaire et al., 1989). APP is normally processed
by protease pathways whose effectors are known as alpha (a), beta (8) and
gamma (y) secretase (Fig. 1.3). Depending upon the site of gamma secretase
cleavage, the resultant peptides are typically either short (40 amino acids) or
long 42/43 amino acid). The longer form of AB is thought to be the most
amyloidogenic and to be critical in the onset and progression of AD.

Mutations in APP gene instigate overproduction of AB, an elevated
synthesis of A (1-42) compared to AB (1-40) or the synthesis of peptides
containing single amino acid substitution. Studies have shown that this
substitution triggers an accelerated protofibril formation, which represents an
observation that links enhanced formation of neurotoxic assemblies with

disease etiology (Lahiri and Greig, 2004).

1.5.2 Mutations in presenilins genes

Mutations of PS1 are the most common finding in patients with familial AD. At
least 41 different mutations have been found in the PS-1 gene (Hardy, 1997).
PS-1 mutations account for 30-50% of presenile AD families (Hutton et al.,
1996). The PS-2 mutations (2% of all early-onset familial AD) are much rarer
causes of early-onset familial AD than mutations in the PS-1. In familial AD
families with the PS-1 gene mutation, the mean age of onset is earlier (45 yrs;
range 29 to 62
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Figure. 1.3. APP cleavage pathway via a - and B-secretases. a-secretase
cleaves between residues 16 and 17, producing soluble, non-neurotoxic
segment. B-secretase cleavage pathway produces the AB (1-42) fragment,
which is putatively neurotoxic. The cleavage of the transmembrane region has
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yrs) than in families with the PS-2 gene mutation (52 yrs, range 40 to 88 yrs)
and in the APP gene mutation linked families (50 yrs; range 43 to 62 yrs)
(Lendon et al., 1997). The mechanism of action of the PS1 and PS2 and their
familial AD- associated mutations in AD are not yet known. However, a

number of functions have been proposed for presenilins, including direct



involvement as a y-secretase-like protease in the cleavage of membranous
proteins such as APP and Notch, a role in intracellular trafficking and
modulation of calcium homeostasis. Increasing evidence indicates that
presenilins might also be involved in the modulation of apoptosis. PS1 is
involved in normal APP processing therefore, mutations leading to PS1 with
different altered sites appear to be responsible for the erroneous cleavage of
APP and generation of AB (1-42). Further, PS1 interacts with Glycogen
synthase kinase, one of the critical proteins involved in tau phoshphorylation.
Thus PS1 mutations in some familial AD cases would increase tau
hyperphosphorylation at sites that transform tau into protein lacking the ability

to associate with the cytoskeleton and generate PHF.

1.5.3. Polymorphism in apoE

ApoE, a major lipoprotein in brain is a lipid and cholesterol transport protein
that is synthesized within central nervous system (CNS). ApoE is involved in
the growth and regeneration of both peripheral and central nervous tissues
during development and following an injury in the CNS. Additionally, apoE is
believed to play a pivotal role in the redistribution of lipid and cholesterol
during membrane repair and has been postulated to be important for
maintaining synaptic plasticity, especially after neuronal injury (Guillaume et
al., 1996). In humans, apoE is a single gene with three major allelic variants
(e2, €3 and ¢4) encoding three protein isoforms (Weisgraber and Mahley,
1996).

The gene for apoE is located on the proximal arm of chromosome 19,
in fact, in the very same region where a gene for late-onset familial AD is
located (Pericak-Vance et al., 1991). These alleles determine apoE
polymorphism, resulting in six possible  phenotypes ¢ 2/2, 2/3, 2/4, 3/3, 3/4,
and 4/4. ApoE ¢ 4 allele is recognized as a risk factor for late-onset familial
(Strittmatter et al.,1993) and sporadic AD (Saunders et al., 1993) in a dose-

dependent manner, that is, the risk increases with an increasing number of ¢ 4
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alleles (Corder et al., 1993). In contrast, €2 allele appears to have a protective
effect for AD. The risk associated with ¢ 4 may lose its significance after a
certain age and may no longer be a risk among the oldest old (Hyman et al.
1995). The exact role of apoE in the pathogenesis of AD is unknown, but
isoform-specific differences have been identified in the binding of apoE to Ap.
It is supposed that apoE ¢ 2 and 3 stabilize the structures, whereas e n 4 is a
susceptibility factor leading to increased vulnerability or a cause of pathologic
alterations (Strittmatter and Roses, 1995). Synaptosomes from mice with
human apoE4 have shown to be significantly more vulnerable to the oxidative
stress associated with Ap (1-42) than synaptosomes from apoE3 and apoE2
mice. Besides AD, subjects carrying the ¢ 4 allele also have higher levels of
total and low-density-lipoprotein cholesterol, a higher risk for myocardial infarct

and coronary heart disease.

1.6. Environmental risk factors

The etiology of AD has not yet been fully understood. There probably is not
one single cause, but several factors that affect each person differently. The
finding that monozygotic twins may not both develop AD (Rapport et al., 1991)
suggests that environmental factors also play major role in the development of
AD. Age is the most important known risk factor as AD is an age dependent
disorder and its prevalence increases with advancing age. The number of
people with the disease doubles every 5 years beyond age 65 yrs. Recent
research has identified 2 potential mechanisms related to aging that may
contribute to the development of the disease. One is the concept that free
radicals (reactive oxygen species (ROS)) produced during cellular respiration
may play important role in the process of aging and in the development of AD.
Another possible mechanism related to aging is messenger RNA. A novel type
of mutations in ‘vulnerable’ dinucleotide repeats in messenger RNA has been
discovered in AD patients (van Leeuwen et al., 1998). In this type of mutation
a mutated transcript is produced from a correct DNA sequence by a process
called “Molecular misreading”. Molecular misreading can be regarded as a

genetic biological source of transcript errors that may be involved in cellular
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derangement in numerous age-related pathological conditions apart from AD.
The resulting ‘+1 proteins’ are prominent neuropathological hallmarks of AD
and they are present in most elderly non-demented people also. This suggests
that the dinucleotide deletions in the transcript could be one of the earliest
events in the neuropathologenesis of AD and a factor in neuronal aging (van
Leeuwen et al., 1998).

Besides age, the only risk factor consistently identified in
epidemiological studies of AD is family history. Presence of an affected first—
degree relative is associated with an approximately fourfold increased risk for
AD (Larson et al., 1992), and a total lifetime risk of 23.4 to 48.8% (Farrer et al.,
1995). In a number of studies, lifetime risk for first-degree relatives
approached 50% (Farrar et al., 1995). Each child of an affected person is at
50% risk for inheriting the abnormal gene and expressing the disease if he/
she lives long enough. But in the case of late-onset AD no obvious
inheritance pattern is seen. However, several risk factor genes may interact
with each other to cause the disease. The only risk factor gene identified so
far for late-onset AD is apoE. It is likely that other genes also may increase
the risk of AD or protect against AD, but they remain to be discovered. Severe
head trauma and previous depression may also increase the risk of AD
(Mortimer et al., 1991; Van Duijn et al., 1991; Jorm et al., 1991). Head trauma
or traumatic brain injury (TBI) is also associated with a predilection to the
development of AD accounting for between 2% of AD cases (Mortimer et al.,
1991), and this may be influenced by the presence of an apo &4 allele.
Carriage of €4 variant of apoE gene (Mahley, 1988), and the presence of
Down’s syndrome, resulting in AD-like changes before the age of 40 yrs (Mann
et al., 1986) are shown to be the risk factors. One hypothesis is that AD may
represent a chronic active inflammatory disease. The brains of AD patients
show evidence of mild active inflammation, including microglia and
complement activation and the presence of inflammatory cytokines (McGeer
and McGeer, 1995). Although the inflammation is likely secondary to more
fundamental injuries it may participate in morbid cycle of tissue damage, as it

does in systemic diseases like rheumatoid arthritis.
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Several epidemiological studies have shown that women on estrogen
replacement therapy may be less likely to be diagnosed with AD (Henderson,
1997; Henderson, 2004), and a few small trials claim improvement in female
patients with AD who are taking estrogen. The wide spread effects of
estrogen in the brain make these results plausible, although the mechanisms
have not been fully elucidated. A seminal insight was provided by results of
the Nun Study conducted by Snowden and Colleagues (Snowden et al., 1977)
the presence of cerebral infarcts, even if small and scarce, raised the risk of
dementia by as much as 20 times for those with AD-type lesions. This may be
the most common mechanism by which vascular injuries contribute to
dementia, since infarcts in the absence of AD-type lesions had few cognitive
effects. Thus the vigorous treatment of hypertension and other vascular risk
factors and the promotion of healthy diet and exercise could potentially reduce
the incidence of dementia. Further low education, head injury and low folate
levels are examples of potentially modifiable risk factors of AD ( Katzman,
2004) .

1.7. Metal toxicity

There has been growing interest in the area of metals and their implication in
AD. Evidences suggest that trace metal homeostasis plays a crucial role in
the normal functioning of the brain and any disturbance in it, can exacerbate
events associated with AD. Epidemiological evidence suggests that exposure
to aluminium (Al) metal from drinking water is associated with increased
incidence of AD (Martyn et al., 1989; McLachlan et al., 1996). Inoculation of
Al into rabbit brain was demonstrated to produce NFT’s resembling the NFT’s
of AD (Savory et al., 1999). Further Al exerts several neurotoxic effects which
mimic that of AD (Veer et al.,, 2005). A significant piece of circumstantial
evidence linking Al neurotoxicity to AD can be derived from a promising clinical
trials involving the treatment of AD patients with Al ion chelator,
desferrioxamine B (McLachlan et al., 1991). Al concentration was also shown
to be elevated in NFTs and SPs. However for various reasons the role of Al in

AD has become a matter of controversy. It was shown that Al has low DNA
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binding affinity while it has higher affinity towards RNA (Schuurmans, 1990).
However, Lukiw et al. (1991)

have shown increased amounts of Al in chromatin and they detected high

They also found low Al levels in the nucleus.

concentration of Al (885.4 ug/g DNA) in DNA isolated from the neuronal nuclei
of AD. Recent studies from our lab showed that Al not only strongly binds to
DNA but also causes helicity change in DNA (Latha et al., 2002; Champion et
al., 1998; Rajan et al., 1996).

Genetic Factors Non-Genetic Factors
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Figure. 1.4. Cross talk between genetic and non-genetic factors. It
demonstrates the concept that the AD phenotype is etiologically
heterogeneous. The four known genetic factors related to AD are shown on
the left, as are additional probably involved genes. On the right are listed four
potential non-genetic causes of AD that presently remain speculative and
unproved. The bottom arrow in the figure suggests that the most common
pathogenesis for AD in the general population may be a complex
interaction between aging, genetic predisposition, and environmental
factors.
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Large body of evidence indicates that the homeostases of zinc (Zn),
copper (Cu) and iron (Fe) and their respective binding proteins, are
significantly altered in the AD brain (Atwood et al., 1998; Doraiswamy and
Finefrock, 2004). There are two generic reactions of metals with reference to
neurodegenerative diseases. Firstly, a metal-protein association leading to
protein aggregation and secondly, metal-catalyzed protein oxidation leading to
protein damage and denaturation. AP, a metalloprotein binds to metal ions
Zn, Cu and Fe. Zn binding precipitates Af and also it may have a protective
effect by displacing Cu and Fe enriched in AB plaques in AD. On the other
hand, there is evidence that Zn can initiate plaque formation by its ability to
bind to AB under non-acidic conditions and by creating the inflammation, which
leads to acidity. Under acidic conditions, which exist in inflammed tissue, Cu
displaces Zn (Cuajungco and Faget, 2003). Cu enhances p-sheet formation of
amyloid-beta fibrils and this enhancement is potentiated by apoE (Huang,
1999), which in turn promotes the aggregation of Ap that deposits as SPs.
Also binding of redox active Cu and Fe to AB produces H,0O, that involves the

reduction of these metal ions.

1.8. Neuropathology of AD

The background, pathophysiology, and pathology of AD don’t constitute a
single universally accepted concept either. The clinical heterogeneity of AD is
a result of variation in the distribution, quality and severity of pathological
changes in the brain. This diversity has even led to the assumption that AD
might be considered as a convergent syndrome rather than a single disease.
In brief, currently AD is considered to be a multifactorial disease, with a
combination of aging, genetic aberration and/or environmental factors
triggering the pathological cascade: accumulation of hallmarks of AD
pathology, followed or accompanied by cytoskeletal and mitochondrial
abnormalities, loss of neurons and synaptic connections, impaired cellular
homeostasis, inflammatory reaction, and gliosis, which eventually lead to the

clinical presentation of the disease to take place (Fig. 1.4).
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Although cerebral atrophy is a typical manifestation of AD, it does not
distinguish from AD accurately enough to be diagnostic; this applies to
neuroimaging as well as gross inspection at post mortem. However,
microscopic examination reveals the critical features of the disease- a cerebral
cortex peppered with NFTs and SPs: the classic pathological changes
considered as hallmarks of AD (Fig. 1.5. a & b) (Yankner, 1996).
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Figure. 1.5. Senile plaques (a) and Neurofibrillary tangles (b) of AD brain.
(a)The brain of the Alzheimer's patient will show accumulations of a normal
body-protein - beta-amyloid - which has been transformed into a form which is
toxic to the brain. This transformed beta-amyloid is found between the nerve-
cells of the brain and becomes surrounded by the remnants of the cells which
it has killed forming so-called plaques. (b) The other marker of Alzheimer's
Disease is known as a Neurofibrillary Tangle. This tangle is caused by the
build-up of a protein called Tau inside the nerve-cells of the brain (Courtesy:
www.alzforum.org)

1.8.1. Amyloid plaques or senile plaques

SPs are complex and consist of extracellular deposits of amyloid material and
are associated with swollen, distorted neuronal process called dystrophic
neurites. The term amyloid was coined by Virchow in 1854 being derived from
amylose or amylon and means ‘starch like’. Amyloid is a generic term for the
primarily extracellular accumulation of fibrillar protein deposits, which have
unique tinctorial and structural properties. At least 20 unrelated normally

nonfibrillar proteins are known precursors of amyloid (Westermark, 1997).
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In AD, AB peptide aggregates and accumulates in the brain as diffuse and
compact plaques. Diffuse plaques are not associated with degenerative
changes; where as compact plaques composed of Ap fibrils are associated
with pathological changes in the surrounding brain parenchyma. The basis of
this differential neuronal response is unclear but may relate to the different
physical states of Ap in diffuse and compact plaques (Yanker et al., 1991). The
imbalance between AP production and AP clearance is the basis for the

formation of amyloid plaques (Kowalska, 2004)

AB, a self aggregating peptide, is derived by proteolytic cleavage of
APP. While it was originally thought that AB represents an abnormal cleavage
product, AB has since been established as a normal product of neuronal APP
metabolism, found in the cerebral spinal fluid (CSF) and serum of healthy
individuals (Haass, 1992; Shoji, 1992). APP and its isoforms are distributed
evenly in neuronal cell bodies and their axons and dendrites. The APP —
positive neuronal processes showed mesh-like networks and in AD mesh-like
networks are generally decreased (Shoji et al., 2000). Differential activity
between three different secretase, o, p and vy, at their specific cleavage sites
yields a number of different products, including Ap(1—-40) and Ap(1-42)
(Sisodia, 1992). While Ap (1-40) is the predominant product of this proteolytic
pathway, AB(1-42) is far more fibrillogenic in vitro and is the major AB species
present in the core of SP (both AD and non-AD related) (Burdick, 1992; Jarrett
and Lansbury, 1993). The deposition of AB(1-40) and AB(1-42) into SP likely
begins with the nucleation of soluble AB(1—42) into fibrils followed by
accumulation of normally soluble AB(1—40)(Jarrett and Lansbury, 1993).
Micro-environmental changes in the brain, such as pH, metal ion (Cu, Fe and
Al) availability and oxidants, likely impact upon Ap structural conformation and
its deposition in amyloid plaques (Atwood, 1998; Smith, 1997). As of late a
great deal of attention has also been focused on the fact that soluble forms of
amyloid that are pre-fibrillar may also be involved in AD pathogenesis
(Lambert, 1998). Nevertheless, soluble forms of AP, including oligomers,

correlate quantitatively with the number of SP (Teller, 1996).
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The destructive nature of AB is evident from a close examination of
histological preparations in the immediate vicinity of SPs revealing
degenerative dendritic processes surrounding and infiltrating the plaques
(Geddes, 1986). Additionally, regions severely affected by disease, including
the hippocampus and frontotemporal cortices, show colocalization between Ap
plagues and neuronal cell death (Rogers and Morrison, 1985). This lead
investigators to explore whether AB is toxic to neurons in both in vitro culture
assays and in the intact brain of animals. The results of these experiments at
first seemed extremely contradictory, stemming from lot-to-lot variability in the
peptide and the lack of proper control over whether Ap was aggregated into
fibrils of B-sheet conformation (Cotman et al., 1992). Nonetheless, it is nhow
established that fibrillation of Ap is required to obtain neurotoxic effects
(Lorenzo and Yankner, 1996; Pike, 1993) and that it is inherently toxic to
neurons and clonal cell lines in culture (Pike, 1991; Yankner, 1990). Toxicity
of the peptide has been shown to reside in between amino acids 25 and 35
(Pike, 1995). The neurotoxicity of the peptide in vivo was likewise assessed
by infusion of the peptide in a variety of animal models. Notably, intracortical
injection of AB(1-42) or AB(25-35) fragments into aged rats or primates
produced lesions reminiscent to those seen in AD patients (Kowall, 1992). In
vivo injection of AP into the brain also led to neurodegeneration and dystrophic

neurites in hippocampal neurons (Pike, 1991 and 1992).

The source of Ap toxicity has yet to be established, however, a number
of theories have been advanced. The possibility that AR may act through a
cell surface receptor and thereby trigger an intracellular signaling cascade,
while not being eliminated as a possibility, is supported by little experimental
evidence. Numerous studies have since supported the idea that an oxidative
event is critical for AP toxicity (Mattson, 1995). It is thought that the peptide is
capable of generating reactive oxygen species (ROS), which is supported by
the fact that Ap peptides can induce the generation of H,O, (Hensley, 1994;
Huang, 1999), can stimulate inflammatory cells to produce ROS (Akama,
1998; Butterfield, 1996; Meda, 1995) and that neurotoxicity can be attenuated

by administration of anti-oxidants and free radical scavengers, such as Vitamin
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E (Behl, 1992). The prooxidant potential of A is also supported by in vivo
evidence where deposits are associated with oxidative damage (Atwood,
2001; Smith, 1994) and such damage is, like AB deposition (Selkoe, 1996),
viewed as an extremely proximal event in disease pathogenesis (Nunomura,
1999 and 2000). However, while it is clear that Ap, either directly or indirectly,
promotes oxidative stress and that toxicity can be attenuated by anti-oxidants,
the precise mechanism by which amyloid deposition leads to increased
oxidative stress remains elusive. Indeed, while studies have suggested that
the neurotoxicity of aggregated Ap is mediated by its ability to induce oxidative
stress via the spontaneous generation of free radicals and ROS (Hensley,
1994), this proposition has been questioned on theoretical and methodological
grounds (Dikalov, 1999; Turnbull, 2001). Instead, it now appears that the
oxidant effects of AB are mediated by its interaction with redox-active metals
such as Fe and Cu since metal chelation treatment of ApB significantly
attenuates toxicity (Rottkamp, 2000). Significantly, AB has an unusually high
affinity for both Fe and Cu (Atwood, 1998; Cuajungco, 2000) and is capable of
reducing these metals with subsequent production of H,O, and oxidized
amyloid (Huang, 1999). The relevance of this mechanism to disease
pathogenesis is highlighted by the association of redox active metals with SPs
in AD (Sayre, 2000; Smith, 1997). In addition, the deposition of this normally
soluble cellular protein promotes a chronic inflammatory response of the AD
brain, whereby activated microglia release ROS as part of the respiratory burst
(Atwood, 2001). Therefore, A likely has much to answer for with regards to
the oxidative damage observed in the AD brain. Ap (1-42) and AB (25-35)
were also shown to cause marked oxidative damage to mitochondrial DNA
(Pappolla et al., 1999). Further, studies also revealed increased mitochondrial
DNA oxidation in AD (Mecocci et al., 1994).

1.8.2. Neurofibrillary tangles

NFT is the most consistent post-mortem characteristic of AD, consisting of

phosphorylated fibrillary proteins aggregated within the neuronal cytoplasm.
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Tau protein (consisting of 441 amino acids) incorporation into PHFs is a
pathognomonic sign of AD. In 1986, Brion and coworkers showed that
antibodies against the cytoskeletal protein tau labeled NFTs; these studies
were complemented by findings in several laboratories that tau is the main
component of PHF (Kosik et al., 1986). NFTs composed of arrays of PHFs
are present mainly in the hippocampus, entorrhinal cortex, and amygdala.
PHFs are anomalous structures generated by self-aggregation of
hyperphsophorylated forms of tau protein that form a compact filamentous
network (Maccioni and Cambiazo, 1995). Tau, a member of the microtubules
associated protein family, is a phosphoprotein with multiple phosphorylation
sites and widely expressed in brain. The primary function of tau is to maintain
microtubule stability (Geula, 1998), which plays an important role in axonal

transport and morphogenesis.

The neurofibrillary changes in AD may present as NFTs in nerve cell
bodies and apical dendrites, and neuropil threads in remote dendrites and in
the abnormal nerve endings associated with SPs. Nerve cells with NFTs and
synapses within the region covered by SPs are believed to undergo
degeneration, become dysfunctional and result in AD. The NFTs developed
within the soma of the neuron, get converted into extraneuronal structures,
and are finally engulfed and degraded by astrocytes, after degeneration of the
parent cell (Braak and Braak, 1991). The development of tangles is a major
and possibly the main mechanism of neuronal death in AD (Gomez- Isla et al.,
1998). Some groups of neurons are preferentially affected by tangles in AD.
For example NFTs frequently occur in areas of the hippocampus that are
involved in processing experience prior to storage as permanent memories.
This correlates with the clinical deficits observed in the early stages of AD in
learning and in the creation of new memories, as well as with the relative
preservation of established memories. The neurons at the basal forebrain that
provide most of the cholinergic innervations to the cortex are also permanently

affected resulting in the cholinergic neurotransmitter deficits.

The discovery of tau as the major subunit of PHFs in AD has markedly
increased interest in understanding the structure and function of this protein.

In a normal neuron, tau is localized in the axons and neuronal soma (Binder et
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al., 1985). The tau and tangle hypothesis argue that in AD, the normal role of
tau in stabilizing microtubules is impaired and indeed, in diseased neurons
microtubules are gradually replaced by tangles. At present much of what is
known regarding tau hyperphosphorylation and cytoskeletal degeneration has
come from studies aimed at understanding the neurotoxic effects of AP
(Yanker, 1990; Lovestone, 1997). Understanding how tau is produced and
processed is important to researchers as they attempt to understand how AD
unfolds in the human brain. Tau processing also may serve as a target for the
development of new therapies to treat the disease. In AD, aggregated tau is
hyperphosphorylated and phosphorylation of tau reduces its ability to bind
microtubules (Frank et al., 2003). It is the incorporation of excess phosphate
groups i.e hyperphosphorylation, which lead to the formation of PHF/tau.
Currently promising efforts are underway to establish phosphorylated tau in
CSF as a putative disease specific biological marker of AD (Lu and Kosik,
2001; Rachakonda et al., 2004; Olsson et al., 2004). In normal brain,
equilibrium between phosphorylation and dephosphorylation of tau modulates
the stability of the cytoskeleton and consequently axonal morphology. Amyloid
fibril formation has been shown to be one factor associated with tau protein
phosphorylation in AD (Busciglio et al., 1995). Further, the pattern of tau
phosphorylation correlates with a loss of neuronal integrity and with the
severity of dementia (Augustinack et al., 2002). NFTs account for between 2.2
and 17.2% of neuronal loss in AD (Kril et al., 2004).

Immunohistochemical experiments show that tau exists in nuclei of
various cell lines, such as human neuroblastoma and human retinoblastoma.
In the nucleus, as detected by Tau-1 monoclonal antibody, tau localizes to the
nucleolar organizer regions (NORs) (Loomis et al., 1990; Haque et al., 1999;
Greenwood et al., 1995). However, whether or not tau is associated with DNA
in mature brains in vivo needs further study. Further, studies have shown that
tau can bind both eukaryotic (calf thymus, plasmid DNA) and phage DNA and
synthetic polynucleotides of arbitrary nucleotide sequence when they were
double stranded and single stranded DNA did not bind to tau. Hence tau

appears to bind to ds DNA and induced DNA conformational bending (Corces
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et al., 1980; Hua and He, 2000; Hua and He, 2002 a and b), however the
function of tau in the neuronal nuclei is unknown. Microtubule-associated
proteins have been shown to have higher affinity for DNA than for
microtubules and their removal from the microtubules by DNA causes
microtubule breakdown (Corces et al., 1980). Separation of tau from LA-N-5
nuclei in the chromatin fraction has indicated the direct or indirect association
of nuclear tau with DNA (Greenwood et al., 1995).

1.9. Oxidative stress

Several different studies have provided evidence implicating oxidative stress
as a major pathogenic mechanism in AD. The concept of oxidative stress
refers to a state in which oxidant production surpasses the endogenous
antioxidant capabilities leading to oxidative molecular damage of the tissue.
Such a state can be achieved either by increased production of cellular
oxidants and/or decreased concentrations of cell antioxidants including
glutathione, Vitamin E, ascorbate, the glutathione peroxidase system,
superoxide dismutase (SOD), and catalase. Overproduction of reactive
oxygen and nitrogen species such as superoxide, hydrogen peroxide, nitric
oxide, and peroxynitrite occurs in AD and is considered to mediate cellular
damage and signal apoptosis.

The rationale to examine oxidative stress in aging brain is based on the
following aspects a). Brain has high content of easily peroxidizable
unsaturated fatty acids (especially high in 20:4 and 20:6 fatty acids); b). Brain
requires very high amounts of oxygen per unit weight (about 20% of the total
amount used in humans; c). Brain has a high content of both Fe and
ascorbate (i.e they are key ingredients in carrying out membrane lipid
peroxidation) and d). Brain is not highly enriched in antioxidant protective
defenses and this then adds to its otherwise readily poised potential for
oxidative damage. While most of the radicals are sequestered in the
mitochondria, oxidative insult is exacerbated by age, metabolic demand, and

disease conditions such as AD.
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Free radicals produced during oxidative stress are speculated to be
important in AD and other neurodegenerative diseases (Smith et al., 1995).
Free radicals produce tissue damage through multiple mechanisms, including
excito-toxicity, metabolic dysfunction, and disturbance of intracellular
homeostasis of calcium. Over the past decade, modification to virtually all
classes of biomacromolecules indicative of oxidative stress has been
described in association with the susceptible neurons of AD: a). DNA and RNA
oxidation is marked by increased levels of 8-hydroxyl-2-deoxygaunosine
(80OHG). DNA repair deficiency is also noted in AD since higher levels of DNA
breaks, DNA nicking and fragmentation are observed in AD patients (Mecocci
et al.,, 1994; Mecocci et al.,, 1997; Nunomura, 1999; Kadioglu et al., 2004).
b).Oxidative modification of proteins is marked by significantly elevated levels
of protein carbonyl and widespread nitration of tyrosine residues (Good et al.,
1996; Smith et al., 1997). Some specifically oxidized proteins have recently
been identified by proteomics (Castegna et al., 2003) and it is notable that
many are either enzymes that are related to ATP generation or enzymes
involved in glycolysis. Therefore, oxidative modification may lead to metabolic
impairment in AD. Moreover, crosslinking of proteins, by oxidative process,
may lead to the resistance of the lesions to intracellular and extracellular
removal even though they are extensively ubiquitinated (and this resistance of
NFTs to proteolysis might play an important role in the progression of AD
(Crass et al.,, 1995). c). Lipid peroxidation is marked by higher levels of
thiobarbituric acid reactive substances (TBARS), malondialdehyde (MDA), 4-
hydroxy-2-transnonenal (HNE) and isoprostane and altered phospholipid
composition (Butterfield, 2001) and d). Modification to sugars is marked by
increased glycation and glycoxidation (Castellani et al., 2001; Vitek et al.,
1994).

Increasing evidence suggests that the very earliest neuronal and
pathological changes characteristic of AD show indication of oxidative damage
(Perry et al., 1998; Pratico et al.,, 2001) indicating that oxidative stress
represents a very early contributor to the disease. A systematic examination
of the spatiotemporal relationship between the presence of oxidative

modification and the hallmark AD lesions at early AD stages suggest that
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many markers of oxidative damage are present in susceptible neurons even
without neurofibrillary pathology (Nunomura et al., 1999). Further, there is
marked accumulation of 8OHG and nitrotyrosine in the cytoplasm of cerebral
neurons from Down Syndrome cases in their teens and twenties, which
temporally precedes AP deposition by decades (Nunomura et al., 2000).
Some specific mechanisms proposed for generation of ROS in AD include
direct generation by AB, activation of microglia by AB and possibly electron
transport chain defects (Mattson and Goodman, 1995). In AD, ROS have
been proposed to interact with amyloid protein to create SPs and amyloid may
generate oxygen radicals within the membrane and damage membrane lipids

and other proteins (Mattson and Goodmann, 1995).

1.10. Apoptosis

Apoptosis, a programmed cell death by intrinsic mechanism to regulate cell
population, characterized by cell shrinkage and nuclear condensation and
fragmentation, has been shown to occur extensively in brains from patients
with AD. In addition to NFTs and SPs, abundant apoptotic neuronal and glial
cells are another pathological hallmark of AD (Su et al.,, 1994; Cotman and
Anderson, 1995; Smale et al., 1995; Lucassen et al., 1997).

Increasing evidence points towards a role for apoptosis in AD. This
evidence comes from both invitro and invivo studies (Smith et al., 1996;
Sugaya et al., 1997; Su et al., 1996; Anderson et al., 1995). Two families of
proteins have been shown to play a major role in initiating and regulating
apoptosis. The first is a family of cysteine proteases, the caspases, which
cleave substrates following the aspartic residue and bring about cell death
through proteolysis of proteins vital to cellular homeostasis (Cohen, 1997,
Nicholson and Thornberry, 1997). The second, is the Bcl-2 family of proteins
(Barinaga, 1994; Clearly et al., 1986; Martin et al., 1994) which comprises both
antiapoptotic and proapoptotic members and plays an important role in
regulating caspases activation (Jacobsen, 1996). The Bcl-2 onco-protein has
a protective effect against apoptotic and necrotic cell death (Clearly et al.,
1986; Garcia et al., 1992; Hockenbery, 1995; Reed, 1995; Steller, 1995).
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Bcl-x is a recently discovered member of the Bcl-2 family of protein (Barinaga,
1994; Frankowski et al.,, 1995). It has two spliced forms, Bcl-xs and Bcl-x,
(Minn et al., 1995), while Bcl-xs promotes apoptosis, Bcl-x; has a similar
apoptosis sparing effect to Bcl-2 (Barinaga, 1994; Minn et al., 1996). Another

member of the family is the Bax protein, which is believed to promote
apoptosis. The four members of the family are known to hetero and
homodimerize with known inhibiting each other’s action. Therefore in a cell
that expresses various amounts of these proteins, the fate of the cell may be
dependent upon the ratio of these proteins (Barinaga, 1994; Oltvai et al.,
1993). The absence of the apoptosis-sparing Bcl-2 protein from neurons in
the hippocampus of AD patients may indicate that these neurons are
vulnerable to apoptotic stimuli. Although the Bcl-x protein expression did not
seem to be clearly linked to any individual pathological feature in AD. Strong
positive signal for Bcl-x was never detected in controls and overall labeling
intensity showed an increase with accumulation of AD-related pathology. It
was shown that Bcl-x related phenomenon might possibly be involved in the
death or survival of the neurons in AD-affected regions of the brain. The
presence of this apoptosis promoting protein in these structures and the
absence of Bcl-2 or Bax which are capable of hereto-dimerizing with Bax and
counteracting its effect, indicate that the cells with Bax-positive processes in
neuritic plaques are likely to be prone to cell death. These results strengthen
the evidence that apoptosis-related phenomena are related to cell death in AD
and related disorders. However, the pathway involved in triggering apoptotic
cell death may be different in different cells and may also differ from one
patient to another suggesting that these phenomenon are heterogenous.
NFTs formation, Ap deposits, high concentration of APP, caspase-3, the PS 1
and 2 gene and nitric oxide are considered to be important triggers of neuronal

and glial apoptosis (Ugolini et al., 1997).

1.11. DNA fragmentation

The etiopathogenesis of AD is poorly understood. One of the mechanisms

responsible for cellular death in AD might be an accumulation of DNA damage
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(strand breaks). Mullaart et al. (1989) found that at least a twofold higher
level of DNA damage in cortex from individuals with AD as compared to
control. The appearance of apoptotic cells in AD brains was analyzed mainly
by the method of deoxynucleotidyl transferase dUTP end labeling (TUNEL)
staining which indicates cells with fragmented DNA (a phenomenon resulting
from DNA fragmentation in apoptotic cells). Several reports show that AD
brains exhibit more abundant TUNEL staining than age-matched control brains
and that in neurons, the TUNEL signal colocalizes with intracellular Af (Su et
al., 1994; Anderson et al., 1995). DNA fragmentation was found frequently in
cell bodies containing NFT’s, as observed using either the anti-tau antibody or
the anti-NFT antibody. There was tendency for more strongly anti-tau stained
cells to exhibit DNA fragmentation more frequently (Sugaya et al., 1997).
Damage to nucleic acids caused by ROS includes base modification, single-
strand breaks, and double-strand breaks if singe-strand breaks, and double
strand breaks are in close proximity. The predominant marker of oxidative
damage is the hydroxylated nucleoside 8-hydroxy-2’-deoxygaunosine
(80OHAG). A relatively high basal level of 80OHdG is detected in the brain of
control and AD subjects (Gabbita et al., 2001; Lyras et al., 1997, Mecocci et
al., 1994). There are conflicting reports as to whether 80OHAG is elevated in
nuclear DNA in any AD brain region (Gabbita et al., 2001) but an increase is
detected in mitochondrial DNA (Mecocci et al., 1994). Elevated levels of
oxidative DNA damage were also found in lymphocytes from patients with AD
(Morocz et al., 2002; Kodioglu et al., 2004). In addition increased oxidative
damage to RNA in neurons throughout the brain of AD subjects is observed
(Nunomura et al., 1999). Evidence for widespread single-and double-strand
breaks in AD brains has been provided by in situ labeling methods (Lassmann
et al., 1995; Stadelman et al., 1998; Su et al., 1994). The relative contribution
of free radical mediated DNA cleavage, ongoing or incomplete DNA repair
process or endonuclease cleavage as part of an apoptotic cascade to the
generation of DNA strand breaks is not known. Whether DNA fragmentation
accumulation over the course of disease or occurs within the perimortem

period is yet to be established. A correlation between DNA fragmentation and
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AP deposition was made in cortex and midfrontal gyrus from patients with AD

implicating ApB as one of the factors of cell injury (Colurso et al., 2003).

1.12. Therapeutic strategies

AD is a very complex disorder and there probably is not one single cause, but
several factors are important to describe the etiology of disease. Therefore,
combination of compounds, which act as more than one target site, could be
useful for the treatment. Owing to the beneficial effects of of a-tocopherol and
ascorbic acid in reducing the free radical load in hippocampus and cerebral
cortex (Bano and Parihar, 1997), a considerable interest in the use of these
vitamins for treatment of AD has been made. Both a-tocopherol and ascorbic
acid have been shown to slow the progression of the disease and reduce the
risk for AD (Reiter, 1997). Relatively long term antioxidant treatment may
delay the onset of disease. Up-regulation of multiple ROS-scavenging enzyme
capacities, which may be accomplished with various neurotrophins (Spina et
al., 1992) may provide a mechanism for the prevention of neurotoxicity.
Cholinergic drugs are routinely used in the treatment of AD to improve
cognitive functions. These drugs together with multiple antioxidants have
been proposed to be more effective in the treatment of AD than the individual
agents alone (Prasad, 2000).

Preventions of mitochondrial oxidative damage and mitochondrial
mutations have received considerable interest for the treatment of
neurodegenerative disorders (Byrne, 2002). Infusion of nerve growth factor
(NGF) in aged animals up regulates cholinergic activity in the basal forebrain
and striatum and improves learning and memory as well as motor performance
(Mendoza-Ramirez et al., 1995). Estrogens have been shown to modulate
neurotransmission, acting as a free radical scavenger and activating nuclear
estrogen receptor in intracellular signaling (Behl and Holsboer, 1999). It
prevents the formation of AB by promoting the non-amyloidogenic a-secretase
processing of APP (Xu et al., 1998). Another hormone insulin which has been
shown to regulate phosphorylation of tau protein that underlies neurofibrillary

lesions in the brains of AD patients and also affects the metabolism of Ap
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(Gasparini et al., 2002) highlighted new potential target for therapeutic
intervention. Nonsteroidal anti-inflammation drugs, which inhibit the synthesis
of prostaglandins, reduce the rate deterioration of cognitive functions in
patients with advanced AD. Natural agents of food supplements that could
have multiple properties (e.g., anti-inflammatory, antioxidant, improving
mitochondrial energetics, etc.) and cross blood-brain barrier may apparently
prevent or delay or maintain the individuals at their higher level of functioning.
There is a growing interest in the use of polyphenolic antioxidants to reverse
age-related decline in neuronal signal transduction and in cognitive and motor
behavior deficits. Extracts of Ginkgo biloba has been shown to have beneficial
effects on cognitive function. Neuroprotective properties of extracts of
Asparagus racemosus, Convolvulus pleuricauas and Withania somnifera
against free radicals induced damage in different brain regions in experimental
animals have been investigated (Parihar and Hemnani, 2003 and 2004).
However, the mechanisms underlying their neuroprotective effect are not fully
understood. Clinical efficacy and potential toxicity of active compounds in
trials require further assessment.

Blocking the proteolytic machinery that produces ApB(1-42) is the
preferred strategy. This could be accomplished either by reducing formation of
APP or by inhibiting proteolysis of APP to AB(1-42). Inhibition of - and y-
secretase activities and stimulation of o-secretase activity have been
suggested to be the most promising strategy for neuroprotection (Citron,
2000). Complete inhibition of either B or y- secretase alone should be
sufficient to block the AB production completely. The generation of secretase
specific protease inhibitors that penetrates the blood-brain barrier is a
challenge for drug discoveries. However, the drug that blocks the function of
y- secretase might not be effective in patients developing AD by factors other
than Ap(1-42) accumulation. The toxic forms of A might be soluble oligomers.
Therefore, agents that prevent Ap nucleation could be more effective than
those that merely block AP deposition (Wolfe, 2002). The anti-Ap
immunization either active or passive holds great promise in future for treating
or even preventing AD (Schenk 2002; Hock et al., 2002).
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However, for some people in the early and middle stages of the
disease, the drugs tacrine (Cognex), donepezil (Aricept), rivastigmine
(Exelon), or galantamine (Reminyl) may help prevent some symptoms from
becoming worse for a limited time. Another drug, memantine (Namenda), has
been approved for treatment of moderate to severe AD. Treating these
symptoms often makes patients more comfortable and makes their care easier
for caregivers. Developing new treatments for AD is an active area of
research. Now, researchers are studying the NSAIDs celecoxib (Celebrex)
and naproxen to find out if they can slow the onset of the disease.Research
has shown that vitamin E slows the progress of some consequences of AD by
about 7 months. Scientists now are studying vitamin E to learn whether it can
prevent or delay AD in patients with MCI. Recent research suggests that
ginkgo biloba may be of some help in treating AD symptoms. There is no
evidence that ginkgo will cure or prevent AD. Scientists now are trying to find
out whether ginkgo biloba can delay or prevent dementia in older people.
Curcumin, the active constituent of turmeric was also shown to have
therapeutic approach to ameliorate the inflammation and progression of AD
(Giri et al., 2004)
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AIMS AND SCOPE OF THE STUDY

It is very well accepted that conformational changes in proteins play an
important role in some diseases. Moreover, AD and other neurodegenerative
disorders like Parkinson’s disease and prion diseases are widely
acknowledged as Protein Conformational Disorders. However, information on
the conformational manifestation of eukaryotic DNA or their biological
significance with reference to gene regulation and expression is limited. As
genomic integrity is essential for the living organism as any damage or
structural change of the genome will affect the transcriptional fidelity and
ultimately the survival of the organism. It was speculated that accumulated
DNA damage in the brain might result in conformational changes in the DNA
making it ineffective during transcription.

In the present study we looked in to the lacunae and aimed to see
whether there is any conformational change in the DNA in the AD brain. This
is of considerable interest as biological function is often correlated with
structure at molecular levels. The role of AD etiological molecules like AB in
modulating the DNA was also evaluated. The following objectives have been

undertaken for the study.

1. To study DNA topology, stability and nucleotide specific DNA damage in
brain regions like hippocampus, superior frontal gyrus and
parahippocampal gyrus in normal and AD brain tissue.

2. To understand AP (1-42) induced changes in supercoiling and
superhelicity in DNA. To study Ap peptides (1-16, 1-28 and 1- 40)
interaction with sequence specific Oligomers, poly d(GC).(GC) and poly
d(AT). (AT).

3. To study the mechanism of Ap induced DNA damage.

The results of these studies are presented in the following chapters.
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CHAPTER -2



2.1. Chemicals

The following chemicals have been used

Supercolied Plasmid DNA (pUC 18 scDNA) (Cesium chloride purified, 90%
supercoiled structure) and DNA molecular weight markers, proteinase K and
RNAse were purchased from Bangalore Genei, India. Amyloid beta peptides,
AB(1-42), AB(1-16), AB(1-40), Ap (1-28), TRIS (hydroxymethyl) aminomethane
(Tris buffer) and HEPES buffer (N-[ 2- hydroxyethyl ] piperazine-N’ - [2-
ethanesulphonicacid]), aurintricarboxylic acid (ATA), trifluro ethanol (TFE),
deoxyribonucleotides, 3,3’ Diamino benzidine (DAB), poly d(GC).d(GC) and poly
d(AT).d(AT) were purchased from Sigma Chemical Co., USA. Ap (1-42) was
also purchased from r-Peptides (USA). Anti-Af (1-42) antibody was obtained
from Chemicon International, USA. Anti Z-DNA antibody was a gift from Prof.
Hasan (Hasan et al.,1995). Oligonucleotides, d(GCCCATGGC) and
d(CCGGGCCCGG) were synthesized in Prof Vishwamithra’s lab at Indian
Institute of Sciences, India (Champion et al., 1995). Apoptosis detection kit for
the TUNEL technique was procured form Promega, Maidson, WI (Rao et. al,
1998). Escherichia coli DNA polymerase |, terminal deoxynucleotidyl transferase,
and [°H] TMP (40 Ci/mmol) were purchased from Amersham (U.K). Copper grids
(300 mesh size) were purchased from Sigma chemicals. Uranyl acetate was
purchased from B.D.H laboratory chemicals division. All other chemicals, sodium
chloride (NaCl), sodium acetate, sodium dodecyl sulphate (SDS), EDTA,
phenol, chloroform, isoamylalcohol were of analytical grade and were purchased

from SISCO chemical laboratories, Mumbai, India.

2.2. Brain samples

In the present investigation DNA was isolated from postmortem human brain
tissues from patients with AD and age —matched controls (with no history of
long-term iliness, dementia, or neurological disease). Hippocampus region of
the human brain was obtained form Human Brain Tissue Repository (HBTR),
India and The Netherlands Brain Bank (NBB), Netherlands. Further
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parahippocampal gyrus and superior frontal gyrus were also provided by the
NBB. At both HBTR and NBB the postmortem interval on average was 6 h.
The Functional Assessment Staging Procedure (FASP) (Reisberg, 1998)
assessed the clinical severity of the moderate AD and severe AD. This
information was collected from Medical history of the patients from HBTR. The
brain autopsy samples were subjected to regular AD analysis by HBTR and

NBB by regular neuropathological guidelines (Mirra et al., 1993).

2.2.1. Clinical and neuropathological diagnostic criteria

applied in the rapid autopsy system

Human brain material is obtained via the rapid autopsy system of the NBB,
which supplies post-mortem specimens from clinically well documented and
neuropathologically confirmed cases. Autopsies are performed on donors
from whom written informed consent has been obtained either from the donor
or direct next of kin. The demented patients are clinically assessed and the
diagnosis of "probable Alzheimer's disease " is based on exclusion of other
possible causes of dementia by history, physical examination and laboratory
tests. The clinical diagnosis is performed according to the NINCDS-ADRDA
criteria (McKahn et al., 1984) and the severity of the dementia is estimated
according to the Global Deterioration Scale (Reisberg et al., 1982). The
control subjects have no known history or symptoms of neurological or
psychiatric disorders.

Once the brain is removed it is macroscopically examined and
immediately dissected following a standard protocol. The specimens are rapidly
frozen in liquid nitrogen and stored at — 80°C. All cases are neuropathologically
confirmed using conventional histopathological stains on formalin-fixed
specimens. The diagnosis is based on the presence and distribution of the
classical hallmarks for each of the disease groups investigated. The NBB uses a
scoring system in which the density of SPs, NFTs, disrupted interneuronal-
network (dINN), neuropil threads, congophylic plaques and vessels are
estimated in Bodian and Congo stains in 4 neocortical areas; frontal; temporal;
parietal and occipital. For the staging of the various pathological hallmarks a
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combination of a grading system and the Braak staging is applied to all
specimens (Mirra, 1997; Braak and Braak, 1991; Braak et al., 1996; Ravid et al.,
1998). In addition, apoE allele frequency is determined for each case as a
possible risk factor for AD (Nielsen et al., 2003). All cases in the disease groups
and controls are well matched for various factors, both ante-mortem and post-
mortem.  Ante-mortem factors include age, sex, agonal state, seasonal
alterations, circadian variation, clock time of death and medication. Post-mortem
factors include post-mortem delay, fixation and storage time and laterality (Ravid
et al., 1992, 1993; Ravid et al., 1995). Samples are also controlled for quality by
monitoring the agonal state of the deceased prior to death (Ravid et al., 1992;
Ravid et al., 1995).

2.3. Isolation of DNA from brain tissue

Genomic DNA from brain tissues was isolated by phenol-chloroform
extraction protocol using the following steps.

1. Tissue pieces were transferred into an autoclaved porcelain mortar and
pestle (all glass wares, mortar, pestle etc have been autoclaved before
using them in order to avoid bacterial contamination).

2. Liquid nitrogen was poured into the mortar and the tissue was allowed
to freeze.

3. Tissue was grind thoroughly with pestle with frequent additions of liquid
nitrogen.

4. Sufficient quantity of liquid nitrogen was poured into the mortar and was
swirled. Tissue homogenate was transferred into a sterile tube and the
liquid N> was allowed to evaporate (used a sterile spatula to transfer
the powdered tissue into a graduated tube).

5. Lysis buffer (50mM Tris-HCI (pH 8.0), 10mM EDTA (pH 8.0), 100mM
NaCl) was added into the tube along with 15ug per mL of proteinase K
and 2% SDS final volume. (1 mL of lysis buffer was used for every 500
mg of tissue. (Note1: Lysis buffer should be pre warmed, 2: Add
Proteinase K after first 2 h, optimum: 3 h)).

33



The homogenate was incubated at 37° C in a water bath for 12-16 h or
over night.

After the completion of incubation, the incubated lysate was transferred
to an autoclaved 50 mL conical flask and equal volume of tris-saturated
phenol (pH 8.0) and mixed thoroughly, either manually or mechanically

for 10min.

8. The lysate was centrifuged for 10min at 10,000 rpm at 13°C.

9. The supernatant was collected into a fresh autoclaved 50 mL conical

10.

11.

12.

13.

14.

flasks and 2 volume of Tris-saturated phenol and chloroform: isoamyl
alcohol was added and mixed thoroughly. (1 part phenol: 1 part
chloroform (C) and isoamylalcohol (IA) mixture (C:1A=23:1).(Note: Tris-
saturated phenol was stored in amber colored bottles at low
temperature to avoid oxidation of phenol).

The supernatant and Tris-saturated phenol-chloroform mixture was
centrifuged at 5000 rpm at 4°C.

The upper aqueous layer was collected into a fresh tube and 1/30"
volume of sodium acetate (pH 5.5) and equal volume of chilled absolute
ethanol were added.

DNA was precipitated by slowly swirling the tube manually.

Note: Pre-cooled tubes were used and DNA was transferred into
another tube containing 70% alcohol for washing.

DNA was washed twice with 70% alcohol and once with absolute
alcohol to remove excess salt and vacuum dried.

The vacuum dried DNA was dissolved in 1mL of TE buffer (10mM Tris-
HCI, 1mM EDTA, pH 8.0). The DNA isolated from cells contains RNA
also and has to be removed by digesting the preperation with RNAse
enzyme. RNAse solution should be kept in boiling water for 10min so
as to inactivate any DNAse, because the RNAse may contain DNAse
also. (RNAse can also be added before Proteinase K treatment, and
incubate at 37°Cfor 1h and then start Proteinase K (Add 1ug of RNAse
/mL of lysis buffer for the 30min)).
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2.4. Quantification of DNA

DNA was quantified by recording its optical density (OD) at 260 nm by UV
spectrophotometer by following relation.

OD 260nm x 50 x Dilution factor = pug/mLof DNA
Low salt and alkaline buffer are used in order to achieve reproducible A
260nm.

2.4.1. Spectrophotometric equivalents of DNA

The following table (table1) depicts the spectrophotometric equivalents

ofdouble and single stranded DNA.

Nucleic acid (One A 260nm) Amount Molarity (in nucleotides)
Double stranded (ds) DNA 50ug/ml 0.15 mM
Single stranded (ss) DNA 33ug/ml 0.10mM

Table 1. Correlation between A 260nm and the concentration of DNA.

2.4.1. Estimation of purity of DNA

Absorbance at 280 (A 280nm) nm indicates presence of protein and A 260/A
280 nm ratio denotes the purity of the sample, in terms of protein
contamination. A260/A 280 ratio should be 1.5 to 1.8 in order the DNA to be
pure. The following table provides the absorbance ratios for DNA and protein

sample mixture

SI. No | % DNA | % Protein | 260/280 ratio
1 100 0 1.8
2 75 25 1.4
3 50 50 1.1
4 25 75 0.8
5 0 100 0.7

Table 2: Correlation between purity of DNA and the 260/280 nm ratio.
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2.5. Circular Dichroism (CD) spectroscopy

Dichroism is the phenomenon in which light absorption differs for different
directions of polarization. In circularly polarized light the magnitude is constant
and the direction is modulated. Circular Dichroism (CD) is a special kind of
absorption spectroscopy so it occurs at energies where normal absorption
occurs. CD investigates are sensitive to structure. The instruments needed
are similar to normal absorption instrument, although optical elements are
added to produce the polarized light. As a practical matter, it is important to
investigate the normal absorption first to ensure that the absorption of solution
is not more than 1.0 so that at least 10% of it is transmitted for the instrument

to use in determining the Dichroism.

2.5.1. CD of biological molecules

A solution of randomly oriented molecules will be optically active if the
molecules are asymmetric. Biopolymers are asymmetric and of course they
show optical activity. The optical activity can be seen as the rotation of linearly
polarized light due to the differences in refractive index for the two types of
circularly polarized light (called optical rotatory dispersion) or by the
differences in absorption for two types of circularly polarized light (called
circular dichroism). The two phenomena are related and in modern work, CD
is measured because it monitors the effect of absorption bands one at a time.
In contrast optical rotation is more complicated. It measures the combined
effect of all the bands that gives rise to a refractive index. Both right and left-
handed circularly polarized light obey Beer's Law and CD is defined as the
difference in extinction coefficients
AA (M= AL (M)-Ar (1)
= [eL(A)-¢ (A)] lc= Alc

Where subscript denotes the type (handedness) of the light. For historical
reasons commercial spectrographs present CD as ellipticity, 6. Ellipticity in

degrees is related to the difference in absorbance by AA= 0/ 32.98.
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The corresponding expression for Ag is molar ellipticity in deg.dl/mol.dm, [0]=

3298 Ae which includes an arbitrary factor of 100.

2.5.2. Electronic CD of nucleic acids

The CD of biopolymers is usually measured in the region of electronic
absorption. The nucleotides have an intrinsic asymmetry due to chiral sugar.
The interactions of the strong n —= transition of the chromophoric bases with
the higher energy transition in the sugar yield a CD of low intensity. Formation
of a helical structure is a super asymmetry that gives rise to degenerate
interactions between chromophoric bases and results in intense CD spectra.
The CD will be characteristic of the conformation of the Nucleic acids, and will
depend on base composition, because each base has different transition
dipoles. 10.4 base pair B-form is the normal conformation of DNA in aqueous
solution at moderate salt. The 10.2 base pair B-form is formed in aqueous
solution at high salt in solvent system with a high concentration of methanol
and for DNA wound around histone cores. These conformations are easily
identified by their very different CD spectra. The positive and negative couplet
at about 280nm and 240nm and the intense positive CD at about 190nm are
characteristic of 10.4 bp B-DNA form. Collapse of the long wavelength 280nm
CD band is the hallmark of the 10.2 bp B-DNA form.

The more intense positive band at 270nm coupled with the negative CD
at 210nm and the extremely intense positive CD at 185nm are characteristic of
the A-form. Double stranded RNA has a very similar CD spectrum.
Poly.d(GC).d(GC) will form the left handed Z-DNA form under certain
conditions of salt or alcohol. The Z-form sometimes has negative band at
290nm, but its hallmark is an intense negative band at about 195nm. The CD
spectra were recorded on a JASCO J 700 Spectropolarimeter at 25° C, with
2mm cell length. DNA structures were characterized using the references of
Gray et al. (1978), Hanlon et al. (1975) and Shin et al. (1984).
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2.6. Enzyme linked immunosorption assay (ELISA)

Anti-Z-DNA polyclonal antibody was used in ELISA test by following the method
of Hasan et al. (1995). In brief, 20 ug of DNA (120 uM (Phosphate)) was used
for ELISA studies. DNA dissolved in 0.01M HEPES buffer (pH 7.4) was added
along with Anti-Z-DNA polyclonal antibody to micro-titer plates and kept over
night at 4°C . The titer plates were pre-treated with protamine sulfate to
facilitate the binding of DNA.  Anti-Z-DNA polyclonal antibody was a gift from
Prof. Hasan, India. The absorbance of DNA -antibody complex was recorded
at 410 nm. The oligomers d(GCCCATGGC), a classical B-DNA and
d(CCGGGCCCGQG), a classical Z-DNA have been used as negative and positive
controls respectively in ELISA test and the structural conformations of these two
oligomers were reported using CD and X-ray diffraction studies (Champion,
1995, Champion et al., 1998).

2.7. EtBr binding to DNA and scatchard plots

The binding of EtBr to DNA and DNA protein complexes was measured in 0.01M
HEPES buffer (pH 7.0) using F-2000 HITACHI spectrofluorometer by taking 1:1
(w/w) DNA/ EtBr before measuring fluorescence emission. DNA/EtBr solutions
were excited at 535 nm, and emission intensity was monitored at 600 nm using
HITACHI F-2000 Fluorescence Spectrophotometer.

The amount of EtBr bound and the average number of base pairs per
bound EtBr molecule were calculated using Scatchard's equation. The
fluorescence was measured using a constant amount of DNA with increasing
EtBr against the blank containing no DNA. The measurements were
performed keeping the excitation at 535 nm and emission at 600 nm. The path
length was 10nm. The amount of EtBr bound to DNA was calculated using the

independent binding equation of Scatchard (Scatchard, 1949).
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The concentration of bound EtBr concentration (C,) was calculated
from the relation:
Cp=Ct (|-|o)/(V-1 )|o,

Where Ct is the known total EtBr concentration (picomoles) in the dye-DNA
mixture, | is the observed fluorescence intensity at any point of dye-DNA
mixture, Iy is the observed intensity of the identical concentration of EtBr in the
absence of DNA, and V is the experimentally determined ratio of the
fluorescence intensity of totally bound EtBr to that of free EtBr. Free EtBr
concentrations (Cs) were obtained from the relationship Ct= C, + Cy. Ct, C, and
C: are expressed in picomoles. The amount of bound EtBr/nucleotide (r) was

calculated by
r = Cp (pmoles) /[ DNA bp] ot (pmoles).

A plot was made for r vs r/ Cs and the point where the straight line intersects

the axis r was defined as the maximum amount of dye bound per nucleotide

(n).

2.8. Agarose gel studies

DNA mobility and damage analyses studies were done using the Agarose gel.
The electrophoresis was carried out using TAE (Tris —acetic acid-EDTA)
conductive media. The percentage of the agarose gels was varied depending on
molecular weight of the DNA (lower the molecular weight of DNA higher the
percentage of the gel and vice versa). DNA was electrophoresed at 4V/cm at
room temperature in TAE buffer. The gels were stained with EtBr (0.1ug/ml) for
UV photography.

The topoisomers separation of scDNA and complexes were carried out
in presence of chloroquine a drug, which mimics the action of Topoisomerase

1enzyme. Chloroquine was added to samples and also to the running buffer.
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2.9. Preparation of linear form of supercoiled DNA (pUC 18)

Linear form of supercoiled DNA was prepared using the restriction enzyme
EcoRIl. The reaction buffer for EcoRI contains 50mM Tris HCI (pH 8.0),
100mM NaCl, 10mm MgCl, and 5mM B-mercaptoethanol. The restriction
enzyme: DNA: reaction volume was 1unit: 1ug: 50ul. (One unit is defined as
the amount of enzyme required to produce a complete digest of 1ug of lambda
DNA in a reaction volume of 50ul in 60 min under optimal conditions of salt, pH
and temperature). The mixture was incubated at 37°C for 60 min. EcoRl

recognizes GAATTC sequence.

2.10. Quantification of apoptosis in hippocampal neurons:
TUNEL method

15-micron brain sections were cut from the hippocampal region of 3 normal and
6 AD affected human brains. Brain sections were first stained for apoptosis
using fluorescence TUNEL (TdT-mediated dUTP Nick-End Labelling) technique
(Rao et. al, 1998) and co-stained for AB(1-42) using monoclonal antibody and
developed by 3,3-diaminobenzidine (DAB) reagent. Co-localization of Ap in
non-apoptotic cells was also carried out. The apoptotic detection system utilizes
fluorescein, which measures the fragmented DNA of the apoptotic cells by the
catalytic incorporation of fluorescein-12-dUTP at the 3'-OH DNA ends with the
enzyme Terminal deoxynucleotidyl transferase (TdT). The latter forms a
polymeric tail by applying the TUNEL assay. The fluorescein-12-dUTP-labelled
DNA is then visualized directly by fluorescence microscopy. Sections were
photographed at 520 nm under 400x magnification using Fluorescence
microscope. The slides were scanned using Adobe Photoshop 3.0 and a
Nikon scanner (Nikon LS-3510 AF, 365-MM film scanner, # 6070192). The
captured images were used for quantification. The cells, which were stained
with flourescein (green color), were counted as positive for apoptosis based on
the following criteria as reported earlier by Rao et al. (1998): (1) DNA

fragmentation with no indication of chromatin margination or other morphologic
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changes in the nucleus, (2) Markedly condensed nuclei with a nuclear
diameter of 2.5 ym or more, (3) Swollen nuclei containing cytoplasmic
fragments of DNA, and (4) Intracellular or extracellular chromatin fragments. A
minimum of 18 fields were photographed at an initial magnification of 400x
from Hippocampal (CA1) regions of each brain section. Six sections from
each brain were evaluated. A total area of 1 mm? for each section was
evaluated. The number of apoptotic cells was quantified by two independent
observers, and the inter-observer variability approximated 2 percent. The

number of apoptotic cells was represented as cells/mm?.

2.10.1. Co-localization of apoptosis and A immunoreactivity

The hippocampus sections (obtained from NBB) were first stained for apoptosis
using TUNEL procedure followed by co-staining for Ap immunoreactivity using
anti-Ap monoclonal antibody and reactivity was developed using ABC kit. In
brief, the sections, pre-stained for apoptosis were incubated overnight at 4°C
with anti-Ap (1-42) antibody. The bound immunoglobulins were detected using
the avidin-biotin-peroxidase complex method (Vecta-stain ABC kit, Vector
Laboratories, Burlingame, Calif.) and visualized by incubation with 0.05% DAB.
The co-localization of apoptosis and AP in single hippocampal neuron in CA1

region was imaged by Laser fitted Confocal microscope.

2.11. Estimation of single strand breaks (SSB)

Single strand breaks (SSB) in DNA induced by Ap peptides were determined
through a Nick Translation type of reaction using E. Coli DNA Polymerase |
(Klenow Fragment). DNA polymerase | is known to add nucleotides at the 3’-
OH end of a single strand break, generated by various means, using the other
strand as template (Mosbaugh and Linn, 1982). It is essentially a nick
translation type of a reaction and if one of the deoxynucleotide triphosphates
(TMP) is labelled, then the incorporation of radioproperty into substrate DNA

would be proportional to the number of SSB present in the DNA sample. 1 ug
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of supercoiled DNA was incubated with 100uM of each peptide with and
without 1mM MgCl, in 10mM Tris-NaCl buffer (pH 7.4) for overnight. During
the standardization of the assay, using the cos T fragment of A phage DNA
with a known number of SSB, it was noticed that ~375 TMP residues are
added to each 3’-OH groups (SSB). As the incubation mixture contains all the
four deoxynucleotides and only one of them is radiolabelled ([ 3H] TMP), the
total number of nucleotides added to the 3'-OH is taken as four times the
number of TMP residues, i.e. 1,500 (375 x 4).The number of TMP residues
added at each 3-OH are calculated from the mole percentage of [ *H] TMP
into DNA and Avogadro’s number. Thus each picomole of TMP incorporated
would be equivalent to 6x 10 " molecules. This number is divided by 375 to
arrive at the number of 3’-OH groups (SSBs) present in the DNA sample taken
for assay, which would be equivalent to 1.6x 10 °. The assay mixture
consisted of the following in a total reaction volume of 50pl: 40mM Tris HCI
(pH 8.0), 1 mM B-mercaptoethanol, 7.5 mM MgCl,, 4 mM ATP, 100uM each of
dATP, dCTP, and dGTP and 25uM dTTP, 1uCi of ’[H]TTP and 1pg of DNA
and 1 unit of E. Coli DNA polymerase | (1 unit is the amount of enzyme activity
that leads to an incorporation of 10 nmol of total nucleotide into the acid-
perceptible fraction in 30 min under the given assay conditions). Incubation
was at 37°C for 20 minutes.

SSB were estimated by following the incorporation of *[H]-thymidine
into DNA. After incubation of DNA (treated with AP peptides) with E.coli
polymerase | for 30mins, the DNA was precipitated by adding 10% TCA
containing 10 mM Na pyrophosphate in the presence o 100ug of Calf Thymus
DNA and bovine serum albumin (BSA) act as carrier molecules. Pellet was
separated after centrifugation at 12000 rpm for 15 sec and dissolved in 400
ul NaOH (0.2 N) by vortexing. DNA was reprecipitated in 10%Trichloro acetic
acid (TCA) containing 10 mM Na pyrophosphate, which was separated by
centrifugation at 6000 rpm for 5 min. The DNA precipitated was washed twice
with 5% TCA, and 95% ethanol on Glass Fibre (GF 6). The filters were dried
at room temperature for ~12 h and counted for radioproperty in BRAY’S

mixture (containing 4gms/litre of PPO, 200 mg/ liter POPOP in Dioxan) in

42



Beckman LS1800 Liquid scintillation counter. The values are expressed as
DPM incorporated into the 1ug of DNA.
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Figure. 2.1. Single-stranded break, one of the most frequent

consequential end points of various damages.
2.12. Estimation of double stranded break (DSB)

Terminal transferase has the ability to add deoxynucleotides at 3’ ends of
duplex DNA, and the conditions for optimal chain length at 3’ blunt ends of a
double-stranded DNA have been worked out by Deng and Wu (1983). Under
these conditions it was shown that ~ 50 nucleotides are added at each 3° —OH
groups and double stranded breaks (DSB) are calculated in a similar way as in
the case of SSB. The assay mixture for terminal transferase assay consisted
of the following in a total reaction volume of 50ul: 100mM sodium cacodylate
buffer (pH 7.0), 1mM CoCl, 0.2 mM DTT, 1uCi of [°H] TPP, 1ug of DNA and 1
unit of the enzyme (1unit is the amount of enzyme activity that leads to an
incorporation of 1nmol of a given nucleotide into acid-insoluble products in
60min at 37°C). Incubation was at 37°C for 30min. Each femtomole of TMP
incorporated is equivalent to 1.2 x 10" 3’ ends or half that number minus one

DSB. The rationale behind this calculation is depicted in fig 2.2 and 2.3.
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Figure. 2.2. Double-stranded break, an occasional end point of oxidative

damages.
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Figure. 2.3. Strategy for calculating the number of DSBs present in
genomic DNA using terminal transferase activity. a. Intact linear double-
stranded DNA molecule and has two terminal 3’-OH groups. Supposing that
two DSBs occurred in that molecule, as shown by arrows, the result would be
three pieces of double-stranded DNA with the generation of four more terminal
3’-OH groups. The number of such terminal 3’-OH ends can be assessed by
labeling those ends with a radioactive nucleotide using terminal transferase
activity. As can be seen, the DSBs that were present in the DNA sample

would be equivalent to half the number of terminal 3’-OH groups minus one.
2.13. DNA denaturation: melting temperature profiles

The melting curves for DNA and DNA protein complexes were carried out in
0.01 M HEPES buffer (pH.7.4) by recording UV absorbance at 260 nm at
different temperatures (25-95°C, 1°C / min) using a Gilford Response Il UV
spectrophotometer and Ultrospec 3110 pro UV/Visible Spectrophotometer
(amersham pharmacia biotech) fitted with thermostat control. Tm values were
determined graphically from the absorbance versus temperature plots. The

temperature point at which there is a 50% absorbance shift is taken as melting
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temperature (Tm) of the DNA sample. The precision of Tm values estimated

from variance in three repeated experiments was + 0.05°C.

2.14. Electron microscopy of DNA complexes

DNA and DNA-protein complexes were observed under JEOL 1010
Transmission Electron Microscope (TEM). Carbon- coated copper grids (300
mesh size) were glow discharged for 1-2 min (~ 150 millitorr: discharge curent,
2-3 mA), dipped in absolute alcohol for 1 s and were air dried. A drop (5ul) of
DNA sample solution was placed on the grid and was allowed to dry in air for
30 min. A second drop was applied after blotting the first drop with filter paper.
This process was repeated 4-6 times after which the grids were negative
stained by adding a drop of 1% uranyl acetate (pH 5.1) on the grid and blotted
with a filter paper after 10 s. The grids were completely dried so as to avoid

moisture for EM examination (Thomas and Bloomfield, 1985).

2.15. Thioflavine-T assay for protein aggregation

Aggregation of the Ap peptides was analyzed using thioflavine-T (thio-T). The
induced fluorescence of thio-T has been widely applied to study amyloid
formation because of its sensitivity and practicality (Naiki et al., 1989).
Fluorescence enhancement is assumed to be common to amyloid fibrils.
There is also evidence that thio-T binds to soluble oligomers of AB (LeVine,
1993) An aliquot of the peptide (2.0uM) from the stock was collected at
different time intervals and treated with 100uM thio-T in 10mM Tris-HCI (pH
7.0). Aggregation was measured by recording fluorescence (Aex = 446 nm,
rem =482 nm).
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CHAPTER -3



3.1. Introduction

Brain cells are very complex and have high level of gene expression, 3-4 times
more than that found in liver and kidney. In brain cells where the level of gene
expression is very high, accumulated DNA damage may have serious
consequences in terms of altering genomic integrity consequently affecting the
transcriptional fidelity and ultimately the survival of the organism (Bhaskar and
Subba rao, 1994). It was speculated that accumulated DNA damage in the
brain might result in conformational changes in the DNA making it ineffective
during transcription. Information on the conformational manifestation of
eukaryotic DNA or their biological significance with reference to gene
regulation and expression is limited. This is of considerable interest as
biological function is often correlated with structure at molecular level. The
changes in the genetic material of AD, a devastating neurodegenerative
disorder, documented are: mutations in APP, PS-1, and PS-2 genes (Tanzi et
al., 1992; Levy-Lahad et al., 1995; Hutton et al., 1996), shift in the DNA from a
potentially transcribable euchromatic state to a condensed and probably
heterochromatic state (Crapper et al., 1979), oxidative damage as revealed by
damaged products namely 8-OH guanosine and 8-OH cytosine (Smith et al.,
1996; Lyras et al., 1997; Sugaya et al., 1997), and genetic imbalance caused
by the tetraploidy status of the genome by way of unusual replication before
cell death (Yang et al., 2001 and 2003). Microarray analysis study also
revealed differential gene expression in AD compared to normal aging in
cortex (Ricciarell et al., 2004) DNA molecule is dynamic and polymorphic in
nature. Though the right-handed B-form is the most predominant
conformation, non B-type conformations also occur in biological systems like
Z-DNA, triple helix, tetraplexes, hairpin, cruciform etc., under various
conditions (Pohl and Jovin, 1972; Wang et al.,, 1979; Klysik et al., 1981;
Saenger, 1983; Rich, 1993). Both the sequence and the DNA topology have
been proposed to have a crucial role in DNA functional aspects like replication,
transcription, and susceptibility of DNA for oxidative damage and mutations.
Extensive studies on handedness and various high ordered structures were
studied for the oligonucleotides (Latha et al., 2002; Cooke et al., 2004) but little
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is known about genomic DNA topology with respect to non Watson-Crick right-
handed B-DNA forms, their functional ability and possible implications in the
pathogenic features in the brain. Therefore the present study pertains to
assess the conformation of genomic DNA isolated from hippocampus®
(moderately (MAD) and severely (SAD) affected AD patients),

*kk

parahippocampal gyrus** and superior frontal gyrus*** of control and AD brain.
Note*: Hippocampus is part of the limbic system, the emotional system of the
brain (in charge of transferring information into memory. It is located inside the
temporal lobe and plays a part in memory and navigation. The name derives
from its curved shape, which supposedly resembles that of a seahorse
(Greek:hippocampus). Hippocampus is first and severely affected region,
before other parts of the cortex and later, the frontal lobes too. And this part of
brain appears to be absolutely necessary for making new memories. Memory
is usually the first thing to start to falter in AD.

The parahippocampal gyrus**, located at the medial temporal lobe, is a
key structure in declarative memory processing. The cortical areas that form
the parahippocampal gyrus are vulnerable to pathological changes in AD, and
its entorhinal and perirhinal subdivisions are both the most heavily damaged
cortical areas and the focus for disease onset (Van Hoesen et al., 2000).

Frontal lobes play a major role in the planning and execution of
movements. The most anterior region of the frontal lobe is called the prefrontal
cortex and includes superior frontal gyrus***, the middle frontal gyrus and the
inferior frontal gyrus. This area takes part in the higher aspects of motor
control and planning and execution of behavior, tasks that require the
integration of information over time. The frontal lobes are reduced in size in
AD patients as the result of degeneration of synapses and death of neurons
(Mattson, 2004).
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3.2. Results

3.2.1. Circular Dichroism (CD) studies

Conformation of DNA was analyzed using CD spectroscopy. The spectra of
all the control young (CY) (n=8) and control aged (CA) (n=8) hippocampal
brain DNA have right-handed B-DNA conformation with characteristic positive
peak at 274 nm, and a negative peak at 245 nm (Fig. 3.1a and b). In MAD
hippocampal brain DNA (n=8), CD spectra showed a modified B-DNA with a
predominant positive peak at 274 nm, and a positive shoulder peak at 290 nm
with a negative peak at 242 nm (Fig. 3.1c). The CD spectra of SAD brain DNA
(n=8) have two negative peaks at 245 nm and 290nm, and a positive peak at
260 nm: a characteristic feature of Z-DNA (Fig. 3.1d). CD data was analyzed

for all individual DNA samples.
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Figure. 3.1. CD spectra of hippocampal DNA (60 uM (Phosphate)) in 0.01
M HEPES buffer (pH.7.4). CD was done on eight samples each of CY, CA,
MAD, and SAD DNA. One spectrum from each group has been represented.
(a) CY brain DNA; (b) CA brain DNA; (c) MAD brain DNA and (d) SAD brain
DNA. Each spectrum represents average of four recordings.
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Since the individual CD spectra of each group were the same, which differed
only in the magnitude of the positive and negative peaks with a magnitude
change of + 5(0) X 10* deg m? mole™”, we present the CD spectra of one
sample from each group. DNA structures were characterized following the
guidelines of Gray et al. (Gray et al., 1992). In control young and aged brains,
four each were male and female. Control brains were obtained from persons
who died of either cardiac arrest or by accident. In MAD, six were male and
two were female brains. In SAD, four brains were male and four were female.

CD spectra of control (n=4), and AD affected (n=8) parahippocampal
gyrus and control (n=4), and AD affected (n=7) superior frontal gyrus DNA
revealed B-DNA conformation, and hence only representative CD spectra are
provided (Fig. 3.2 and 3.3).

200 250 300 320

Wavelength (nm)

Figure. 3.2. CD spectra of parahippocampal DNA. The recordings were
performed 0.01 M HEPES buffer (pH.7.4). Solid line represents AD and
dashed line represents control DNA. Both revealed B-DNA conformation. Each
spectrum represents average of 4 recordings.
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Figure. 3.3. CD spectra of superior frontal gyrus DNA. The recordings were
performed 0.01 M HEPES buffer (pH.7.4). Solid line represents AD and
dashed line represents control DNA. Both revealed B-DNA conformation. Each
spectrum represents average of 4 recordings.

3.2.2. ELISA studies

Immunochemical study with anti Z-DNA IgG polyclonal antibody (Fig. 3.4)
revealed that only SAD DNA (Fig. 3.4d) have the reactivity with the antibody,
indicating left-handed Z-DNA conformation in SAD. Oligonucleotides
d(GCCCATGGC), a classical B-DNA and d(CCGGGCCCGG), a classical Z-
DNA have been used as negative and positive controls respectively. MAD,
parahippocampal gyral and superior frontal gyral DNA of AD did not show any
reactivity towards anti Z-DNA antibody.
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Figure. 3.4. Immunochemical assay for Z-DNA using anti Z-DNA
polyclonal antibody. ELISA was done on eight samples each of CY, CA,
MAD, and SAD DNA (120 uM [Phosphate]). (a) CY brain DNA; (b) CA brain
DNA; (c) MAD brain DNA; (d) SAD brain DNA; (e) d(CCGGGCCCGQG); (f)
d(GCCCATGGC). The values are mean + SD.

3.2.3. Melting temperature studies

Melting temperature (Tm) data indicated that CY and CA brain hippocampal
DNA have Tm of 65°C +1.5°C and 59°C+1.2°C respectively (Fig. 3.5a and
3.5b). SAD DNA as expected for Z-DNA, have high Tm 79°C+1°C, since Z
DNA is stable as well as a high- energy conformer (Fig. 3.5d). MAD DNA
have an unusual bi-phasic melting profile which is biologically a rare
phenomenon with two Tm values: 54°C +1.8°C and 84°C +1.3°C, and thus
MAD DNA shows a clear- cut violation of all or none response of long duplex
DNA (Fig. 3.5c). The major difference between B-DNA and Z-DNA is the
distance between phosphate groups on the opposite strands of the molecule,
which is comparatively greater for B-DNA than that of Z-DNA. This is the
possible reason for high Tm for SAD DNA.
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Z-DNA molecule has varying conformation of phosphate groups in the
backbone. The two forms of Z-DNA, Z-1 and ZIl have been identified for the
cstal structure of d (Cp, G, Cp, G, Cp, Gp). The distance between the two
closest phosphate groups in ZI and ZIl were 7.7 and 8.6 A° respectively. The
P...P (Phosphate-Phosphate) separation across the double helix is 17.4 A° for
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Figure. 3.5. DNA melting temperature profiles of control (young and
aged) and AD Hippocampus in 0.01M HEPES (pH 7.4). (a) CY brain DNA;
(b) CA brain DNA (c) MAD and (d) SAD brain DNA.
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B-DNA, and 16.2A° for ZIl. Thus ZIl conformation is likely to be found at B-
DNA and Z-DNA interface (Wang et al., 1981). Based on the biphasic Tm, the
presence of a strong shoulder positive peak at 290nm and its high EtBr
binding affinity (discussed in the following section), it is concluded that a major
portion of DNA present in moderately affected AD brain might be in ZII
conformation (B-Z intermediate conformation). The Tm of control and AD
affected parahippocampal gyrus were 60 +1°C and 61+1°C respectively
indicating no significant alteration in Tm of control and AD DNA. In case of
superior frontal gyrus, the control and AD affected showed Tm of 61.5+1.5 and
59.5+1.5°C respectively. Both parahippocampal gyrus and superior frontal
gyrus (control and AD affected) obeyed all-or-none response similar to that
shown in control hippocampal DNA.

Increased Tm values of DNA have been observed in aging brain and
are taken to indicate a more condensed conformation of DNA (Kurtz et al.,
1974; Chaturvedi and Kanungo, 1985; Bhaskar and Subba Rao, 1994). It was
also proposed that with age the brain cell DNA undergoes changes in the
structure resulting in more condensed conformation (Bhaskar and Subba Rao,
1994). In our study we observed significant change in the Tm values of DNA
only in the hippocampus, where altered, rigid DNA conformation also observed
supporting the above concept. However we did not observe such trend in the

parahippocampal gyrus and superior frontal gyrus.

3.2.4. EtBr binding studies

EtBr binding study has provided supporting evidence for Z-DNA conformation
in hippocampus. Figure 3.6 indicates the fluorescence emission intensity of
EtBr bound to DNA. The EtBr emission intensity was high for MAD DNA and
low for SAD DNA compared to both CY and CA DNA, the DNA concentration
being same in all the cases. We presume that the high EtBr fluorescence in
MAD is attributed to the possible existence of B-Z intermediate form of DNA. It
has been reported that EtBr binding is significantly high in DNA having a B-Z
junction compared to normal B-DNA (Suh et al., 1991). The B-Z junctions are
local regions of structurally distorted DNA, which result in favorable binding of

EtBr. We further confirm the Z-DNA conformation in SAD with the supporting
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evidence that the EtBr has less affinity for left handed Z-DNA (Walker et al.,
1985).

3.2.4.1. Scatchard plots

The amount of EtBr bound to DNA ( EtBr bound / bp of DNA) was calculated
using the independent binding equation of Scatchard (Scatchard, 1949).
Results showed that there exists differential EtBr binding to DNA from three
different regions (Fig. 3.7). Among the three regions tested hippocampus
showed lesser EtBr bound per base pair and we conclude that this is due to
the formation of Z-DNA conformation. Few representative Scatchard plots
from control and SAD hippocampus have been presented (Fig. 3.8 and 3.9).
AD affected superior frontal gyral and parahippocampal gyral DNA
showed less EtBr bound per base pair than that of controls. This can be
attribited to the DNA fragmentation in the AD affected DNA samples compared

to the control.
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Figure. 3.6. DNA-EtBr complex (2:1w/w) fluorescence intensity in 0.01M
HEPES buffer (pH.7.4). Fluorescence was done on eight samples each of
CY, CA, MAD, and SAD DNA of Hippocampus. 1 pg of DNA (3 uM
[Phosphate]) from each sample was used for fluorescence studies. (a) CY
brain DNA; (b) CA brain DNA; (c) MAD brain DNA; and (d) SAD brain DNA.

The values are mean + SD.
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Figure. 3.7. Amount of EtBr to DNA (EtBr bound per base pair of DNA)
derived from the Scatchard plots in Hippocampus (CA and SAD),
Parahippocampal gyrus and Superior frontal gyrus DNA. (Details are provided
in the materials and methods). The values are mean + SD.

3.2.5. CD spectroscopy of EtBr and brain DNA complex

The CD spectra of the hippocampal DNA and EtBr complex i.e. CY-EtBr, CA-
EtBr, MAD-EtBr and SAD-EtBr complex (EtBr: DNA w/w ratio: 1:2) obtained are
all similar to that of the "EtBr-B-DNA" reference spectra (Walker et al., 1985)
(Fig. 3.10). As both CY, and CA DNA were in B-DNA conformation their EtBr
complex spectral peaks are exactly the same. Hence only the CA-EtBr complex
spectrum has been presented in figure. 3.4. The DNA-EtBr complex spectrum
showed that the ellipticity of bound ethidium goes through a minimum at ~
250nm and ~ 290nm. The EtBr could reverse the Z-DNA, and B-Z intermediate
form to B-DNA. This is in accordance with Walker et al. (1985) and Lamos et al.
(1986) results, who suggested that CD spectra of left-handed polynucleotides
change towards that characteristic of a right-handed DNA-EtBr complex.
Although the three DNA- EtBr complex spectra are similar in shape, there is a

slight change in the magnitude.

55



R2=0.9508
41 a
3_
2~
14
0 005 01 015 02 025 03 035 04
0.18 2 - 0.688
014- b ¢ -
0.1 -
0.06 - ¢
0.02-
0 0.02 0.04 0.06 0.08 0.1 0.12
«."__’ 0.6 2
- c ¢ R™=0.9015
x 0.47
2
0.2
0 0.05 0.1 0.15 0.2
0.7 2
d ¢ A R'=0.8605
0.5]
{
0.3
0.1
0 0.05 0.1 0.15 0.2 0.25
r’bp

Figure. 3.8. Scatchard plot of EtBr binding to control hippocampal DNA (a-
d represent samples from different brains).
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Figure. 3.9. Scatchard plot of EtBr binding to AD (SAD) hippocampal
DNA (a-d represent samples from different brains).
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Figure. 3.10. CD spectra of DNA-EtBr complex (2:1w/w) in 0.01M HEPES
buffer. (a) CY brain DNA + EtBr; (b) MAD brain DNA + EtBr; and (c) SAD brain
DNA + EtBr. CD was done on eight samples each of CY, CA, MAD, and SAD
DNA of hippocampus. One from each sample was has been represented.

It has been suggested (Gupta et al.,, 1983 and Shafer et al., 1984) that EtBr
could intercalate into left-handed poly (dG-dC). poly (dG-dC). But Walker et al.
(1985) and Lamos et al. (1986) using fluorescence-detected CD study
suggested that CD spectra of left-handed polynucleotides change directly
towards that characteristic of a right-handed DNA-EtBr complex without
evidence for intercalation into left-handed polymer. Furthermore, our study
showing the apparent low binding of EtBr to SAD and supports the above
concepts of Lamos et al. (1986). The differential pattern of DNA-EtBr complex
CD spectra is due to changes in the rotation angle between adjacent base pairs
and unwinding of DNA. In the case of parahippocampal and superior frontal
gyral (both control and AD affected) DNA and EtBr complex CD spectra were

similar to each other (hence figures were not represented).
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3.2.6. DNA fragmentation analysis by agarose gel

electrophoresis

Agarose gel studies of CY (lane b, Fig. 3.11) and MAD DNA (lane c, Fig. 3.11)
did not show any fragmentation. Both CA and SAD (lanes d and e Fig. 3.11)
DNA were fragmented as evidenced by smear pattern. It is interesting to
mention that even though there is no difference between CA and SAD DNA as

both of them have smeared pattern, EtBr staining is faint for SAD DNA.

Figure. 3.11. Agarose Gel electrophoretic analysis of DNA damage in the
Hippocampus of controls and AD brain. Gel studies were done on eight
samples each of CY, CA, MAD and SAD and one DNA sample form each group
has been presented. 2 ug of DNA from each sample was used for gel studies. (a)
1kb DNA marker; (b) CY brain DNA; (c) MAD brain AD DNA; (d) CA brain DNA
and (e) SAD brain DNA.

And this is due to its Z-DNA conformation. Since all the DNA samples from
each group have the similar migratory pattern, we provided one sample from
each group, which revealed the basic migratory pattern of their respective
group. One control parahippocampal gyral DNA sample (lane j, Fig. 3.12) was

damaged among four samples, and in the case of AD affected samples three
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samples (lanes a, d and i, Fig. 3.12) showed smear pattern of migration and
the six samples were intact. All the control samples (n=4) of superior frontal
gyral DNA samples were intact and four (lanes a, b, d and e, Fig. 3.12) of
seven AD affected samples were damaged. It is interesting that all control
superior frontal gyrus samples were intact and damage was seen only in the
case of AD superior frontal gyrus (Fig. 3.13). The damage was analyzed by
the disappearance of the genomic DNA band corresponding to the 800-900 bp
DNA maker.

Figure. 3.12. Agarose gel (1.5%) electrophoretic analysis of DNA damage
in the Parahippocampal gyrus of AD (a-i) and control (j-l) brain. 2 ug of
DNA from each sample was loaded. M: 100 bp DNA marker.
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Figure. 3.13. Agarose gel (1.5%) electrophoretic analysis of DNA damage
in the Superior frontal gyrus of controls (h-k) and AD brain (a-g). 2 ug of
DNA from each sample was loaded. M: 100 bp DNA marker.

3.2.7. Estimation of single strand breaks (SSB) and double
strand breaks (DSB)

Single stranded breaks (SSB) were assessed by the incorporation of [ H] -
TMP into DNA samples using E.coli DNA polymerase 1 in a nick transnational
assay. During standardization of the assay conditions with a plasmid DNA
(cos T fragment of X phage) having known umber of single strand breaks, it is
found an average of 1500 nucleotides are added at each of the 3’-OH group.
From this it is inferred that each picomole of TMP incorporated is equivalent to
1.6x10° 3'-OH groups or SSB. It has been shown that incorporation increases
with age of the brain in neuronal as well as astroglial DNA. Thus the DNA
damage in the form of SSB is significantly increased in AD superior frontal
gyrus compared to control (Fig. 3.14). In AD hippocampus as previously
shown in agarose gel, both CY and SAD DNA showed strand breaks. Of the

three regions parahippocampal region showed less strand breaks.
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Figure. 3.14. Assessment of Single Stranded Breaks (SSB). (a)
Hippocampus (CA and SAD); (b) Parahippocampal gyrus and (c) Superior
frontal gyrus DNA from control and AD affected brains. Assay was carried out
through Nick Translation type incubation with E.Coli -polymerase. The values

are mean = SD.

Double stranded breaks (DSB) in DNA are appraised by using terminal
deoxy nucleotidyl transferase enzyme. From the conditions of incubation
(Deng and Wu, 1983) it is assumed that about 50 TMP residues are added at
each of the 3’-ends of the duplex DNA. From this it is calculated that each
femtomole of TMP, incorporation would be equivalent to 1.2x 10" 3’ ends or
half that number minus one DSB. From the data it is clear that AD

hippocampal, and superior frontal gyral DNA suffer from more DSB (Fig. 3.15).
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Figure. 3.15. Assessment of Double Stranded Breaks (DSB). (a)
Hippocampus (CA and SAD); (b) Parahippocampal gyrus and (c) Superior
frontal gyrus DNA from control and AD affected brains. Assay was carried out
using Terminal transferase. The values are mean + SD.
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Previous studies also reported high incidence of nuclei with either SSB
or DSB DNA breaks in AD hippocampus (Adame et al., 1999). It was
reported by Mecocci et al, (1994) that oxidative damage to mitochondrial DNA
is increased in AD. In our study however, mitochondrial DNA makes up an
insignificant percentage (1-2%) of total brain DNA, not enough to be the cause
of our increased value. Therefore we conclude that the increased damage
involves nuclear DNA, and increased damage appears focused in the

hippocampus.

3.3. Discussion

Hippocampus is a brain region playing a key role in the learning and memory
process. The hippocampus was selected as it is one of the first brain regions
affected in AD and is involved in the processing of short-term memory and
spatial memory. Our study evidenced the presence of left-handed Z-DNA
conformation in the AD brain hippocampal DNA. Superior frontal gyral and
parahippocampal DNA did not show conformational alteration. The topological
change in DNA, particularly the B to Z-transition in the hippocampus, will have
tremendous implications in the functional biology of the brain cells e.g.
transcription, replication and recombination (Sinden, 1994). The B-Z
intermediate form observed in MAD and Z-DNA in SAD reveal that the
topological transition is AD progression dependent. The potentially Z-DNA
conforming sequences are highly dispersed through out the human genome
(Hamada and Kakunaga, 1982; Schroth et al., 1992). It has been speculated,
based on immunohistochemical data, that Z-DNA is about one-seventh as
abundant as B-DNA (Soyer- Gobillard, 1990; Gagna et al., 1997). In particular
interest with AD, it is observed from the Human Genome Sequence that the Z-
DNA conforming GC rich sequences are observed in 5 regions of AD specific
genes like PS1, PS2, and apoE (Rogaev et al., 1997; Levy-Lahad et al.,
1995a; Breslow et al., 1982). It is interesting to mention that some of these
genes have been over expressed in AD and have significant role in AD
pathogenesis. It was reported that Z-DNA formation excludes nucleosome

formation and could affect the placement of nucleosome as well as organization
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of chromosomes (Garner et al., 1987). It was also suggested that a distinct
class of human genes that may potentially be transcriptionally regulated by a
mechanism that couples Z-DNA with nuclear factor (Champ et al., 2004). We
strongly feel that the observed changed conformation of DNA is also relevant
under cell system and open up new avenues for further understanding of the
neurodegenerative mechanisms.

DNA fragmentation has been one of the crucial steps in B—»>Z DNA
conversion since the fragmentation reduces the high activation energy barrier
required to induce this conformation. Studies have shown that radiation
induced DNA damage i.e. strand breaks can lead to B — Z conformational
transition assisted by metals. The smaller metal ion concentration could
induce this conversion in DNA with strand breaks than in the absence of
strand breaks. It is attributed to the reduction in the high activation energy
barrier in the metal ion driven B — Z conformation (Trumbore et al., 1994). It
also provides a clue as to why SAD-DNA could go to Z-form from B-form,
probably due to DNA fragmentation and assisted by the metals like Zn, Cu, Fe,
and Al, which are elevated in AD brain (Rao et al., 1999). However, absence
of conformational alteration in superior frontal gyrus and parahippocampal
gyrus ruled out the sole involvement of DNA damage to conformational
change. Further we propose that DNA damage along with other etiological
factors might play role in DNA conformational alteration.

Recently it was shown that lysine rich proteins favor the conversion of
B—Z DNA transition and further it was found that methylated DNA could be
easily converted from B to Z DNA by the lysine rich proteins (Takeuchi et al.,
1994). The altered DNA structure in the hippocampus, whether reflects the
pathogenic event or represents an adaptation to cell death cannot be
ascertained now. It is interesting to hypothesize that AD specific proteins like
AB and phosphorylated tau are lysine rich and probably have a role in inducing
B—Z transition in AD brain (Fig. 3.16). And it has been shown that some
DNA-binding proteins have amino acid sequences that favor Z-DNA. We
propose that AP, tau and Al interaction with DNA cause formation of
intermediate structure, found in MAD and oxidative stress, altered metal

homeostasis and cell shrinkage might be responsible for further change of
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DNA conformation from intermediate forms to the Z-DNA, observed in the
SAD. DNA damage in the presence of metals has also been shown to favor
the conformational transition in DNA. We propose that all these factors which
occur in AD might be responsible for the observed changes in DNA. However
the conformational transition from B-DNA to Z-DNA in SAD whether a
pathological feature or an adaptation can not be ascertained now. In the later

study to test our hypothesis, we carried out interaction of AB with DNA.

Pathological feature
Or
Adaptation ?

Relevance to cure ?
Noraml Brain( B-DNA< ] AD brain (Z-DNA)

Oxidative stress
DNA damage
ApdPdu Metals
’ Cell shrinkage

Moderately Affected AD
DNA (B-Z) intermediate

form

Figure. 3.16. A hypothesis on the complexity of DNA topology in

Alzheimer’s brain.

The implications of the Z-DNA in relevance to AD have been highlighted
below.
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3.3.1. Biological implications of Z-DNA and its neurochemical

implications in relevance to AD

The significant pathophysiological events hypothesized in AD pathology are:
distorted nucleosome formation, terminal differentiation and DNA damage.
However there is no explanation at the cellular level why AD brain
hippocampal cells adopt this unusual phenomenon. The presence of Z-DNA
in AD brain could explain the above phenomenon. Brief structural information
of Z-DNA is as follows: Z-DNA is a condensed DNA with left-handed
conformation (Fig. 3.17). It has only minor groove and thus alters ligand-
binding ability. Z-DNA is basically classified as ZI and ZII types; ZI and ZIl are
classified based on phosphate group orientation. In ZI conformation, two
hydrogen atoms of the guanine N, amino group are involved in hydrogen bond
formation. One bond to cytosine O, to which it is paired and another to a
water molecule. This water molecule, in turn, forms a hydrogen bond with

phosphate oxygen linked to deoxygaunosine 3’hydroxyl group.

Figure 3.17. Space filling models of three different forms of DNA.
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Thus ZI conformations will have this bridging water molecule. In ZIl
conformation there is also a hydrogen- bonding-bridge but it involves a chain
of two water molecules linking N, amino group and phosphate oxygen.
Furthermore, the distances between the two closest phosphate groups in Z|
and ZIl were 7.7 and 8.6 A° respectively. The P....P separation across the
double helix is 17.4 A° for B-DNA, while the values are 14.5 and 16.2 A for ZI
and ZII respectively (Wang et al., 1981; Rich et al., 1993). This suggested
that the ZIl conformation might be an interface of B-and Z-DNA. Furthermore,
DNA present in moderately affected AD brain may be in ZIl conformation and
this may be attributed to biphasic Tm and a strong shoulder positive CD peak
at 290nm.

3.3.2. Z-DNA and nucleosome formation

Extensive information is available on the role of point mutations, abnormal
proteins (AP, presenilins, phosphorylated and aggregated tau) and various
environmental factors (Al, head injury etc) involved in AD neurodegeneration
(Rao et al., 1998; Terry, 1994). Limited headway has been made on the
therapeutic aspect of AD because of the complexity of the disorder. Studies
have been done concerning modulation in the genetic material. Studies have
shown DNA fragmentation through oxidative damage (Cotman and Su, 1996;
Sugaya et al., 1997), point mutations and changes in the integrity of chromatin
structure (Crapper et al., 1979; Lukiw et al., 1989) but no information on the
helical nature of DNA. Crapper et al., (1979) made interesting findings with
reference to chromatin structure and reported a shift in the folding of DNA from
a potentially transcribable euchromatic state to a condensed and probably
heterochromatic state. These changes may play a role in altering chromatin
conformation, which might result in reduced availability of genetic information
to endogenous RNA polymerases.

Results also indicated reduced accessibility of micrococcal nuclease to

the nucleosome linker region in Alzheimer brain chromatin. Lukiw et al. (1989)
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showed that chromosomal linker histones are also considered to be partly
responsible for the packing of chromatin into inactive, condensed states and
thereby allowing them to act as general gene repressors. They also observed
an inverse relation between the abundance of linker histones and gene activity
in AD. Lewis et al. (1981) reported that nucleosome repeat length appears to
be the same in control and AD chromatin. Furthermore, they showed a
reduction in mononucleosome in comparison with dinucleosomes and larger
oligomers in AD brain. However no specific explanation was provided for the
differences in kinetics and distribution of the release of nucleosomes. It was
reported that Z-DNA formation excludes nucleosome formation (Garner and
Felsenfled, 1987) thereby affects the transcriptional ability. Further selective
messenger RNA has been shown to be reduced in AD, which has been
speculated to a functional deficit of gene expression in AD (McLachlan et al.,
1988).  Further, Z-DNA conformation has implications in nucleosome
organization and assembly thus affecting the function of chromatin (Garner
and Felsenfled, 1987). DNA bending is a crucial factor in nucleosome
assembly. In B-DNA, negatively charged groups are evenly distributed thus
favoring positive histone interaction and good nucleosome assembly. In Z-
DNA, negative charges are not uniformly distributed due to the zig-zag array of
backbone phosphates. So the poly (GC.GC) or poly (G.Cmet) in Z-DNA
conformation excludes nucleosome formation. This charge distribution is not
favorable for stable nucleosome structures. There is only one report stating
that nucleosomes can also be prepared by a core containing the Z-form of poly
(dG).(5meC) (Miller et al., 1985). It has also been shown that Z-DNA can be
an insitu marker for transcription (Cerna et al., 2004). It was shown by Garner
and Felsenfled (1987) that histone wrapping around left handed Z-DNA is
energetically costly, hence it is not possible to get stable nucleosomes in a cell
system. Restriction endonucleases and methylases are incapable of cleaving
their respective recognition sites in Z-DNA conformation (Wholrab and Wells,
1987). The extent of DNA adopting Z- conformation stretches of DNA will
exist in the Z-form in the cell. These short Z-DNA conformation stretches are

sufficient enough to bring about altered patterns of nucleosome placement
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(Garner and Felsenfled, 1987). Most non B-DNA conformations are likely to
have both an altered twist and reduced ability to enter the nucleosomes. This
biophysical explanation will provide molecular hypothetical evidence that Z-
DNA conformation in AD has great relevance in nucleosomes placement and
gene function. This argument is likely to open up new exploration to

determine the role of DNA topology in neurodegeneration in AD.

3.3.3. Z-DNA and terminal differentiation

The study suggests that the AD brain cells possibly undergoing terminal
differentiation pattern may prefer to adopt the Z-DNA conformation in their
genomic DNA.  Z-DNA is involved in both transcriptional activation and
inactivation depending upon cell physiological condition (Herbert and Rich,
1996). Gagna et al. (1999) reported that left-handed Z-DNA may be a
transcriptional enhancer and be influenced by the destructive effects of
terminal differentiation, thus making DNA transcriptionally inactive. The
nicking-denaturation of double stranded Z-DNA initiating and enhancing
transcriptional ability of Z-DNA conformation in AD cells undergoing
neurodegeneration needs to be explored. This information will provide greater

insight in understanding molecular mechanisms involved in AD pathogenesis.

3.3.4. Z-DNA and DNA damage

DNA damage plays an important role in the genomic instability and neuronal
cell death. Studies on DNA damage in AD brain showed that the levels of
oxidatively damaged cytosine and guanine (G) bases, namely 5-
hydroxycytosine and 8-hydroxyguanine were significantly higher in AD brain
than in normal brain (Lyras et al., 1997). The main questions are: why G -
specific oxidation is greater in AD brain and does the DNA'’s helical nature
have any role in this specificity? It was theoretically postulated that the G” base
present in DNA would be more susceptible to hydroxyl radical induced DNA
damage if the conformation of DNA is Z —form rather than B or A forms
because of greater exposure of bases (Michak et al., 1995). The other cause
is that purines are the most susceptible bases for oxidative damage, and the
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repair of the oxidized purines is slower than that of pyrimidines and that among
oxidized guanine derivatives 80OHG has the slowest repair kinetics (Jaruga
and Dizdaroglu, 1996; Gabbita et al., 1998) also found that guanine is the
most vulnerable base in oxidative stress to the brain and suggest that damage
to this base could possibly cause functional changes in AD. Guanine is
attacked preferentially upon oxidation because it has the lowest oxidation
potential of the four bases (dG 1.29V, dA 1.42V, dC 1.6V, dT 1.7V) (Steenken
and Jovanovic, 1997). This results from the fact that guanine has an electron
rich purine structure, which enables it to react with radicals easily (Ames et al.,
1981). In addition guanine also acts as a hot ‘spot’ for electron migration
(Melvin et al.,, 1998). The oxidation of guanine generally results in the
formation of 8-oxo-G, which is produced abundantly in vivo and used as
biomarker of oxidative damage. 80OHG is more reactive towards radicals than
unmodified base because of its low potential and represents a hot spot and
‘electron sink’ for oxidative DNA damage. Our present finding on the presence
of Z-DNA in AD brain supports the experimental findings on the presence of
GC rich oxidized products in AD brain (Lyras et al., 1997).

Therefore the study provides an insight into the conformational

alterations of genomic DNA and the associated implications in relevance to AD
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CHAPTER -4



4.1. Introduction

AB, a hallmark feature of the SPs, is a proteolytic product of the
transmembrane APP (Kang et al., 1987), a protein of unestablished cellular
function that has the general motif of a surface receptor. Evidence implicates
a central role for AB in the pathophysiology of AD. Mutations in APP and
presenilin PS-1 genes lead to elevated secretion of A, especially the more
amyloidogenic AB(1-42). Native APP is a transmembrane protein of 110 to
135 kDa, with a long extracellular N-terminal segment and a short intracellular
C-terminal tail. The important cleavage product of the APP is a 39-43 amino
acid peptide, the 4kDa AB. Two-thirds of sequence of the Ap peptide localizes
to the N-terminal region of APP and the remaining portion of the Ap peptide is
contained within the transmembrane domain. Amyloid burden in the brain is
correlated with dementia, that AB deposits are found in regions of the brain
susceptible to neurodegenerative processes. The extent of accumulation of
AR in SPs correlates with the severity of dementia in AD (Flood et al., 1991).
Additionally, Ap is a known killer of neurons in vitro. AP (1-42) peptide and its
fragments, AB(1-16) and AB(1-28) (Fig.4.1) are reported to play a critical role
in inducing the pathology seen in AD (Kang et al., 1987; Chen et al., 1996).
The apparent role of AP, especially AB(1-42) is now considered as a unifying
pathological feature of diverse forms of AD (Selkoe, 1996). The neurotoxicity
of insoluble AP aggregates has been widely reported (Clements et al., 1996;
Huang et al., 2000; Demeester et al., 2001). A direct association has been
shown to exist between the aggregation state of A and neurotoxicity (Pike et
al., 1993). Invitro studies have shown that AB(1-42) rapidly aggregates into
fibrils and that extracellular fibrillar A peptides induce apoptosis in cultured
neurons (Pike et al., 1993). On the other hand, recent reports have
demonstrated intraneuronal accumulation of AB(1-42) in AD vulnerable regions
(Gouras et al.,, 2000; Mochizuki et al., 2000). Intraneuronal AP(1-42)
accumulation has also been reported in transgenic mice expressing FAD
proteins (Wirths et al., 2001) as well as in transgenic mice showing

accelerated neurodegeneration without extracellular amyloid deposition (Chui
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et al., 1999). It has also recently been established that soluble extracellular 3-
peptide is normally produced in cultured cells and human biological fluids
(Shoji et al., 1992; Haass et al., 1992; Busciglio et al., 1993).

Our results as highlighted in the previous chapter have evidenced a
left-handed Z-DNA conformation in severely affected AD brain hippocampal
cells whereas normal hippocampal brain DNA exhibited usual B-DNA
conformation and moderately affected AD brain DNA exhibited a B-Z
intermediate conformation (Anitha et al., 2002). Based on these findings, we
hypothesized that AD associated molecules like AB, tau and Al may play a
pivotal role in modulating DNA topology in AD brain (Anitha et al., 2002). Al
and tau have been shown to bind to DNA (Rajan et al., 1996; Champion et al.,
1998; Hua and He, 2000; Hua and He, 2002). The puzzling question was,
however, about the nuclear localization of Af in order to bring about changes
in DNA topology. Two previous studies reported AP immunoreactivity in the
nuclear envelops of P19 cells (Grant et al., 2000) and intranuclear
accumulation of AB in AD brain (Gouras et al., 2000). In the present study, we
provided new evidence for AB immunoreactivity in the vicinity of DNA in
hippocampal cells from AD brain. Based on the evidence for nuclear
localization of AB in AD brain, we hypothesized that AB might play a role in
modulating DNA topology and possibly contribute to the B->Z helical transition
associated with AD (Anitha et al., 2002). To investigate the above hypothesis
experimentally, we have studied the interaction of Ap peptides (Ap (1-42), A
(1-40), AB (1-16) and Ap (1-28)) with supercoiled DNA (scDNA). It is quite
evocative to study plasmid scDNA as a model system, in view of the
observation that a vast array of small scDNA packets have been found to be
present in animal and human cells and are known to be involved in gene
expression (Bauer et al., 1980). These superhelical packets are proposed to
be analogous to the plasmid DNA supercoiling. Hence the results can be
correlated or extended to human brain genomic DNA in order to provide an
insight in explaining the possible role of AB in the progression of AD pathology
with reference to DNA topology. The present study attempts to investigate

the potential role of Af in terms of DNA helical alteration. The understanding
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of complex biology of Ap peptides with respect to DNA topological transition

might provide an avenue to explore new insight in to AD pathology.
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Figure. 4.1. Amino acid sequences of the four peptides Af (1-16), Ap (1-28),
Ap (1-40), and Ap (1-42) investigated in this study. The major Ap peptide
component of amyloid plaques contains 42 amino acid residues and is referred to
as AB (1-42). The Ap (1-28) and AP (29-42) peptides occupy the extracellular and
transmembrane regions of APP and A (1-42).
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4.2. Results

4.2.1. CD studies

4.2.1.1. Interaction of Ap peptides with Supercoiled DNA (sc
DNA)

The potential role of AR in modulating DNA topology has been examined by
CD spectroscopy. CD spectra of sc DNA alone showed B-DNA conformation
with a characteristic positive peak at 275nm and negative peak at 245nm (Fig.
4.2a). Substantial changes in the CD spectra of sc DNA were observed upon
interaction with Ap(1-42) (0.8x10” to 0.8x10™*M). At ApB(1-42) / DNA ratios lower
than 0.1, a DNA secondary structural transition from the native B-DNA to the C
motif was observed. The spectral changes involved decrease in positive peak at
275 nm with no concomitant change in the magnitude of the negative peak at
245nm (Fig. 4.2b). The spectral modifications of the positive peak were
continuous with the increasing AB(1-42) concentration. The 'limit C-DNA motif' is
characterized by a small positive CD peak at 275 nm and a long negative signal
at 245 nm. However, on the addition of higher concentration of Ap(1-42) ( AB(1-
42) / DNA ratio > 0.1) the negative CD band extended in the non-absorbing
region in the form of CD tails, with a large CD magnitude compared to the
intrinsic CD of scDNA which is intriguing. This spectral change presumably
reflects the asymmetric compaction of scDNA by AB(1-42) to form v (+) DNA.
This pattern of CD signal (Fig. 4.2c) is a typical characteristic of y (+) form of
DNA (Shin et al., 1984). All the spectra showed isodichroic point at the cutting
point of 215 nm. Examination of DNA ellipticities as shown in figure. 4.2d and
4.2e indicated the transformation of native B-DNA to C-DNA to y -DNA in
scDNA induced by AB(1-42). Thus AB(1-42) caused B->C—-> vy conformational
transition in scDNA. The AB(1-40) peptide, which differs from AB(1-42) by
short of two N-terminal amino acids, however showed different pattern of
conformational alteration. In this case the magnitude of both the positive peak
(275 nm) and negative peak (245 nm) have been reduced by the peptide
interaction (Fig. 4.3). Increasing concentrations of the peptide resulted in the
disappearance of large positive peak at 190nm, a strong B-DNA peak. In a

similar fashion AB(1-28) peptide also interacted with scDNA resulting in
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Figure. 4.2. The interaction of A (1-42) with sc DNA: CD spectra of sc DNA
titrated against increasing concentration of A (1-42) (0.8x10” to 0.8x10™*M) (a)
Dotted line represents sc DNA alone and dashed line represents highest
concentration of the peptide (0.8x10*M) used in the study. The changes in the
ellipticities at 275nm (-0-) and at 220nm (-U-) were expressed as percentage of
its value for control (native B-DNA) and plotted against molar ratio of [AB (1-
42)] / [sc DNA] (d and e respectively). (b) The native B-DNA was transformed to
a 'Limit C-motif' at a [Ap (1-42)] / [sc DNA] molar ratio lower than 0.1. (c) At
higher [AB (1-42)] / [sc DNA] ratio (>0.1), The C-DNA was further converted

into a asymmetrically condensed y-DNA.
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decrease of both positive and negative bands magnitude at 275 nm and 245
nm respectively. The CD spectra showed an isobestic point at 210 nm (Fig.
4.4). The CD spectral perturbations by AB imply involvement of both
hydrophobic and hydrophilic interactions of the peptide with DNA. Next we
examined the effect of the different concentrations (0.8x10"M to 0.8x10™*M) of
the shorter length AB, AB(1-16) on scDNA conformation. Higher concentration
(0.8x104M) of AB(1-16) modified the scDNA to an unusual altered B-form (Fig.
4.5). Addition of AB(1-16) caused a decrease in the intensity of the positive peak
centered around 275 nm, with a concomitant reduction of the negative peak
around 245 nm. However, there was a significant increase in the negative band
intensity at 205 nm, indicating a modification in the usual B-secondary structure.
The cutting point has been shifted from 220 nm to 224 nm as the concentration
of AB (1-16) is increased. All the spectra have two isodichroic points at 228 nm
and 252 nm.

CD

I I
-10
200 250 300

Wavelength (nm)

Figure. 4.4. CD spectra of interaction of Ap (1-28) with sc DNA. 25x10'6g
scDNA alone spectra (Dotted line); (b) sc DNA+AB (1-28) (6x10°M); (c) sc
DNA + AB(1-28) (17x10° °M); (d) sc DNA + Ap (1-28) (30x10 °M) and (e) sc
DNA + AB (1-28) (45 x10™ °M).
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Figure. 4.5. CD spectra of interaction of AB (1-16) with sc DNA: Ap(1-16)
peptide binding to sc DNA results in the modified B-DNA conformation. (a)
25x10°g sc DNA alone; (b) sc DNA+ 5x10”'M AB(1-16); (c) sc DNA+ 1x10°M
AB(1-16); and (d) sc DNA+ 0.8x10™*M AB(1-16).

4.2.1.2. Interaction of ApB peptides with poly d(GC).(GC) and
poly d(AT).(AT)

In order to understand GC and AT sequence specific requirement of the peptide
binding, we interacted the AP peptides with poly d(AT).(AT) (GC content 0%)
and poly d(GC).d(GC) (GC content 100%). Normal B-DNA conservative
spectrum is observed for both poly d(GC).(GC) and poly d(AT).(AT) alone. The
study provided interesting insight into the binding affinity of peptide with DNA.
In case of poly d(AT).(AT) interaction of AB peptides showed significant
alteration in the CD spectra where as no significant interaction have been
noticed in poly d(GC).(GC). The smaller peptide AB (1-16) caused B—>A DNA
conformation in poly d(AT).(AT). This has been characterized by the shift in
the cross over point of poly d(AT).(AT) alone at 259 nm to 253 nm by the

77



addition of the peptide (Fig. 4.6a). AP (1-28) (Fig. 4.6b) caused a cross over
shift from 259 nm to 256 nm and Ap (1-40) (Fig. 4.6¢) effected significant cross
over shift from 259 nm to 252 nm. A (1-42) (Fig. 4.6d) has caused shift only
at the high concentration tested from 259 nm to 257 nm. All the peptides
showed decrease in both positive and negative CD bands. The group of the
spectra obtained on interaction with AB peptides (all the peptides) showed an

isobestic point at 269nm.
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Figure. 4.6. The interaction of ABpeptides (0.6x10° to 14.0x10° M) with
poly d(AT).(AT): (a) poly d(AT).(AT) + AB(1-16); (b) poly d(AT).(AT)+Ap(1-28);
(c) poly d(AT).(AT)+ApB(1-40); and (d) poly d(AT).(AT)+Ap(1-42). Dotted line
represents poly d(AT).(AT) DNA only spectra. Dashed line represents the
highest concentration of peptide used in the study.
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In case of poly d(GC).(GC), AB peptides did not show significant

alteration in the CD spectra (Fig. 4.7). Results reveal that Ap peptides bind

strongly to AT specific sequences than GC sequence.
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Figure. 4.7. The interaction of AB peptides (0.6x10° to 14.0x10° M) with
poly d(GC).(GC): (a) poly d(GC).(GC) + AB(1-16); (b) poly d(GC).(GC)+Ap(1-
28); (c) poly d(GC).(GC)+ApB(1-40); and (d) poly d(GC).(GC)+Ap(1-42). Dotted

line represents poly d(GC).(GC) DNA only spectra.

79



4.2.2. Agarose gel electrophoresis studies

These studies were carried out to monitor uncoiling process of scDNA.
scDNA (1pg) was incubated with AB(1-42), ApB(1-40), AB(1-28), and Ap(1-16)
(0.8x10™*M) for overnight at 37° C in 10mM Tris-NaCI-EDTA buffer (pH 7.0)
and subjected to agarose gel electrophoresis (Fig.4.8). All the Ap peptides
have been shown to alter the superhelicity by partially uncoiling the DNA
(lanes b, c, d and e respectively). The reduction in the intensity of supercoiled
band and enhanced intensity of the open circular form band revealed the
uncoiling of the DNA. The result implicates that Ap peptides acted on the

supercoiled band of scDNA and relaxed it to the open circular form.

Open
circular
band

Super
coiled
band

Figure. 4.8. Agarose (1%) gel study of interaction of Ap peptides with sc
DNA. scDNA was incubated with AR peptides for 12 h and was separated on
agarose gel (1%) electrophoresis. scDNA alone (Cesium chloride purified)
showed >90% superhelicity (lane a) as represented by intense supercoiled
band. AP (1-42) caused clear cut appearance of an extra band between the
supercoiled band and open circular form (lane, c). Ap (1-16), Ap (1-28) and
AB (1-40) (0.8x10™M) partially uncoiled the sc DNA (lanes b, d and e
respectively). DNA concentration loaded in all lanes was 1ug and
electrophoresis was carried out at 4V/cm at room temperature. The gel was
stained with EtBr.

4.2.2.1. Effect of chloroquine on A - sc DNA interaction

Clioquinol is a drug which mimics Topoisomerase 1 in its action. We studied
the sensitivity of the DNA-AB complexes to chloroquine induced topoisomers
separation and to obtain information on the stability of the complexes, gel
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electrophoresis was carried out in the presence of chloroquine (Fig.4.9). A fair
degree of sensitivity was observed towards chloroquine for DNA+APR
complexes (lanes b to €) compared to DNA alone (lane a). The topoisomers
separation was observed for scDNA at 1ug/mL of chloroquine, while AB-DNA
complexes were relaxed to topoisomers at much lower amount of chloroquine
(0.8 ug /mL). The chloroquine acts only on the supercoiled form of DNA.
Therefore AP peptides which act on supercoiled band resulting in open circular

form conferred sensitivity to chloroquine.

Figure. 4.9. Sensitivity for chloroquine induced topoisomers separation.
Sc DNA was incubated with chloroquine in the absence and presence of A
peptides. The effective topoisomers separation was observed for scDNA at
1ug /mL of chloroquine (lane a), while Ap (1-42), AB (1-40), Ap (1-28), and Ap
(1-16) (0.8x10*M) -DNA complexes (lanes b, ¢, d and e respectively) were
relaxed to topoisomers at lower chloroquine level of 0.8ug /mL of sample
volume.

4.2.3 EtBr binding studies

4.2.3.1 Effect of EtBr on Ap} - scDNA interaction

The quantification of uncoiling pattern of scDNA induced by, AB peptides was
also studied by measuring EtBr fluorescence intensity (at 1:1 wiw).
Fluorescence intensity of the scDNA has shown to be altered by the
interaction of the Ap peptides. AP (1-42), Ap (1-40) and AB(1-28) affected
decreased fluorescence intensity. The fluorescence intensity for scDNA+AR
(1-42) complex (Fig. 4.10b) was 35.8 % less compared to sc DNA alone (Fig.
4.10a) and this may be attributed to v DNA conformation. Ap (1-40) has
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caused a slight decrease (5%) (Fig. 4.10c) and A (1-28) caused a significant
reduction (29.5%) (Fig. 4.10d) in sc DNA fluorescence. However, AB (1-16)
enhanced EtBr fluorescence by 29.5%
modified B-form of the sc DNA.

—

Fig. 4.10e) and this may be due to
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Figure. 4.10. Effect of Ap peptides on sc DNA-EtBr fluorescence: Equal
amounts (w/w) of sc DNA and EtBr was used as model to study the effect of
AB peptides on EtBr intensity. EtBr intensity also provides information on DNA
conformation. The uncoiling of scDNA was quantified by measuring the EtBr
fluorescence intensity of 1:1 (w/w) DNAJ/EtBr solutions. The solutions were
excited at 535nm and emission monitored at 600nm. (a) scDNA,; (b) scDNA+ Ap
(1-42); (c) scDNA +ApB (1-40); (d) scDNA +ApB (1-28); (e) scDNA +Ap (1-16).
Values are expressed as mean +SD.

4.2.3.1 Effect of EtBr on Ap - poly d (AT).d(AT) and ApB-poly
d(GC).d(GC) interaction

All the AB peptide caused decreased EtBr fluorescence of poly d(AT).(AT)
(Fig. 4.11). This may be due to the conformation alteration from B—A DNA as
A-DNA has less EtBr binding than the B-DNA (Champion et al., 1998).
However in case of poly d (GC).(GC), Ap peptides facilitated EtBr binding and

thereby increased the fluorescence intensity (Fig. 4.12).
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Figure. 4.11. Effect of AB peptides on poly d(AT).(AT)-EtBr fluorescence:
Equal amounts (1:1w/w) of DNA (poly d(AT). d(AT)) and EtBr were used to
study the effect of AB peptides (14.0x10°) on EtBr fluorescence. (a) poly
d(AT).(AT) alone; (b) poly d(AT).(AT) + AB (1-16); (c) poly d(AT).(AT)+Ap (1-
28); (d) poly d(AT).(AT)+ApB (1-40); and (e) poly d(AT).(AT)+AB (1-42). The
solutions were excited at 535 nm and emission was monitored at 600 nm. Values
are expressed as Mean £SD.
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Figure. 4.12. Effect of Ap peptides on poly d(GC).(GC)-EtBr fluorescence:
Equal amounts (1:1 w/w) of DNA (poly d(GC). d(GC)) and EtBr were used to
study the effect of AR peptides (14.0x10°) on EtBr fluorescence. (a) poly
d(GC).(GC) alone; (b) poly d(GC).(GC) + A (1-16); (c) poly d(GC).(GC)+Ap
(1-28); (d) poly d(GC).(GC)+Ap (1-40); and (e) poly d(GC).(GC)+Ap (1-42).
The solutions were excited at 535 nm and emission was monitored at 600 nm.
Values are expressed as Mean +SD.

~
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4.2.4. Melting temperature profiles

Melting temperature study provides insight on the stability of DNA. Thus in the
next set of experiments, we examined the melting profile of scDNA in the
absence or presence of Ap peptides. The T, value for scDNA was 59.5°C
(x0.5) and its melting profile revealed an unusual monophasic pattern (Fig.
4.13a). The T, for sc DNA+AB (1-42) complex showed a typical biphasic
melting pattern with two Ty, values (59°C + 1 and 88°C+ 1.5) (Fig. 4.13e). This
is the first report studying the melting pattern of v (+) DNA induced by Ap (1-
42). AB (1-16) did not alter the T, at lower concentrations (10°M) while, it
enhanced the Tn, to 71.4°C (20.5) at higher (10*M) concentration. scDNA+
AB(1-16) complex showed a usual monophasic melting profile (Fig. 4.13d). Ap
(1-28) (Fig. 4.13c) and AB1-40) (Fig. 4.13d) at a concentration of 10*M caused
non-cooperative melting temperature profiles in scDNA. The different melting
temperature profiles of sScDNA caused by various AP peptides reveal that Ap
peptides alter melting profiles in a sequence dependent manner.

To further explore the nature of the unusual monophasic melting profile
of scDNA and to see the effect of uncoiling the scDNA on its Tm, we studied the
melting pattern of the scDNA in the presence of chloroquine. There was no
change in the Tm (59.5°C (+ 0.5) in scDNA treated with chloroquine at 1ug/mL
(topoisomers separation concentration as confirmed by Agarose gel) and
10ug/mL (complete relaxation of superhelicity to linear DNA) concentration.
These results indicate that the unusual monophasic melting profile observed in
case of scDNA may not be due to the supercoiling, because the same melting

pattern was obtained also with linearised scDNA.
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Figure. 4.13. Effect of AB peptides on sc DNA meting temperature
profiles. The UV absorbance at 260 nm was recorded for scDNA and scDNA
+ AP peptides at different temperatures (25-95° C). The melting curves were
recorded in 102 M HEPES, pH 7.0 in UV- spectrophotometer with thermostat.
(a) sc DNA alone; (b) sc DNA + Af (1-16); (c) sc DNA + AB (1-28) ; (d) sc
DNA + AB (1-40); and (e) sc DNA + Ap (1-42).



4.2.5. Localization of ApB in the nuclei of CA1 neurons in

hippocampal region of brain

In previous chapter we showed that hippocampal DNA obtained from
postmortem AD brain samples has a preferentially left-handed Z-DNA
conformation (Anitha et al., 2002) and our present results show that Ap induces
similar (?) conformational changes in vitro. Moreover, it was shown that Ap
induces apoptosis in cell lines and rabbit brains (Selkoe, 1996; Clements et
al.,, 1996; Huang et al., 2000). Thus we hypothesize that Ap is presented in
the neuronal nuclei of affected AD brain areas where it may induce DNA
conformational changes. @ These changes may in turn lead to apoptotic
neuronal death. In an attempt to examine whether A (1-42) is presented in
neuronal nuclei in AD brains and explore its relationship to apoptosis, the
presence of Ap (1-42) immunoreactivity and apoptotic nuclei (TUNEL positive)
were examined in neurons of the hippocampal CA1 region of normal and AD
brains. The number of AB and or TUNEL positive cells counted per mm? of
brain section are given in table (Table. 4.1). Quantification of data revealed
that in normal hippocampal brain sections 25% of the cells were apoptotic
while in the case of AD brain, about 75% of the cells were apoptotic. When
normal brain hippocampal sections were tested for co-localization of apoptosis
(TUNEL positive) and AB immunoreactivity, we could not find any TUNEL
positive cell, which was also AP positive. But in the AD brain sections out of
100 TUNEL positive cells counted, 50% of cells were found to be positive also
for AB. These results suggest that Ap is deposited in the vicinity of DNA in the
nuclear region of AD cells. In case of normal brain sections AP(1-42)
immunoreactivity was not observed in either apoptotic and non-apoptotic
hippocampal neurons. Figure. 4.14a presents a confocal image of a single
representative neuron showing absence of AP deposition in an apoptotic
nucleus from hippocampal section of normal brain. Figure. 4.14b shows the
localization of AB immunoreactivity in the apoptotic nucleus of hippocampal
neuron in CA1 region. We could not find any TUNEL positive cell, which was

also AP positive. But in the AD brain sections out of 100 TUNEL positive cells
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counted, 50% of cells were found to be positive also for AB. These results
suggest that A is deposited in the vicinity of DNA in the nuclear region of AD
cells. In case of normal brain sections Ap (1-42) immunoreactivity was not
observed in either apoptotic and non-apoptotic hippocampal neurons. Figure.
4.14a presents a confocal image of a single representative neuron showing
absence of Ap deposition in an apoptotic nucleus from hippocampal section of
normal brain. Figure. 4.14b shows the localization of A immunoreactivity in

the apoptotic nucleus of hippocampal neuron in CA1 region.

x

Figure. 4.14. Localization of AP in human normal and AD brain
hippocampal samples: 15 micron frozen sections were cut from hippocampal
brain regions and stained for apoptosis using fluorescence TUNEL technique
and co-stained for AB (1-42) using monoclonal antibody and developed by DAB
reagent. Co-localization of apoptosis and AB immunoreactivity in the viscinity of
DNA in a nucleus of hippocampal neuron in the CA1 region was imaged by
Confocal microscopy. (a) Normal brain apoptotic nuclei showing absence of A
immunoreactivity. (b) AD brain apoptotic nuclei from hippocampal region
showing AB immunoreactivity. Arrow indicates A immunoreactivity.

Brain region Normal AD
TUNEL+A
TUNEL AB | TUNEL+AB | TUNEL | Ap
Hippocampu B
S 7512,
15+1.0 0 0 100+5.0 0 50+4.0

Table. 4.1. Number of Apoptotic and Ap positive cells in normal and AD
affected human brain samples. TUNEL and AL& positive cells in hippocampal
sections were counted microscopically in mm®. The results presented were
obtained from sections of each of 3 brains for normal and 6 sections of each of
6 brains for AD. Values are expressed as Mean +SD.
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4.3. Discussion

AD is associated with several complex neuropathological events like deposition
of AB in SPs, abnormal phospharylation of tau in NFTs, oxidative stress and DNA
damage (Igbal et al., 1994; Lyras et al., 1997). It is of interest to mention that Ap
(Grant et al., 2000; Gouras et al., 2000) was found to be localized in the nuclei.
Our team first time evidenced the presence of left-handed, rigid Z-DNA in
severely affected AD brain and a B-Z intermediate DNA conformation in
moderate AD hippocampus (Anitha et al., 2002). In contrast, normal young and
aged brains have usual right-handed Watson-Crick DNA conformation (Anitha et
al., 2002). It has also been hypothesized that the prime etiological factors of AD
like AB, tau and Al (a highly debatable etiological factor) might be playing a role
in right handed to left handed DNA helical change associated with AD. Based on
this DNA conformational change, we proposed an explanation to the unusual
phenomenon like nucleosome mis-assembly, G* specific DNA oxidation, terminal
differentiation and altered gene expression associated with AD brain (Anitha et
al., 2002; Anitha et al., 2001). There were few reports on the ability of Al and
tau binding to DNA (Karlik et al., 1980; Rao et al., 1993; Rao and Diwakar, 1993;
Hua and He, 2000; Hua and He, 2002). It was also evidenced that Al could
strongly bind to AT* specific oligomers (Rajan et al., 1996). In the present study,
we first time evidenced the interaction of AR with scDNA. We found that AB (1-
42) not only binds to scDNA but also is able to alter the conformation of DNA.
An initial B—~C transition was observed which gradually transformed into y-
DNA, presumably reflecting a partial DNA collapse into a y-phase (Zuidam et
al.,, 1999). In y-DNA, the DNA molecules are tightly packed in to toroidal
superhelical bundle whose chiral sense is defined by the intrinsic DNA
handedness. Specifically, the right-handed secondary conformations such as
the B and C motifs stabilize a left-handed tertiary conformation (Reich et al.,
1994).

Such a tightly packed left-handed DNA organization exhibits negative
CD signals whose magnitude is larger than that characterizing dispersed DNA
molecules which lack a tertiary structure. The y-DNA conformation induced

by AB (1-42) is structurally closer to Z-DNA, which was observed in severely
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affected AD brain (Anitha et al., 2002). Studies by Thomas and Thomas
(1989) clearly showed that y-DNA, an ordered, twisted, tight packing
arrangement of the double helix, is structurally and immunologically closely
related to Z-DNA family. It is left handed in conformation like Z-DNA. This
evidently indicates that DNA topological changes induced by A is similar to
the changes seen in AD brain DNA. Our study also provided intriguing
observation of the sequence specificity of the AB peptide binding. The peptides
showed preferential binding to AT rich sequences and caused B—>A DNA
transition, similar to binding of Al. However though the peptides did not cause
significant CD spectral perturbation in case of poly d(GC).d(GC), they
facilitated EtBr binding to DNA indicating its interaction with of poly
d(GC).d(GC) also. These protein-DNA complex conformations (altered B-
DNA, A-DNA, y- DNA, B-C-A complex) are energetically weak and are likely to
go into Z-DNA conformation as reported in AD brain (Anitha et al., 2002).
Vast arrays of small scDNA packets have been found to be present in animal
and human cells and are known to be involved in gene expression (Bauer et
al.,, 1980). Our study also clearly shows that AB peptides relax the sc DNA
partially. Thus the present study hearsay for the first time that A uncoils sc
DNA besides bringing about helicity changes. Another interesting feature
observed was sensitivity of sc DNA+AB complexes to chloroquine. This
observed sensitivity indicates a possible alteration in DNA replication and gene
expression in the cells.

The possible complex role of AB in modulating DNA helicity in
relevance to AD is proposed in the figure. 4.15. We propose that AP peptides
along with other etiological factors might modulate DNA topology in AD brain.
The complex conformational changes (y-DNA, B>A; B->C or B-C-A, altered
B) observed experimentally in scDNA induced by AB peptides, are presumably
the early events in AD pathology. Because, we reported in moderately
affected AD brain the DNA has a B-Z intermediate conformation and other
intermediary complex conformations might possibly exist (Anitha et al., 2002;
Anitha et al., 2001). In the later stage the secondary factors such as oxidative

stress, cell shrinkage, ionic imbalance, polyamines and metals are likely to
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Figure. 4.15. Possible role of A} peptides in modulating DNA topology in
relevance to AD. AB peptides could cause conformational alteration in sc
DNA and poly d(AT) (AT). These modified conformations might further
undergo alterations under various conditions like oxidative stress, cell
shrinkage, ionic imbalance and polyamines.

play role to convert these intermediate complex conformations to rigid, and
left- handed Z-DNA.

Accordingly we reported the presence of left-handed Z-DNA in severely
affected AD brain (Anitha et al., 2002). We propose that DNA topological
changes also play a role in AD progression.
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These novel observations may have important implications for aiding in
our understanding of toxicity of AB in terms of its direct role in altering DNA

conformation and its relevance to neurodegeneration occurring in AD.
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CHAPTER -5



5.1. Introduction

Amyloid assembly into fibrillary structure is a defining characteristic of AD.
Accumulating evidence suggests that AP peptides contribute to the
neurodegeneration in AD (Selkoe, 1991; Hardy and Higgins, 1992; Hardy and
Selkoe, 2002; Ohyagi et al., 2004). The SPs of AD is a complex extracellular
lesion composed of a central deposit of amyloid (the core) surrounded by
activated microglia, fibrillary astrocytes and dystrophic neuritis (Masters et al.,
1985). AB is constitutively produced by cells of the CNS, and is present in
normal and AD CSF and plasma. Under pathogenic conditions, the transition
from a random coil to a B-sheet conformation in B-amyloid peptide causes
deposits of the amyloid fibrils (Salomon et al., 1996; Pappolla et al., 1998).
Deposits of AB (1-40)/(1-42) fibrillar aggregates in the brain as SP and as
amyloid angiopathy are among the key pathological hallmarks of AD (Selkoe,
1997 & 2001). Several lines of evidence suggest that Ap may play a key role
in the pathogenesis of AD including in vitro evidence that AR may be toxic to
neurons and cultured cells and in vivo evidence for neuronal degeneration
from exposure to AB (reviewed in Selkoe, 1996; Chen et al., 1996). Although
genetic data indicate a central role for AB in the etiology of AD, the molecular
form associated with the neurodegeneration process has not been definitely
identified. The number of amyloid plaques does not correlate in number or
distribution with neurodegeneration or clinical dementia. Thus recent debate
with in the AD community has focused on whether fibrillar (amyloid) or soluble
oligomers of AP are active species of the peptide that ultimately cause the
synaptic loss and dementia associated with AD (Lansbury, 1999; Lacor et al.,
2004; Walsh and Selkoe, 2004). The intracellular presence of potentially
amyloidogenic fragments of AP remains a subject of intensive investigation
(Wilson et al., 1999). Studies suggest that Ap-dependent toxicity can occur
before significant extracellular accumulation, possibly involving intracellular Ap
accumulation. Studies with neuronal cell culture have demonstrated that Ap
can accumulate intracellularly (Wertin et al., 1993) after either endogenous Ap

production or uptake of extracellular AB and contribute to plaque formation
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(D’Andrea et al., 2001). Intracellular AB dimers have also been detected in
primary neurons and in neuronal cell lines (Walsh et al., 1999). All these data
unequivocally support the concept of intracellular existence, and toxicity of AB.
The proposed mechanisms for neurotoxicity for AB are diverse and there is no
unifying mechanism for the toxicity and one of the mechanisms proposed was
induction of apoptosis. Under in vitro conditions Ap (1-42) is reported to be
capable of inducing apoptosis in cultured cortical neurons (Loo et al., 1993;
Cotman et al.,, 1994). Synthetic AB peptides are shown to trigger the
degeneration of cultured neurons through activation of an apoptotic pathway
(Forloni et al., 1993; Anderson et al., 1995; Nakagawa et al., 2000). Neuronal
cells treated with AB exhibit morphological and biochemical characteristics of
apoptosis, including membrane blebbing, compaction of nuclear chromatin and
internucleosomal DNA fragmentation. Esposito et al. (2004) reported that AB,
especially intracellular AB counteracts the antiapoptotic function of its
precursor protein and primes proapoptotic pathways. Interestingly studies by
Baron et al. (1999) suggested that AB exert its toxic effect via activation of
transcription factors (Baron et al., 1999). The authors reported that Ap (25-35)
induced the expression of the growth arrest and DNA damage-inducible gene
(gadd 45) implicated in the DNA excision-repair process (Baron et al., 1999).
In particular, they observed strong up regulation of gadd45, indicating DNA
damage in AP cytotoxicity suggesting that DNA strand breaks occurred rapidly
in cells exposed to Ap which may be a critical event in AB neurotoxicity (Baron
et al.,, 1999). Furthermore, aurintricarboxylic acid (ATA) a nuclease inhibitor
was shown to prevent apoptotic DNA fragmentation and delays cell death
caused by AP (Loo et al.,, 1993). Moreover DNA damage suggestive of
apoptosis was increased 30 fold in neurons, oligodendrocytes, and microglia
of AD brains (Lassmann et al., 1995). Taken together, the above findings
strongly link the Ap and DNA damage. Our previous study (Hegde et al.,
2004) along with other studies (Culvenor et al., 1998; Grant et al., 2000;
Gouras et al., 2000; Ohyagi et al., 2004) reported the nuclear localization of Aj
and it's DNA binding property. We also showed that the AP alters the
superhelicity of the sc DNA. The objective of the present study is to elucidate

the molecular mechanism by which Ap alters the superhelicity of sc DNA.
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5.2. Results
5.2.1. Evidence for linearization of supercoiled DNA (sc
DNA) by AB (1-42)

The strategy used for the identification of Ap (1-42) action on DNA is through
agarose gel, Electron Microscopic (EM) study and estmiation of single strand
breaks. Figure 5.1 presents the sc DNA damage induced by AB(1-42). A (1-
42) (0.8x10™*M) interaction with sc DNA resulted in linearization of sc DNA.
Lane a, Figure 5.1 represents sc DNA alone with 80% supercoiled DNA as
shown by the intense supercoiled band (form [). The gel picture depicts that
the peptide first induces relaxed circular form as shown by the increased
intensity of the open circular band (form Il) and then linearization of the DNA
(form 1) ( lane b, Fig. 5.1). Identification of the linear DNA was made using
the comparative migration of the EcoRI treated linearized sc DNA (Fig. 5.1c).
Sc DNA has one restriction site for the EcoRIl restriction enzyme. EcoRI
treated linearised sc DNA also served as a control for double stranded breaks
also. We propose that the appearance of the open circular form of DNA by
AB is through the single strand nicks and then leading to linearization and
perhaps by double stranded breaks as a result of cumulative single stranded
nicks in sc DNA. The peptide-DNA interactions were carried out in 10mM Tris-
NaCI-EDTA buffer (pH.7.0) for 12 h. The EM study enabled to visualize the
open circular form and linear forms of DNA induced by AB(1-42) in sc DNA
(Fig. 5.2). Figure 5.3a represents the EM picture of sc DNA alone with
supercoiling. Figure 5.3b shows the open circular and linear forms of the
scDNA induced by AB(1-42). The EM images of open circular and linear forms
have been enlarged in Fig. 5.2c and 2d respectively. The physical association
of the fibrillar form of peptide with DNA was also observed in EM picture (Fig.
5.2e).

The nicking of the AB (1-42) occurred in a concentration dependent
manner (lanes b-e, Fig. 5.3). As shown in the Fig. 5.3 the increasing
concentration of Ap (1-42) (10-200 uM) resulted in a gradual decrease in the

supercoiled band

94



intensity with simultaneous increase in the relaxed and linear form of DNA.
Since the gel was run in 0.7% gel both open circualar form and linear form ran
together in a single band (formll). The quantitative analysis of the
electrophoretic assay has been presented in the Figure 5.3B has been
represented in Figure 5.3C.

The role of metals on DNA nicking of Ap was studied using calcium (Ca
), magnesium (Mg **) and zinc (Zn ** ) ions. The DNA nicking of the AB (1-
42) has been enhanced in the presence of Mgz+, a divalent ion, and a
requirement for various DNA degrading nucleases (lane d, Fig. 5.4). Mg*
enhanced the AP induced nicking property thereby resulting in increased
formation of the relaxed circular and linear form DNA. Ca * also enhanced
the AB induced nicking activity as shown by the increased open circular form
(lane e, Fig. 5. 4). However, Zn** did not have any effect on Ap induced

nicking activity ( lane c, Fig. 5.4).

Figure. 5.1. Effect of Ap (1-42) binding to sc DNA on 1.4 % Agarose gel.
(a) sc DNA alone (Cesium chloride purified) showed >90% superhelicity; (b)
AB(1-42) (0.8x10*M) partially uncoiled and linearized the scDNA; (c)
Linearized supercoiled DNA (EcoR1 digested). DNA concentration loaded on all
lanes was 1ug and electrophoresis was carried out at 4V/cm at room
temperature. The samples were stained with EtBr (1ug/ml).
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Figure. 5.2. Electron microscopic analysis of Af (1-42) interaction with sc
DNA. (a) sc DNA alone; (b) sc DNA + Ap(1-42). The single and double lined
arrows represent the open circular and linear form respectively caused by the
AB; (c) Enlarged portion of the open circular form of sc DNA; (d) Enlarged
portion of the linear form of sc DNA; and (e) Physical association of AB(1-42).
For EM study 1ug of sc DNA was incubated with 0.1 x 10° M AB(1-42) in
10mM Tris-NaCI-EDTA buffer (pH.7.0) at 37°C for 12 h.
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Figure. 5.3. Effect of concentration of Ap (1-42) on sc DNA. (A) Agarose gel
electrophoresis (0.5%): M1, 1Kb marker; M2, Linearized supercoiled DNA
(EcoR1 digested); (a) scDNA alone; (b) scDNA + AB (1-42) (10x10° M); (c)
scDNA + AB (1-42) (50x10° M); (d) scDNA + AB (1-42) (10x10”° M); (e) scDNA +
AB (1-42) (20x10®° M). (B) Representation of DNA bands in the form of peaks
and (C) Densitometry of the above gel: Correlation of relative amounts of
supercoiled (form I) and open circular and linear form (form I1).
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Figure. 5.4. Effect of Ca, Mg and Zn on Ap (1-42) — sc DNA interaction. (A)
Agarose gel electrophoresis (1%): (a) sc DNA alone; (b) sc DNA + AB (1-42)
(50x10° M) ; (c) sc DNA + AB (1-42) (10x10° M)+ 1mM ZnCly; (d) sc DNA + A
(1-42) (50x10° M)+ 1mM MgClz; (€) sc DNA + AB (1-42) (50x10° M)+ 1mM
CaCl; ; (M) EcoRIl treated linearised sc DNA. (B) Representation of the DNA
bands in the form of peaks: Arrows represent the peaks corresponding to the
linearised sc DNA (form Ill). (C) Densitometry of the above gel: Correlation of
relative amounts of supercoiled (form |) and open circular (form II). Ap (1-42)
was freshly dissolved in water.
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5.2.2. Effect of aging of peptide (Ap 1- 42) on DNA nicking

The conformational changes of Ap from random coil to B-sheet (McLaurin et
al., 1998) and subsequnt fibril foramtion (Harper et al., 1997) can take from
hours to days depending on the particular peptide batch. Therefore we studied
the DNA nicking activity of Ap at different time intervals of incubation in relation
to its aggregation state. Ap (1-42) was dissolved in Milli Q water at a stock
concentration of 1mg/ml and incubated (without stirring) for 6 days at 37°C. At
different time intervals an aliquot of the peptide stock solution was collected to
look for the DNA nicking activity and also fibrillization/ aggregation state. The
aggregation of the peptide was monitored using thioflavine- T flourescence
(see materials and methods). A (1-42) of varius incubation time intervals was
incubated with sc DNA in 10mM Tris-NaCI-EDTA (pH.7.0) buffer for overnight
and subjected to agarose elcetrophoresis. The agarose gel study revealed that
AB (1-42) caused only open circular form till 8 h of incubation while at 24h and
afterwards incubated AP (1-42) caused linearization of the DNA (Fig. 5.5). The
corresponding thioflavine- T  fluorescence of the AB was shown to be
gradually decreased from Oh to 32h and increased there upon (Fig. 5.6). The
Oh thioflavin-T fluorescence was higher because of the non-specific
aggregates. The maximum DNA nicking activity corresponds to the lower
thioflavine T-flourescence. However A (1-42) continued to linearize the DNA
till the 6™ day of incubation which has higher thioflavine —T fluorescence. EM
study of AB (1-42) revealed fibrillar structure only at 124 h incubation and not
at 32 h of incubation (Fig. 5.7).

5.2.3. Protection against Ap induced DNA nicking

Protection against A (1-42) induced DNA nicking was studied using
aurintricarboxylic acid (ATA) and trifluoroethanol (TFE). ATA is a powerful
inhibitor of proteins whose biological function depends on the formation of
complex with nucleic acid. ATA prevents the formation of a protein-nucleic acid
complex (Gonzalez et al., 1980). ATA prevented AB (1-42) induced nicking
Fig. 5.8). Furthermore it could also partially prevent Ca®* and Mg®* induced
DNA nicking (Fig. 5.9).
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Figure. 5.5. sc DNA nicking activity of Ap (1-42) at different time intervals
of incubation: Agarose gel electrophoresis. a: sc DNA alone. 8, 24, 32, 48,
56, 62, 70, 86, 94, 100 and 124 resprestnt the age (in hours) of the Ap peptide.
ApB of different age was incubated with the sc DNA for overnight. M: EcoRI
treated linearized sc DNA. AB (1-42) is dissolved in Milli Q water at 1mg/mL
concentration. I, Il and Il represent supercoiled, open circular and linear forms
of sc DNA respectively.
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Figure. 5.6. Thioflavine-T fluorometric assay of Af (1-42). Ap (1-42)
dissolved in Milli Q water (200uM) was incubated at 37 ° C for 124 h. At an
appropriate time, an aliquot of the solution (0.5 uM) was mixed with
thioflavine-T (100uM). Fluorescence intensity was monitered at 482 nm with
exictation at 450 nm in 10mM Tris —HCI buffer (pH.7.0).
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Figure 5.7. Electron Microscopic pictures of Ap (1-42). Ap (1-42) dissolved
in Milli Q water (200uM) was incubated at 37 ° C. (a) Ap (1-42) at 32 h of
incubation and (b) AB (1-42) at 124 h of incubation. AB (1-42) at 124 h of
incubation clearly showed fibrillar network.

101



TFE also protected the AB (1-42) induced nicking (Fig. 5.10). Aqueous solution
containing TFE favors a-helical structure in Ap peptides (Barrow et al., 1992).
Therefore both ATA and TFE protected the AB (1-42) induced DNA nicking.
Pike et al (1993) observed the disappearance of neurotoxicity by reversing the
aggregation process by dissolving aged AB (1-42) in TFE, which promotes a-

helical structure. Similarly in our study, DNA nicking activity of Ap was inhibited

a b c
| i E i
= Open circular form
—— Supercoiled form

by its dissolution in TFE.

Relative band intensity

Figure 5.8. Effect of ATA on Af (1-42)-sc DNA interaction. (A) Agarose gel
(0.75%) electrophoresis: (a) sc DNA alone (1ug); (b) sc DNA + Ag (1-42)
(50x10™° M); (c) sc DNA + AB (1-42) (50x10° M) + ATA (2 x 10 M). (B) Peak
representation of the DNA bands. (C) Densitometry of the above gel:
Correlation of relative amounts of supercoiled (form |) and open circular (form I).
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Figure 5.9. Effect of ATA on A (1-42) —sc DNA interaction in presence of
metals. (A) Agarose gel electrophoresis (1.2%): (a) sc DNA alone (1ug); (b) sc
DNA + AB (1-42) (75 x10° M); (c) sc DNA + AB (1-42) (75x10° M) + 1mM
CaCly; (d). sc DNA + A (1-42) (75x10° M) 1mM MgCl, ; (e) sc DNA + Ap (1-
42) (75x10° M) 1mM ZnCl; ;(f) sc DNA + AB (1-42) (75x10° M) + 200uM ATA ;
(g) sc DNA + AB (1-42) (75x10° M) + 1mM CaCl, + 200uM ATA; (h) sc DNA +
AB (1-42) (75x10° M) + 1mM MgCl, + 200uM ATA;(i) sc DNA + AB (1-42)
(75x10° M) + 1mM ZnCl, + 200uM ATA and (M) linearized supercoiled DNA
(EcoR1 digested). (B) Representation of the DNA bands in the form of peaks.
Arrows represent the peaks corresponding to the linearised sc DNA (form Ill). (C)
Densitometry of the above gel: Correlation of relative amounts of supercoiled
(form 1) and open circular (form Il). AB (1-42) was 36 h old (incubated at room
temp in MQ water).
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Figure. 5.10. Effect of TFE on Ap (1-42) -sc DNA interaction. (A) Agarose
gel electrophoresis (0.75%): a) sc DNA alone (1ug); (b) sc DNA + AR (1-42)
(50x10° M); (c) sc DNA + AB (1-42) (50x10° M) dissolved in TFE (50%). (B)
Representation of the DNA bands in the form of peaks. (C) Densitometry of the
above gel: Correlation of relative amounts of supercoiled (form 1) and open
circular (form I1).
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5.2.4. CD spectral analysis of Ap (1-42) peptide

AB (1-42) CD spectral analysis showed that fresh Ap (1-42) (dissolved in
water) has -sheet conformation (Fig. 5.11a) where as aged peptide (32 h old)
has aggregated p-sheet conformation (Fig. 5.10b). AR (1-42) in 50% TFE
showed a-helical conformation (Fig. 5.11c). The results reveal that B-sheet

conformation of Ap (1-42) is toxic rather than the a-helix.
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Figure. 5.11. CD spectra of AP (1-42). (a) Ap peptide (fresh) dissolved in
water showing p-sheet structure. (b) Aged AP peptide dissolved in water
showing aggregated B structure. (c) AP dissolved in 50% TFE showing a-
helical structure.
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5.2.5. Whether the nicking property is specific for Ap (1-42)
peptide?

The effect of other AB peptides like AB (1-28), AB (1-16), Ap (1-25-35), AB (1-
40), and ApB(1-43), on DNA has also been checked. Smaller length peptides
AB (1-16) and AB (1-28) both caused DNA nicking.

AB (1-28) at the concentration tested (50x10°M) caused open circular
form (Lane b, Fig. 5.12). All the three metal ions caused linearisation of DNA in
the order Ca >Mg >Zn as revealed by the densitometric analysis (Fig. 5.12C).
In this case Ca®* showed more nicking among the three metals (Lane d, Fig.
5.12).

In the present study AB fragment (1-16) used ([ GIn'' ] AB(1-16)) has
Glutamine instead of Glutamic acid at 11th position (Sigma Cat No: A 4309).
The modified AB(1-16) also could induce nicking in sc DNA (Fig. 5.13). Both
Ca?" (Lane e, Fig. 5.13) and Mg®* (Lane f, Fig. 5.13) enhanced the activity.
Zinc did not show any effect (Lane g, Fig. 5.13). Its quite interesting that the
aged modified AB(1-16) (90 days at 4°C) achieved remarkable DNA nicking
activity and resulted in DNA smear ( lane b, Fig. 5.14). Both Ca®* (Lane d, Fig.
5.14) and Mg2+ (Lane e, Fig. 5.14) absolutely degraded DNA and we could not
observe any DNA staining in the agarose gel. However Zn®* did not alter the
nicking activity (Lane f, Fig. 5.14). ATA could protect the DNA nicking caused
by modified Ap (1-16) (Lane c, Fig 5.14).

CD spectral analysis of Ap (1-16) and AB (1-28) revealed random coil
secondary conformation (Fig. 5.15 A and B respectively). Random coil
conformation of the peptides also seems to exert DNA nicking as revealed by

the above two peptides.
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Figure. 5.12. Effect of metals on Ap (1-28) binding to sc DNA. (A) Agarose
electrophoresis (1.2%): (a) sc DNA alone (0.8ug); (b). sc DNA +Ap(1-28)
(50x10°M); (c) sc DNA +AB(1-28) (50x10°M)+ 2% SDS; (d) sc DNA +AB(1-28)
(50x10°M)+ 1mM CaCly; (e) sc DNA +Ap(1-28) (50x10°M)+ 1mM ZnCly; (f) sc
DNA +AB (1-28) (50x10°M)+ 1mM MgCl, and (M) linearised supercoiled DNA
(EcoR1 digested). (B) Graphical representation of supercoiled (form 1), open
circular (form Il) and linearised (form Ill) bands. Arrows indicate the linearised
DNA form (form Ill) induced by AB (1-28). (C) Densitometry of the above gel:
correlation of relative amounts of supercoiled (form |) and open circular forms
(form 11).
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Figure. 5.13. Ap (1-16) binding to sc DNA. (A) Agarose gel electrophoresis
(1.2%): (a) sc DNA alone (1.0ng); (b) sc DNA +AB(1-16) (10x10°M); (c) sc
DNA +AB(1-16) (50x10°M); (d) sc DNA +AB(1-16) (75x10°M); (e) sc DNA
+AB(1-16) (50x10°M) + 1mM CaCly; (f) sc DNA +AB(1-16) (50x10°M) +
1mMgCly; (g) sc DNA +AB(1-16) (50x10°M) + 1mM ZnCl; and (h) sc DNA
+AB(1-16) (75x10°M) + ATA (2 x 10™* M). AB (1-16) was freshly dissolved in
water. (B) Representation of the DNA bands in the form of peaks. Arrows
indicate the linearised DNA form (form Ill) induced by AB (1-16). (C)
Densitometry of the above gel: correlation of relative amounts of supercoiled
and open circular forms.
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Figure. 5.14. Effect of aged peptide (60 days at 4°C) AB (1-16) on sc DNA
nicking activity. (A) Agarose gel electrophoresis (1.2%): (a) sc DNA alone;
(b) sc DNA + AB (1-16) ) (75x10° M); (c) sc DNA + AB (1-16) (75x10° M)+ ATA
(2 x 10*M); (d) sc DNA + AB (1-16) (50x10° M) +1mM CaCly; (e) sc DNA + Ap
(1-16) (50x10™° M)+1mM MgCly; and (f) sc DNA + AB (1-16) (75x10° M)+1mM
ZnCly. AB (1-16) in the presence of Ca and Mg completely degraded DNA so we
could not find the DNA in the lanes d and e. (B) Representation of the DNA
bands in the form of peaks: b, d, e and f lack corresponding form | and form I
bands of sc DNA alone because of the smear damage caused by A (1-16).
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Figure. 5.15. CD spectral analysis of the peptide. (A) CD spectra of Ap (1-
16) dissolved in water showing random conformation. (B) CD spectra of Ap
(1-28) dissolved in water showing random conformation

AB (1-40) in the absence of metal ions (Fig. 5.16) caused open circular form.
Mg®* (Lane c, Fig. 5.15) and Ca®* (Lane d, Fig. 5.16) significantly enhanced
the nicking activity, however Zn* (Lane e, Fig. 5.16) exhibited protection
against Ap induced nicking in DNA.

AB (1-43) having the additional amino acid threonine at the C terminal
end of the AB (1-42) is the primary constituent of SPs and cererbrovascular
deposits in AD and Down’s syndrome (Pike et al., 1993) showed DNA nicking
activity only in the presence of Mg*(Fig. 5.17). At 5mM Mg** AB (1-43)
resulted in complete disappearance of supercoiled band and subsequent
appearance of open circular and linear form (Lane g, Fig. 5. 17).

AB (25-35) (the functional domain of AB required for both neurotrophic
and neurotoxic effects, (Yankner et al., 1990)) unlike other peptides caused
aggregation of the DNA (Fig. 5.18) and therefore DNA was not migrated in the
agarose gel in the presence of AB (25-35). The aggregation of DNA was
observed at the peptide concentrations above 50x10°M (Lanes ¢ and d, Fig.
5.18). As 50x10°M did not cause any change in the sc DNA (Lane b, Fig.
5.18). It was reported by Ahn et al. (2000) that DNA could readily associated
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Figure. 5.16. Ap (1-40) interaction with sc DNA. (A) Agarose gel
electrophoresis (1.2%): (a) sc DNA alone (1ug); (b) sc DNA +Ap (1-40) (75 x
10®); (c) sc DNA +AB (1-40) (75 x 10°)+1mM MgCl,; (d) sc DNA +Ap (1-40)
(75 x 10°)+1mM CaCl, and (e) sc DNA +Ap (1-40) (75 x 10°) +1mM ZnCl.. (B)
Peak representation of the DNA bands. Arrows indicate the linearised form of
DNA (form IIl) induced by Ap (1-40). (C) Densitometry of the above gel:
correlation of relative amounts of supercoiled and open circular forms.
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Figure. 5.17. Ap (1-43) interaction with sc DNA. (A) Agarose gel
electrophoresis: (a) sc DNA alone; (b) sc DNA +Ap (1-43) (42 x 10): (c) sc
DNA +Ap (1-43) (42 x 10°)+1mM Mg?®"; (d) sc DNA +AB (1-43) (42 x 10°
®)+5mM Mg?*; (e) sc DNA +Ap (1-43) (64 x 10°); (f) sc DNA +Ap (1-43) (64 x
10°)+1mM MgCl, and (g) sc DNA +Ap (1-43) (64 x 10°)+ 5mM MgCl,. (B)
Peak representation of the DNA bands. Arrow indicates the linearised form of
DNA (form Ill) induced by Ap (1-43). (C) Densitometry of the above gel:
correlation of relative amounts of supercoiled (form |) and open circular (form
II) forms.

with the aggregated forms of the Ap (1-40) and A (25-35) resulting in the shift
in the electrophoretic mobility of DNA. They also reported that electrophoretic
mobility of DNA was little influenced by the monomeric forms of Ap (1-40) and
AB (25-35). In our study we could get retardation of the DNA only by AB (25-
35). We propose that the four N-terminal polar residues of Ap (25-35) fragment
which includes a charged lysine residue (the net charge is +1) might be

responsible for strong binding of the DNA.
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Figure. 5.18. Aggregation of sc DNA caused by Ap (25-35): Agarose gel
electrophoresis (1.2%) (a) sc DNA alone (1.0ug); (b) sc DNA +AB(25-35)
(10x10°M); (c) sc DNA +Ap(25-35) (50x10°M) and (d) sc DNA +Ap(25-35)
(75x10°M).

Ca, Mg and Zn were found to have no effect either on open circular form

appearance or on linearisation of scDNA (Fig. 5. 19).

Figure. 5.19. Effect of Ca**, Mg*, and Zn** on sc DNA: Agarose gel
electrophoresis (1.2%) (a) sc DNA alone (1.0 ug); (b) sc DNA +1mM CaCl;;
(c) sc DNA +1mM MgCl, and (d) sc DNA +1mM ZnCl, .
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5.2.6. Estimation of single strand beaks (SSB) induced by
Ap peptides

An estimate of single strand breaks caused by various A peptides was made
using the nick translation of Ecoli Polymerase (Klenow fragment). Figure. 20
shows the incorporation of * [ H] -TMP into DNA samples when incubated with
E.Coli DNA polymerase | in a nick translational assay. During the
standardization of the assay conditions with a plasmid DNA ( Cos T fragment
of A phage ) having known number of single strand breaks, it is found an
average of 1500 nucleotides are added at each of the 3’-OH group. From this
it is inferred that each picomole of TMP incorporated is equivalent to 1.6 x 10°
3’ — OH groups or single strand breaks. The incorporation has been shown to
be increased with increase in the length of the A peptide except for Ap (1-43).
Thus the SSB in scDNA increased with increase in the peptide length (Table
1). Mg®* increased the SSBs in case of all the peptides. AP (25-35) (Fig. 5.20)
could induce strand breaks in this experiment though we could not observe
any in the gel. In the presence of Mg, no strand breaks were observed and this
may be due to the aggregation of DNA by AB (25-35) as revealed in the
agarose gel (Fig. 5.20).

5.3. Discussion

Although the biological role of the amyloid B-peptide has yet to be determined
it is thought to contribute to the progressive neuronal loss in AD. The
mechanisms by which Ap (1-42) associated toxicity occur in neurons in AD
brain are under active investigation. Inspection of the AB sequence points out
its amphipathic nature. The C-terminal third of the peptide (residues 29-
40/42/43) is composed entirely of hydrophobic residues, while the N-terminal
two-thirds (residues (1-28) is decidedly more polar, with both charged and
hydrophobic residues.  The eleven residue Ap (25-35) fragment of
amyloidogenic Ap (1-40)/(1-42) retains activities of the full-length peptide,
rapidly forming fibrillar aggregates (Harkany et al., 2000).
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Figure. 5.20. Assessment of Single stranded breaks (SSB) in sc DNA
induced by AB peptides through nick translation type incubation with E.coli
DNA Polymerase |. Values are expressed as picomoles of 3H-TMP
incorporated DNA per hour of incubation. For assay conditions see materials
and methods. From standardized conditions each picomole of TMP
incorporated would be equivalent to 1.6 x 10° single strand breaks in the DNA
sample. Values are expressed as mean £SD.

Sample SSB/ug of Sc DNA
Without MgCl, | With 1mM MgCl,
sc DNA alone 2.7x 10° 2.7x 108
sc DNA+ AB (1-16)) 8.96x 10° 30.4x 10°
sc DNA + AB (1-28) 0.96 x 10° 1.25x 10°
sc DNA + AB (25-35) 17.6x10° | = e
sc DNA + AB (1-40) 20.3x 10° 24.5x 10°
sc DNA + Ap (1-42) 26x10° 37x10°
sc DNA + AB (1-43) 0.48x 10° 43.2x 10°

Table. 5.1. DNA single strand breaks (SSBs) in sc DNA caused by Ap
peptides through Nick translational type of Incubation with E.coli DNA

polymerase (Klenow fragment).
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The four N-terminal polar residues of AB (25-35) fragment include a charged
lysine residue (the net charge is +1), the C-terminus residues are
predominantly hydrophobic. The hydrophobic segment corresponds to a part
of the transmembrane domain of APP (Kang et al., 1987). The Ap (1-42) and
AB (25-35) are known to be neurotoxic peptides (Yankner et al., 1990).
Purified Ap, as well as many of its fragments, can be induced to form
amorphous and/or fibrillary aggregates in vitro without the aid of other
biological factors (Kirschner et al., 1987; Fraser et al., 1991; Malinchi et al.,
1998). Several studies have shown that AB peptides can be neurotoxic but
only when they form fibrillary aggregates (Yankner et al., 1990; Kowall et al.,
1991). Ap analogs and fragments in filamentous state adopt an antiparallel -
sheet conformation with two strands composed of residues 17-21 and 34-42
and suggest that the C-terminal part 17-42 of AP has high intrinsic
amyloidogenic potential and contributes to the toxicity. However, AB (17-42) is
not liberated from cells in an amyloidogenic form (Teplow, 1998) therefore it
was suggested that one can not exclude that the N-terminal region 1-16 of Ap
is involved in the pathogenesis of AD in ways not appreciated from studies of
fibril formation and toxicity of the C-terminal 17-42 AP peptide. Several groups
have reported that synthetic B-peptides show either trophic or toxic response
on neurons in vitro (Yankner et al., 1990). Studies also suggested that Ap
peptides may exert its toxic effect via activation of transcription factors (Baron
et al., 1999).

Our results provided intriguing information on the AP induced DNA
nicking property. AB (1-42) showed definite DNA nicking property in a
concentration and time dependent manner. The DNA nicking is not only
restricted to full length fragments (Ap 42/40) but the smaller length peptides
also showed nicking. However there exist subtle differences in their activity
and are differentially modulated by metal ions Mg?, Ca®" and Zn*.
Nevertheless AB has been shown to be a metalloprotein that can bind
transition metal ions such as Zn, Fe and Cu (Lovell et al., 1998). In our study
Ca? and Mg®* seem to be required for the DNA nicking activity as all the

peptides showed enhance DNA nicking activity. Ap (1-43) in particular showed
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nicking activity only if Mg®* is present. It was suggested that Mg®* and Ca**
(Mg and Ca are more abundant than Cu and Zn in brain samples) might
participate in the resolubilization of AB (Cherny et al., 1999). Kuroda and
Kawahara (1994) also reported that Ca and Mg did not promote aggregation of
AB. In AD, there is a direct relationship between the aggregation state and the
loss of Ca®* homeostasis. Generally AB is thought to interfere with Calcium
homeostasis by forming or activating Calcium channel as well as interfering
with intra cellular calcium storage, resulting in the production of free radicals
by calcium-sensitive enzymes (Holscher, 1998; Mattson et al., 1993).
Nevertheless less is known about the interaction of Mg 2* and Ca #* with Ap.

Jang and Surh (2002) reported that Ap (25-35) caused strand scission
in phiX174 DNA only in the presence of ferrous iron. However our study
yielded different results. Though agarose gel study of interaction of Ap (25-35)
showed total aggregation of DNA, Nick translation assay could identify the
strand breaks caused by the AB (25-35). The strand breaks caused were in the
absence of any metal. Further in the presence of Mg?* no strand breaks were
observed. It can be because of the hindrance of the polymerase to access the
DNA because of the aggregation of DNA.

Zn?* exhibited either protective (AR (1-40) and (1-42)) or no effect ((Ap
(1-16)). Zn** has been shown to be capable of causing deposition of amyloid,
at least in vitro (Mantyh et al., 1993; Bush et al., 1994b). It was shown that
Zn?** can promote aggregation of AB (Mantyh et al., 1993). It has been shown
that ionic interactions with zinc induce significant conformational changes in
AB (Huang et al., 1997). Human Ap (1-40) reported to have two specific
binding sites for Zn* (Bush et al., 1994b). The obligatory zinc binding
sequence has been mapped to the region 6-28 of Ap (Bush et al., 1994).
However, Zn showed enhancing effect only in case of Ap (1-28). It has been
reported that AP (1-16) undergoes a conformational change from random coil
to some regular secondary structure in presence of zinc cations (Kozin et al.,
2001). The authors also reported that Ca®* and Mg?* did not cause any
conformational change in Ap (1-16) as monitored by CD spectroscopy in the

conditions where Zn?* binding was observed. However, in our study we could
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find enhanced DNA nicking activity of AB (1-16) in the presence of only Ca?*
and Mg®* and not with Zn?".

The aging of the peptides is also shown to have implications in
exacerbating the toxicity. In our study in the paradigm of AB (1-16) aging of the
peptide has attained more toxicity in terms of DNA nicking activity. Ap (1-16)
has no intrinsic propensity to aggregate in physiological conditions, in contrast
to the rest of the AB sequence and is highly soluble and monomeric in usual
buffers in the 3.5-8.00 pH range. The case AP (1-16) has provided
unambiguous example for aging associated toxicity. Our results are consistent
with the observations of Pike et al. (1999 and 1993), which showed aged or
aggregated B-peptide to be neurotoxic and fresh or monomeric B-peptide to be
non-toxic (Pike et al., 1991; 1993). Nevertheless, our results also favor soluble
species of AP rather than the fibrillar forms as more toxic. This has also been
depicted clearly in the AP (1-42) time dependent study (thioflavine-T assay and
corresponding DNA nicking activity and EM study) and involvement of metals.
AB(1-42) showed more toxicity (DNA nicking) corresponding to the lower
thioflavine-T binding and non-fibrillar form revealed by EM study. Thioflavine-
T is more specific for fibrillar forms than aggregated and soluble forms
(LeVine, 1993). The metal ions (Ca®* and Mg?*), which solubilize the Ap have
enhanced the DNA nicking activity and the metal ion Zn*, which promotes
aggregation did not cause any effect. Based on the above results we
conclude that some form of the soluble and stabilized conformation of the Ap
peptides are required for toxicity. Several lines of evidence have converged
recently to demonstrate that soluble oligomers of AB, but not monomers or
insoluble amyloid fibrils, may be responsible for synaptic dysfunction on the
brains of AD patients and in AD animal models. Metastable intermediates in
the formation of fibrils by synthetic Ap- referred to as AD diffusible ligands
(ADDLs) (Lambert et al., 1998) or protofibrils (Hartely et al., 1999) cause
subtle injury to cultured neurons.

Further inhibition and enhancement of DNA nicking by ATA and metals
respectively implicate the involvement of histidine residues. As early studies
indicated that histidine residues were important for A aggregation since the

loss of histidine residues, such as in rat Ap which contains three amino acid
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substitutions (Arg-Gly, Tyr-Phe and His-Arg at positions 5,10 and 13
respectively) (Johnstone et al., 1991) or histidine maodification, results in
greatly diminished aggregation of A by Cu (Il), Zn (ll) or Fe (lll) (Atwood et
al., 1998). AB binds transition metal ions via histidine residues (positions 6, 13,
and 14) (Atwood et al., 1998; Syne et al., 2004). And also histidine is one of
the strongest low molecular weight ligand for metal ions (Szczepanik et al.,
2004). In blood serum, it constitutes one of the most common Cu (ll) binding
agents (Neumann and Sass-Kortsak, 1967). These results suggest that
histidine residues are essential for metal-mediated assembly of AB. The
mechanism of action of ATA in the inhibition of protein-nucleic acid complex
formation also involves histidine residues (Gonzalez et al., 1980). Moreover
recently it has been shown that oxidative DNA damage induced nuclear
localization of AB(1-42) (Ohyagi et al., 2004). However the significance of its
presence in the nucleus is not clear. Based on the above observations we
propose that histidine residues are essential for the AB induced DNA nicking
activity. The results evidenced a new toxic role of Ap in terms of its DNA
nicking activity and there by it alters the helicity of scDNA. Our finding of DNA
nicking activity of Ap peptides has biological significance in terms of causing
DNA damage.
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SUMMARY AND CONCLUSION

Alzheimer’ disease (AD) is a complex neurodegenerative disorder with no definite
etiological factor. It has complex pathology with multifaceted biochemical changes.
AD involves parts of the brain that control thought, memory, and language and is
characterized by selective primary neuronal and synaptic loss in the hippocampus
and cerebral cortex that correlates clinically with dementia (CHAPTER ). The
etiological factors of AD are not clearly known although unproven hypotheses have
included genetics, head trauma, oxidative stress, infectious agents, and
environmental factors including aluminium (Al) toxicity. The neuropathological
characteristics include cortical and subcortical atrophy, formation of
intraneuronal neurofibrillary tangles (NFT), deposition of amyloid beta
peptide (AB) in neuritic plagues or senile plaques (SP), formation of
neuropil threads, loss of synaptic function, oxidative stress, and apoptosis,
leading to neuronal loss. These events are observed mostly in the
hippocampal and cortical regions of AD brains. It is known that protein
conformational change of protein plays important role in the pathology of AD and
AD is some times termed as protein conformational disorder. Amyloid beta peptide
has been hypothesized to have the central role in neurodegeneration. Aggregation
of amyloid has been known to be associated with the disorder, which requires
conformational transition from random coil to B-sheet conformation. However there
are limited studies on the implications of altered genomic integrity in
neurodegeneration in AD. Al and Tau have been shown to bind DNA and
modulate the conformation. Therefore the present study focuses on genomic DNA
conformational aspects and the role of amyloid peptides on DNA integrity with
relevance to AD. To accomplish the above objectives, we utilized the brain tissue of
AD affected and control from Netherlands brain bank. The study has the following
three objectives: a) Structural integrity and stability of the genomic DNA isolated
from the AD and control brain tissue, b) Interaction of amyloid peptides with the
DNA and their implication in modulating the conformation and c¢) molecular

mechanism of Ap induced DNA nicking :a consequence of amyloid binding to DNA.
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Genomic integrity has an essential role for the living organisms as any
damage or structural change of the genome will affect the transcriptional fidelity,
which ultimately affects the survival of the organism itself. The study (CHAPTER Iil)
provided first evidence on alteration of DNA helicity in the hippocampus of AD brain.
In AD, hippocampus is first and severely affected region, before other parts of the
cortex and later, the frontal lobes too. Hippocampus region of brain appears to be
absolutely necessary for making new memories. Memory is usually the first thing to
start to falter in AD. The studies revealed that the genomic DNA, isolated from
hippocampus showed Z- form of DNA rather than the usual right-handed B-form of
DNA. This conformational alteration was observed only in the hippocampus and not
in the superior frontal gyrus and parahippocampal gyrus. Moderately affected AD
brain DNA revealed B-Z intermediate form and severely affected AD brain DNA
showed Z-DNA form. Therefore the conformational change of DNA observed in the
hippocampus was shown to be in a progression dependent fashion from B-DNA to
B-Z-DNA to Z-DNA. DNA damage in terms of strand breaks were found to be more
in the case of AD hippocampus compared to superior frontal gyrus and
parahippocampal gyrus and also compared to the control brain DNA samples. It
was reported that Z-DNA formation excludes nucleosome formation and could affect
the placement of nucleosome as well as organization of chromosomes. The
topological change in DNA, particularly the B-DNA to Z-DNA transition in the
hippocampus, will have tremendous implications in the functional biology of the brain
cells e.g. transcription, replication and recombination. It was also theoretically
postulated that the guanine base present in DNA would be more susceptible to
hydroxyl radical induced DNA damage if the conformation of DNA is Z —form rather
than B or A forms because of greater exposure of nucleotide bases. Based on this
DNA conformational change, we proposed an explanation to the unusual phenomenon
like nucleosome mis-assembly, G* specific DNA oxidation, terminal differentiation and
altered gene expression associated with AD brain. Our present finding on the

presence of Z-DNA in AD brain supports the experimental findings on the presence
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of GC’ rich oxidized products in AD brain. The results lead to a hypothesis that the

AD etiological factors like amyloid beta peptides, aluminium, tau etc might play an

important role in the in the DNA conformational alteration. Part of the work has been
presented at 18" IUBMB (International Union of Biochemistry and Molecular Biology)
held at Birmingham, UK (2000). The finding was cited in the Biochemist, Oct, 2000,
page, 19.

Amyloid beta peptide a hallmark feature of senile plaques of AD has been
shown to have putative neurotoxic role in causing neurodegeneration. Based on the
previous results and to test the subsequent hypothesis we studied the interaction of
DNA with amyloid peptides. There were few reports on the binding ability of aluminium
and tau to DNA. However, there is no report to-date on AB binding to DNA. In the
present study (CHAPTER 1V), we first time evidenced the binding of A to scDNA. Our
study provided unambiguous observation that amyloid peptides can bind to DNA.
The study also reported the localization of the AP peptides at the nuclear region in
the AD brain hippocampus tissue. The binding of full length AP peptide, Ap (1-42) to
DNA not only binds to scDNA but also is able to alter the conformation of DNA. An
initial B—>C transition was observed which gradually transformed into y-DNA,
presumably reflecting a partial DNA collapse into a y-phase. y- DNA is shown to be
structurally and immunologically closely related to Z-DNA family. The y-DNA
conformation induced by AB (1-42) is structurally closer to Z-DNA, which was
observed in severely affected AD brain. Whereas, the shorter length peptide Ap (1-
16) showed altered B-DNA conformation. Furthermore the Ap peptides showed
preferential binding to AT base pairs than to GC base pairs. The peptides showed
preferential binding to AT rich sequences and caused B—A DNA transition. The
binding of peptides to DNA was proposed to implicate the involvement of both
hydrophobic and hydrophilic interactions of the peptide with DNA. These protein-
DNA complex conformations (altered B-DNA, A-DNA, y- DNA, B-C-A complex) are
energetically weak and are likely to go into Z-DNA conformation as reported in AD

brain. Vast arrays of small scDNA packets have been found to be present in animal
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and human cells and are known to be involved in gene expression. Our study also

clearly shows that AP peptides relax the sc DNA partially. Thus the present study

hearsay for the first time that ApB uncoils scDNA besides bringing about helicity
changes. We propose that AB along with other etiological factors might modulate
DNA topology in AD brain The results provided new understanding of Ap in terms of
its nuclear localization and DNA binding property. The work was presents at The 21°
Annual Conference of The Hong Kong Society of Neurosciences, held at Hong Kong
(2001).

The AP peptides are self aggregating and aggregating proteins are shown to
exert the neurotoxicity and amyloid assembly into fibrillary structure is a defining
characteristic of AD. The role of DNA damage in aging process has gained
importance with increasing evidence of DNA damage in aging brain and age
associated neurological disorders. Moreover A was shown to cause to DNA
fragmentation as part of its effect on inducing apoptosis. This chapter (CHAPTER
V) provided fundamental contribution that Ap peptides can cause DNA damage
directly. The study revealed that A peptides exhibited strand breaks in supercoiled
DNA. The nicking property of Ap has been shown to be in a concentration and time
dependent manner. Our results also provided interesting observation that aging of
the peptide is a major concern for the DNA damage directly. As the aged peptides
acquired remarkable DNA nicking activity. The metal ions which solubilize the
aggregated Ap viz Ca and Mg are shown to enhance the A induced DNA nicking.
Several lines of evidence have converged recently to demonstrate that soluble
oligomers of A, but not monomers or insoluble amyloid fibrils, may be responsible
for synaptic dysfunction on the brains of AD patients and in AD animal models. Zn?*,
which promotes aggregation of A shown to either protect (in case of Ap (1-40) and
AB (1-42)) or showed no effect (in case of AB (1-16) and AB (1-28) on induced DNA
nicking. Interestingly aurintricarboxylic acid (ATA) a nuclease inhibitor could prevent
the DNA nicking induced by the AB. Further inhibition and enhancement of induced
DNA nicking by ATA and metals respectively implicate the involvement of histidine
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residues. Both ATA and metals function through binding to the histidine residues.

ATA could also partially prevent A induced DNA nicking activity in the presence of

metals. Based on the above observations we propose that histidine residues are
essential for the AB induced DNA nicking activity. The results evidenced a new toxic
role of AB in terms of its DNA nicking activity. Our finding of DNA nicking activity of
APB peptides has biological significance in terms of causing DNA damage. Part of the

work was presented at the ISN school, held at Avignon, France, 2004.

Significance: This study provided novel information on the genomic DNA topology
and integrity in AD, which is shown to be altered. The study indicated an association
of the altered conformation of the DNA to disease condition of AD. The study also
evidenced that amyloid peptides can bind to DNA and lead to damage of the DNA.
This has been a very intriguing observation, which exposed a new toxic role of the
amyloid peptides. The study opens up new strategies in better understanding

mechanism of neurodegeneration.
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