STUDIES ON CHROMATIN ORGANIZATION AND THE
ROLE OF CURCUMIN IN CHROMATIN STABILITY IN
RELEVANCE TO NEURODEGENERATION

A Thesis submitted to the
UNIVERSITY OF MYSORE

for the award of the degree of

Doctor of Philosophy
in
BIOCHEMISTRY

by
P.VASUDEVA RAJU

Under the supervision of

Dr.K.S.Jagannatha Rao

Department of Biochemistry and Nutrition
CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE
Mysore - 570020, India

February 2011




Acknowledgements

It is indeed a great pleasure to express my deep sense of sincere
gratitude to Dr. K.S. Jagannatha Rao, my supervisor for his constant guidance
and support throughout this work. | also thank for the tremendous freedom in
work that | enjoyed in the lab. His approach of solving problem (scientific as well
as technical), critical analysis of the subject have been very impressive. Working
with him has been a pleasant and stimulating experience and | shall always
cherish these memories.

| am gratified to Dr. V. Prakash, Director, CFTRI, for providing me an
opportunity to work and utilize the facilities at CFTRI to carry out research. |
would also like to add a word of thanks for his interesting and useful discussions,
which will be evergreen in my memory.

| would like to thank Dr. P.V. Salimath, Head, Department of
Biochemistry and Nutrition for providing the department facilities. 1 am also
thankful to Dr. S.G. Bhat (retired Head), for his constant support and
encouragement throughout this research work. | profusely thank Dr.U.J.S.
Prasada Rao, Scientist, Biochemistry and Nutrition for all his help and
suggestions in my research work.

| am obliged to Dr. P. Srinivas, Head, PPSFT, who extended
openhanded milieu in synthesizing and characterizing organic molecules for my
research work. The significant discussions and suggestions made by him during
my research work are highly valuable.

My sincere thanks Dr.S.K.Shankar, NIMHANS for providing Brain
samples for the study and helpful suggestions

Heartfelt thanks are due to Dr. M.R.S.Rao, JNCASR for the chromatin
study and helpful suggestions.

| wish to thank Dr. T.S. Sathyanarayana Rao, Dr. B.S. Keshav, Dr. S.
Harsha, and staff of pathology lab of JSS Hospital, for the biomarker study. | am
obliged to Dr.K.P.Raichurkar, chief radiologist, Vikram Hospital, Mysore, who
extended his untired support in conducting MRI study and analysis. | thank
Dr.Vikram, MD, Vikram group of hospitals, Mysore for allowing me to do MRI. |
wish to acknowledge Dr. Shama Sundar, Dr. Basavaraj, Dr. Bharathi, JSSMC,
Mysore for their discussions and suggestions. | am indebted to them. | thank all
the people who participated in biomarker study for their charity to society.

| consider myself very fortunate to interact with Dr. Luigi Zecca, Italy, Dr.
Rivka Ravid, Amsterdam and Dr. Sambamurthi, South Carolina, for their
valuable suggestions during their stay in our laboratory.



A word of thanks to Shri. M.R. Radhakantha, COA, CFTRI, for his
constant support, encouragement during my research work. | profoundly thank
Research Fellows Assessment Committee for their important suggestions.

| thank Dr. G. Appu Rao Head, PCT, CFTRI, Mysore, for his stimulative
discussions and allowing me to use Circular Dichroism Instrument during my
work.

| am grateful to Mr. Govindarajulu, MBU, and Dr. Indi S.S, MCB, Indian
Institute of Science for their constant help and providing their laboratory facilities
for my research work.

| wish to acknowledge Ms. Parvathy, PPSFT for synthesizing and
characterizing the dietary components used for my research work. | thank Mr.
Manjunath, PPSFT for his help in NMR experiments.

| thank all the members and staff of our department for creating a
conducive environment, a memorable experience. | thank Mr.Vishnu kumar for
his support.

| record my acknowledgement to my seniors Dr. Muralidhar Hegde, Dr.
Anitha, Dr. Mushtak Dr. Bharathi, Dr. Veer Bala Guptha and Ramesh B.N,
for the knowledge shared, the advice given and assistance rendered by them
during my stay in the lab. | thank my friend Dr.Sivaramakrishna for his
motivation and encouragement in my research career.

| am thankful to Indira madam for the help and guidance provided by her.
Thanks are due and endless to Mr. Jayant Rao, which remains in my fond
memories through out. Special thanks to Mr. M.A. Sharma and their family for
their suggestions and support, which will remain evergreen.

| am honored to thank my Parents, Mr. Chandrasekhara Raju and Mrs
Jayamma for their selfless and endless sacrifice; constant support and
encouragement, which rendered me to reach the present position in my life.

| acknowledge the financial support in the form of Junior Research

Fellowship (JRF) from the Council of Scientific and Industrial Research
(CSIR), New Delhi, India.

-P.Vasudeva Raju.



ABSTRACT OF THE THESIS

The progressive loss of structure and functioneafrans is the final consequence of the
all neurodegenerative diseases like Parkinson’'sadis (PD). Genomic integrity is
essential for the proper functioning of the neutaredl and altered genomic integrity
lead to neurodegeneration. DNA in eukaryotic cehliiranged in the form of compactly
condensed state known as chromatin. Chromatin @gi@on was a dynamic process
occurring in the living cells by continuously opegiand reorganizing according to the
cellular needs. Chromatin organization plays anartgnt role in regulation of the gene
expression. Chromatin organization was alteredaikiRson’s disease. Histone H3 was
acetylated in all the PD chromatin samples comp#peB0% of histone acetylation
levels in the control sample. DNA methylation wasrenin PD DNA compared to that
of control. Micrococcal nuclease digestion revedlest looser chromatin loops were
present in PD chromatin compared to control. Thelkof 8-OHAG (Oxidative DNA
damage biomarker) were increased in PD patientgpaced to control indicating more
genotoxicity in brain cells. MRI analysis of PD jeats brain showed atrophy in
caudate nucleus, thalamus, hippocampus and substaigta regions compared to
control. Trace metals like Fe and Cu were increastde Zn levels were decreased in
aging brain. Single strand breaks and double stoaeaks were accumulated in frontal
cortex and hippocampus of aging brain. Neuroprstdike a-synuclein, tau and
neuromelanin were involved in the pathogenesis Df Rs these neuroproteins are
localized in the nuclear region, they may havela mo nuclear functions. We showed
thata-synuclein, Tau and neuromelanin bound to superddilNA and nick the DNA
like endonuclease. These neuroproteins alteredDiNA integrity indicating their
genotoxic role.a-synuclein and Tau bind to conformation and seqeesgecific
oligonucleotides of both in B-DNA and biological§ygnificant Z-form. Curcumin, a
dietary polyphenol is the principle component o tthizome (turmeric) of the herb
Curcuma longa. Curcumin altered chromatin organization and deltad the
chromatin. Curcumin binds to DNA and altered DNAtegrity. Curcumin also
destabilized the Tau-DNAg-synuclein-DNA complexes. The present investigation

provides a new evidence on the pathological mesham PD.



TABLE OF CONTENTS

Chapter 1: Neurodegeneration in parkinson’s disease: an
introduction

1.1
1.2

1.3

1.4

—_ =
NOou

1-40

Pathways of neurodegeneration
Neurodegeneration in parkinson’s disease
1.2.1 Lewy body pathology
1.2.2 Oxidative stress and DNA damage PD
1.2.3 Cross-talk of environment and genome
1.2.4 a-Synuclein and PD
1.2.5 Potential normal functions of a-Synuclein
1.2.6 a-synuclein toxicity in diffuse Lewy body disease
1.2.7 Expression and subcellular distribution of a-synuclein
1.2.8 Nuclear localization of a-Synuclein
1.2.9 Nuclear transport of a-Synuclein

1.2.
1.2.
1.2.
1.2.
1.2.
1.2.
1.2.
1.2.
1.2.

1.2.

10 a-Synuclein genotoxicity

11 a-synuclein dna interactions: a new concept

12 New evidence for DNA binding property of a-Synuclein

13 a-Synuclein affects DNA conformation

14 DNA induced folding of a-Synuclein

15 a-Synuclein aggregation and DNA binding

16 Our model on a-synuclein genotoxicity

17 Tau proteins

18 Is DNA binding, common property of many
amyloidogenic proteins?

19 Biological significance of DNA binding of a-synuclein

1.2.20 Alternative view: a-synuclein and neuroprotection
Chromatin organization in neurodegeneration

1.3.

1 DNA methylation

1.3.2 Histone acetylation

Role of curcumin in neurodegenerative diseases
1.4.1 Curcumin metabolism
1.4.2 Curcumin neuroprotection

Biomarkers for neurodegeneration

Research lacunae

Aim and Scope of the study

Chapter 2A: Chromatin organization of Parkinson’s disease

2A.1.
2A.2

41-56

Introduction
Materials



2A.3 Methodology
2A.3.1. Brain samples
2A.3.2. Isolation of the nuclei from the brain samples
2A.3.3. DNA isolation from the brain tissue
2A.3.4. Preparation of soluble chromatin
2A.3.5. Histone protein extraction
2A.3.6 Thermal denaturation studies
2A.3.7 Circular Dichroism (CD) studies
2A.3.8 DOT blot assay
2A.3.9 Micrococal nuclease digestion
2A.3.10 Restriction digestion analysis for the methylation of
DNA
2A.4. Results
2A.4.1 Thermal denaturation of chromatin
2A.4.2 Circular dichroism analysis of chromatin samples
2A.4.3 DOT blot assay for the Histone acetylation
2A.4.4 Micrococal nuclease digestion of nuclei
2A.4.5 DNA methylation analysis using endonucleases Msp I
and Hpa II
2.5 Discussion

Chapter 2B: Curcumin interactions with chromatin and its role in
protein-DNA interactions
57-80
2B.1. Introduction
2B.2  Materials
2B.3  Methodology
2B.3.1. Purification of curcumin
2B.3.2. Tetrahydrocurcumin preparation
2B.3.3. Preparation of nuclei and soluble chromatin
2B.3.4. Agarose gel electrophoresis
2B.3.5. Absorbance measurements
2B.3.6 Fluorescence measurements
2B.3.7 Ethidim bromide fluorescence
2B.3.8 Thermal denaturation studies
2B.3.9 Circular dichroism studies
2B.3.10 NMR Studies of curcumin interaction with nucleosides
of DNA
2B.4. Results
2B.4.1 Preparation of tetrahydrocurcumin and its
characterization
2B.4.2 Agarose gel electrophoresis
2B.4.3 Curcumin and THC interaction to chromatin and DNA
analyzed by absorbance spectroscopy
2B.4.4 Fluorescence spectroscopy of curcumin and THC
interaction with chromatin and DNA



2B.5

2B.4.5 Ethidim bromide binding studies
2B.4.6 Thermal denaturation studies
2B.3.7 Circular dichroism studies
2B.3.8 NMR Studies of curcumin interaction with nucleosides of
DNA
Discussion

Chapter 3A: Biomarker study on Parkinson’s Disease

3A.1.
3A.2
3A.3

3A.4.

3A.5

81-99

Introduction

Materials

Methodology
3A.3.1. PD Patients
3A.3.2. Blood collection and serum separation
3A.3.3. Serum 8-OHdG detection
3A.3.4. Estimation of total antioxidant capacity of the serum
3A.3.5. Measurement of serum ceruloplasmin and ferritin
3A.3.6 Mgnetic Resonance Imaging (MRI) of control and PD
brains

Results

3A.4.1 Serum 8-OHdG detection
3A.4.2 Total antioxidant capacity of the serum
3A.4.3 Serum ceruloplasmin and ferritin
3A.4.4 Magnetic Resonance Imaging (MRI) of control and PD
brains

3A.4.5

Discussion

Chapter 3B: New evidence on increase of Iron and Copper and its

3B.1.
3B.2
3B.3

3B.4.

correlation to DNA integrity in ageing human brain
100-112
Introduction
Materials
Methodology
3B.3.1. Brain tissues
3B.3.2. Isolation of DNA from brain tissue
3B.3.3. Nick translation assay
3B.3.4. Trace elemental analysis
3B.3.5. Statistical analysis
Results
3B.4.1 Brain tissues
3B.4.2 Concentration of DNA
3B.4.3 Trace elemental analysis
3B.4.4 Single Strand Breaks



3B.4.5 Double Strand breaks
3B.5 Discussion

Chapter 4A: New evidences on Tau-DNA interactions and
relevance to neurodegeneration
113-130
4A.1. Introduction
4A.2  Materials
4A.3 Methodology
4A.3.1. Purification of Tau protein
4A.3.2. Tau-DNA interaction studies
4A.3.3. Circular Dichroism (CD) studies
4A.3.4. Thermal denaturation studies
4A.3.5. Ethidium bromide (EtBr) binding studies
4A.3.6 DNAse I Sensitivity assay
4A.3.7 DNA nicking activity of Tau
4A.3.8 Tau-DNA interaction in the presence of
Aurinetricarboxylic Acid
4A.3.9 Transmission electron microscopy (TEM) studies
4A.4. Results
4A.4.1 Purity of Tau
4A.4.2 Tau-DNA interaction studies
4A.4.3 Tau induced conformational change in scDNA
4A.4.4 Tau altered melting temperature profile of scDNA
4A.4.5 Ethidium Bromide binding studies
4A.4.6 Tau altered the supercoiled DNA integrity as revealed
by DNAse I digestion studies
4A.4.7 DNA nicking activity of Tau
4A.4.8 Transmission Electron Microscopy studies
4A.5 Discussion

Chapter 4B: DNA binding properties of a-synuclein and AGE-a-
synuclein (glycated a-synuclein)
131-146
4B.1. Introduction
4B.2  Materials
4B.3  Methodology
4B.3.1. Preparation of AGE-a-synuclein
4B.3.2. Circular dichroism of AGE-a-synuclein
4B.3.3. Intrinsic Tyrosine fluorescence
4B.3.4. Analysis of fructosamine in AGE-a-synuclein
4B.3.5. Trypsin digestion
4B.3.6. Agarose gel studies
4B.3.7. Circular dichroism (CD) studies



4B.3.8. Thermal denaturation studies
4B.3.9. Ethidium bromide (EtBr) binding studies
4B.3.10. DNAse I Sensitivity assay
4B.3.11. Statistical analysis
4B.4. Results

4B.4.1 Fluorescence detection of AGE-a-synuclein formation
4B.4.2 Circular dichroism of AGE-a-synuclein

4B.4.3 Intrinsic tyrosine fluorescence of AGE-a-synuclein

4B.4.4 Analysis of fructosamine formation

4B.4.5 Trypsin digestion

4B.4.6 Agarose gel studies

4B.4.7 Circular dichroism (CD) studies

4B.4.8 Thermal denaturation studies

4B.4.9 Ethidium bromide (EtBr) binding studies

4B.4.10 DNAse I Sensitivity assay
4B.5 Discussion

Chapter 4C: New evidence on neuromelanin from the substantia
nigra of Parkinson’s disease altering the DNA topology

147-161
4C.1. Introduction

4C.2  Materials
4C.3  Methodology
4C.3.1. Agarose gel studies of neuromelanin-DNA interactions
4C.3.2. Circular dichroism studies
4C.3.3. Thermal denaturation studies
4C.3.4. Ethidium bromide binding studies

4C.3.5. Characterization of DNA nicking property of NM-SN
4C.4. Results

4C.4.1 NM-scDNA interaction studies

4C.4.2 Neuromelanin induced conformational change in scDNA
4C.4.3 Thermal denaturation studies

4C.4.4 Ethidium bromide binding studies

4C.4.5 NM-SN nicking activity as a function of time and

inhibition by specific nuclease inhibitor
4C.5 Discussion

Chapter 4D: New evidence on a-Synuclein and Tau binding to

conformation and sequence specific GC* rich DNA:
relevance to neurological disorders
162-172
4D.1. Introduction
4D.2  Materials
4D.3  Methodology

4D.3.1. Circular Dichroism (CD) studies



4D .4.

4D.5

4D.3.2. Thermal Denaturation studies
4D.3.3. Ethidium Bromide (EtBr) binding studies
Results
4D.4.1 Circular Dichroism (CD) studies
4D.4.2 Thermal Denaturation studies

4D.4.3 Ethidium Bromide (EtBr) binding studies
Discussion

Chapter 4E: Studies on actinomycin D induced changes in

4E.1.
4E.2
4E.3

4E .4.

supercoiled DNA integrity
173-184
Introduction
Materials
Methodology
4E.3.1. Circular Dichroism (CD) studies
4E.3.2. Agarose Gel Studies
4E.3.3. Melting Temperature (Tm) Studies
4E.3.4. Ethidium Bromide (EtBr) binding studies

4E.3.5. Deoxyribonuclease I digestion of scDNA treated with
AMD

4E.3.6. Desktop Molecular Modeling (DTMM)
Results
4E.4.1 Circular Dichroism (CD) studies
4E.4.2 Agarose gel studies
4E.4.3 Melting temperature studies
4E.4.4 Ethidium Bromide (EtBr) binding studies
4E.4.5 DNAse I sensitivity study for scDNA-AMD complex

4E.5 Discussion
Summary and Conclusions 185-194
Bibliography 195-232
Publications 233-234

OO 3



LIST OF FIGURES

1.1.  Ubiquitin-protease system and Mytochondrial Dysfigrcin
Parkinson’s Disease

1.2. The ‘Cross-Talk’ or interplay of environmental agehetic
causative factors for Parkinson’s disease.

1.3. PONDR plot of the predicted secondary structdre-o
Synuclein

1.4.  Our model on genotoxicity @f-Synuclein

1.5. Chromatin organization and its regulation in pnecess of
gene expression

1.6.  Curcumin metabolism

1.7.  Curcumin molecular targets in the process ofqutidn

2A.1. CD spectra of the chromatin samples

2A.2. Dot blot assay of histone acetylation

2A.3. Micrococcal nuclease digestion of nuclei

2A.4. Restriction digestion of DNA isolated from hippoapus of
control and PD brain samples with Msp I/Hpa I

2A.5. Restriction digestion of DNA isolated from thalamafscontrol
and PD brain samples with Msp I/Hpa Il

2A.6. Restriction digestion of DNA isolated from midbrahcontrol
and PD brain samples with Msp I/Hpa Il

2A.7. Restriction digestion of DNA isolated from caudateleus of
control and PD brain samples with Msp I/Hpa Il

2B.1. Preparation of tetrahydrocurcumin (THC)

2B.2. 'H NMR spectrum for tetrahydrocurcumin

2B.3. °C NMR spectrum for tetrahydrocurcumin

2B.4. DNA nicking activity ofa-Synuclein and Tau in the presence of
curcumin

2B.5. Absorption spectra of curcumin and curcumin-chromatin
complex

2B.6. Absorption spectra of curcumin interactions.

2B.7. Absorptionspectra of THC and THC-chromatin complex

2B.8. Absorption spectra of THC interactions

2B.9. Fluorescencespectra of curcumin and curcumin-chromatin
complex

23
32

35

37
49
50
51
51

52

53

53

63

64

64

65

67

67

67

68
69



2B.10.
2B.11.
2B.12.
2B.13.
2B.14.

Fluorescence spectra of curcumin interactions
Fluorescencspectra of THC and THC-chromatin complex
Fluorescence spectra of THC interactions

EtBr fluorescence of curcumin interactions

CD spectra of curcumin interactions

2B.15."H NMR spectra of Guanosine

2B.16.
2B.17.

2B.18.
2B.19.

3C NMR spectra of guanosine
Spin echo Fourier Transformation spectra (SEFQuainosine

using JMOD
HSQC spectra of guanosine
HMBC spectra of guanosine

3A.1 Brain MRI images showing different regions
3A.2. MRIimages of control and PD brains showing celieim

3A.3.

3A.4.

3A.5.

3B.1.

3B.2.

MRI images of control and PD brains showing caedaicleus,
thalamus and frontal lobe

MRI images of control and PD brains showing méihand
temporal lobe

MRI images of control and PD brains showing Hipgnrmpus
and substantia nigra

Trace metals concentrations in frontal cortex orgiof aged
human brain subjects

Trace metals concentrations in hippocampus regibaged
human brain subjects (concentration in mg/g of weight of
tissue).

3B.3. Single strand breaks (SSBs {{fig DNA) frontal cortex and

hippocampus regions of aged human brain subjects

3B.4. Double strand breaks (DSBs x°*A@DNA) frontal cortex and

4A.1.
4A.2.
4A.3.
4A 4.
4A 5.
4A.6.
4A.7.
4A.8.
4A.9.
4B.1.

hippocampus regions of aged human brain subjects
Analysis ofPurity of Tau protein

Electrophoretic mobility shift assay

Electrophoretic mobility shift assay

CD spectroscopy of r-Tau-scDNA interaction

EtBr bindings studies

DNase | sensitivity of sScDNA-Tau complex
Evaluation of r-Tau, DNA nicking ability

Nicking activity of Tau

Transmission Electron Microscopy

Kinetics of a-synuclein glycation in the presence of

70
70
71
71
73
73
74
74

75
75
88
89
92

94

96

106

107

108

109

118
119
120
121
123
124
125
125
126
136



methylglyoxal as a function time

4B.2. CD spectra ofi-Synuclein and AGEx-Synuclein

4B.3. Intrinsic tyrosine fluorescence afSynuclein and AGEx-
Synuclein

4B.4. Quantification of fructosamine im-Synuclein and AGEx-
Synuclein

4B.5. a-Synuclein and AGE-Synuclein digestion with Trypsin

4B.6. DNA nicking activity ofa-Synuclein and AGE Synuclein

4B.7. CD spectra ofa-Synuclein and AGHEx-Synuclein interaction
with sScDNA

4B.8. Melting Temperature (J]) profile of a-Synuclein and AGE:-
Synuclein interaction with scDNA

4B.9. Ethidium bromide binding studies

4B.10. DNase | sensitivity assay

4C.1. Electrophoretic mobility shift assay

4C.2. CD spectroscopy of sScDNA-NM-SN interaction

4C.3. CD spectroscopy of ScDNA-NM-C interaction

4C.4. CD spectroscopy of sScDNA-DAC interaction

4C.5. Themal denaturation scDNA-NM-SN interaction

4C.6. Themal denaturation scDNA-NM-C interaction

4C.7. Themal denaturation scDNA-DAC interaction

4C.8. EtBr binding to sScDNA-NM-SN interaction

4C.9. EtBr binding to sScDNA-NM-C interaction

4C.10. EtBr binding to scDNA-DAC interaction

4C.11. Nuclease activity of NM-SN

4C.12 Hypothesis on neuromelanin induced neuronal e=tld

4D.1. CD spectroscopy of (CGCGCGG®)igonucleotide complexes

4E.1. CD spectra of scDNA in the presence of AMD

4E.2. AMD interaction with supercoiled DNA

4E 3. The melting profile (T,) curves for sScDNA-AMD interaction

4E.4. Scatchard plot of ethidium bromide binding patterrscDNA in
the absence and presence of AMD

4E 5. Effect of AMD on DNAse | sensitivityo SCDNA

4E.6. Desktop Molecular Modeling (DTMM) of pentapeptideAMD
binding to GC and AT base pairs

137
138

139

139
140
141

142

143
144
151
153
153
154
155
155
156
156
157
158
159
161
167
177
178
179
180

181



LIST OF TABLES

2A.1.
2A.2.

2B.1.
3A.1
3A.2.
3A.3.

3A.4.
3A.5.
3A.6.
3A.7.
3B.1.
3B.2.
4A.1.

Demographic data of PD and control brains

Thermal melting profile of the control and PD chromatin
samples of thalamus, midbrain, hippocampus and caudate
nucleus

Melting temperature profile of the curcumin interaction studies
Serum 8-OHdG levels of PD and control

Total antioxidant capacity of PD and control serum
Ceruloplasmin and ferritin levels of PD and control

The thickness of the cerebellum and caudate nucleus

The thickness of the frontal |obe and thalamus

The thickness of the temporal |obe and midbrain

The thickness of the Hippocampus and substantia nigra
Demographic data of Aged human subjects

Wavelength for trace metal analysis and detection limit
Computation of alterationsin T, values for SCDNA in the
presence of r-Tau and pp-Tau

4A.2. Ethidium bromide molecules bound per base pair of DNA in tau-

4C.1.

4D.1.

DNA interactions

Comparison of NM-SN, NM-C and DAC interaction with
scDNA

Melting temperature (T) and Ethidium bromide binding to
(CGCGCGCGB),- a-Synuclein and (CGCGCGCG),- Tau
complexes

4E.1 Méting temperature (Tr) values of scDNA in the absence and

presence of AMD

43
47

84
85
87

90
92
94
96
101
105
122

123

159

179



ABBREVIATIONS

y-GCL Gamma-glutamyl cysteine ligase
8-OHdG 8-hydroxy -2’-deoxyguanosine
AD Alzheimer’s disease

ALS Amyotrophic lateral sclerosis
AMD Actinomycin D

AP-1 Activator protein-1

ATA Aurinetricarboxylic acid

ATM Ataxia-telangiectasia mutated
BBB Blood brain barrier

BDMC Bisdemethoxycurcumin

BER Base excision repair

BM Biomarker

CaMKII Ca2+/calmodulin dependent protein kinase I
CaCb Calcium chloride

CBP CREB-binding protein

CREB CAMP-responsive element

CSF Cerebrospinal fluid

Cu Copper

DA Dopamine

DHC Dihydrocurcumin

DLB Dementia with LBs

DMC Demethoxycurcumin

DMSO Dimethylsulfoxide

DNA Deoxyribonucleic acid

DNAse | Deoxyribonuclease

DOPAC 3,4-dihydroxy phenyl acetic acid
DSB Double strand breaks

dsDNA Double stranded DNA

DTT Dithiothreritol

EDTA Ethylenediaminetetraacetic acid



EtBr
Fe
FMRI
FTD
GABA
GSH
GSK3B
H,SOy
HAT
HCI
HDAC
HHC
LB
LPS
LRRK2
LTP
MAO-B
MAPT
Mg
MgCl,
MPTP
MR
MRI
NAC
NaCl
NF-kB
NFT
NIH
NM
NMR
NOR
OHC

Ethidium bromide

Iron

Functional Magnetic Resonance Imaging
Fronto temporal dementia
y-Aminobutyric acid
Glutathione

Glycogen synthase kinase-3
Sulphuric acid

Histone acetylases
Hydrochloric acid

Histone deacetylases
Hexahydrocurcumin

Lewy Bodies
Lipopolyscaccharide
Leucine-rich repeat kinase 2
Long-term potentiation
Monoamine oxidase-B
Microtubule-associated protein tau
Magnesium

Magnesium chloride
1-methyl-4-phenyl-1,2,3,6-tetrahydropiridine
Magnetic Resonance
Magnetic Resonance Imaging
Non-amyloid component
Sodium chloride

Nuclear factokB
Neurofibrillary tangles
Nationsl institute of health
Neuromelanin

Nuclear magnetic resonance
Nucleolar organizer region

Octahydrocurcumin



PARP ADP-ribose polymerase

PD Parkinson’s disaese

PMSF Phenylmethanesulfonylfluoride
rDNA Ribosomal DNA

REST Repressor element-1 silencing transcrigactor
ROS Reactive oxygen species

SAM S-adenosyl methionine

scDNA Supercoiled DNA

SD Standard deviation

SDS Sodium dodyceyl sulphase

SN Substantia nigra

SNCA a-synuclein gene

SNpc Substantia nigra pars compacta
SOD Superoxide dismutase

SSB Single-strand breaks

SssDNA Single stranded DNA

TAMO Trimethylamine-N-oxide

TEM Transmission electron microscopy
THC Tetrahydrocurcumin

TMB 3,3',5,5'-tetramethylbenzidine
TNF Tumour necrosis factor

UPDRS Unified Parkinson’s Disease Rating Scale

Zn Zinc
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Title of the thesis: Studies on chromatin organization and the role of

curcumin in chromatin stability in relevance to neurodegeneration

Candidate : P.Vasudeva Raju

Aging is a universal and inevitable phenomenon attarized by slow progressive
change in structures and a decline in functiongesl in an individual. Aging brain is
associated with increased susceptibility to neurdoss. Studies to interplay between
aging and age related brain disorders are of gnéatest. Along with aging, risk factors
like aggregation of modified proteins, disturbamteon homeostasis, protein and DNA
modification, oxidative stress are implicated ireaglated neurodegeneration. DNA is
the critical molecular target primarily becausesisubjected to minimal turnover in non-
dividing cells and cell contains only one or twgms of DNA sequences that code for
the essential genes. Genomic integrity is esseatidl any change or damage in DNA
molecule whether in terms of sequence or handedaéest the transcriptional fidelity
and has an impact in the gene expression. Thelimiied information on damage or
alteration of the conformation of DNA in normal agiand age related disorders. DNA is
subjected to such kind of damage by both exogersoub endogenous events. The
damage to DNA molecule is observed in the form oflified bases, single and double
strand breaks, DNA-protein cross links and DNA tog@al changes. The role of DNA
damage in aging process has gained importance iwtiteasing evidence of DNA
damage in aging brain and age related neurologitsdrders. Accumulated DNA
fragmentation is observed in normal aging and reegenerative diseases. There are
studies on DNA damage and repair mechanisms ingagmin in animal models.
Transcriptional efficiency is decreased in old ratsen compared to adult rats. DNA
repair activity is decreased in aging process agmhir defects may contribute to
neurological diseases. Suram et al reported a Ba#sition in the severely affected

hippocampus region of Alzheimer’s disease (AD) or&i-DNA is further known to be




involved in the regulation of gene expression. Hedgal reported thatpAinduces By
transition in supercoiled DNAV-DNA is structurally and immunologically similar &
DNA. The major risk factors of AD, amyloid betaf{Aand tau had been reported to be
localized in the nucleus and can able to bind DNéletule. Advanced glycation end
products (AGESs) are increased in the brain regimsh prone to neurodegeneration. In
AD, neuritic plagues and neurofibrillary tanglev@deen demonstrated to crosslink with
AGEs causing an increased rate of free radical ymah. Dietary components like
curcumin, a natural pigment showed neuroproteaifects depending on cell type and
concentration. Curcumin is reported to inhibit tpégasmid DNA and chromatin
degradation. There are limited studies in undedstenthe role of curcumin derivatives,
which can stabilize DNA. Following are aims to &tdied in brain and cell culture

system

Objectives:

1. To study the Chromatin organization in normal aeurodegenerative brain and the
role of curcumin in chromatin stabilitgljapter 2A and 2B .

2. To study genotoxicity brain cells and preventigrcurcumin Chapter 3A and 3B).

3. To understand the molecular mechanism of seguspecific oligonucleotide and
DNA binding of neuropeptides, curcumin and ActinamyD (Chapter 4A, 4B, 4C, 4D,
4E and 2A)

Chapter 1: General introduction

This chapter deals with Introduction on etiologydatomplex pathology of Parkinson
disease. The chapter deals in depth with regaytmclein biology, aggregation and
toxicity. The chapter also deals with DNA stalyilih PD brain and also role of metals in
genomic instability. Chapter has focused discussioneuropeptide-DNA interactions in
relevance to neurodegeneration. The chapter alsds deith Curcumin role in

neurodegeneration. The chapter ends with objecti/dse thesis.




Chapter 2: studies on the chromatin organization in parkinsons disease and the
role of curcumin on chromatin organization, tau-DNA interactions and a-synuclein-

DNA interactions.

Chapter 2A: chromatin organization in Parkinson’s disease.

Chromatin organization in normal and neurodegeiverddrain was analysed. We found
the following significant findings. Chromatin wasolated from 20 PD and 20 control
aged matched brain regions. DNA isolated from theomatin is in B-form in normal
brain, while it is in modified B-form in Parkinsa@’'disease brain. Stability studies
showed that chromatin is destabilized in Parkinsodisease brain. Studies also
conducted to characterize chromatin from PD andnabibrain. The studies include
Micrococcal nuclease digestion, Histone modificasio(acetylation of H3), DNA
methylation. Micrococcal nuclease digestion rewalkat PD chromatin was more
sensitive to digestion compared to that of contrbstone H3 was acetylated in all the
PD chromatin samples compared to 50% of detectaistene acetylation levels in the
control sample. Restriction digestion analysis wtéthylation specific Msp | and Hpall
endonuclease revealed the differences in the nagtbglstatus of the DNA between PD

and normal subjects

Chapter 2B: Role of curcumin on chromatin organizaton, tau-DNA interactions

and a-synuclein-DNA interactions.

Curcumin binds to chromatin as indicated by therall absorbance and fluorescence
spectrum, ethidium bromide binding of curcumin-chetin and THC-chromatin
complex. Curcumin altered the chromatin organizatlny altering its integrity as
evidenced by decreased thermal transition of cumcwmromatin complex. Curcumin
did not alterd the secondary conformation of chriamaomponents, but binding of
curcumin to chromatin evidenced by the small chanigethe CD spectrum. Curcumin
binds to scDNA as indicated by the absorption,rdsoence and EtBr binding. Curcumin
altered integrity of sScDNA observed by the therm@haturation studie€urcumin also
binds to tau,a-synuclein proteins involved in neurodegeneratiGaorcumin and THC
could not able to prevent the tausynuclein induced DNA nicking.




Chapter 3: Biomarker study on Parkinson’s diseaserad increase of Iron and

Copper and its correlation to DNA integrity in ageng human brain

Chapter 3A: Biomarker study on Parkinson’s disease

This chapter deals understand the genotoxicitynbecalls with an interrelation between
serum genotoxic biomarkers to cell atrophy and itiertevels in PD brain. We have
analysed 15 control and 21 PD patients serum OH®G, Ceruloplasmin, Ferritin. We
found that 8-OHDG levels were elevated and Cerampin, Ferritin levels are
decreased. We analyzed brain cell atrophy by MRlIsagnificant atrophy in Thalamus, ,
substantia nigra, hippocampus and caudate nuaielB ibrain compared to age matched
control. A correlation is established under in vivetween serum genotoxic biomarkers
to cell atrophy is brain.

Chapter 3B: New evidence on increase of Iron and @per and its correlation to

DNA integrity in ageing human brain cells

Genomic stability based on the conformation of DHIAy a significant role in brain
function. Previous studies reported that alteration DNA integrity exist in the brain
regions of neurological disorders like Parkinsod &tzheimer’s disease. In this present
investigation, we assessed the levels of Coppe), (€un (Fe) and Zinc (Zn) in three age
groups (Group I: below 40 years), Group II: betwd&-60 years) and Group Ill: above
60 years) in hippocampus and frontal cortex of dg@san brain subjects (n=8 in each
groups). Genomic DNA was isolated and its integvitgs studied by nick translation
study and presented as single and double stram#toré/e observed that the levels of Cu
and Fe were significantly elevated while Zn sigrafitly depleted from Group | to IlI.
The increase in the level of metal ions was highfriontal cortex compared to
hippocampus region. During the process of agdimg,amount of single strand breaks
increases compared to double strand breaks. Naclslation analysis revealed that the
amount of single strand breaks was high in froctatex compared to hippocampus
region. The results indicate that genomic instgbis progressive with ageing and later
alter the gene expression. To the best of our letdye, till date this is a new

comprehensive database on the accumulation of @déarand induction of DNA strand




breaks in DNA in the brain regions of ageing hurbeain. The biological significance of

these findings relevance to mental health has he#rer elucidated.

Chapter 4: DNA binding properties of neuropeptisescurcumin and actinomycin D
Chapter 4 deals with Tau, Neuromelanin and Synoigtgeraction with DNA and also

sequence and conformation specific oligonucleotide.

Chapter 4A: New evidences on Tau-DNA interactions ral relevance to
neurodegeneration

Tau is mainly distributed in cytoplasm and alsonwuo be localized in the nucleus.
There is limited data on DNA binding potential cdul We provide novel evidence on
nicking of DNA by recombinant-Tau. Tau nicks thepsrcoiled DNA leading to open
circular and linear forms. Magnesium (a cofactar dadonuclease) enhanced the Tau
DNA nicking ability, while an endonuclease speciftibitor, ATA inhibited the Tau
DNA nicking. This indicates, Tau may nick DNA mirking endonuclease?. It is
hypothesized that Tau DNA nicking ability may beedto 11 histidine residues, as
histidine plays a major role in endonuclease &gti¥urther, we also evidenced that Tau
induces B-C-A mixed conformational transition in BNand also changes in DNA
stability. The relevance of these new and intrigufindings regarding Tau changing

DNA conformation and stability in neuronal dysfupnatis discussed.

Chapter 4B: DNA binding properties of a-synuclein and AGE-@a-synuclein
(glycated a-synuclein).

a-synuclein is involved in pathogenesis of PD and stedied thea-synuclein and
glycated a-synuclein DNA binding ability. a-synuclein was glycated using
methylglyoxal (MGO) and formation of AGE-synuclein was characterized using
fluorescence studies, intrinsic tyrosine fluoreseermnd fructosamine estimatioas-
synuclein and AGEx-synuclein  nick the scDNA like endonuclease. magma
enhanceda-synuclein  and AGHE+synuclein nicking. Specific nuclease inhibitor
aurinetricarboxylic acid inhibited the a-synuclein and AGHEx-synuclein nicking.a-

synuclein and AGHEx-synuclein induced B-C-A mixed conformation in $& similar

Vv



to that ofa-synuclein. Botha-synuclein and AGHE-synuclein altered DNA integrity as
evidenced by the transition of biphasic meltingfilgdo monophasic melting profile and

decreased ethidium bromide binding

Chapter 4C: New evidence on Neuromelanin from the ubstantia nigra of
Parkinson’s disease altering the DNA topology

Neuromelanin (NM) is an insoluble pigment found sabstantia nigra (SN) pars
compacta (pc). The degeneration of neurons withbs&ntia nigra and the presence of
extra cellular neuromelanin in PD brain suggest ri¢e in Parkinson’s disease.
Neuromelanin molecule is composed of melanic, alijgh and peptide residues. NM is
formed by the oxidative polymerization of dopamiaed noradrenaline with the
involment of cysteinyl derivatives. NM accumulatasge amount of redox active metal
ions like Fe, Cu and Mn suggesting its protectivke.r Extracellular NM has shown to
stimulate the microglial release of neurotoxic éacand proteosome inhibition, which
aggravate neurodegeneration. Rao et al., (Progolel, 2006) hypothesized that NM
may have DNA interacting ability similar to amylodpeptides. However, there is no
data available to validate this hypothesis. Here,report new data on NM binding to
Supercoiled DNA and altering its integrity. We sadlNM-DNA interaction by taking
supercoiled DNA (scDNA) as model system. NM isadafeom the substantia nigra
(NM-SN ) and NM isolated from the cortex brain @gi(NM-C) of PD brain. NM-SN is
able to convert supercoiled (SC) form to open ¢ac(OC) form indicating NM-SN may
be nicking DNA. NM-C does not alter DNA integritfhe DNA nicking of NM-SN was
increased with time. Furher Magnesium (1 mM) enkdnthe NM nicking property.
Magnesium acts as co-factor for endonuclease.tlteis significant to mention that NM-
SN induced DNA nicking is prevented by nucleasdbimbr like ATA. These studies
provide new evidence that NM-SN may be cleaving D& endonuclease. Further,
NM-SN induced a B-C-A mixed conformation in scDN#hile NM-C induced only
altered B-conformation in sScDNA. NM-SN changed tharacteristic biphasic pattern of
the melting profile (Tm) of supercoiled DNA into maphasic and NM-C retained
biphasic T,. Our findings revealed that NM-SN and NM-C altelidisy and integrity of
DNA. We hypothesize that NM-SN may induce toxidityough an independent non-

Vi



apoptotic mechanism in addition to other well knomechanisms. Hence, it can be
hypothesized that superhelical DNA component oforfatin may have a significant
effect on nuclear— translocated NM functioning. #m probability is that NM may

interact with histone-free and transcriptionallyiae DNA segments and thereby lead to
a decreased transcriptional activity of selectediegeresponding to environmental

stimuli.

Chapter 4D: New evidence orx-Synuclein and Tau binding to conformation and
sequence specific GC* rich DNA

DNA topology has a significant role in cell intetgri Earlier studies have shown that
there is a conformational change in the genomic DiiRarkinson’s disease (PD) brain
(B to altered B-DNA) and Alzheimer’s Disease (ADpinm (B to Z-DNA).a-Synuclein
and Tau proteins are implicated in PD and AD retpely. These proteins are shown to
be localized in the nucleus and there is limitethdan DNA binding abilities of these
proteins. There is no information, whether Tau arglnuclein binding is sequence and
conformation specific? In the present study, weehamalyzed the DNA conformation
specific binding ability ofa-Synuclein and Tau with reference to B-DNA and Z/&N
using oligonucleotide (CGCGCGC£&9s novel model DNA system. This sequence is
predominantly present in the promoter region of ge@es. Normally, (CGCGCGC§)
sequence exists in B-DNA conformation, but at hsgdium concentration (4 M NacCl )
the oligo goes into Z-DNA form. Botho-Synuclein and Tau bind to B-DNA
conformation of (CGCGCGC@)and induce altered B-form. Further, these prstein
increased the melting temperature and decreasedutinder of EtBr molecules bound
per base pair of DNA of B-form indicating that DNs#ability is favored to alter B-DNA
conformation. The results confirm that-Synuclein and Tau could induce the
conformational change in the B-DNA to more stablerad B-form. But botha-
Synuclein and Tau bind to Z-DNA conformation of (CGCGCG) and further
stabilized the Z-conformation (relevant DNA in nedegeneration). DNA conformation
is very important for the normal functions of DNAohacule and any change in
conformation will lead to altered gene expressioftse biological relevance of these

novel findings are discussed.
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Chapter 4E: Studies on Actionomycin D induced charmgs in supercoiled DNA
integrity

Actinomycin D (AMD) is used as a model compounditwlerstand DNA topology and
stability. AMD inhibits the transcriptional procesSMD acts as an intercalating agent
blocking the site for RNA polymerase on DNA. In theesent investigation, we have
studied the effect of AMD on the supercoiling nat¢8cDNA) of the DNA and also on
single (SSC) and double strand circular (DSC) DNKe results showed that the SCDNA
undergoes a B-A conformational change as demoadtitat a red shift in the CD spectra,
an alteration in melting temperature, and also angk in ethidium bromide binding in
the presence of AMD. The results clearly indicateat AMD binds to SCDNA and DSC-
DNA. The role of altered supercoiling of the DNA Imcule in gene expression is

discussed.

The thesis ends with a comprehensive Summary andl@ions and Bibliography.

Summary and Outcome of the work:

1. We have shown that chromatin organization was eadten Parkinson’s disease.
Histone H3 was acetylated in all the PD chromaamggles compared to 50% of
detectable histone acetylation levels in the corsample. DNA methylation was more
in PD DNA compared to that of control. Micrococeaiclease digestion revealed that
looser chromatin loops were present in PD chromedimpared to controlGhapter
2A).

2. It has been shown that more genotoxicity wasesl in PD patients compared to
control. Oxidative DNA damage biomarkers 8-OHdGelsvwere increased in PD
patients compared to control indicating more gexioity in brain cells. Serum

ceruloplasmin and ferritin levels were decreasedDnpatients. Serum total antioxidant
capacity was increased in PD patients. Atrophy whserved in caudate nucleus,

thalamus, hippocampus and substantia nigra regbRB brain Chapter 3A).
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3. We showed that levels of Fe and Cu were inctkasgkile Zn levels were decreased
in aging brain. SSBs and DSBs were accumulatetbimtdl cortex and hippocampus of
aging brain Chapter 3B)

4. We showed that tau binds to scDNA and alters DiN#&grity. Tau nicks the
supercoiled DNA leading to open circular and linfeams like endonucleas€lapter
4A). We also showed thatsynuclein and AGEx-synuclein alters the scDNA integrity
and nick the scDNAGhapter 4B). We also found that actinomycin D alter the DNA
supercoiling Chapter 4E)

5. We report new data on NM binding to Supercoill®dA and altering its integrity.
Neuromelanin isolated from the substantia nigraioregpf the PD brain showed
genotoxicity by nicking the DNA and inducing confmational changeQhapter 4C).

6. We showed that tau ardsynuclein bind to conformation and sequence sigecif

oligonucleotide both in B-DNA and biologically sifjnant Z-form Chapter 4D).

7. We showed new role of curcumin in altering tleomatin organization. We also
showed that curcumin interacts with neuroproteinADBomplexes destabilizing the
chromatin and neuroprotein-DNA complexes. Since esav studies showed that
curcumin preventing neurotoxicity through antioxilanechanism, our finding reveals

its new role in nucleusOhapter 2B).

8. The present investigation provides new evidemteahe pathological mechanism in
PD. Our data on chromatin organization, neuropneB#NA interaction relevance to

neurodegeneration in PD provide new targets fothkeapeutic intervention.




Chapter 1

Neurodegeneration in parkinson’s disease: an intraakction

1. Introduction

Neurodegenerative diseased:he progressiveoss of structure and function of neurons
is the final consequence of the all neurodegeneratiiseases. In different
neurodegenerative diseases different regions of in braegions undergo
neurodegeneration. Several pathways are involvederprocess of neurodegeneration
in different neurodegentive diseases and ofterpétieways overlap. As regeneration is
absent in the brain, neuronal loss will lead to gemanent damage and loss of
function. It is important to identify the neurodegeation in the early stages of diseases
development and stop the neurodegeneration. fncbmnection, it becomes vital to
know all the possible mechanisms leading to theadis development. Parkinson’s
Disease and Alzheimer's are the two major neuredegtive diseases which are

affecting the quite large population world wide.

1.1 Pathways of neurodegeneration

Protein degradation: In neurodegenerative diseases like Parkinson’sd3is (PD),
Alzheimer's Disease (AD) and Huntington Diseaseher¢ is involvement of
aggregation of proteins. These proteins startseagging due to several external and
internal factors and impaired function of degraalatand removal of these aggregates.
Ubiquitin-proteosome is involved in the degradatemmd removal of non-functional
proteins. In neurodegenerative diseases like PD,afD Huntington the Ubiquitin-
proteosome system was unable to remove these dalpeateins. In the postmortem
neurodegenerative brain and neurodegenerative moda@inpromised proteosome
function was observed. Protein misfolding plays am@nt role in the formation of
aggregates and the failure of protease system, ®tiether this aggregation of the

proteins is the cause or consequence is a debagabke (Gupta et al., 2006).

Mitochondrial Dysfunction: Mitochondrial dysfunctionis the common mechanism
leading to neuronal cell death in neurodegeneratiofMoreira et al., 2010

Mitochondrial dysfunction leads to intrinsic mitasidrial apoptotic pathway. In this
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pathway the relase of Cytochrome C release duetéonial insult activates the capsase-
9, finally lead to cell death. Reactive oxygen $pe¢ROS) generation is more in the
mitochondria due to the respiratory electron transphain. Oxidative stress induced
by ROS will lead to activation of several toxic Ipaays and finally to cell death

(Fernandez-Checa et al., 2010)

The uhiquitin pathway The mitachondrial pathosay
- symuie bean Proteing
ATOP Cell death. {aspase activation
ALIT | Dopanyine Draprarninse
infdm | ROS REOS
| Larerlup
E46K | Toxin? Toiine? ATE/LUPS s BAGS
. Chepedized Cytochrome ©
i mitochandrial
: }‘} protein = | . Parkin ——— [BAXBIDIT
ﬁ%@ — :{r)l A e T mPTP
ai’ mwmﬂ* “
: I . 1 :
: l"ui.ﬁ ol !br|1F. MI‘\[.H dr-:i ;m:h.q:lrrr_._ . @
E1 | ATP | Owidative stress —| @.I—mI-'TFMn:I:ct I|
;H:'HEf Senitrosylation HE i i i EIT PIMKLDIL? J
LCHL Park: n} HO DN S - -
e 5

=

e Mitochondrla._—
G—@G—G :
i —— ﬁqurm

: l..;l:uqu LE RO EEaA0NNe SYStEm

— ) M RS
'u L]
?n:m.:dwn»e
Protias s | Proteaseme dysfunction or JATP
dN_jnd'stinn) - h!-I:IIJCIL"l.rI
. lau
J’ LRRKZ ) R
o LRAK 27 et
k% 1 ae-synlPO
Tangle
Ageing? faulPO),

Fig 1.1: Ubiquitin-protease system and Mytochondrial Dysfiorc in Parkinson’s
Disease ¢ourtesy: www.nature.com/.../v7/n3/fig_tab/nrn1868_F3.html).

Programmed cell death:In programmed cell death, an intracellular prograardinects
the cell to death with characteristic cell morplyyloThe programmed cell death is of

three types, apoptosis and autophagy.

Apoptosis: Apoptosis is one way of programmed cell death wischdvantageous to
cell. The cell which is undergoing the apoptosisval characteristic changes which
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include, blebbing, cell shrinkage, loss of cell nheame, nuclear fragmentation,
chromatin condensation and DNA fragmentation. Apsist is controlled by the
extracellular or intracellular signals. The exttadar signals include toxins, cytokines,
growth factors, harmones, nitric oxide etc.,. Tineacellular signals released due to the
stress induced within the cell wich include, alteretracellular calcium homeostasis,
membrane damage, mitochondrial dysfunction, adtimadf nuclear receptors etc. Both
external and internal signals activate the sigraadsduction of apoptototic mechanisms
either by Tumour necrosis factor (TNF) mediatedas-Fas ligand mediated cell death.
In both mechanisms the balance between the proteggopnolecules (BAX, BID,
BAK or BAD) and anti-apoptotic molecues (Bcl-X, B2) decide the fate of the cell
(Tatton et al., 2003

Autophagy: Autophagy is a form of intracellular phagocytosiswhich the damaged
organelles or misfolded proteins are encapsulatex phagosome. The phagosome is
finally fuses with lysosome and the misfolded pirtteand damaged orgenelles are
degraded by the enzymes of lysosome. The cell wikicnable to clear the damaged
proteins and organelles enter into cell death @nogne. It was hypothesized that in
several neurodegenerative diseases, neuron unahletibe aggregates and proced for
the neurodegeneratigRavikumar and Rubinsztein, 2004

1.2Neurodegeneration in parkinson’s disease

Parkinson’s Disease (PD) was first formally desadibn "An Essay on the Shaking
Palsy," published in 1817 by a London physician eddlames Parkinson (Parkinson J,
1817). It is a common progressive neurological iepthat results from degeneration
of nerve cells in a region of the brain calleslbbstantia nigra’ (SN) that controls
balance and coordinates muscle movement. These wefls, for reasons that are not
fully understood, are especially vulnerable to dgenaf various sorts, including drugs,
disease, and head trauma. These neurons projdat siriatum and their loss leads to
alterations in the activity of the neural circutéthin the basal ganglia that regulate
movement. This degeneration creates a shortagepainine, a neurotransmitter, which
causes impaired movement. In the United Statesealahout a million people are

believed to suffer from PD, and about 50,000 nesesare reported every year (Rajput
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and Birdi, 1997). Because the symptoms typicallyesp later in life, these figures are
expected to grow as the average age of the populaicreases over the next several
decades. There is no cure for PD to date. Availdblgs suppress symptoms early in
PD, but progressively fail as more nerve cells diee emergence of drug-induced
dyskinesias and motor fluctuations often limitsglhenefits. Developing therapies to
prevent PD, to suppress symptoms, to halt diseagggssion, and to repair damage are
all fundamental goals in modern day research, besghrly diagnosis of PD. The
preclinical diagnosis of PD is critical, so thatur@protective therapies might be
administered during the early stage and efficiealbyv down the diaease progression.
To achieve therapeutic goals, new and innovativeliss are required, from basic
research advances to translating the same in toaaresting, and safety studies in

human patients.

1.2.1 Lewy bodie pathology

Pathologically, PD is characterized by the losshef pigmented dopaminergic
neurons from the substantia nigra pars compactpdsNhese nerve cells, for reasons
that are not fully understood, are especially vidbke to damage of various sorts,
including drugs, disease, and head trauma. Theseme project to the striatum and
their loss leads to alterations in the activitytbé neural circuits within the basal
ganglia that regulate movement. Disruption of dop@&malong the non-striatal
pathways likely explains much of the neuropsychigtathology associated with PD.
Excessive accumulations of iron, which are toxicnerve cells, are also typically
observed in conjunction with the protein inclusio@her pathological events include
the presence of extracellular melanin (a dark pmneeleased from degenerating
neurons, reactive gliosis (increase in numbers l@ail g@r support cells), and pink-
staining cellular inclusions known dsewy Bodies (LBs) in the remaining SNpc
neurons. The LB, which was first described by FrietteLewy in 1913, is present in
essentially all cases of PD. The major protein ttwent of LBs isa-Synuclein, a
natively unfolded protein having high propensity fiiborillation/aggregation. The
mechanism by which the brain cells in Parkinsoreslast may consist of an abnormal

accumulation of the protem-synuclein bound to ubiquitin in the damaged cells.
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1.2.2. Oxidative stress and DNA damage in PD

Substantial evidence implies that redox imbalarcexalative stress following
overproduction of reactive oxygen/nitrogen specmserwhelming the protective
defense mechanism of cells contributes to the pathesis of PD (Olanow, 2007).
Nigral dopaminergic neurons in human brain arei@agrly exposed to oxidative
stress because the metabolism of dopamine givesaigarious molecules that can act
as endogenous toxins if not handled properly (Gratd78). In PD, nigral cells seem
to be further under a heightened state of oxidativess, as indicated by elevations in
by-products of lipid, protein and DNA oxidation, datoy compensatory increase in
antioxidant systems (Jenner, 1998). The level af,iwhich is significantly higher in
the normal SN than in other regions owing to itsdioig affinity to neuromelanin, was
further increased in the SN of PD further contiibgitto oxidative stress (Ben-Shachar,
1991).

One of the consequences of redox imbalance is apignd/or necrosis which
are associated with neurodegeneration in PD (Zd/ ielamed, 1998). Studies have
also shown that the levels of the nucleoside, 8dwyl-2’-deoxyguanosine (8-OHdG),
a product of free radical attack on DNA were gelteracreased and differentially
distributed in PD brains with highest levels in date, putamen, SN and cerebral cortex
(Alam et al., 1997). Features of apoptosis bagediistochemical methods to mark
endonuclease-induced DNA fragmentation by situ terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling-TUNSEL (Gauvrieli et al., 1992) an
situ nick translation (Gold et al., 1994) have beeroregal in SN in PD.

We have recently shown increased DNA fragmentatind decreased DNA
stability in affected human brain regions of PD @gde et al., 2006). Similarly, we also
showed an altered DNA conformation in hippocamplubwmnman brains affected with
Alzheimer’s disease (AD) (Suram et al., 2002). Nuowaet al., (2002) demonstrated
using immunoreactivity to 8-hydroxyguanosine in mogs that RNA was a major site
of nucleic acid oxidation in DLB. The authors susfgel that normal RNA oxidation
might represent one of the fundamental abnormslitiem age-associated

neurodegeneration including PD and AD.
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1.2.3. Cross-talk of environment and genome

The precise causes of PD remain undetermined. dinges are likely to include
both genetic (Parkin and-Synuclein) and environmental factors (metals, ipelgs
etc). However, very few cases of PD have pure gemetenvironmental etiology;
while in vast majority both genetic and environnanfactors are involved.
Understanding this ‘cross-talk’ between genetic andironmental factors is important

in PD research.

During the past decade, genetic approaches tatikg ef PD have resulted in
major insights. The number of genes implicatedh@ pathogenesis of PD has been
constantly increasing, and includes genes encdaing-Synuclein, Parkin, DJ-1 and
PINK1 (Hofer and Gasser, 2004). These genes aregthioto be involved in the
proteasomal protein degradation pathway, in thEsaglsponse to oxidative stress, and
in mitochondrial function, respectively (Hofer ahsser, 2004). Over the last few
years, several genes for rare, monogenically itdgbfiorms of PD have been mapped
and/or cloned. In dominant families, mutations haeen identified in the gene for
Synuclein. Although most people do not inherit Biidying the genes responsible for

the inherited cases is advancing our understarafibgth common and familial PD.

Evidence has accumulated steadily to support tee/ ¥hat PD can originate
from long-term, subclinical damage to the nervoystesn caused by environmental
toxins (Calne et al., 1987). In fact, several stadiave implicated such environmental
factors as pesticides, herbicides, and heavy migtalee PD origin (Gorell et al., 1999;
Le Couteur DG et al., 1999). Our lab recently shibweat trace metal homeostasis is
significantly affected in serum samples from PDeeféd human subjects and there is a
direct link between disturbance of trace metal lewe serum and brain (Hegde et al.,
2004), suggesting important role played by metaBD pathology (Hegde et al., 2009;
Gupta et al., 2005; Pande et al., 2005).

There is interaction between the environment anel genome; in some
disorders inheritance establishes susceptibilityg anvironment triggers pathology.

Hence, the recent trend to study PD is to lookhatihterplay orcross-talk between
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genetics and environmental triggers (Figure 1.2kend¢¢, it is important to
understand/explore the complex interactions betwgenetic predisposition and

environmental influences that probably cause mase¢s of PD.

1. Exposure to toxic metals
Environmental Factors 2. Pesticides
3. Stress
4. Braininjury
Cross-talk —
1. a-Synuclein
Genetic Factors 2. Parkin
3. D)1
4, PINK1

Figure 1.2: The ‘Cross-Talk’ or interplay of environmental amgeénetic causative

factors for Parkinson’s disease.

1.2.4.a-Synuclein and PD

The synucleins are a family of proteins whose fiamcin normal cell is not well
understood. The first of the synuclein proteinscdbed in 1988 wasi-Synuclein. The
name ‘synuclein’ was chosen because the protein fauasd in both synapses and
nuclear envelope (Maroteaux et al., 1988). Latewas also named the non-amyloid
component (NAC) of beta-amyloid plaque precursastgin. The NAC peptide was
isolated from amyloid-rich senile plagques of brawfspatients with AD. Amyloid
plagues are one of the hallmarks of AD. NAC peptdes shown to be identical to a
certain part ofa-synuclein. The second member of the synuclein lfamiknown as
beta-synuclein. Both these proteins are found engtesynaptic terminals of neurons
and many researchers believe they may be involmeglynaptic function. The third
member of synuclein family is gama-synuclein. AYingcleins have in common a
highly conservedi-helical lipid-binding motif with similarity to theclass-A2 lipid—
binding domains of the exchangeable apolipoprot@eorge, 2002). Synuclein family
members are not found outside vertebrates, althahgly have some conserved
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structural similarity with plant ‘late-embryo-abuart’ proteins. The alpa and beta
Synuclein proteins are found primarily in brainstise. The gama-Synuclein is found
primarily in the peripheral nervous system andneetibut its expression in breast
tumors is a marker for tumor progression. Whik&ynuclein has been implicated in
neurodegenerative disorders mainly PD, until rdgethiere has been no evidence to
suggest a role for the other synucleins in neuredeationa-Synuclein forms fibrillar
aggregates known as LBs in PD brain, these inselyrotein aggregates are
morphologically similar to the amyloid fibrils fodnin AD neuritic plaques and in
protein deposits associated with other amyloidagdiseases (Conway et al., 2000).

Three missense mutations in the alpa-Synuclein game been reported to be
associated with families susceptible to inheritedrs of PD (Polymeropoulos et al.,
1997). These mutations cause alterations in th@@utid sequence of alpa Synuclein
(at residues Ala30Pro or Ala53Thr or Glu46Lys) @égions predicted to influence the
secondary structure of-Synuclein. The substitutions may disrupt the strrecof alpa-

Synuclein, rendering the protein more prone to- sgjregation (Heintz NH, 1997).

Several lines of converging evidence directly irogle a-Synuclein in
mechanisms underlying the onset/ progression of(PDjanowski and Lee, 2001).
They are: (i) Missense mutations in tbheSynuclein gene (A53T, A30P and E46K)
cause familial PD in rare kinds (Kruger et al., 89%arranz et al., 2004,
Polymeropoulos et al., 1997); (ii) Antibodies deSynuclein specifically detect LBs,
(Spillantini et al., 1997); (ii) LBs purified fromPD brains contain abnormally
aggregatedx-Synuclein and insoluble forms ofSynuclein (Baba et al., 1998). The
precise mechanism whereby such aggregatesi«8ynuclein cause degeneration of
dopaminergic neurons is not known. The aggregages lme merely a normal reaction
by the cells as part of their effort to correct iffedent pathological event, as-yet
unknown. This issue is dealt with in detalil in thtter part of the article.

An important feature ofi-Synuclein primary structure is six imperfect refgea
within the first 95 residues. This brings the samily of a-Synuclein with the
amphipathic lipid-bindingx-helical domains of apolipoproteins (George et H95),

which show variation in hydrophobicity with a sthcconserved periodicity of 11n-
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Synuclein shares the defining properties of thessclaA2 lipid-binding helix,
distinguished by the clustered basic residues atptilar-apolar interface, positioned
+100 from the center of apolar face; predominance sfnigs relative to arginines
among these basic residues; and several glutaesithies at the polar surface (Segrest
et al.,, 1992). In agreement with the above strattdieatures,a-Synuclein binds
specifically to synthetic vesicles containing acighospholipids (Perrin et al., 2000).
Further, this binding was shown to be accompanied kdramatic increase im-helix

content.

Recently, attempts have been made to analyze thetwste of a-Synuclein
using NMR studies (Bussell R Jr and Eliezer, 2@l&zer et al., 2001; Chandra et al.,
2003). It was shown that the conformationceSynuclein consists of twa-helical
regions that are interrupted by a short break (@Graast al., 2003). NMR study of free
monomerica-Synuclein revealed that the first 100 residugs-terminus region of free
a-Synuclein have an overall preference for helidalicsure and there may be the
presence of a transient helical structure fromdiess 6 to 37. In contrast, the final 40
residues of fre@-Synuclein exhibited secondary shifts indicativehajhly unfolded
and extended form (Eliezer et al., 2001). We ubkedpredictor of naturally disordered
regions (PONDR, Molecular Kinetics, Inc.) (Li et,al999) software t@-Synuclein
(Figure 1.3). This shows that about 40-50 residnes a-Synuclein C-terminus is

relatively disordered.
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Figure 1.3: PONDR plot of the predicted secondary structureaedynuclein.The
protein sequence is obtained from NCBI databaseNB score of 0.5 and higher
indicates disordered structures (Li et al., 199%e C-terminal ~40-50 residues dn
Synuclein are disordered. The lower panel shevs/nuclein aminoacid sequence, the

regions with disoreder propensity are underlined.

NMR data ofa-Synuclein in presence of unilamellar vesicles ssted that the
N-terminal region is responsible for lipid bindiragnd the boundary for this region
occurs between residues 102 and 103. The shiff§ ahemical shifts clearly indicated
that there is the formation of helical structureomm-Synuclein association with
unilamellar vesicles. It was noted that it is ofthg N-terminal region of the protein
containing the amphipathic apolipoprotein helicabtifis, which binds and adopts a
helical conformation. The C-terminal region remamshe same conformation as in the

freea-Synuclein and does not bind to the lipid vesicidace (Eliezer et al., 2001).

a-Synuclein folding and fibrillation have been foutodbe promoted on binding
to long chain fatty acids (Perrin et al., 2001) atsb upon its interaction with lipid
droplets (Cole et al., 2002). It was also showrt thambrane interactions induce a
large conformational change from random coilotdelix in a-Synuclein and these
interactions may be physiologically important (ioak, 2000). On the basis of these
observations, it has been assumed tne&ynuclein may exist in two structurally
different isoformsin vivo: a helix-rich, membrane-bound form and a disordere
cytosolic form, with the membrane-boundSynuclein generating nuclei that seed the
aggregation of the more abundant cytosolic forme phrtially folded intermediate of
a-Synuclein is more prone for aggregation. The aggfien of a-Synuclein depends
upon extent of folding induced by the membraneratigon but the mechanism is not

clear.

It is suggested that the misfolded or partiallydéd a-Synuclein is more
cytotoxic than the protein aggregates. The interatedpartially folded or misfolded
form may be entropically rich in energy and maydbio other components in the cell

and may be a cause for neurodegeneration. Tramsgenmal models expressing
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humana-Synuclein had shown neurodegeneration, withouilfib a-Synuclein (Feany
and Bender, 2000 ). In that sense, the formatioaggregates could be a protective
measure adapted by the cell against the toxicithisfintermediate. However, it is still
a matter of debate regarding the toxic form of ph&tein (monomeric or oligomeric?)

in neurodegenerative disorders.

1.2.5 Potential normal functions ofa-Synuclein

Dispite of strong evidence implicating-Synuclein in the pathogenesis of
several meurodegenerative diseases, its physialogionction remains poorly
understood. The difficulty in determining the fuocs of a-Synuclein is because
inactivation of thea-Synuclein gene does not lead to a significant @legical
phenotype. However, overexpressionieSynuclein in rat substantia nigra was shown
to cause loss of dopaminergic neurons, but iséidhib the targeted region and does not
mimic the broad pathology observed in the dise¥sen@da et al., 2004). Furthermore,
mouse models based on overexpressiam8f/nuclein through genetic methods lead to
a wide variety of phenotypes accompanied by nostamnt, late onset, or non-specific
neurodegeneration (Chesselet MF, 2008). Undersignttie role ofa-Synuclein in
normal cell life might be critical importance sindesruption of its normal function
might indirectly result in neurodegeneration. Theaxiation with membrane lipids and
its functional homology with 14-3-3 chaperone prmesuggested that-Synuclein
may play a role in cell signaling pathways (Ostvercet al., 1999). It was also
suggested thati-Synuclein may modulate tau functiom-Synuclein was detected in
axons and developing pre-synaptic terminals afteir tformation in rat embryonic
hippocampal cells in culture, suggesting a possible in synaptic development and
maintenancea-Synuclein may contribute to neuronal differentiatias well (Stefanis
et al., 2001). The involvement af-Synuclein in synaptic plasticity and neuronal
differentiation may be mediated by the selectiv@hbition of Phospholipase D2 hy-
Synuclein (Jenco et al., 1998). WhetSynuclein expression was markedly reduced in
cultured rat neurons (Murphy et al., 2000) or aywd ina-Synuclein knock out mice,
the number of vesicles in the distal pool of the-gynaptic terminal is reduced
indicating a role fo-Synuclein in vesicular dynamics. According to Catel Murphy

(2002) a-Synuclein’s involvement in lipid metabolism canri® ruled out, given its

11
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propensity to bind molecules with high hydrophobantent or exposed hydrophobic
domains. Thus persuasive evidence of a roke-8iynuclein in any pathway or function
requires multiple approaches. The structure, espesand functions ofi-Synuclein

have been recently reviewed by Dat\al., (2003).

1.2.6a-synuclein toxicity in diffuse Lewy body disease

Diffuse Lewy Body Disease is the second most comoause of dementia after
AD. It is also commonly reffered to as DementiahwltBs (DLB). DLB usually
presents with a neurobehavioral syndrome that melpde hellucinations, delutions,
and psychosis, eventually leading to dementia. D\Brlaps in clinical, pathological,
and genetic features with AD and PD. Pathologic@llyB demonstrate prominent
cortical and subcortical LB formation, which diféamtiates it from PD (Kalra et al.,
1996). Similar to PD, LBs in DLB are rich axSynuclein protein aggregates. Infact the
neuritic a-Synuclein accumulation, density of cortical LBsdaAD-type pathology
(senile plaques and hippocapal neurofibrillary taggare more intense in DLB than
PD (Tsuboi et al., 2007). Pathologically, most P&es have minimal or no senile
plagues and neurofibrillary tangles, while they present in DLB. It is also suggested
thata-Synuclein and amyloid beta interact in DLB (Plktva et al., 2005).

1.2.7 Expression and subcellular distribution ofx-synuclein

a-Synuclein appears to be expressed ubiquitouslputirout the brain
(Lavedan C, 1998). In the early weeks of developmeisynuclein redistributes from
cell bodies to synaptic terminals (Galvin et aQQ2). The transcription ai-Synuclein
is developmentally regulated. The levels increagend development and are sustained
at fairly high levels throughout adulthood (Petarse al., 1999). Furthermore, various
cellular treatments have been shown to affect dginutevels, including nerve growth
factor (Stefanis et al., 2001), 1-methyl-4-pheng;3,6-tetrahydropiridine (MPTP)
(Vila et al., 2000), certain inflammatory cytokinesellular stress, and during
megakaryocyte differentiation. However, a cleamedarstanding of the transcriptional

and translational regulation of synuclein expresssoneeded before we can understand
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how any changes in these mechanisms may affecdigease process (Cole and
Murphy, 2002).

Recently Zhangt al., (2008) examined the subcellular localization and
relative amounts in different subcellular poolsahbrain neurons. They showed that
Synuclein was unevenly distributed in axons, prapyis terminals, cytoplasm and
nucleus in neurons. The density was more in prggimaerminal and nucleus,
compared to other subcellular compartments. Intiegdg, a-Synuclein was also

present in mitochondria.

1.2.8 Nuclear localization oftx-Synuclein

Several studies have shown the presenae®ynuclein in the neuronal nuclei.
However, no definite nuclear functions have beémbated toa-Synuclein to date. It is
not known if nuclear localization is the common gedy of a-Synuclein or it is
cause/consequence of PD pathology. OverexpressionSynuclein in neuronal cell
lines showed diffused nuclear staining (Schneideal.e 2007). The termx-Synuclein
was first coined by Maroteaux based on its locéibrain the synaptic region and
nucleus (Maroteaux et al., 1988). Mati al., showed localization in the nucleus of
substantia nigra and pontine nucleus neurons dbreah (Mori et al., 2002). Further,
nuclear localization ofi-Synuclein was shown in cultured primary neuronse(t et
al., 2005) and cell lines (Yu et al., 2004). Nucleaclusions of neurons and
oligodendroglia of multiple system atrophy contthe a-Synuclein protein (Lin et al.,
2004). Yu et al., showed nuclear localization af-Synuclein in the rat brain by
immunoelectron microscopy using colloidal gold psk(Yu et al., 2007). Mono and
oligomeric forms ofa-Synuclein were observed in the nuclear fractiohswuman
dopaminergic neuroblastoma SH-SY5Y cells (Leng let 2001). Extensive nuclear

localization ofa-Synuclein indicates that it might play importaolerin the nucleus.

Although the above observations do not suggest wihat function ofa-
Synuclein in nucleus is, Lers al., (2001) predicted that-Synuclein may play a role
in regulating processes in the PI- cycle in thelews and phosphatidyl inositol-linked

activities may also occur in nucleus.

13



Neurodegeneration in Parkinson’s Disease: an introduction

1.2.9 Nuclear transport ofa-Synuclein

The mode of appearance @fSynuclein into the neuronal nuclei and functions
of a-Synuclein in nuclei is still obscure. According kbaroteauxet al., (1988) the
mode of localization ofx-Synuclein in the nucleus could involve a laterdfudion
along the endoplasmic reticulum and outer nucleambrane or more conventional
transport through nuclear pores. They proposedakaynuclein family proteins may
be involved in coordinating nuclear and synapticergs. However, under PD
conditions, the nuclear localization ofSynuclein could be enhanced due to non-
specific transportation through oxidatively damageatlear membrane (Hegde et al.,
2003). The highly oxidative cytological environmémiPD brain, because of increase in
paramagnetic ferrous and other free radical geingratetals, are known to disrupt the
biological membranes leading to translocation coSynuclein in to the nucleus.
Sangchott al., (2002) have provided new evidences for nucleanbrane disruption
by lipid peroxidation caused by increase in irom aonsequent translocation af
Synuclein aggregates in to perinuclear and endeaucégions of human dopaminergic
neuroblastoma SK-N-SH cell lines. Leaal., (2001) also observeaSynuclein both
in monomeric and oligomeric forms in nuclear fran8 of human dopaminergic

neuroblastoma SH-SYSY cell cultures.

1.2.10a-Synuclein genotoxicity

With several evidences showing the presenae8fnuclein in neuronal nuclei,
as discussed above, the question arises aboutitidn/role in the nuclein. Further, it
is interesting to discuss whether nuclea8ynuclein is an active or passive response to
PD pathology. It was shown thatSynuclein interacts with histon@s vitro and this
interaction if confirmedn vivo, might alter the gene transcription (Goers et &03).
To support this, when, transfected to cell linesSynuclein changes the expression of
many genes (Baptista et al., 2008)Synuclein alters gene expression changes of stress
response genes, transcription regulators, apoptosigcers, transcription factors,
membrane bound proteins and protein involved in dopamine synthesis. Ia-
Synuclein transfected dopamenergic cell lines,siyi® hydroxylase was inhibited (Yu

et al., 2004). Furthermore;Synuclein over expression in PC12 cells showedeodd

14



Neurodegeneration in Parkinson’s Disease: an introduction

proliferation and enrichment of cells with S-phaagain suggesting enhanced gene

expression.

a-Synuclein nuclear targeting accelerated the negexderative process in the
dopaminergic neurons of flies (Kontopoulos et2006). Histone deacetylase inhibitors
prevented this neurodegenerative process when &drated. This may be explained
assuming thati-Synuclein induces its toxicity by inhibiting théstone acetylationa-

Synuclein was also shown to associate with hiské®i@and inhibit its acetylation.

Further, widespread DNA damage is observed in thmlsegions affected with
synucleinopathies in which neurodegeneration ieesl (Hegde et al., 2006; Suram
et al.,, 2007). These brain regions have been qoiten linked to excess iron
accumulation. In presence Fe @Synuclein can generate reactive oxygen species and
damage DNA indirectly in the neuronal cells (Tabetal., 2002; Martin et al., 2003).
Although, this is an indirect indication, the fdlcat ncreased DNA damage is observed
in cells transfected with wild type-Synuclein and mutants A30P, A53T after treating
with Fe (Il), strengthens this hypothesis. The @wmbservations suggest that

Synuclein contributes to genotoxicity in variousysa

Our lab reported the ability af-Synuclein to directly bind to DNA molecule
that results in altered DNA conformation and damagech will be discussed later in

this review.

1.2. 11a-synuclein dna interactions: a new concept

We recently made an interesting observationdh8inuclein has DNA binding
property which has created a new opportunity ineusténding role ofi-Synuclein in
PD pathology (Hegde et al., 2003; Hegde et al.626{gde et al., 2007). Previously
we also showed for the first time that amyloid be¢gtides implicated in AD can also
bind to DNA (Hegde et al., 2004; Suram et al., 200he origin of the above concept

and subsequent progress are discussed below.
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Our hypothesis on DNA binding ofa-Synuclein- genesis of model

As stated earlier, several studies showed th&8ynuclein is localized in the
chromatin region of nuclei in the brain. This sgbnindicated the association of
Synuclein with chromatin in the nucleus. It wasoaghown previously that several
cationic and anionic ligands interact withSynuclein such as polyamines and metals
(Uversky et al., 2001, Grabenauer et al., 2008)theamore, a close look into the
peculiar primary sequence/structure afSynuclein shows presence of several
positively charged lysine residues at its N-termjrsuggesting a possible DNA binding
property. It was recently observed tlaSynuclein interacts with histone proteins, a
major component of chromatin, which modulates &fermation and aggregation
properties (Gores et al., 2003). We thought itniernesting to investigate the DNA
binding property ofa-Synuclein and study the effect of DNA binding efSynuclein
folding/conformation and aggregation properties. rébwer, we had previously
observed DNA binding of amyloid beta peptides, WwHed us to examinea-Synuclein
in similar lines (Hegde et al., 2004; Suram et aD07). We also proposed that
understanding the effect of DNA binding onSynuclein stability, conformation and
fibrillation could lead to a better understandinfgP® pathogenesis and could also be

exploited for DNA binding based therapeutic interiens.

1.2.12 New evidence for DNA binding property ofi-Synuclein

We first time demonstrated thatSynuclein binds to DNAn vitro, a new and
novel property ofa-Synuclein (Hegde et al., 2003; Hegde et al., 200&gde et al.,
2007). This was independently confirmed by othewugs as well (Cherny et al., 2004).
This is the first report on DNA binding propertyilitly of a-Synuclein and presents an
interesting curiosity about the implications ofstlproperty in PD. The association of
DNA with a-Synuclein is not limited to wild-type protein. Faiad mutants A53T and
A30P also showed DNA binding (Cherny et al., 200Mumerous studies have
demonstrated that various intracellular factorg@tffolding and fibrillation properties
of a-Synuclein. Histones, one of the important comptsieh chromatin was shown to
specifically interact witto-Synuclein and significantly stimulate its aggregatGores

et al.,, 2003). DNA being another component of chatm its interaction witha-
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Synuclein strongly suggests an important roleaeBynuclein in the nucleus. The

possible mechanisms and implicationsoeSynuclein-DNA interactions are discussed

below.

1.2. 13a-Synuclein affects DNA conformation

Circular dichroism (CD) spectra af-Synuclein-supercoiled DNA complex
demonstrated a strong binding of-Synuclein to supercoiled DNA, causing a
conformational change from the B-form of DNA to altered B-form (Hegde et al.,
2003). It was further shown thatSynuclein uncoils supercoiled DNA to open cicular
form. Differential sensitivity of synuclein-supeilsaml DNA complex to chloroquine
induced topoisomers separation compared to DNAeakuygested destabilization of
DNA by a-Synuclein (Hegde et al., 2003). The modulatioddfA conformation and
stability by a-Synuclein could be important in PD pathology asndy affect DNA
transactions such as replication and transcripiod hasten accumulation of DNA
damage. However, considering tliaSynuclein is expressed ubiquitously in the brain,
the question arises, if this interaction could dwalty take place in any other brain
region not affected during PD? Or is there braigiae selectivity?. Our recent
observations show that the most pathological, rdsfib form ofa-Synuclein found in
dopaminergic neurons exhibit significantly higheN® binding and damage activity
compared to the native monomeric form found in redrbrain which suggests that the
DNA interaction of a-Synuclein might be higher in PD affected brainioeg (Hedge
et al., 2004); Hegdet al., unpublished observation).

A plausible scenario for DNA binding -Synuclein could be as follows: It
appears that initially on mixing witbh-Synuclein in solutionpg-Synuclein monomers
interact electrostatically with DNA phosphate greupNA interacts possibly with the
positively charged lysine side chains located pngidantly in the N-terminal and partly
in the central region afi-Synuclein sequence. Because it is highly unlikelyind to
the C-terminal end ob&i-Synuclein which is rich in negatively charged amiacid
residues (Cherny et al., 2004). These electrostagcactions may lead to (i) formation
of non-sequence specific complex @fSynuclein with DNA, and (ii) increase in the

local concentration ofi-Synuclein on DNA (Cherny et al., 2004). OnzeSynuclein

17



Neurodegeneration in Parkinson’s Disease: an introduction

binds to DNA by electrostatic forces, there coutd & conformational change on

Synuclein making the protein enzymatically bindtdA.

1.2.14 DNA induced folding ofa-Synuclein

We observed that various DNAs significantly modelatonformation and
fibrillation properties ofa-Synuclein. Single strand circular DNA binding tatine,
random coileda-Synuclein resulted in about 80% increasexthelix content of the
protein (Hegde et al.,m 2007). Although, doublarstir circular DNA also bound -
Synuclein, it did not change its conformation, gading specificity of single strand
DNA binding. However, supercoiled plasmid DNA cadise biphasic conformational
transition ina-Synuclein. On immediate mixing of the DNA aaeSynuclein a partial
folding was induced im-Synuclein, whilea-helix conformation was formed on long

term incubation (Hegde et al.,m 2007).

We also provided interesting insight on sequenaxifip binding affinity of
DNA to a-Synuclein. Poly d(GC).d(GC) caused a partiallgléal conformation, where
as poly d(AT).d(AT) binding ta-Synuclein did not result in any such conformatlona
transition. It was further observed using GC- ans$pecific 8-mer oligonucleotides
that only d(GCGCGCGC) induced a partial folding aaSynuclein. Interestingly,
d(GCATGCAT) also induced a partial folding axSynuclein,while, d(ATATATAT)
did not. Closer examination of the CD data indidateat the folding induced by
d(GCGCGCGC) was more in magnitude compared to d(G&BAT).

The effect of binding of large genomic DNA (lamdalaCalf-thymus DNA) on
a-Synuclein conformations showed that both thes@génDNA caused the formation
of a partially folded structure ia-Synuclein. However, the amount of folding induced
by lamda DNA was more when compared to calf-thyddA. The GC content of
calf-thymus DNA is ~70%, while for lamda DNA it #42% which should explain the
differential ability of calf-thymus and lamda DNA inducing conformational transition

in a-Synuclein.
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The above studies from our lab indicated specyfioit single stranded DNA
and GC sequence in inducing foldingarSynuclein. It appears that the DNA binding
to a-Synuclein is mediated through electrostatic irdtoa between negatively charged
phosphate groups of DNA and the epsilon amino groupysine aminoacids im-
Synuclein. The DNA molecule is richly negativelyached on its surface as it is laced
with phosphate groups, where @sSynuclein has 15 basic lysine residues which are
mostly clustered in the N-terminal of its sequeridee neutralization of basic charge on
epsilon amino group side chain of lysine residugsraduce the repulsion between the
like charges in the N-terminal end atSynuclein and this appears to be the driving
force in inducing DNA mediated folding in the prioteStudies have shown that the N-
terminal half ofa-Synuclein sequence has a very high propensityotm fordered

conformation (Chandra et al., 2003).

1.2.15a-Synuclein aggregation and DNA binding

Previous studies have shown that the transformadion-Synuclein into a
partially folded conformation (induced by pH or f@enature or metal ions) is strongly
correlated with the enhanced formatiorie$ynuclein fibrils (Uversky et al., 20019-
Synuclein is a natively unfolded protein with kttlor no ordered structure under
physiological conditions. At neutral pH, it is calated to have 24 negative charges (15
of which are localized in the last third of the {@ia sequence), leading to a strong
electrostatic repulsion, which hinders the foldofgr-Synuclein (Uversky et al., 2001).
As a consequence of the structural flexibility efSynuclein, many diverse ligands
change its conformation and modulate its aggregatimperty (Cherny et al., 2004).
Generally, transition from random coiledSynuclein to partially folded conformation
accelerates the fibrillation reaction, while stediilg a-Synuclein in toa-helix-rich
conformation delays fibrillation. Aggregation orlfsgssociation is a characteristic
property of a partially folded (denatured) protesmsl most aggregating protein systems
probably involve a transient partially folded intexdiate as the key precursor of
fibrillation. It has also been shown that in sonaseas the self-association induces
additional structure and stability in the partidiyded intermediates.
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Recently it was shown that double stranded DNA mi&® aggregation ai-
Synuclein (Cherny et al., 2004). They showed tlint morphology of the fibrils
remains unchanged in the presence of linear dattdaded DNA. In this context, we
analyzed the aggregation propensityoeSynuclein in the presence of different DNAs
which induce partially folded conformation and atsdelix. Our studies showed that
DNA induced aggregation ai-Synuclein correlated with the ability of that DNA
induce partially folded conformation m-Synuclein (Hegde et al., 2007). DNA which
induced partial folding i-Synuclein such as GC-rich oligonucleotides reslitea
very substantial acceleration of the kinetics afjragation indicated by a shorter lag
time and a larger rate of fibril formation compareda-Synuclein alone. However,
single-strand circular DNA which formexthelix conformation iro-Synuclein delayed
the aggregation significantly by nearly ~25 hrs.eTBtructure ofa-Synuclein

aggregates/ fibrils were qualitatively similar iretpresence or absence of DNA.

Similar observations were made by Uverskyl, (2001), where they showed
that trimethylamine-N-oxide (TMAO) induces a partfalding and acceleration of
fibrillization in a-Synuclein at low concentrations, where as, at hlighcentrations
causes the formation afhelix conformation and inhibits aggregation toomsiderable
extent. Our results are in agreement with Uvestlg)., (2001). Hence, it appears that a
partially folded intermediate conformation is a yetritical step ina-Synuclein

aggregation pathway.

The possible mechanisms of double stranded DNA ptioig a-Synuclein
fibrillation has been proposed recently by Cheehgl., (2004). The authors observed
that neuronal nuclear inclusions potentially acedana significant fraction of the total
amount of a-Synuclein in a cell. Hence, minute variations otdl a-Synuclein
concentrations or the presence of factors enhanitgdibrillation, e.g., DNA or
histones, may stimulate the aggregationoe®ynuclein significantly. It was further
proposed that effective mechanisms preventing cmealsconversion of a soluble-
Synuclein into insoluble isoforms must exist intboytoplasm and nucleus (Cherety
al., 2004). We provided a comprehensive picture of DHNiAding effect ona-

Synuclein fibrillation using different DNAs such dsuble and single stranded DNA,

20



Neurodegeneration in Parkinson’s Disease: an introduction

AT and GC sequence specific DNA of different sieés and showed that only those
DNA which induce a partial folding im-Synuclein promote its aggregation, while,
single strand circular DNA forma-helix conformation ina-Synuclein and inhibits
aggregation to a considerable extent. Hence, welfatextrapolation oin vitro results
on DNA binding property ofa-Synuclein toin vivo system in PD has to be more

cautiously done.

We used effect of osmolytes @nrSynuclein conformation to understand the
mechanism of DNA induced folding/fibrillation af-Synuclein (Hegde et al., 2007).
Osmolytes such as TMAO, Betaine, sarcosine convera¢ively unfoldedx-Synuclein
to partially folded form which accelerated the kiog of fibrillation. The ability of
DNA and osmolytes in inducing conformational tréiesi in a-Synuclein, indicates
that two factors are critical in modulating-Synuclein folding: (i) Electrostatic
interaction as in the case of DNA, and (ii) Hydroplt interactions as in the case of

osmolytes.

1.2.16 Our model om-synuclein genotoxicity

We proposen-Synuclein-mediated genotoxicity as one of the kegerlying
mechanisms of disease progression in the PD. Nrmabynuclein is in random coil
conformation in aqueous solutioms vitro. It is suggested that free-Synuclein in
neuronal cytoplasm may also be in random coil conédion. However, in association
with  membranesa-Synuclein is in a-helix-rich conformation. a-Synuclein is
diversly/unevenly distributed in various subceltulaileu such as cytoplasm,
presynaptic terminus, nucleus, endoplasmic retroudund mitochondria (Zhang et al.,
2008). The factors that goveennSynuclein distribution in cell are not fully undévod.
However it is known that oxidative stress and ottyplogical scenario that exists in
PD such as metal toxicity may modulateSynuclein subcellular translocation
significantly, especially the nuclearSynuclein, because these factors greatly affect th

permeability of membranes.
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Several studies have reported higher levels of {fe&) and other transition
metals in PD brain substantia nigra, the main tagjePD (Dexter et al., 1989).
However, how a specific increase in the total Feteat of SN should occur in PD is
not understood (Zecca et al., 2004). It has begueal that the increased Fe levels with
the severity of neuropathological changes in PD @esumably due to increased
transport through the BBB (Gotz et al., 2004). Rermnore, in PD the increased total Fe
level in SN was not associated with a compensatwiease in ferritin; instead the
brain ferritin immunoreactivity was decreased (2ext al., 1990). Hence the increased
Fe load in PD may exceed the storage capacity afadole ferritin, leading to excess
reactive Fe, driving free radical generation. la gresence of these metalsSynuclein
acquires a misfolded or partially folded conforraatand promote aggregatiamvitro
(Uversky et al.,, 2001). We hypothesized that thetigdyy folded or misfoldeda-
Synuclein induced by metals may not bind to vesmlembrane lipids as it does in
normal brain. In addition, it was observed that ohthe familial mutanti-Synucleins,
A30P completely abolished membrane-binding propeityr-Synuclein. Hence, the
disruption in membrane binding resulting from irage in metals and mutations in
familial PD would result in the increase in freeSynuclein (partially folded or
unfolded native conformation) levels in cell. Tipsssibly triggers the increase in
precursor fora-Synuclein aggregation in PD (Hegde et al., 2008)addition to the
accumulating evidence for normal nuclear local@atof a-Synuclein, the increased
oxidative stress and altered permeability of nucteambrane could ensure significant
amount ofa-Synuclein in the nucleus. In the nucleus it exéotsc role by altering
chromatin organization or by directly binding to BMr by both.a-Synuclein can bind
to the histone proteins and affect their normatfioming of maintaining the chromatin
integrity. As histones loss their function, chromawill open up exposing DNA to-
Synuclein and other targets. Now the transcripfiamctors or inhibitors can bind to
DNA altering the gene expressiom-Synuclein can itself bind to DNA and relax the
supercoils in the DNA molecule and can induce d&aromational change, which may
further affect the gene expression profile. Therali gene expressions finally lead to
altered neuronal cell metabolism leading to celitde Besides, DNA induced partial
folding in a-Synuclein enhances its toxicity to the cell. Sal/etudies have shown that

partially folded intermediate form afi-Synuclein is more toxic than monomers or
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aggregates. Partially foldem-Synuclein has higher aggregation propensity angDn
the presence of metals and other free radicalsfudher stimulate the aggregation
process. The aggregated protein can disrupt sepavaésses in the nucleus including
gene expression and DNA functioning. Our model ceSynuclein Genotoxicity is

represented in Figure 1.4.
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Figure 1.4: Our model on genotoxicity af-Synuclein: During stress conditions, there

is increased transportation @fSynuclein into the nucleus. In the nucleusSynuclein
can directly interact with histones or inhibitstbise acetylation affecting the chromatin
organizationa-Synuclein can bind to DNA and alter the conformatof DNA, relax
supercoiling of DNA. Change in chromatin organiaati conformation of DNA and
supercoil relaxation may lead to altered gene esgioe.a-Synuclein in the presence of
Fe(ll) can generate reactive oxygen species andcexdNA damage. Altered gene

expression and DNA damage lead to neuronal cethdea
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1.2.17 Tau proteins

Tau is a microtubule-associated protein expressedeurons (Binder et al,
1985). It normally exists as a random coiled hyditip protein containing two distinct
domains- the projection domain and the microtubhifeding domain. Tau protein is
involved in tubulin assembly by forming a bridgeveeen two tubulin dimmers. The
tau function is mainly regulated by post-translasib modifications. (Johnson and
Stoothoff, 2004).

The aggregation of Tau protein is observed in somearological disease
conditions which are collectively known as Tauopegh (Igbal et al., 2009).
Alzheimer’s disease (AD) is a principal tauopathlyene Tau is aggregated in the form
of neurofibrillary tangles (NFTs) (Avila et al., @@). The precise role of Tau in AD
neurodeneration is not clearly understood (Delaeo@008; Brandt et al., 2005). Tau is
also found in synucleinopathies in the lewy bodike Dementia with lewy bodies.
This suggests that tau function is also altered synucleinopathies apart from
tauopathies (Galpern and Lang, 2006). An Gorisl.etstudied the pathological hall
mark genes namely, microtubule-associated prot&in(MAPT) glycogen synthase
kinase-3 (GSK3B) andi-synuclein (SNCA) in 659 PD patients and 2176 auntr
subjects. The authours are observed PD dementiacgmitive decline associated with
inverse polymorphism containing MATPThey also reported that inverse
polymorphism in MATP is in synergy with single nectide polymorphisms in SNCA
gene (Goris et al., 2007).

Tau is localized in the nucleus in neuronal and-nearonal cells (Thurston et
al., 1997) and is associated with the nucleolaaer region (NOR) in the mitotic
cell. The NOR in the chromosome consists of GC riisbsomal DNA (rDNA) near the
centromeres. In mammalian chromosomes they are asedpof repeated satellite DNA
sequences in the form of constitutive heterochromdthe exact role of tau in the
nucleus is nit clearly understood. Tau binds diyetd these satellite sequences of
centromeric region (Sjoberg et al., 2006). It wheven that tau could bind to single
stranded DNA (ssDNA) and double stranded DNA (dsDNKMua and He, 2003;
Krylova et al., 2005). The binding might be phospfation independent and
aggregation dependent. Both phosphorylated taunanebhosphorylated tau can bind
to DNA. Phosphorylated tau binds strongly than pbosphorylated tau as the former
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binding to DNA have higher melting point than latg¢diua and He, 2002). Both
cytoplasmic and nuclear tau are equally phosphaylaPhosphorylation of tau occurs
in the cytoplasm and transported into the nucl€us.et al (2004) found that tau can
induce a conformational change in the DNA mole@ade function of the mass ratio of
tau to DNA. One tau molecule per 700 bp of DNA comiduce a DNA conformational
change. Tau also plays a role in chromatin strectuDNA transcription and
recombination, nucleo-cytoplasmic transport andsdmal assembly (Qu et al., 2004).
When Tau binds to one of the strands of DNA ingusace specific manner, it induces
the dissociation of double stranded DNA (Krylova at, 2005). The biological
significance of the tau-DNA complex still needshie explored. Further we need to

understand the mechanism of tau binding to DNA.

1.2.18. Is DNA binding, common property of many amipidogenic proteins?

It has been widely reported by us and others, tinateic acids interact with
different amyloid peptides such as beta-amyloid, paotein, prion peptides anat
Synuclein and modulate their folding and aggregatmetics (Hegde et al., 2003;
2004; Suram et al., 2007; Gabus et al., 2001; Neandi., 2002). In many cases double
stranded DNA accelerated the kinetics of fibribbati However, an extensive study by
us ona-Synuclein showed that the effect was dependenthenstructure of DNA
(Hegde et al., 2007). Nandi group by several wedlighed studies showed that nucleic
acids can induce structural changes to beta-sioetonformation in prion peptides by
forming stable complexes, which catalyzes/modulditesr polymerization (Nandi et
al., 2002). Association of Abeta (1-40) and Ab&28-85) with double stranded DNA
was detected (Nandi, 1998). Abeta (25-35) was shtiawoause formation of open
circular DNA from supercoiled DNA in presence ofrtais ions (Jang et al., 2002). We
have recently observed binding of Abeta (1-42) aklukbta (1-16) peptides with
supercoiled DNA and their ability to convert summeied DNA into open circular form
(Hegde et al., 2004). Our lab showed that AbetdAJlean directly inflict DNA nicking
which could contribute DNA damage associated inlx&in (Suram et al., 2007, Gupta

et al., 2006). In similar lines latest studies framr lab shows DNA single-strand
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breaks directly induced ky-Synuclein in its partially folded form (Hegde ét 2007);
Hegdeet al., unpublished observation).

The above scenario suggests that DNA binding cbelé normal property of
many amyloid-forming proteins associated with déeeneurodegenerative disorders.
However, at this stage it is hard to pin down wketbNA binding contributes to PD
pathology as a major causative phenomenon oidfjitst a consequence of the disease
process where non specific nuclear transportaioaneyloid proteins result in DNA
binding. We feel that a parallel approach to DNAdwng of these amyloid proteins in
several neurodegenerative diseases may yield regelts. In addition, the finding of
insoluble protein-containing materials in differer@uronal and glial cell populations in
a broad range of syndromes suggests that manyesé ttisorders have something in
common (Rao et al., 2006). Even though these symescexpress different symptoms
and lesions, the mechanisms underlying filamenmé&iion may be similar. The
assembly of normally soluble protein subunits inpluble filaments in these diseases
does not normally occur in healthy brain. Henceptlaer way to approach these
disorders is to consider the disease state as dnanoabnormality in protein
metabolism. Future research efforts will pursue aoolar analyses of shared protein
abnormalities across several disorders. This appradould provide insights into
disease mechanisms underlying one or more degemedisorders characterized by

abundant filamentous lesions.

1.2.19 Biological significance of DNA binding oft-synuclein

Structurally, purifieda-Synuclein is a natively unfolded protein (Hegdeakt
2003; Uversky et al., 2001). This lack of foldingshbeen shown to correlate with the
specific combinations of low overall hydrophobicand large net charge (Uversky et
al., 2000; 2002)ln vitro, a-Synuclein readily assembles in to fibrils, with npleologies
and staining characteristics similar to those bfils extracted from PD affected brain
(Uversky et al., 2001; Giasson et al., 1999).
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The physiological significance of DNA inducedSynuclein conformation and
modulation of its assembly/ fibrillation is uncleat the present time. However,
emerging lucid evidences for the presence<@ynuclein in neuronal nuclei indicates
that the DNA binding activity ofa-Synuclein may not be a mere non-specific
phenomenon and may have very significant role &y jph neuronal cell death in PD
through DNA instability. It will be evocative to spulate the potential implications of
thein vitro findings on DNA binding of amyloid proteins to nedegenerative changes
associated with PD. Goeesal., (2003) provided evidence for the co-localizatofro-
Synuclein with histones in the nuclei of nigral rens from mice exposed to a toxic
insult. The authors observed that histones stirauwaSynuclein fibrillationin vitro.

These studies further strongly suggested assatiafia-Synuclein with chromatin.

Chernyet al., (2004) proposed that-Synuclein may interact with histone-free,
transcriptionally active DNA segments and hence mlagd to a decreased
transcriptional activity of some genes respondingehvironmental stimuli . It is
suggested that the interactionsoeSynuclein with DNA and histones may function to

regulate gene expressions.

Interestingly, a recent study involving semi-queaitie analysis obi-Synuclein
in subcellular pools of rat brain neurons showed there is a significant fraction af
Synuclein in the nuclear compartment (Zhang et 2008). They used immunogold
electron microscopic technique with a C-terminaafic antibody. It was shown that
a-Synuclein-positive gold particles were unevenlgtdouted in different subcellular
compartnets. The density was relatively greatepresynaptic terminals and nucleus.
In this perspective, association @fSynuclein with chromatin attains significance.
Synuclein-induced changes in DNA conformation mifgch gene expression pattern in
affected neurons. In addition, DNA induced foldiagd modulation of fibrillation
property may have special pathophysiological sigaifce and contribute enormously

to the accumulation DNA damage in degenerativeareuand lead to cell death.
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1.2.20 Alternative view:a-synuclein and neuroprotection

Several lines of evidences suggasSynuclein toxicity in PD, however, an
alternative debate for the neuroprotective role-&ynuclein in PD is emerging (Lee et
al., 2006). Although,a-Synuclein accumulation in the form of aggregates i
dopaminergic neurons is a common pathological featuPD, the precise mechanism
of how this aggregation process is triggered? Ow lloe protein aggregates cause
neuronal degeneration is still obscure. Furthermsoene studies have failed to show
consistant results for neurotoxicity afSynuclein (Hashimoto et ., 2002; Matsuoka et
al., 2001) and few studies also suggesteddh@ynuclein may play a neuroprotective
role (Hashimoto et ., 2002; Manning-Bog et alQ2)0

In other words, there is a school of thoughts whadjues thati-Synuclein has
a normal function in normal brain, but in respomgesnvironmental or endogenous
stimulus it aggregates as a nheuroprotective regpamsas a passive response to
pathological events. For instance, oxidative stremssed by the herbicide paraquat
results ina-Synuclein aggregation in the brains of experimeat@mals and this
increased expression and aggregatiom-&ynuclein was neuroprotective (Manning-
Bog et al., 2003). Studies showed that variousratexins including MPTP and
rotenone increase-Synuclein expression in brain (Hasegawa et aD42Matsuzaki et
al., 2004). These observations lead a group ofarekers to suggest that the increased
a-Synuclein expression may represent an adaptiveebstatic regulatory response to
toxic stimuli (Lee et al., 2006). In support of ghioverexpression ai-Synuclein in
transgenic mice does not consistantly result inroal damage (Matsuoka et al.,
2001), nor does it mimic MPTP induced neurodegdimeracompletely (Rathke-
Hartlieb et al., 2001).

Similarly, other amyloidogenic proteins involved ineurodegenerative
pathologies, such as, amyloid beta peptides in A® @ion proteins in prion diseases

could have neuroprotective properties. These obiens need to be considered when
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developing therapies to PD and other neurodegewerdiseases. In other words,
therapy should be targetted at the cause of teasksrather than the end result (protein
aggregates), unless it is conclusively proved thesolving/eradicating protein

aggregation improves the disease symptoms.

As discussed elsewhere in this article, it is nigacc whether the recently
discovered DNA binding property afi-Synuclein contributes to the cause of PD
pathology or it is a passive secondary responseeofons affected by PD. These

studies have to be addressed as toxic vs. prote@sponses in PD.

1.3Chromatin organization in neurodegeneration

DNA in eukaryotic cell is arranged in the form afnepactly condensed state known as
chromatin. The sequence of the DNA forms the pmyiaformation for the gene
expression and chromatin organizations forms theors#ary information. The
regulation of chromatin organization also contrédsutto the regulation of gene
expression. This kind of regulation is known asgepetic control of regulation and
chromatin organization is conserved throughoutloetage (Kornberg, 1977). The unit
of chromatin is nucleosome, which consists of 146bDNA wrapped around the
octomer of histone proteins. Histone octomer casdiso tetramers of H3, H4 and
H2A, H2B. The nucleosome core particles are linkgdinker DNA stabilized by H1
histone proteins. The regulation at chromatin ledegpends on modifications of DNA
(especiaaly methylation at cytosine residues), ripa@tions of histone varients, post-
translational histone modifications and other moles which can interact with
nucleosome core particles (Kouzarides, 2007; PatbAlmouzni, 2007). The different
molecules like ATP-dependent remodeling compleketpne chaperones and histone
modifying enzymes involved in maintaining and regimg the chromatin organization
(Polo and Almouzni, 2007). Thus chromatin organtaplays an important role in the
cellular events. Several studies and models hawrshtioat in neuron also chromatin
organization is tightly regulated and alterationchromatin organization observed in
neurodegeneration. This provides strong suggesti@tsn neurodegenerative diseases

like PD and AD chromatin organization might be mbaya significant role in the
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neuronal cell death. Here we discussing about thportance and some of the
evidences of alterd chromatin organization in neataell death.

a-synuclein localization in the nucleus and its dm&t binding property implicate that
a-synuclein may play a role in the chromatin functi®he study by the Kontopoulos et
al (2006) showed thatsynuclein induces neurotoxicity when targeted t® tincleus.
a-synuclein sequestration to cytoplasm preventedn@ngotoxicity. The authous has
shown thati-synuclein binds to histone and hamper the ac@ylatvhich finally leads
to neurotoxicity. The neurotoxicity is rescued hbyetadministration of histone
deacetylase inhibitors, which clearly demonstraleda-synuclein-histone interactions
are the responsible for the neuronal cell deatlseBaon the above literature we are

focusing on the chromatin organization in parkirisatisease brain.

It has been observed that proliferating cell nucéedigen and transcription factor E2F-
1 are expressed in the PD brain. The above twadrgotion factors are involved in the
cell cycle events (Holinger, 2007) . DNA damageliserved in the PD brain in the
form of Double strand breaks (DSB) and Single strareaks (SSB) (Hegde et al.,
2006). The expression of cell cycle protein andADfiamage has been reported in
neurodegenerative brain. These two events in theonemay trigger the neuronal cell
death through programmed cell death (Kim etal.,9208s DNA repair mechanism is
weak in neurons compared to other cell it willdegter to prevent the accumulation of
DNA damage rather depending on the repair mechanibnthis contex it is important
to maintain the chromatin integrity, as loss ofachatin integrity lead to the DNA
damage and abberent gene expressions. The prdiaih serve as DNA damage check
points activate the DNA repair mechanisms and dise bf their function may lead to
the neurodegeneration. Assynuclein has possibility to alter the chromatitegrity
may alter the expression of these protein, whi@d leo the accumulation of DNA
damage and finally neurodegeneration. Similar kafdactivity observed in ataxia
telangiectasia where the loss of function of prot&iTM leads to progressive
neurodegeneration (Rolig and McKinnon, 2000). D@B activate the nuclear protein

kinase ATM and induses chromatin relaxation (Zialet2006) .
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a-synuclein which has shown to has binding propenigh histones and altering its
states of acetylation affteting histone affinityverds DNA resulting chromatin either
in open or closed state. This will alter the gemoexpression and probably leading to

neurodegeneration.

1.3.1 DNA methylation

DNA methylation is one of the regulating force ieng expression and also a
biomarkers for the genetic damage. DNA methylatainthe sites of CpG in the
promoter region is an important epigenetic regafaiof the gene expression. Loss of
regulation on DNA methylation leading to alterechgexpression has been observed in
AD (Scarpa et al, 2003). Presinilin-1 gene expmsds shown to be modulated
depending on the state methylation in cell cultamd mice Alzheimer’s Disease mice
model. Fuso et al (2010)., analyzed the regulatbriPresinilin-1 by supplementing
nutritionally  with  hypomethylating and  hypermethytg  suppliments.
Hypomethylation is achieved by creating Vitamin Bfidncy and hypermethylation
was achieved by supplementing S-adenosyl methiof8#é1). DNA methylases and
demethylase are modulated according to the supplati@en and finally affected the
presinilin-1 expression. Amyloid (1-40) peptidensolved in AD and it altered global
DNA methylation in cell model implicating the newerchanism of toxicity induced by
amyloid peptides (Chen et al., 200€}synuclein is implicated in PD and an altered
expressions are observed in PD. Jowaed et al.0{Z¥owed that methylation in the
SNCA intron 1 ofa-synuclein is reduced in the PD brain samples. ddta indicated
that methylation status @f-synuclein altered the gene expression and involavehe
disease development. Hypomethylation of DNA in Tummecrosis factor (TNd)
promoter region is observed in the promoter reginr3D patients. TNé is implicated

in PD by activating the inflammatory responses ilegdo neurodegeneration (Pieper et
al., 2008).

31



Neurodegeneration in Parkinson’s Disease: an introduction

EPIGENETIC MECHANISMS HEALTH ENDPCOINTS
e dfeciad by Iree taclors and processes : * Cancer

* Autoimmumne disemse
= Mental disonders
» Disbetrs

EAGENETIC
{:-T’ FACTOR

HISTONE TAIL

The binding of epigenetic factoss to histone "talls”™

Histonies st puotiing sround which | HISTONE aitars tha axlent towhich DNA & wrapped around
DNA gan wined for compactien and histones and the availabilty of genes i the DNA
gone reguiation. 1o ba activaled.

Figure 1.5: Chromatin organization and its regulation in thecess of gene

expressiondourtesy: blog.targethealth.com/?p=11438)

1.3.2 Histone acetylation

Histone acetylation homeostasis in the nucleusamtained by the combined action of
Histone acetylases (HAT) and Histone deacetyla$t3A(C). Histone acetylation
balace is altered in neurodegenerative conditi@ah@ and pahan, 2006). Histone
deacetylases limit the access to DNA interactingeowes by inducing chromatin
condensation. The chromatin condensation occuas a&ffect of remov al of the acetyl
gropus from histone proteins by histone deacetglaBgstone deacetylase inhibitors
has been shown to improve the learning and menfeoyptan-Lozano et al., 2008).
Kim et al, showed that p25/Cdk5 induced deregutatecd Histone deacetylase 1
(HDAC1) lead to the aberrant cell cycle reentry a@aotible strand breaks and finally
neuronal death (kim et al., 2008). Alvira et al 8D showed the activation of the
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p25/Cdk5 pathway in PD patients indicating the cgtlle reentry and neuronal loss in
PD. The gene expression profile of MPTP inducedkeay model of PD has shown the
role of Neuronal repressor element-1 silencingdeaption factor (REST). REST is
involved in the epigenetic regulation by recructthg histone and chromatin modifying
molecules to REST targeted genes (Buckley et AlLQP Histone acetyltransferases
(HAT) are involved in the neurodegeneration. CREfdmg protein (CBP) is a HAT
protein and regulates the transcription by actisgca-activator of CREB. Loss of
function of CBP activity was observed in apoptateuronal cell death (Rouaux et al.,
2003). In AD, an alteration of cAMP-responsiveneémt (CREB) dependent genes has
been observed indicating role of histone and chtonwmplexes in AD (lkezu et al.,
1996). Rossi et al., (2008) showed that chromatghlks and chromatid bridges in the
lymphocytes of the Fronto temporal dementia (FTBjigmts carrying P301L mutated
Tau protein. Tau protein is mainly involved in thelymerization and stabilization of
the microtubules in the neurons may also involvedhie chromatin maintanence. As
Tau protein implicated in both PD and AD, the rofél'au protein in altering chromatin
structure was reasonable in neurodegenerationuirsi?, a member of histone
deacetylase famility has shown to be involvedhimd-synuclein mediated toxicityx-
synuclein mediated cytotoxicity has been rescueddnyg the inhibitors of Sirtuin 2 by
using small interfering RNA silencing (Outeiro ¢t, 2007). In PD, pestiside exposed
has been implicated in the process of neuronaldssth. Song et al., (2010) showed
that dieldrin treatment induced neuronal cell ddathithe hyperacetylation of histone
molecules (Song et al., 2010). Almeda et al., (2&hdwed that 3-Nitropropionic acid
treatment decreased the HDAC activity and affettedhistone acetylation in neuronal
cell culture. 3-Nitropropinoic acid inhibits the tmchondrial complex Il and leads
neuronal cell death. Histone deacetylase inhibitsl®owed neuroprotection in
Huntington disease and Amyotrophic lateral scler@aLS) (Petri et al., 2006; Pallos et
al., 2008). These inhibitors mainly act on the CRi&Bding protein (CBP) regulation
of the gene expression.
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1.4. Role of curcumin in neurodegenerative diseases

Curcumin is a hydrophobic polyphenol derived frdra thizome (turmeric) of the herb
Curcuma longa. Turmeric is commonly used spice ndia and curcumin is the
principle component of turmeric. Curcumin is alssed widely as pharmacological
active compound because of its wide spectrum dbgical activities. Curcumin has
been reported to have the antioxidant, antimictpb&nti-inflamatory and anti-
carcinogeneic activities. The antioxidant propesfycurcumin is due its scavenging
activity of free radicals such as hydroxyl radicalmglet oxygen, superoxide radicals
and peroxyl radicals. Curcumin has prevented théARIdmage in plasmid pBR322
plasmid by singlet oxygen species (Subramaniah,et394)

1.4.1 Curcumin metabolism

Curcumin belongs to the diarylheptanoid class dtirah products in which a cental
seven carbon chain links the two oxy substitutedi raoieties. In the €linker unit the

unsaturation has trans C=C bonds. The aryl ringyy rha symmetrically or

unsymmetrically substituted. Natural turmeric haweé analogs of curcumin
collectively known as curcuminoids namely Curcumi@methoxycurcumin (DMC)
and bisdemethoxycurcumin (BDMC). curcumin has symmetric o-methoxy phenols
linked through thea, B-unsaturatedp-diketone moiety. Commercially available
turmeric contain mixture of 77% curcumin, 17% DMdhd 3% BDMC. Curcumin is
metabolized in the body and gives various metadmlimamely dihydrocurcumin
(DHC), tetrahydrocurcumin (THC), hexahydrocurcunfliHC), octahydrocurcumin

(OHC), curcumin glucuronide, and curcumin sulfate.
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Figure 1.6: Curcumin metabolism and the metabolites formed the body
(dmd.aspetjournals.org/.../27/4/486/F8.expansion)

1.4.2 Curcumin neuroprotection

Curcumin has shown protective effects against ¢eti@broventricular—streptozotocin
(ICV=STZ) induced cognitive deficits and oxidatidamage in rats (Ishrat et al., 2009).
Recently, it is reported the a pyrazole derivatbfecurcumin enhances memory by
activating Ca2+/calmodulin dependent protein kindsgCaMKIl). CaMKIl plays a

important role in long-term potentiation (LTP) amtemory (Maher et al., 2010).
Curcumin has shown the ameliorating effect agdipspolyscaccharide induced (LPS)

neurotoxicity. LPS induced neurotoxicity by actiwgt transcription factors, nuclear
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factorskB (NF«B) and activator protein-1 (AP-1) which lead toamhmation (Yang et
al., 2008). Curcumin has shown protective role rgaineuroinflamation and
neuroinflamation was seen in AD and PD (McGeen.e2805). Curcumin has shown
to induce the glutathione (GSH) synthesis in th@eexnental models of PD and
protected against oxidative stress. Depletion & dglutathione is observed in the PD
wich results in the oxidative stress. The authgowostulated that this property of
curcumin may be due to its action on transcripttbrgamma-glutamyl cysteine ligase
(y-GCL). y-GCL may bind to transcription factor complexes asgulate the expression
(Harish et al., 2010). Ortiz-Ortiz et al., (2010¢ported that exposure of rat
mesencephalic cells to curcumin induces the exjoress leucine-rich repeat kinase 2
(LRRK2). LRRK2 gene is genetically linked to PD anmuitations in this gene lead
neurodegeneration similar to PD. Curcumin neurgatote activity is analyzed in the
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)odel of PD. MPTP is a
neurotoxin that causes pathology similar to PD bgetherating dopaminergic neurons
in the substantia nigra of the brain. MPTP is cotedce to MPP+ by the action of
monoamine oxidase, the resultant MPP+ is toxicetb MPP+ interferes with complex
| of the electron transport chain in mitochondeading to cell death. MPTP triggers
the generation of free radicals which contribute c&ll destruction (Smeyne and
Jackson-Lewis, 2005). MPTP administration to miasutted in the loss of
dopamine(DA) and DOPAC (3,4-dihydroxy phenyl acefcid) with increased
monoamine oxidase (MAO-B) activity. Curcumin andrr@iaydrocurcumin prevented
the MPTP induced depletion of DA and DOPAC by thieibition of MAO-B activity
(Rajeswari and Sabesan, 2008).
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Figure 1.7: Curcumin molecular targets in the process of ptaie. (Courtesy:

curcumin-turmeric.net/)

Curcumin has shown to associate with fibrillar &ggtes of Tau and amyloid peptides
(Mohorko et al., 2010; Yang et al., 2005). Curcunfias shown to inhibit the
aggregation of the amyloid peptide and even dissgages the preformed aggregates of
amyloid peptides (Yang et al., 2005). Timevivo studies showed that curcumin can
cross the blood-brain barrier (BBB) in the mice mlogfang et al., 2005)a-Synuclein
plays a central role in PD pathogenisis and founithé form of aggregates in PD brain.
Wang et al., (2010) reported that extracellularitamid of oligomeric a-Synuclein
induces cytotoxic effects and curcumin protectetdttxic effect induced by oligomeric
a-Synuclein. Curcumin has improved the memory inmatium induced AD mice
model (Pan et al., 2008). Pandey et al., (2008wsk that curcumin inhibits the
oligomerization ofa-synuclein and therby inhibiting the aggregationnrvitro model

of aggregation assay. They also showed that agimegaof mutanta-synuclein was
inhibited by the curcumin in SH-SY5Y cell line made
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1.5 Biomarkers for neurodegeneration

Biomarker is a ‘' a characteristic that is objeelyvmeasured and evaluated as an
indicator of normal biological processes, pathogeprocess or pharmacological
response to a therapeutic intervention. The auétialof BMs for early disease
diagnosis will impact the management of PD in savdimensions. 1) BMs help to
identify the high risk individuals before symptongevelop. 2) BMs help to
discriminate between true PD and other causessuihdar clinical syndrome. 3) BM
may help determination of the clinical efficacy ridwer neuroprotective therapies. 4)
BMs must therefore gain insight into processes g the pathological changes,
associated with PD (Scherzer, 2009; Halperin e280D9).

Body fluids, which can easily drawn like blood, ngiand cerebrospinal fluid will be
used to identify biomarkers. Several molecules likgce metals, protein profile,
oxidative stress markers etc can act as biomarkengch can be estimated
biochemically in these body fluids. Trace metake Icopper and iron, metal transport
protein levels in blood like ceruloplasmin, femitioxidative stress markers like 8-
OHdG are estimated in the sample fluids (Bharuahal.e 2008; Gmitterova et al.,
2009; Bartzokis et al., 2007). Specic proteins imed in different neurodegenerative
disorders like amyloid proteins, Tau in ABR;synuclein PD and their detection in the
body fluids become import in early detection ofsheliseases. Primarily the detection
of nearly every neurodegenerative disorder in timcs now rely on the symptons and
no biochemical markers has been established siNtaw. the reaserch is focusing on
the identification of biomarkers for every neurodegrative disorders. Some studies
are focused on identifying biomarker by targetihg tertain established molecules in
the blood and CSF.

Neuroimaging is used as non invasive techniqueidgndse the brain structural and
functional changes. In neuroimaging several teakesqlike Positron Emission
Tomography (PET), Magnetic Resonance Imaging (MHAA)nctional Magnetic

Resonance Imaging (FMRI), Magnetic Resonance (Mier@roscopy are applied in

these studies. Among the above mentioned methonswbimaging, MRI is the simple
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and cost effective technique in analyzing the bsamctural changes. MRI measures
the change in whole brain atrophy and differentaiegl atrophy of the brain (Jack €ir
al., 2005). Jokinen et al., (2009) performed the MRIRD and healthy elderly
volunteers. The patient sample consisted of 1®peti(age 64.4) with idiopathic PD.
PD patients showed atrophy in the hippocampus aefiigmtal cortex. Hippocampal
atrophy correlated with impaired memory. Striatapaminergic neuronal loss and
global brain volume loss contribute to cognitivepairment in non-demented PD
patients.. Studies involving AD patients have shogarly involvement of medial
temporal lobe structures such as entorhinal coaect hippocampus in the disease
initiation (Barneset al., 2004; Lerchet al., 2005). The decrease in the hippocampal
volume is associated to severity of the AD. Thelgtaf Archer et al. (2006) reported

that there is a positive correlation between anajload and cerebral atrophy in AD.

1.6 Research lacunae

There are limited studies in the area of genomitolgly of brain and brain disorders.
Still the mechanisms for neuronal cell death inrbdisorders are not clear. It can be
possibly by both apoptotic and necrotic cell deatants. Further, the functional role of
genomic stability in augmenting gene expressiostils not clear. The DNA repair
mechanisms are much more complex and the secretspafr enzymes need to be
further explored. The clinical and biological linketween neuropsychiatry to
neurodegeneration is overlapping, making it difticior Scientists, Clinicians for
diagnosis and drug discovery. There is lot of debat translational research and
neurochemistry in overlapping clinical conditionsneuropsychiatry-neurodegenerative
diseasesThe major questions are i) will MRI help to design end points to map cses
talk between neuropsychiatry to neurodegeneratign@pes neurochemistry mapping
help to interlink Clinics and neurochemistry?), iwill depression be an early event
and risk factor for neurodegeneratiorhere are three major challengesi) can
neuropsychiatry illness be risk factor for neurastegration?, ii) to map neurochemical
and clinical complexicities to classify neuropsythy versus neurodegeneration, iii) to
develop biomarker end points to classify neuropsjcy and neurodegenerative
disorders in independent and over-lapping situatibot of debate in understanding the

translational parameters related to diagnosis ang discovery and also understanding
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complex biology in overlapping clinical conditiondike neuropsychiatry-
neurodegenerative features is still under hot togie propose that failure in DNA
repair due to altered DNA topology may be the eanget for pathophysiology of brain

disorders. Still this topic needs to be investigate

1.7 Aim and Scope of the study Neurodegeneration is the main consequence of
the all neurodegenerative diseases. The intiatiah exact pathwy due to which the
neuron undergoes cell death is not clear. In mbshe diseases the alteration in the
function of certain neuroprotein has been assighedcause of the neurodegeneration.
In PD, a-synuclein, Tau, neuromelanin protein functions altered. Asa-synuclein
and Tau are found in in the aggregates which anadan brains of PD patients, the
aggregation was believed to be the culprit. Stik ia debatable conclusion whether the
aggregation and is the cause or consequence afsdiggmthology. In light of this, the
alternative toxic role of these proteins gained ithportance. One of such alternative
toxic pathway is the role of these neuropeptidihénucleus as these neuropeptides are
localized in the nucleus. Recent studies has shiowding parterns in the nucleus,
having ability to interact with DNA and histone pems. However the studies are not
focused on mechanism of their interaction and thelievance to neurodegeneration.

Therefore, the following objectives have been pemobto study in the thesis

Objectives:

1. To study the chromatin organization in normal aadrodegenerative brain
and the role of curcumin in chromatin stability
To study the genotoxicity in brain cells and prew@anby curcumin

3. To understand the molecular mechanism of sequeresfic
oligonucleotide and DNA binding of neuropeptidas,ccimin and

Actinomycin D
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Chapter 2A

Chromatin organization in Parkinson’s disease

2A.1 Introduction

Chromatin organization plays an important role he tellular events including gene
expression. The alteration in the chromatin orgation may lead to the neuronal cell
death and disease. The regulation of gene expreasichromatin levels depends upon
the state of DNA methylation and histone bindingDdIA. Any alteration in the
mathylation of DNA and histone modification affatd organization and alters gene
expression. Loss of regulation on DNA methylatieading to altered gene expression
has been observed in AD (Scarpa et al, 2003). iliasl gene expression is shown to
be modulated depending on the state of DNA metioylatJowaed et al., (2010)
showed that methylation in thBNCA intron 1 of alpha synuclein is reduced in the PD
brain samples. Histone acetylation homeostasihénnucleus is maintained by the
combined action of Histone acetylases (HAT) andohis deacetylases (HDAC).
Histone acetylation balace is altered in neurodegsive conditions (Saha and pahan,
2006). Kim et al, (2008) showed that p25/Cdk5 iretlaeregulation of Histone
deacetylase 1 (HDAC1) lead to the aberrant cellecy@entry and double strand breaks
and finally neuronal death. Alvira et al (2008) wled the activation of the p25/Cdk5
pathway in PD patients indicating the cell cycleergry and neuronal loss in PD. In
PD, pesticide exposure has been implicated in tbeegs of neuronal cell death. Song
et al.,, (2010) showed that dieldrin treatment irtlaeuronal cell death by the
hyperacetylation of histone molecules (Song eal10).

Kontopoulos et al (2006) showed that alpha synocieduces neurotoxicity
when targeted to the nucleus. Alpha synuclein sgcateon to cytoplasm prevented the
neurotoxicity. These authors have shown that akpyrauclein binds to histone and
hamper the acetylation, which finally leads to meoxicity. The neurotoxicity is

rescued by the administration of histone deacetylathibitors, which clearly
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demonstrated that alpha synuclein-histone intevastiare the responsible for the

neuronal cell death.

In the present study, the chromatin organizatiorPamkinson’s disease brain

samples was analyzed.

2A.2 Materials

Anti-Histone H3 antibody, PMSF, Msp |, Hpa IlI, nococcal nuclease and
nitrocellulose membrane were purchased from sighi8A). HRP-cojugated IgG,

TMB/H,0,, Ribonuclease A (RNAse A), Proteinase K, 1kb DMAder, Tris saturated
phenol were purchased from Genei, India. Phendlpraform, isoamyl alcohol,

sodium chloride, SDS, Tris, HEPES, EDTA sodium,sgliacial acetic acid, ethanol,
sodium hydroxide, bromocresol green, and ethidiomiide were purchased from
SRL Pvt. Ltd. All other chemicals were of analytiggade and were purchased from

Sisco Research Labs, Mumbai, India.

2A. 3 Methodology
2A. 3.1 Brain samples

Five normal and five PD-affected human brain samplere obtained from the
National Institute of Mental Health and NeurosciEn¢NIMHANS), India. Autopsies
were performed on donors from whom written infornemhsent has been obtained
either from the donor or direct next of kin. Thentol human brains (age 45-65 years)
were collected from accident victims, who had natdry of long-term iliness,
movement disorders, dementia, or neurological desgaior to death. The PD-affected
(48-68 years) brains were postmortem specimens étomcally well documented and
neuropathologically confirmed cases who were undeg-term follow up at the
Neurological services at National Institute of ManHealth and Neurosciences,
Bangalore, India. The average postmortem intenedlvben the time of death and
collection of brain and freezing was 6-15 h. Witbime hour after death the body was
kept in refrigerator maintained at@. Dissected brain tissue was stored frozen &G70

till the analysis.
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Number Age (yr) PMI (hr) Tissue (pH)  Sex Cause of Death

Control group

C-1 45 7 6.76 F Head injury
C-2 51 12 6.61 M Head injury
C-3 55 7 6.71 M Head injury
C-4 48 15 6.45 M Spinal cord injury
C-5 65 13 6.68 M Head injury
Group 11 41-60 yrs

PD-1 56 1 6.15 M PD

PD-2 62 14 6.38 M PD

PD-3 68 15 6.87 M PD

PD-4 65 6 6.67 F PD

PD-5 48 1 6.23 F PD

Table 2A.1: Demographic data of PD and control brains

2A.3.2 I solation of the nuclei from the brain samples

Nuclei were isolated from the brain regions nanteppocampus, thalamus, midbrain
and caudate nucleus according to the method deschip Rao et al., (1983). Briefly,
brain tissue was weighed (5 grams) and perfusdd matmal saline to remove the any
blood in the tissue. Brain tissue was cut into $migices and minced thoroughly. The
minced brain tissue was homogenized in 0.34M sedroduffer A (50 mM Tris —HCI,
pH 7.5, 25 mM KCI, 5 mM MgGl 0.5 mM PMSF) using motor duer homogenizer.
The homogenate was filtered through 2 layers ofesbecloth and the filtrate was
centrifuged at 1000g (3500 rpm) for 10 min 4C4 The supernatant was decanted
carefully and the pellet was resuspended in 1Masecin buffer A. the suspended
pellet was homogenized using hand held homogerandr centrifuged at 100,0009
(42,000 rpm) in ultracentrifuge for 1 h. The peltditained was washed with 1M
sucrose in buffer A and then washed again with 0/34ucrose with 0.1% Triton X
100. The pellet is dissolved in Tris-HCI buffer. élftoncentration of the nuclear
suspension was determined by taking absorbancgsa@inAL ml of 2M NaCl/5M urea.

2A.3.3 DNA isolation from the brain tissue
DNA was isolated from the brain regions by pherfdbmoform extraction. Brain tissue
was cut into small pieces and was transferred ant@utoclaved porcelain mortar and

pestle. All glasswares, mortar, pestle, etc., wargoclaved to avoid bacterial
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contamination. Liquid nitrogen was poured into thertar and the tissue was allowed
to freeze. Tissue was ground thoroughly with pesith frequent additions of liquid
nitrogen. Tissue homogenate was transferred irgterle tube and the liquid N2 was
allowed to evaporate (a sterile spatula was usddhtsfer the powdered tissue into a
graduated tube). The tissue homogenate was inclbatie lysis buffer (50 mM Tris—
HCI (pH 8.0), 10 mM EDTA (pH 8.0), 100 mM NaCl) amds added with 15 mg/mL
of proteinase K and 2% SDS in the final volume. @mkiliter of lysis buffer was used
for every 500 mg of tissue (Note 1: Lysis buffeoghll be pre-warmed, Note 2: Add
proteinase K after first 2 h, optimum: 3 h.). Thertogenate was incubated atd&7in

a water bath for 12—-16h or overnight. After the ptation of incubation, the incubated
lysate was transferred to an autoclaved 50 mL ebflask. Then, equal volume of tris-
saturated phenol (pH 8.0) was added and mixed tightg, either manually or
mechanically for 10 min. The lysate was centrifufgdl0 min at 10,000 rpm at 18.
The supernatant was collected into a fresh autedl&0 mL conical flasks and 1/2
volume of Tris-saturated phenol and chloroformaisgl alcohol was added and mixed
thoroughly. One part phenol: one part chloroform) @d iso-amyl alcohol (l1A)
mixture (C: IA = 23:1) (Note: Tris saturated phemals stored in amber colored bottles
at low temperature to avoid oxidation of phendlhe supernatant and Tris-saturated
phenol-chloroform mixture was centrifuged at 50pthrat 4C. The upper aqueous
layer was collected into a fresh tube and 1/30lbbme of sodium acetate (pH 5.5) and
equal volume of chilled absolute ethanol was ad@#diA was precipitated by slowly
swirling the tube manually. (Note: Pre-cooled tubesre used and DNA was
transferred into another tube containing 70% altdowashing). DNA was washed
twice with 70% alcohol and once with absolute atdofo remove excess salt and
vacuum dried and stored at =0 The vacuum dried DNA was dissolved in 1 mL of
TE buffer (10 mM Tris—HCL, 1 mM EDTA, pH 8.0). TH#NA isolated from cells also
contains RNA, which was removed by digesting theppration with RNase enzyme.
RNase solution was kept in boiling water for 10 rbefore use so as to inactivate
DNase |I. The method provides high quality genomidADwith good vyield. It is
important to mention that the genomic DNA was igdafrom total brain tissue of

different brain regions (i.e., containing both rensg and glia).
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2A.3.4 Preparation of soluble chromatin

Soluble chromatin was prepared from the isolatedendy limited digestion of nuclei
with micrococcal nuclease (Korenberg et al., 1988)clear suspension (1QQ.) was
mixed with 0.1M CaGland incubated at 3C for 2 min. After incubation, the nuclear
suspension was digested with micrococcal nuclé&s@aiits) by incubating at 3C for

1 min. The reaction was stopped by 0.25 M EDTA eedtrifuged at 5000 rpm for 5
min. The pellet obtained was suspended in 10mM NeyiBH 7.5, 1ImM EDTA. The
soluble chromatin obtained by the limited digestismas used for the thermal

denaturation and circular dichroism studies.

2A.3.5 Histone protein extraction

The nuclear pellets were resuspended in | #0@f 0.4 N HSQ,, incubated on ice for
30 min and then centrifuged atCl for 10 min at 14 000g. The supernatant was
transferred to fresh tube and the proteins wereciptated trichloroacetic acid
containing 4 mg/mL deoxycholic acid on ice for 3dnmThe supernatant was
discarded, and the pellet was washed with ice-ecldified acetone(0.1% HCI) and
then with ice-cold acetone for 5 min each. The grotprecipitates were collected
between the washes by centrifugation at 14 000ge Phrified proteins were
resuspended in 10 mM Tris-HCI (pH 8.0) and storeeB&C (Nicholas et al., 2008).
Protein concentration in the histone extraction @amvas estimated by the method of

Lowry method (Lowry et al., 1951).

2A.3.6 Thermal denaturation studies

Thermal melting of the whole chromatin samples wlase on Spectrophotometer
equipped with a thermostat programmer and dataepsac (Amarsham Biosciences,
HongKong). All the chromatin samples, at €P= 0.6 were used for the melting
temperature studies in HEPES buffer (10mM, pH 7H)e melting profiles were

recorded with increase of@/min in the temperature range of 25*G5

2A.3.7 Circular Dichroism (CD) studies
Circular dichroism spectra of the whole chromatamples were obtained by using

JASCO J700 spectropolarimeter at@5with 2mm cell length in the wavelength range
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between 200-320 nm in Tris-HCI buffer (5 mM, pH )J04&2 mM EDTA. Each CD

spectrum was the average of four scans.

2A.3.8 Dot blot assay

Histone protein samples were applied to nitrocefial membrane in a Bio-Dot
apparatus (Bio-Rad). The membrane is blocked wi hon-fat milk in Tris buffer
saline-Tween (TBS-T) at room temperature for lhshveal with TBS-T and probed
with anti-a-synuclein antibody (Sigma, USA, raised in rabbd)ution (dilution ratio)
in 3% BSA-TBS-T overnight at °€. After washing it is probed with secondary
antibody (anti-goat) coupled with horse raddistogitase antibody (dilution) for 1h at
room temperature. The blot is developed using satesTMB/HO,. The presence of
acetylated histone H3 was detected using anti+esk3 of mouse as primary antibody
and peroxidase conjugated anti-rabbit-goat antibaslysecondary antibody. BSA is

used as control where no immunoreactivity is obsgrv

2A.3.9 Micrococal nuclease digestion

The nuclear pellet was washed with 0.1% Triton X106 create the pores in the
nuclear pellet which allow MNAse to enter into thgclei and digest chromatin. Then
nuclear pellet was suspended in MNAse digestiofeb®0 mM Tris —HCI, pH 7.5, 25
mM KCI, 5 mM MgChk, 1ImM CaC}, 0.1 mM PMSF) and equilibrated at°&7for 10
min. the equilibrated nuclear suspension was tdeatgh 80 units of the enzyme
(Worthington) MNAse and incubated for 15 min. Reéattwas stopped by adding 100
mM EDTA. The digested nuclear suspension was mud nuclear lysis buffer (50
mM Tris —HCL, pH 8.0, 10 mM EDTA, 0.2% SDS) and f@iaase K added to the final
concentration of 0.5 mg/mL and incubated for 12After the incubation DNA was
isolated by phenol-chliroform extraction. The DNAasvanalyzed on 1.2 % agrose gel
electrophoresis and stained the gel with ethidivomixde.

2A.3.10. Restriction digestion analysisfor the methylation of DNA
Digestion of genomic DNA was performed with methiga specific Msp | and Hpa Il
restriction endonucleases to know the methylatiatus of the DNA. MSP I/ Hpall

isoschizomers were used for the detection of mategl cytosines. Both the enzymes
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digest CpCpGpG motif in dsDNA, but they recognizifedent state of the cytosine
residue. Msp | cleaves both methylated and unmatibgl DNA, while Hpa Il cleaves
unmethylated CpCpGpG motif. About 1@ of DNA was digested with Msp | and
Hpall in the restriction digestion buffer (10 mMig#HCI, pH 7.5, 50 mM NacCl, 10
mM MgCl,) for 2 h. The reaction was stopped by heatingeaetion mixture for 5 min
at 60C. The digested DNA was analyzed on 1.2% agarekelgctrophoresis.

2A .4 Reaults

2A.4.1 Thermal denaturation of chromatin

Thermal denaturation of control and PD chromatim@gas were analyzed for the
structural integrity of chromatin. A mean thernransition around 80.8 1.3°C, 78.4+
0.9°C, 77.8+ 1.1°C and 79.% 1.4°C for thalamus, midbrain, hippocampus and caudate
nucleus, respectively for the control chromatin ge® was observed. The mean
thermal transition values for the PD samples w&& ¥ 1.2°C, 76.5+ 1.1°C, 77.2+
0.7°C and 77.8t 0.8°C for thalamus, midbrain, hippocampus and caudate nycleus
respectively. It was also observed one more mirasition for all the samples. The
minor transition for the thalamus, midbrain, hipaompus and caudate nucleus for
control chromatin samples were°@ 67C, 67°C and 68C, respectively. The minor
transition for the thalamus, midbrain, hippocammrsd caudate nucleus for PD
chromatin samples were 83, 63C, 64C and 658C, respectively. Compared to the
control, melting profile of chromatin samples, nmttransition points of PD samples
were decreased. This suggested that chromatin iaedemm was altered in PD

compared to age matched control samples.

Brain region Melting temperature

Control PD
Thalamus 80.3+1.3°C 78.7+1.2°C
Midbrain 78.4+0.9°C 76.5+1.1°C
Hippocampus 77.8+1.1°C 77.2+0.7°C
Caudatenucleus | 79.9+1.4°C 77.8+0.8°C

Table 2A.2: Thermal melting profile of the control and PD @hatin samples of
thalamus, midbrain, hippocampus and caudate nucleus
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2A.4.2 Circular dichroism analysis of chromatin samples

Control and PD chromatin samples were analyzedidgylar dichroism spectroscopy
by taking all samples equivalent to DNA concentmatfrom the thalamus, midbrain,
hippocampus and caudate nucleus regions (Fig 2AD).spectra of hippocampus
region of PD brain samples showed decrease in2Benth negative peak and increase
in 275 nm positive peak compared to control bragion. PD Thalamus region showed
decrease in the 225 nm negative peak in CD speoctrgared to control hippocampus
region. The CD spectra of midbrain region showecreese and a red shift in the 225
nm negative peak to 230 nm peak in PD chromatinptamompared to control
chromatin sample. CD spectrum of caudate nucleaweth decrease both in the 225
nm negative peak and 280 positive peak and aisltifie positive peak from 280 nm to
275 nm in PD chromatin sample compared to conttulommatin samples. The
differences in the CD spectra may be due to thieréiit protein/DNA ratio from the
control and PD samples. The data suggest thathtematin organization in terms of
histone-DNA concentration and modifications of eithhistone or DNA and their

interactions were different in PD brains comparedde matched control brains.
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Figure 2A.1: CD spectra of the chromatin samples isolated frobe Hippocampus,
thalamus, midbrain and caudate nucleus regioni@fParkinson’s disease and age

matched control brains.

2A.4.3 Dot blot assay for the Histone acetylation

Acetylation of the histone H3 protein was analymsthg dot blot assay to know the
histone acetylation status of the thalamus, hippgees, midbrain and caudate nucleus
of 5 PD brain regions and 5 age matched contrahbrérig 2A.2). Dot blot assay of
histones from the hippocampus regions of contralbshowed immunoreactivity for
the 3 samples (C1, C3, C5) out of 5 samples prot#d anti-histone H3 antibody
while all the 5 PD histone samples showed immuratngty. In the thalamus region
also 3 control samples (C2, C3, C4) showed immuwudngty and all 5 PD brain
samples showed immunoreactivity. In midbrain regioy one sample (C5) showed
immunoreactivity in control group and all 5 samples the PD group showed
immunoreactivity. In the caudate nucleus group B@as (C2, C3, C5) showed
immunoreactivity in control group and 4 samples {FED3, PD5) showed
immunoreactivity in PD group. The differences ie immunoreactivty may due to the
differences in the levels of acetylated histoneitiBhe samples. The differences in the
acetylated histone H3 immunoreactivity reflect tegree of histone acetylation in the
brain samples. In conclusion the data suggest dahatylation of histone H3 more
common in PD conditions compared to age matchettadirains.

HC Tha

—— —
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Figure 2A.2 . Dot blot assay of histone acetylation: histone samples were probed
with anti-histone H3 primary antibody, peroxidasmjagated secondary antibody and
developed using TMB/$O..

2A.4.4 Micrococcal nuclease digestion of nuclel

Nucleosomal structure in the chromatin was analyagdhe micrococcal nuclease
digestion. Micrococcal nuclease digestion of theticd (Fig 2A.3, lane 1) and PD (Fig
3, lane 2) chromatin samples from the hippocampg®ns showed more digestion of
the control chromatin sample compared to that of PD chromatin samples showed a
DNA band greater than 10 kb (Fig 2A.3, lane 2) déating the difference in the
nucleosomal structure between the control and Pincatin. Similarly, chromatin
from the thalamus region showed difference in tlgestion pattern between the
control and PD sample (Fig 2A.3, lane 3 and 4).o@Gtatin sample from the PD
thalamus was less digested compared to controbme@hromatin isolated from the
midbrain and caudate nucleus showed no differeimealigestion pattern between the
control and PD groups (Fig 2A.3, lane 5, 6, 7 and 8

-
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Figure 2A.3: Micrococcal nuclease digestion of nuclei. M. Marker, 1. Control
hippocampus, 2. PD hippocampus, 3. Control thalamu$?D thalamus, 5. Control

midbrain, 6. PD midbrain, 7. Control caudate nuslend 8. PD caudate nucleus.

2A.4.5 DNA methylation analysisusing endonucleasesMsp | and Hpalll

DNA methylation status of the DNA from the conteold PD samples were analyzed
by the methylation specific combination of the MEHpa Il restriction digestion.
Restriction digestion of hippocampus DNA with Mgplpa Il showed no differences
among control group, but compared to control DNB, PNA digested more with Msp
I/Hpa II. This indicates that compared control DNRD DNA from hippocampus
region was more methylated in cytosine (Fig 2ARINA isolated from the thalamus
region of the PD showed more digestion comparedcdntrol DNA, indicating
alteration in the DNA methylation status of the wohand PD group (Fig 2A.5). DNA
isolated from the midbrain and caudate nucleusoregpf the PD brain also showed
more digestion compared to control DNA, indicataigration in the DNA methylation

status of the control and PD group (Fig 2A.6 and72A

2345.6789101112 M 13 14 15 16 17 18 19 20

1kh

Figure 2A.4: Restriction digestion of DNA isolated from hippagaus of control and
PD brain samples with Msp I/Hpa Il M. Marker, lanks3, 5, 13, 15 were control
hippocampus DNA digested with Msp | from C1, C2,, @3} and C5 respectively.
lanes 2, 4, 6, 14, 16 were control hippocampus RiNgested with Hpa 1l from C1, C2,
C3, C4 and C5 respectively. , lanes 7, 9, 11, Brwkre PD hippocampus DNA
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digested with Msp | from C1, C2, C3, C4 and C5 eesipely. lanes 8, 10, 12, 18, 20
were PD hippocampus DNA digested with Hpa Il | fr&d, C2, C3, C4 and C5
respectively.

M1 23 456 7 89 10 1112 M 13 14 15 16 17 18 19 20
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Figure 2A.5: Restriction digestion of DNA isolated from thalasnof control and PD
brain samples with Msp I/Hpa Il M. Marker, lanes31p5, 13, 15 were control thalamus
DNA digested with Msp | from C1, C2, C3, C4 and @Spectively. lanes 2, 4, 6, 14,
16 were control thalamus DNA digested with Hpartni C1, C2, C3, C4 and C5
respectively. , lanes 7, 9, 11, 17, 19 were PDathak DNA digested with Msp | from
C1, C2, C3, C4 and C5 respectively. lanes 8, 1018220 were PD thalamus DNA
digested with Hpa Il | from C1, C2, C3, C4 and @5pectively.
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Figure 2A.6: Restriction digestion of DNA isolated from midbrasf control and PD
brain samples with Msp I/Hpa Il M. Marker, lanes315, 13, 15 were control midbrain
DNA digested with Msp | from C1, C2, C3, C4 and @Spectively. lanes 2, 4, 6, 14,
16 were control midbrain DNA digested with Hpa ibrh C1, C2, C3, C4 and C5
respectively. , lanes 7, 9, 11, 17, 19 were PD naidbDNA digested with Msp | from
C1, C2, C3, C4 and C5 respectively. lanes 8, 10,182 20 were PD midbrain DNA
digested with Hpa Il | from C1, C2, C3, C4 and €5pectively.
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Figure 2A.7: Restriction digestion of DNA isolated from caudatgcleus of control
and PD brain samples with Msp I/Hpa Il M. Markemeés 1, 3, 5, 13, 15 were control
caudate nucleus DNA digested with Msp | from C1, C3, C4 and C5 respectively.
lanes 2, 4, 6, 14, 16 were control caudate nuddN& digested with Hpa Il from C1,
C2, C3, C4 and C5 respectively. , lanes 7, 9, I1,19 were PD caudate nucleus DNA
digested with Msp | from C1, C2, C3, C4 and C5 eesipely. lanes 8, 10, 12, 18, 20
were PD caudate nucleus DNA digested with Hpaftbin C1, C2, C3, C4 and C5
respectively.

2A.5 Discussion

The DNA was organized in the form of compact coms@enstructure in the nucleus.
This higher order of organization known as chromatiganization was responsible for
the higher order regulation in gene expression(&éfe et al., 2010; Postberg et al.,
2010). Chromatin organization was a dynamic processirring in the living cells by

continuously opening and reorganizing accordingcétlular needs (Mazloom et al,
2010; Jasencakova et al., 2010; Rippe, 2007). Befeche chromatin organization are
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responsible for the physiological and pathologipedcess. Chromatin conformation
signatures may even represent ideal biomarkerthéohuman diseases (Misteli, 2010;
Crutchley et al., 2010). Chromatin organizationagparticular time depends on the
state of DNA, composition of DNA binding histoneopgins and their modification

(Chen et al., 2010; Fukuda et al., 2006). The gendunction also depends on the
nucleosomal positiong on the length of the DNA (B&aal., 2010). Epigenetic signature

of the cell inherited and accounts for some ofitiherited diseases.

Neurodegenerative diseases like Parkinson’s dis@@B¢ and Alzheimer's disease
(AD) affects elderly and these diseases createalsacid economic problems to the
society. Several factors are responsible for thgeldpment of these diseases.
Environmental factors may induce epigenetic modifans leading to the
neurodegeneration (Marques et al., 2010). Recerttysshowed that in models of
levedopa induced dyskinesia, deacetylation of hestdd4, hyperacetylation and
dephosphorylation of histone H3 (Nicholas et &00&). Chromatin modifying enzymes
plays an important role in the memory formation icating the importance of
chromatin organization in neuronal functioning (®#r et al., 2008). In genetically
modified mice showing memory defects, memory enbarent was achieved by
administrating the histone deacetylase inhibitet®AC) indicating the role of histone
acetylation acetylation in memory formation (Rothaé, 2010). Histone deacetylase
inhibitors are shown to improve defects in synajtigsticity, cognition psychiatric
diseases (Abel et al., 2008). Roleoe$ynuclein (protein widely implicated in PD) and
epigenetic involvement in the development PD carom fthe study of Kontopoulos et
al., (2006). In this study the authors showed thafetinga-synuclein to nucleus
induced neurodegeneration and sequestering it tdoplasm prevented
neurodegeneration. Histone deacetylase inhibitbii®AC) rescued thex-synuclein
induced neurotoxicity indicating-synuclein may be involved in modifying the histone
acetylation statusa-synuclein also showed to have binding affinity Histone H1
proteins indicating it may alter the chromatin angation (Gores et al., 2003; Duce et
al., 2006). Histone H1 protein is a linker proteihich maintains the internucleosomal
positioning in the chromatin structure. Recent gtstiowed that MPP(+) induced

misfolded a-synuclein aggregates were degraded by ubiquitidibg histone
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deacetylase-6 (HDAC-6) indicating the role of chetim modifying enzymes in PD
(Su et al., 2010). Poly (ADP-ribose) polymerase RPA and ADP ribosylation plays
an important role in chromatin function, genonmitegrity and DNA repair (Herceg et
al.,, 2001). All the above data indicated the role chromatin organization in
parkinson’s disease and neuronal cell death. In ptesent study the chromatin

organization in parkinson’s disease and contrahlsamples was analyzed.

Thermal denaturation analysis of the chromatin dasnghowed decrease in the melting
transition temperature in PD chromatin compareth#&b of age matched control brains.
The decrease in the transition temperature may e td the altered chromatin

organization compared to that of controls. The el@ee may be accounted for the
hyperacetylated PD chromatin compared to contrimiceShyperacetylation weakens
the histone-DNA interactions, this weak interacti@sulted in lowering the melting

temperature. Similar kind of decreased melting terature was observed with

hyperacetylated chromatin compared to normal chtonfRiehm et al., 1987; Siino et

al., 2003; Wallace et al., 1997).

CD studies with chromatin samples showed differsrmmween the PD chromatin and
control chromatin. The difference in the CD spectray be due to different histone
composition in PD chromatin compared to normal ofatin. The decrease in the 275
nm positive peak in hippocampus indicated that laivig of chromatin, opposite to

that of observed by Tikoo et al., (1997) where dase in 275 nm peak attributed for
the chromatin condensation. The hyperacetylatednehtin also showed similar kind

of increase in the 275 nm peak observed by Riehah,gt1987). This may indicate that
CD spectral changes observed in PD hippocampabmegiay be due to differences in

their histone acetylation status.

The histone acetylation status of chromatin samipyedetecting histone H3 acetylation
by dot blot assay was analyzed. We observed Hisktecetylation in all the PD
chromatin samples compared to 50% of detectabl®rigsacetylation levels in the
control sample was observed. This support the theand CD data, indicating the

hyperacetylation of histone proteins in PD subjects
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Micrococcal nuclease digestion revealed that PDbrolatin was more sensitive to
digestion compared to that of control. This showleat more loose chromatin loops
were present in PD chromatin compared to contrdl ancleosomal positioning altered
in PD conditions. Mspl/Hpa 1l restriction digestianalysis indicated the PD chromatin
was more sensitive than that of control subjectsthation specific Msp | digestion
analysis indicated that PD DNA methylation was mooepared to that of control
DNA. Non-specific Hpa Il digestion also showed heghdigestion of PD DNA
compared to that of control. This may be due teaaly damaged PD DNA which was
more sensitive to restriction digestion. DNA damages observed as single stranded
breaks and double strand breaks in PD DNA comp#recbntrol in hippocampus,

thalamus, caudate nucleus, midbrain (Hegde e2@03).

In conclusion, the present study provided initiaalgsis of the chromatin alteration in
Parkinson’s disease brain. In PD hyperacetylationthe histone was observed,
especially histone H3. Hyperacetylated PD chromatay be loosely arranged as
evidenced by the CD studies, thermal denaturati@tyais and micrococcal nuclease
digestion analysis. Restriction digestion analysith methylation specific Msp | and
Hpall endonuclease revealed the differences inntle¢hylation status of the DNA
between PD and normal subjects. The alteratiomenchromatin organization in PD
brain may lead to altered gene expression and nalrcell death observed in

Parkinson’s disease.
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Chapter 2B

Curcumin interactionswith chromatin and itsrolein protein-DNA
Interactions

2B.1 Introduction

Curcumin is a hydrophobic polyphenol derived frdra thizome (turmeric) of the herb
Curcuma longa. Turmeric is commonly used spice in india and corn is the

principle component of turmeric. Curcumin is alssed widely as pharmacological
active compound because of its wide spectrum dbgical activities. Curcumin has
been reported to have the antioxidant, antimictpb@mti-inflamatory and anti-

carcinogeneic activities (Epstein et al., 2010; Maatha and Srinivasan, 2007,2006;
Joe et al.,, 2004). Several studies reported thatumin shows neuroprotective
properties. Curcumin has shown protective effe@airest intracerebroventricular—
streptozotocin (ICV-STZ) induced cognitive deficamd oxidative damage in rats
(Ishrat et al., 2009). Recently, it is reportedysagole derivative of curcumin enhances
memory by activating Ca2+/calmodulin dependent ginotkinase 1l (CaMKII).

CaMKIl plays a important role in long-term potemtitia (LTP) and memory (Maher et
al., 2010). Curcumin has shown the amelioratirfgoefagainst lipopolyscaccharide
induced (LPS) neurotoxicity. LPS induced neurotiyidy activating transcription

factors, nuclear factorgB (NF«B) and activator protein-1 (AP-1) which leads to

inflammation (Yang et al., 2008).

Some of the studies showed that curcumin has patettt have the therapeutic
potential for Parkinson’s disease. Liu et al., 1(P0showed that curcumin protected the
mutanta-synuclein induced cell death in PC12 cells viabitton of oxidative stress
and mitochondrial cell death pathway. Several stdihowed that curcumin prevents
the a-synuclein induced toxicity through its antioxidgmbperties (Wang et al., 2010).
Curcumin was shown to chelate the metals like mod thereby inhibiting the iron
repressed DNA base excision repair pathway (Hegaé,e2010). Curcumin exposure
to mesencephalic cells induced leucine-rich repesse 2 (LRRK2) indicating that

curcumin alters gene expression (Ortiz-Ortiz et 2010). Curcumin has shown to
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regulate the expression of cytokines, adhesioneprst cell survival proteins and
inflammatory enzymes by activating transcriptiootes. It has been reported to have
up regulate and down regulate several genes imalicéas potential affecting the gene
expression (Goel et al., 2008). Curcumin also regpbto have the anti-aggregating
properties by inhibiting the aggregation afsynuclein and disaggregating preformed
fibrils (Ono et al., 2008; Pandey et al., 2008) MRTP(+) model of PD, monoamine
oxidase-B activity was inhibited by curcumin andpdmine depletion was prevented
providing the protection against MPTP(+) inducedinogoxicity (Rajeswari A and
Sabesan, 2008).

In the present study the i) interaction of curcumirth chromatin and ii) its role in
neuroprotein-DNA interaction was analyzed, ibyvitro methods to understand its

potential to prevent the toxicity induced by theseroproteins.

2B.2 Materials

The curcumin powder (60 % of curcumin) was procdreth Spicex Pvt. Ltd., Mysore,
India. Supercoiled pUC18 DNA (cesium chloride purified®@upercoiled structure,
scDNA), was purchased from Banglore Genei, Indeu protein was purchased from
r-peptide (USA) Agarose, HEPES, Tris and EDTA weuachased from SISCO
Research laboratories. Ethidium bromide and miacabnucleasavere from Sigma
(USA) chemicals.

2B.3 M ethodology

2B.3.1 Purification of curcumin

The enrichment of the curcumin to the high puritaswdone by silica column
chromatography. Curcumin powder dissolved in aftsim and applied on silica gel
(100-200 mesh) with chloroform as the eluant. Theitp was checked with TLC
initially and then confirmed by HPLC and NMfR{ and**C NMR).

2B.3.2 Tetrahydrocurcumin preparation
Tetrahydrocurcumin was prepared by selective hyeltagon of a, B-unsaturated
double bonds in curcumin according to the followflogv chart.
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Curcumin dissolved in acetone and palladium onupasulphate
catalyst (10%) added to it and set for hydrogemadio? Kg/ cr, at
room temperature for 6 h.

l

Reduced mixture filtered to remove the catalyst ¥aduum evaporated
to remove acetone

l

Mixture dissolved in chloroform and loaded on silgel column

l

THC eluted with chloroform and checked for the puby TLC

l

Pure THC in chloroform is pooled and Vacuum evajsata

l

THC characterized by NMR and MS

Curcumin (10g) was dissolved in acetone (30mL) atheén set for
hydrogenation in presence of 10% palladium on barsulphate catalyst under 2 Kg/
cn?’ hydrogen pressure. The reaction was standardizetDay scale. Filtering of the
catalyst and distillation of the solvent from thkrdte afforded crude product. The
crude product was purified by silica gel column achatography to afford pure

tetrahydrocurcumin in over 70% vyield.

2B.3.3 Preparation of nuclel and soluble chromatin

Nuclei from the control brain were isolated accogdio the method explained in the
chapter 2A. Soluble chromatin was prepared from iwated nuclei by limited

digestion of nuclei with micrococcal nuclease (Kdrerg et al., 1989). Nuclear

suspension (10QlL) was mixed with 0.1M CaGland incubated at 3T for 2 min.
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After incubation, the nuclear suspension was dagestith micrococcal nuclease (50
units) by incubating at 3T for 1 min. The reaction was stopped by 0.25 M B&hd
centrifuged at 5000 rpm for 5 min. The pellet ob¢al was suspended in 10mM
NaHSQ, pH 7.5, 1mM EDTA. The soluble chromatin used fiwe curcumin

interaction studies.

2B.3.4 Agarose gdl electrophoresis

The effect of curcumin on Tau-DNA amdsynuclein interactions was carried out using
supercoiled plasmid DNA pUC18 as model system. aralo-synuclein was incubated
with scDNA (2686bp) (DNA/protein mass ratios 1i@ Tris-Cl (10 mM, pH 7.4) in
the presence of 100M curcumin and tetrahydrocurmin separately &tG7or 24 hr.
Tau anda-synuclein was also incubated with scDNA in DNAAeio mass ratio 1:2
without curcumin and tetrahydrocurcumin. After theubation time the samples were
electrophoresed along with the control scDNA in a%arose gel at 50 V at room
temperature. Gel was stained with ethidium brom(i@r) and scanned using gel
documentation system. Curcumin stock solution wapgred in DMSO and in all

curcumin interactions the DMSO percentage was al&dn.

2B.3.5 Absor bance measurements

Absorbance spectra of curcumin interaction withootetin, ScCDNA, scDNAa-
synuclein and scDNA-Tau were measured using Spdubtometer (Amarsham
Biosciences, HongKong) in the range of 300-600 hiaracteristic to that of curcumin.
Curcumin (100uM) was incubated with chromatin (Q§ = 0.6) in 10 mM Tris-HCI
(pH 7.4) for 24 h and its absorbance was recor@adcumin was also incubated with
scDNA, scDNAaga-synuclein (DNA/protein ratio= 1. 2) complex andD$tA-Tau
(DNA/protein ratio= 1: 2) complex in 10 mM Tris-HGpH 7.4) for 24 h and its
absorbance was recorded. scDNAynuclein and scDNA-Tau complexes were
prepared by incubating scDNA-protein for 12 h, prio incubating with curcumin.
Similarly, the absorbance of THC interaction withramatin, sScDNA, scDNAx-
synuclein and scDNA-Tau were measured in the ram@50-350 nm characteristic to
THC. Curcumin stock solution was prepared in DM3$@ & all curcumin interactions

the DMSO percentage was around 5%.
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2B.3.6 Fluor escence measur ements

Fluorescence spectra of curcumin interaction witlmomatin, scDNA, scDNAx-
synuclein and scDNA-Tau were measured using Sgearoneter (HITACHI) with
excitation at 420 nm and emission in the range5® 400 nm characteristic to that of
curcumin. Curcumin (10QM) was incubated with chromatin (Q§ = 0.6) in 10 mM
Tris-HCI (pH 7.4) for 24 h and its fluorescence wasorded. Curcumin was also
incubated with scDNA, scDNA-synuclein (DNA/protein ratio= 1. 2) complex and
scDNA-Tau (DNA/protein ratio= 1: 2) complex in 10MnTris-HCI (pH 7.4) for 24 h
and its fluorescence was recorded. scDdAynuclein and scDNA-Tau complexes
were prepared by incubating scDNA-protein for 12 guior to incubating with
curcumin. Similarly, the fluorescence of THC intran with chromatin, scDNA,
scDNA-a-synuclein and scDNA-Tau were measured with exoitaat 450 nm and
emission in the range of 500-700 nm characteristibat of curcumin. Curcumin stock
solution was prepared in DMSO and in all curcumieriactions the DMSO percentage

was around 5%.

2B.3.7 Ethidim bromide fluor escence

Curcumin interaction with chromatin, scDNA, scDNAsynuclein and scDNA-Tau
was indirectly analyzed by ethidium bromide bindismidies to these complexes.
Curcumin (100uM) was incubated with chromatin (Q§ = 0.6) in 10 mM Tris-HCI
(pH 7.4) for 24 h and then mixed with EtBr |(®/mL) and the EtBr fluorescence was
measured with excitation at 535 nm and emissiorthim range of 560-660 nm.
Curcumin was also incubated with scDNA, scDNAynuclein (DNA/protein ratio= 1:
2) complex and scDNA-Tau (DNA/protein ratio= 1: @mplex in 10 mM Tris-HCI
(pH 7.4) for 24 h and then mixed with EtBr |(®/mL) and the EtBr fluorescence was
measured. scDNA+-synuclein and scDNA-Tau complexes were prepared by
incubating scDNA-protein for 12 h, prior to incuipat with curcumin. Curcumin stock
solution was prepared in DMSO and in all curcumieriactions the DMSO percentage

was around 5%.
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2B.3.8 Thermal denaturation studies

Thermal melting of the whole chromatin, curcumimezhatin complex was done on
Spectrophotometer equipped with a thermostat pnogrer and data processor
(Amarsham Biosciences, HongKong). Curcumin (40d) was incubated with
chromatin (ODRgo = 0.6) in 10 mM HEPES (pH 7.4) buffer for 24 h amlting
temeperature profile was recorded in the rangebe2C with an increase of°C raise
in temperature. Curcumin was also incubated witDNs&, scDNA-a-synuclein
(DNA/protein ratio= 1: 2) complex and scDNA-Tau (Blgrotein ratio= 1: 2) complex
in 10 mM Tris-HCI (pH 7.4) for 24 h and its meltibgmperature profile was recorded.
scDNA-a-synuclein and scDNA-Tau complexes were preparethtybating SCDNA-

protein for 12 h, prior to incubating with curcumin

2B.3.9 Circular dichroism studies

The secondary conformation of chromatin, chromatarcumin complexes were
recorded on JASCO J700 spectropolarimeter 4C2%ith 2mm cell length in the
wavelength range between 250-320 nm in Tris-Cldyu® mM, pH 7.4). Curcumin
was also incubated with scDNA, scDNAsynuclein (DNA/protein ratio= 1. 2)
complex and scDNA-Tau (DNA/protein ratio= 1: 2) qaex in 10 mM Tris-HCI (pH
7.4) for 24 h and CD measurements was recordedeeetv250-320 nm. Curcumin
stock solution was prepared in DMSO and in all aorim interactions the DMSO
percentage was around 5%. The secondary confonmi@tidhe each spectrum was the

average of four scans.

2B.3.10 NMR Studies of curcumin interaction with nucleosides of DNA

NMR studies were carried out to understand the maidéinding of curcumin to
nucleosides, guanosine, adenosine, cytidine, thymidnd modified nitrogen base 5-
methyl cytosine. All NMR experiments are performed a Bruker 500 MHz
spectrometer. Since curcumin has shown to bind D& attempted to know the its
binding mode to DNA. Nucleosides were taken in teeted DMSO and were
interacted with curcumin in the ratio of 2:1 respesly and then subjected to'd, **C.
Two dimensional correlation spectroscopy HSQC, &MBC were acquired. All
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spectras are recorded at’@5 The curcumin alone and nucleosides alone set as
controls. The NMR spectra are acquired with typioating at 100 and 500 ms, with

500 scans.

2B.4 Results

2B.4.1 Preparation of tetrahydrocurcumin and its characterization

The purity of the curcumin and THC was confirmedHiyLC. The molecular weight
was analyzed and confirmed by Mass spectrometry Wiers Q-Tof Ultima) in the
ES positive mode] and Nuclear Magnetic Resonaneetsyscopic techniquesH

NMR, **C NMR, Spin Echo Fourier Transformation experim8BfT), Heteronuclear

Single Quantum Correlation (HSQC), Heteronuclear ltidie-Bond Correlation

(HMBC) experiments were done on Bruker 500MHz, AsaanAQS NMR

Spectrometer]. The mass spectrum and NMR specagiains for tetrahydrocurcumin
are enclosed (Fig. 2B.1 and 2B.2)

2H,
Pd/ BaSO4

OCHjs OCHj3
Curcumin Tetrahydrocurcumin

Figure 2B.1: Preparation of tetrahydrocurcumin (THC).
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Figure 2B.3: **C NMR spectrum for tetrahydrocurcumin

2B.4.2 Agarose gdl electrophoresis

scDNA gave two bands on 1% agrose gel, superc@id was found to be around
85% and open circular form was around 15% (Fig 2Bx4synuclein at DNA/protein
ratio 1:2 converted scDNA to open circular form dnéar forms (Fig 2B.4A, lane 3).
Curcumin and THC could not prevented thiasynuclein nicking activity as evidenced
by the conversion of scDNA to open circular fornddimear forms in the presence of
curcumin and THC respectively (Fig 2B.4A, lane 4l &). Tau at DNA/protein ratio
1:2 converted scDNA to open circular form and Imé&ams (Fig 2B.4B, lane 3).
Curcumin and THC could not prevented thaynuclein nicking activity as evidenced
by the conversion of scDNA to open circular fornddimear forms in the presence of

curcumin and THC respectively (Fig 2B.4B, lane 4 ah

10 Kb

10 Kb
8 Kb 8 Kb
7 Kb T Kb

6 Kb
5Kb

6 Kb

5Kb
4 Kb

4 Kb
3 Kb

2 Kb 3 Kb

2 Kb

Figure 2B.4: DNA nicking activity of a-Synuclein and Tau in the presence of
curcumin. A) Lanes: M. Marker, 1. Linear DNA, ZDINA 3. scDNA +a-Synuclein,

4. scDNA +a-Synuclein + Curcumin, 5. scDNA &-Synuclein + THC. B) Lanes: M.
Marker, 1. Linear DNA, 2. scDNA 3. scDNA + Tau,stDNA + Tau + Curcumin, 5.
ScDNA + Tau + THC.

2B.4.3 Curcumin and THC interaction to chromatin and DNA analyzed by
absor bance spectr oscopy

Curcumin absorption spectra showed an absorptioxinm@aat 440 nm (Fig 2B.5).

Curcumin interaction with chromatin showed altel@asorption spectrum showing

65



curcumin interactions

increase in 440 nm peak intensity and another pe880 nm. Since chromatin was not
having any absorption spectra beyond 300 nm, tketsp obtained was the result of
curcumin interaction with chromatin components. Hitered curcumin spectra with
chromatin indicated that curcumin binds to chromatiVe analyzed the curcumin
interaction with tau,a-synuclein involved in the neurodegeneration anBNs&,
scDNA-a-synuclein complex, scDNA-Tau complex (Fig 2B.6)ur€@min peak
intensity was significantly decreased with scDNAemaction indicating the curcumin
binding to scDNA. Curcumin also showed binding &w,ta-synuclein proteins as
indicated by altered absorption spectra of tautowmin, a-synuclein-curcumin
complexes. The absorption peak intensity coSynuclein-curcumin complex was
increased and tau-curcumin complex was decreaskdating the different mode of
binding to these proteins. The absorption peaknsitg of a-synuclein-curcumin-
scDNA complex was also increased and tau-curcuromptex was also decreased
indicating the binding of curcumin to protein-DNAraplexes similar to that of protein
binding. Similarly the tetrahydrocurcumin interactiwith chromatin, tauy-synuclein,
scDNA, a-synuclein-scDNA complex, tau-scDNA complex was lgmed. The
absorption spectra indicated that THC also showeudlifg of curcumin with
chromatin, tau, a-synuclein, scDNA, a-synuclein-scDNA complex, tau-scDNA
complex (Fig 2B.7;8)
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Figure 2B.5: Absorptionspectra of curcumin and curcumin-chromatin complex
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Figure 2B.6: Absorption spectra of curcumin interactions. camgu+ syn, curcumin +
Tau, curcumin + syn +scDNA, curcumin + Tau + scDald curcumin + scDNA.
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Figure 2B.7: Absorptionspectra of THC and THC-chromatin complex
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Figure 2B.8: Absorption spectra of THC interactions. THC + syRIC + Tau, THC +
syn +scDNA, THC + Tau + scDNA and THC + scDNA.

2B.4.4 Fluorescence spectroscopy of curcumin and THC interaction with

chromatin and DNA

Curcumin fluorescence spectra showed a peak anBvTharacteristic to curcumin.

Curcumin incubated with chromatin decreased theréisicence peak significantly and
even the peak has shifted from 575 nm to 525 nmp 2B.9). The data indicated that

curcumin bind to chromatin components thereby desing the fluorescence of the

curcumin. The curcumin binding to taa-synuclein, ScDNA, scDNAx-synuclein

complex, scDNA-Tau complex was analyzed. Curcummteraction with tau,a-
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synuclein, scDNA, scDNAx-synuclein complex, scDNA-Tau complex showed
decrease in the fluorescence intensity indicathrey durcumin binding to the scDNA
and taua-synuclein proteins (Fig2B.10). Similarly, the TH@hding to the chromatin
by fluorescence spectroscopy was analyzed. THC als&s showed a characteristic
fluorescence peak at 525 nm and THC interacted etitbmatin showed increase in the
fluorescence intensity. The data indicated THC inigdo chromatin. THC interaction
with tau, a-synuclein, scDNA, scDNAx-synuclein complex, scDNA-Tau complex
also showed increase in the fluorescence indicdttdG binding to scDNA, tau and-
synuclein (Fig 2B.12).
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Figure 2B.9: Fluorescencspectra of curcumin and curcumin-chromatin complex
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Figure 2B.10: Fluorescence spectra of curcumin interactions, . M@0curcumin + syn,
curcumin + Tau, curcumin + syn +scDNA, curcumin auT+ scDNA and curcumin +
SCDNA.
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Figure 2B.11: Fluorescencspectra of THC and THC-chromatin complex
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Figure 2B.12: Fluorescence spectra of THC interactions, THC r, §HC + Tau,
THC + syn +scDNA, THC + Tau + scDNA and THC + scDNA

2B.4.5 Ethidim bromide binding studies

Curcumin interaction with chromatin and tawy-synuclein, SCDNA, scDNAx-
synuclein complex, sScDNA-Tau complex was analyzgcethidium bromide binding
studies. Ethidium bromide binding to chromatin-cumin complex was decresed
compared to that of chromatin alone indicating tiiecumin binding to chromatin.
Ethidium bromide binding to scDNA-synuclein complex and scDNA-Tau complex
decreased compared to scDNA indicating the curcurmding to SCDNA, scDNAx-

synuclein complex and scDNA-Tau complex (Fig 2B.13)
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Figure 2B.13: EtBr fluorescence of chromatin, chromatin-curcunsicDNA, scDNA-

curcumin, scDNAa-synuclein complex and scDNA-Tau complex.

2B.4.6 Thermal denaturation studies

Thermal denaturation of chromatin, curcumin-chramabmplex was analyzed for the
structural integrity of chromatin. Thermal tranasiti of the chromatin sample was
around 80.% 1.2°C and chromatin-curcumin complex was 76.8.8C indicating that
curcumin altered the chromatin integrity (Table PB.scDNA has biphasic melting
temperature havingk = 54.2+ 1.0£C and T, = 86.3+ 0.9C respectively. The
melting temperature of scDNA-curcumin complex w&s47+ 1.3°C. The melting
temperature of sScDNA-synuclein-curcumin complex aodBNA-synuclein were 772
0.8°C and 76.8& 1.2°C respectively. The melting temperature of ScCODNA+Tarcumin
complex and scDNA-Tau were 72+31.1°C and 81.3 0.7°C, respectively. The data
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indicated that curcumin altered the chromatin acldNA integrity as evident by the

decrease in meting temperature with curcumin ictera.

Melting temperature

Chromatin

80.3 +1.2°C

Chromatin-curcumin

76.3 +0.8°C

scDNA T.1=54.2+£1.04°C
Tm2=86.3£0.9°C
scDNA-curcumin 79.4 +£1.3°C
scDNA-synuclein-curcumin 77.2£0.8°C
scDNA-synuclein 76.8 £1.2°C
scDNA-Tau-curcumin 72.3+1.1°C
scDNA-Tau 81.3+0.7°C

Table 2B.1: Melting temperature profile of the curcumin interag studies.

2B.4.7 Circular dichroism studies

Circular dichroism studies showed that curcumirenattion did not altered the
secondary conformation chromatin. Small intenshigrnges were observed at 275 nm
peak corresponding to the B-form of the DNA indicgtthat curcumin binding to
DNA component of the chromatin samples. Similagyrcumin interaction with
ScDNA, scDNA@a-synuclein complex and scDNA-Tau complex also dtlshow any

conformational change in the secondary conformaifstDNA (Fig 2B.14).
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Figure 2B.14: CD spectra ofchromatin, chromatin-curcumin, scDNA, scDNA-

curcumin, scDNAa-synuclein complex and scDNA-Tau complex.

2B.4.8 NMR Studies of curcumin interaction with nucleosides of DNA

Proton NMR:The 5mg sample was dissolved in pDDMSO-D6. The proton NMR
spectrum was recorded using 5 mm BBO probe at 5(0MH BRUKER nmr
spectrometer. Spectrum was collected usig80 pulse program. The experimental
parameters are as follows Number of data p&@&k number of scans 32, spectral
width 10330.578 Hz FID resolution 0.157632 Hz, astjon time 3.1720407 sec,
receiver gain 362, dwell time 48.4QBec, pre scan delay 6.Q@ec, temperature at
which experiment was carried out 300.0K. Relaxatlelay 1.00sec

CHANNEL f1 parameters: P1 10.58ec, PL1 0.00 dB, SFO1 500.1830888 MHz

F2 - Processing parameters Sl 32768 SF 500.18000) WDW EM, SSB 0, LB
0.30 Hz, GB 0, PC 1.00

13C NMR:The 13C NMR was collected at 125MHz waijdc pulse program, number
of data points 16K, number of scans 2K, spectrathwP6455.027 Hz, FID resolution
1.614687 Hz, acquisition time 0.3097265 sec, rezegain 16384, dwell timel18.900
usec, pre scan delay 6.Q6ec, relaxation delay 2.00 sec,

CHANNEL f1 parameters- F1 channel high power pulsgth 8.50usec, power level

0.00 dB, frequency of observe channel 125.782866dz.M broadband proton
decoupling pulse program employed is waltz16. 9@re&® pulse for decoupling

sequence 80.0@sec

Spin echo Fourier TransformatioAttached proton test was carried out with the @uls

programjmod, the data points used in the experiment is 16k)ber of scans collected
is 5K with spectral width of 26455.027 Hz, FID regmn is 1.614687 Hz, acquisition
time is 0.3097265 sec, receiver gain is 16K, dweik is18.900 usec, pre scan delay
6.00usec, relaxation delay 2.00 sec,

CHANNEL f1 parameters- F1 channel high power pusdth 8.50usec, power level
0.00 dB, frequency of observe channel 125.782866dzMbroadband proton
decoupling pulse program employed is waltz16. 9@rele pulse for decoupling

sequence 80.0@sec.
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HSQC: Hetero nuclear single quantum correlation expenimeas carried out with
hsgcetgp pulse program. The experimental parameters asndgielow. Number of data
points 16K, size of fid f2 channel 2K, f1 channé&62 number of scans 16, spectral
width 10330.578 Hz. FID resolution 5.044228 Hzquasition time 0.0992216 sec,
receiver gain 64, dwell time 48.4QGec, pre scan delay 6.Q@ec, relaxation delay
2.00 sec.

CHANNEL f1 parameters: High power pulse width 10/&&c. power level 0.00 dB,
frequency of observe channel 500.1830888 MHz.

CHANNEL f2 parameters: CHANNEL f2 parameters: Setancleus 13C, F2 channel
high power pulse width 8.5@sec, power level 0.00 dB, frequency of observe ©akan
125.7828664 MHz

GRADIENT CHANNEL parameters: GPNAM1 SINE.100, GPNAMSINE.100,
GPZ1 80.00 %, GPZ2 20.10 %, P16 100Qu8éc.

HMBC: Multiple bond correlation via hetero-nuclear zeand double quantum
coherence experiment was carried out by appliimipcgplpndgf pulse program, dtat
points collected is 2K, number of scans 16, siz&df2 channel 2K, f1 channel 256,
spectral width 7507.507 Hz, FID resolution 3.665HZA acquisition time 0.1365134
sec, receiver gain 16K, dwell time 66.68ec, pre scan delay 6.Q6ec, temperature at
which the experiment was carried out 300.0K, reiiaxadelay 2.00 sec,

CHANNEL f1 parameters: F1 channel high power pwsgth 10.50usec, power level
0.00 dB, frequency of observe channel 500.18308Bi& .M

CHANNEL f2 parameters: Second nucleus 13C, F2 ablahigh power pulse width
8.50usec, power level 0.00 dB, frequency of observe ©bbh25.7828664 MHz
GRADIENT CHANNEL parameters: GPNAM1 SINE.100, GPNAMSINE.100,
GPNAM3 SINE.100, GPZ1 50.00 %, GPZzZ2 30.00 %, GPABR1@ %, P16
1000.00 usec
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Guannsing hmbo

: i!l!
|

:!E l

| M_U_J_u -

i
i

T
.
T |
= on
i v =
- *
, = o
- g e Jmsrn
§ .
= [
T msa
— . Logp R BEES
= 3. S
= B s -
- D
= B o,
= by
—i v - a0 —
—1 ] = = T
—3 id B o.amE
= Bl . o ———
] - = L & = £E
- o
= Lo, T
F100 - g
ey i
4 %1
am .0 %
= nEa
-1 - Ligg ™ N
. L s e pecmtiae
B amc
. & * = TR
-4 e -
3 - Pt o
— - - = s i -
st . = a
: Fign = nm
= [
i S
= >
a0 = LS T~
™ s
- Le-Te
= 5
L - . T . r - S——
i) L ] il ¥ 6 5 4 3 2 1 oom

Figure 2B. 19: HMBC spectra of guanosine.

77



curcumin interactions

The NMR data analysis showed no interaction betwbennucleosides of DNA and
curcumin. This may be due to seconday conformatbNA is important for the
binding. Thus the studies have showed that curcusmds to minor groove of the
DNA.

2B.5 Discussion

Curcumin, a polyphenol showed neuroprotective d@ms/ and anti-Parkinsonian
effects and has a great thereupetic potential éoradegenerative diseases. In most of
the neuroprotective studies, curcumin was showmxecert its action through anti-
oxidant mechanism. Demethylated derivative of comcushowed neuroprotective and
antiinflamatory properties by increasing glutatl@otevels (Khanna et al., 2009).
Curcumin was also shown to have epigenetic regugjgtroperties in gene expression
(Yun et al., 2010). Curcumin treatment in mousealiear myocytes showed decreased
histone acetyltransferase (HAT) activities and oegdliwhole histone H3 acetylation.
Reduced acetylation of H3 resulted in reduced bimdo gene promoter regions and
down-regulating the cardiac specific gene expresg®un et al., 2010). Curcumin
activated the sirtuin 1 (SIRT 1) which deacetylatstone protein and non-histone
proteins including transcription factors, stressiggnce proteins, cellular aging
proteins, proteins involved in inflamation (Chung a., 2010). Nicotine induced
genotoxicity was protected by curcumin treatmeryritein restricted dietary condition
(Bandyopadhyaya et al., 2008; Chen et al., 200fARa, 2008). Curcumin also acts as
deacetylase inhibitor and resulted in histone dagbty and enhanced gene expression
(Liu et al., 2005). Curcumin inhibited the p300/E@BRbinding protein HAT activity
dependent transcriptional activation from chromgBalasubramanyam et al., 2004).
The biological activities of curcumin in regulatiggne expression occur by the direct

interaction with targeted proteins or epigenetidoiation (Fu and Kurzrock, 2010).

Curcumin also reported to have the DNA binding prtips (Huang et al., 2010; Wang
et al., 2007; Zsila et al., 2004). Kunwar et &QX1) showed that synthetic analogue of
curcumin dimethoxycurcumin bind to calfthymus DNA rainor groove. They also
showed that dimethyoxycurcumin incubated MCF-7 scshowed curcumin nuclear
localization indicating that curcumin may affect@matin organization. Curcumin was

shown to bind to the major and minor grooves of DMNAd at high curcumin
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concentration, DNA aggregation was reported (Nadtsal., 2009). Liu et al., (2009)
reported the possible role of curcumin as hypomation agent by molecular docking
studies. Curcumin has shown to cross the bloodlrairier and labels senile plaques

in Alzheimer’s disease animal model (Garcia-Alletal., 2007).

In the present study, the role of curcumin andnistabolite tetrahydrocurcumin in
chromatin organization by invitro methods were @pail. The absorbance,
fluorescence and EtBr binding studies showed thatumin bound to chromatin
components. It was shown that curcumin can crossbtbod brain barrier (Garcia-
Alloza et al., 2007) and enters into the nucleushefcell (Kunwar et al., 2011). This
shows that curcumin may interact with chromatin ponents and alter the gene
expression. Curcumin either interact with DNA ostbine proteins in the nucleus and
affects chromatin structure. In the present stitdyas found that curcumin bound to
chromatin but did not alter the DNA conformationdmromatin. Curcumin binding to
histone may block the time dependent histone muatitin like acetylation and
deacetylation. Acetylation status of histone wapartant for the proper expressions of
the genes. Thermal denaturation studies showedctlraumin decreased the melting
transition from 80.3 1.2°C to 76.3+ 0.8°C indicating altered chromatin integrity upon
curcumin binding. The stability of the chromatin svaecreased upon curcumin
binding. Curcumin metabolite tetrahydrocurcuminoalsund to bind chromatin. The
studies showed that epigenetic regulation by cunmcumainly involved by the
inhibition of the histone deacetylase activity amffecting the acetylation of
transcription factors. The significance of curcurbinding to chromatin components
must be evaluated by tha vivo studies to know the role of curcumin in epigenetic
control. Curcumin may exert its neuroprotectivesrby blocking the action of different

chromatin modifiers.

The role of curcumin on the DNA binding activitiesa-synuclein and Tau which are
involved in the neurodegeneration, especially, ihadn’s disease were studied. It was
found thata-synuclein and Tau nick the DNA like endonucleaseé damage the DNA.
Curcumin role on the DNA nicking activity afi-synuclein and Tau was studied.

Curcumin could not able to prevent thesynuclein and Tau nicking. Then it was
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further studied whether curcumin binds to DNoAsynuclein and Tau by absorption,
fluorescence studies. It was found that curcuminnbloto scDNA and altered the
ScDNA integrity by altering its supercoiling natuas evident by the conversion of
biphasic melting temperature to monophasic meltignperature in thermal
denaturation studies. curcumin did not alter trmsdary conformation of sScDNA and
even in the presence of-synuclein and Tau. Further it was studied thecuonin

binding to nucleosides to know its binding groups curcumin-DNA interaction.

However, no interaction between nucleosides anducnin was found. Therefore, it
can be assumed that curcumin binds to DNA in it stranded structure. Curcumin
metabolite tetrahydrocurcumin also bind to scDNAli¢ating it may alter DNA

properties inn vivo conditions.

In conclusion, the present study showed that cumcdmmds to chromatin components
and alters its integrity. Curcumin also binds tDN& and alters its integrity. Curcumin
binds to a-synuclein and Tau proteins which are involved @rkihson’s disease.
Curcumin could not able to prevent thesynuclein and Tau induced DNA nicking
activity. Furtherin vivo studies are needed to know the significance otuwum

binding to chromating-synuclein and Tau either toxic or protective.
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Chapter 3A

Biomarker study on Parkinson’s Disease

3A.1 Introduction

The diagnosis of Parkinson’s disease in the esalyes of disease development helps in
better management of the disease. Identifying al gpecific biomarker for PD helps
in early diagnosis (Wu et al., 2011; Prakash and, P810). Biomarker (BM) is “a
characteristic that is objectively measured anduated as an indicator of normal
biological processes, pathogenic process or phargical response to a therapeutic
intervention”. The availability of BMs for early skase diagnosis will impact the
management of PD in several dimensions. 1) BMs helpdentify the high risk
individuals before symptoms develop. 2) BMs helpdiscriminate between true PD
and other causes of a similar clinical syndromeBIg) may help determination of the
clinical efficacy of newer neuroprotective therapie@l) BMs must, therefore, gain
insight into processes underlying the pathologichbnges, associated with PD
(Scherzer, 2009; Halperin et al., 200Bpdy fluids, which can be easily drawn like
blood, urine and cerebrospinal fluid, will be ustxd identify biomarkers. Several
molecules like trace metals, proteins, oxidativesst markers etc can act as biomarkers
which can be estimated biochemically in these dadgs for PD (Waragai etal., 2010;
Grinblatt et al., 2010). Trace metals like coppat kon, metal transport proteins like
ceruloplasmin, ferritin and oxidative stress maskigke 8-OHdG are estimated in the
sample fluids (Bharucha et al., 2008; Gmitterovalet2009; Bartzokis et al., 2007).
Previously it was reported that trace metal hone=istwas altered in PD. Copper and
iron levels were elevated in PD patients (Hegda.e2004; Pande et al., 2005). Earlier
our study showed altered genomic integrity in PRirbrsamples. Single stranded
breaks (SSB) and double stranded breaks (DSB) a@memulated in the DNA of PD
brain samples (Hegde et al, 2006). Ceruloplasmiidabve activity and serum
ceruloplasmin were found to be low in Pakinkinsodisease (PD) patients (Torsdottir
et al., 1999; Torsdottir et al., 2006;). Cerulopilanmmunoreactivity increased in the
brain of PD patients, and attributed to an acutasphresponse to oxidative stress
(Loeffler et al., 1996). In treated and untreateD Patients reduced levels of
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ceruloplamin levels are found in spinal fluid (Bet al., 1999). Increased 80HdG
levels were observed in the substantia nigra okiRson’'s disease patients. (Alam et
al., 1997). Ferritin levels were decreased in thlkstantia nigra of PD patients. L-
ferritin levels are lower in the SN region of thB Brain (Conner, 1995). Faucheux et
al., (2002) reported iron accumulation with no egulation of the iron-storage protein

ferritin in the substantia nigra of PD patients.

Neuroimaging is used as non invasive techniqueidgnise the brain structural and
functional changes. Magnetic resonance imaging (MRéd to know the changes in
brain of Parkinson’s disease (Longoni et al., 20@nke et al., 2010; Roselli et al.,
2010). MRI can be used for the early detectiorhefdisease based on specific changes
to the disease. Atrophy was observed in the brairRarkinson’s disease. Jokinen et
al., (2009) performed the MRI of PD and healthyeeld volunteers and reported
atrophy changes.

In the present study the serum biomarkers likeloplasmin, ferritin, 8-OHdG in the

serum samples and MRI imaging of Indian patientsevemalyzed.

3A.2 Materials
8-OHdG ELISA kit and PAO kit was purchased from alapging institute. The
syringes and blood collection containers were pagel locally with clinical standard.

All other chemicals used were of analytical grade.

3A.3 Methodology

3A.3.1 PD Patients

The patients who come to JSS Medical Hospital wenecally identified for PD by the
neurologist and patients who met the commonly aeckepiagnostic criteria for PD
were selected. The diagnosis was done using Urifalinson’s Disease Rating Scale
(UPDRS) and the Hoehn and Yahr staging in the clihe patients were explained
about the study and consent was taken from thepattcipate in the study. Patients
who were having other major iliness like diabetés,ewere excluded. The study

protocol was approved by JSS Medical College EllGcanmittee.
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3A.3.2 Blood collection and serum separation

10 ml of venous blood was collected from each P® @mtrol patient and serum was
separated by centrifugation. The serum was frozer2&@C and protected from
exposure to light until analysis. Blood collectiand serum separation were carried out
in dust free environments. The serum samples detlewere aliquoted for different
experiments and each sample was given a sped#itifitation number. All the ethical

guide lines were followed during the blood colleatand MRI analysis.

3A.3.3 Serum 8-OHdG (8-Hydroxy Guanosine) detection

Serum 8-OHdG estimation was carried out using H@H8IG ELISA kit. The kit was
based on the competitiven vitro enzyme-linked immunosorbent assay for the
guantitative measurement of oxidative DNA adduc8#fydroxy-2’-deoxy guanosine.
50 pl of the serum sample was used for the estimati@©®HJG and quantified using

the standard cure.

3A.3.4 Estimation of total antioxidant capacity ofthe serum

Total antioxidant capacity of the serum samples e&tgnated using PAO (Potential
Anti oxidant) kit. PAO Kkits detect both hydropkiland hydrophobic antioxidants in
the serum samples. The principle behind the kit weasiction of C& to Cu by the
antioxidants present in the serum samples. Redu@édwas then reacted with
bathocuproine and bathocuproine=@emplex was measured by taking the absorbance
at 490 nm. Uric acid was used as standard antiokiglad the results expressed as uric

acid equivalents.

3A.3.5 Measurement of serum ceruloplasmin and fertin

Serum ceruloplasmin and ferritin levels were estadain Anand diagnostic labs,
Bangalore. The serum samples are transported gerircwondition to Anand labs.
Serum ceruloplamin was estimated using nephalomatry ferritin levels were

estimated by chemiilluminiscence.

3A.3.6 Magnetic Resonance Imaging (MRI) of controhnd PD brains
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15 normal and 22 PD patients were selected forptiesent investigation. The PD
patients were diagnosed by NIH protocol by Psychidrofessor of JSS Medical

College, Mysore. MRI was done on all the above qess

Multiplanar, multisequence MRI was done on Siemémanto 1.5T system using
following protocol. Axial —T1, T2 and FLAIR (Fluidttenuated inversion recovery).
Sagittal —T1, Coronal -T2, 3D -gradient echo. Spsb#ity weighted imaging —in

axial plane, for T1- TR 550 ms and TE of 8.7 ms wsed for T2 —TR of 5000 ms and
TE of 118 ms was used for FLAIR sequence-TR wa®20@ TE was102 ms FOV for
all sequence was 230mm. 5mm slice thickness wasogatbfor all sequences, other
than gradient sequence. 3D Gradient sequence weasida@ll patients in coronal plane
with slice thickness of 1mm. All patients were queaative and did not need any

sedation. Typical total scan time for entire stugys about 20 minutes.

3A.4 Results

3A.4.1 Serum 8-OHdG detection

Serum 8-OHdG levels were estimated using the 8-OBUGA kit and the levels in
the serum samples were expressed in ng/ml. Theidwdil values of the 8-OHAG
levels were tabulated along with their ID numbdrahje 3A.1). The average level of 8-
OHdG were 2.4+ 0.29 ng/ml and 4.& 1.4 ng/ml for the control and Parkinson’s
disease patients, respectively. From the estimatibmvas clear that 8-OHdAG levels
were higher in the Parkinson’s disease patientspeoed with that of the age matched

control samples.

Table 3A.1 Serum 8-OHdG levels of PD and control

Sample 8-OHdG Sample 8-OHdG
(ng/ml) (ng/ml)

C1 2.3 PD1 4.2

C2 2.5 PD2 3.75

C3 2.55 PD3 5

C4 2.65 PD4 4.2

C5 2.75 PD5 6.75

C6 2.35 PD6 5.2

C7 2.1 PD7 5.45

C8 2.7 PD 8 5.1
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C9 2.8 PD9 3.3
C10 2.3 PD10 3.45
C11 2.4 PD11 5
C12 3.1 PD12 4.3
C13 2.15 PD13 3.6
C14 2.6 PD14 10
C15 2 PD15 3.3
PD16 3.75
PD17 4.5
PD18 4.2
PD19 3.75
PD20 4.1
PD21 3.75
PD22 5.2
Average levels of 8-OHdG levels in ng/ml
Control [ 2.4+029 |PD |46+1.4

Table 3A.1: Serum 8-OHdG levels of PD and control. Individaad average levels
(with SD) of the serum 8-OHdG levels of the Contaold Parkinson’s disease (PD)
samples. The average 8-OHdG levels of Control dhavBre significant at P<0.05.

3A.4.2 Total antioxidant capacity of the serum

Total antioxidant capacities of serum indicate thadative stress implicated in PD
compared to control subjects. Total antioxidantac#y was estimated using ELISA
Kit (Japan Aging Institute) and expressed as ucid aquivalents (Table 3A.2). Uric
acid (ImM) was equivalent to 218§89nol/L of copper reducing power. The average
level of total antioxidant capacity of control apdrkinson’s disease serum samples
were 1472.467+ 312 and 1662.64% 303 respectively. The increase in the total
antioxidant capacity in serum samples of PD contpare control indicated that

oxidative stress was more in PD patients compareotrol.

Table 3A.2 Total antioxidant capacity of PD and control seru

Sample Anti-oxidant Sample Anti-oxidant
potential potential
(umol/L) (umol/L)

Cl 1357.18 PD1 1576.08

C2 1335.29 PD2 1882.54
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C3 1138.28 PD3 1816.87
C4 1729.31 PD4 1379.07
C5 1532.3 PD5 1904.43
C6 1904.43 PD6 1597.97
C7 2167.11 PD7 2692.47
C8 1729.31 PD 8 1729.31
C9 1729.31 PD9 1510.41
C10 1335.29 PD10 1641.75
C11 1138.28 PD11 1641.75
C12 1335.29 PD12 1729.31
C13 1313.4 PD13 1729.31
Cl4 1182.06 PD14 1816.87
C15 1160.17 PD15 1335.29
PD16 1619.86
PD17 1532.3
PD18 1970.1
PD19 1291.51
PD20 1444.74
PD21 1444.74
PD22 1291.51
Average values of total antioxidant potential sermn samples
Control [ 1472.467+ 312 |PD | 1662.645t 303

Table 3A.2: Individual and average levels (with SD) of theusertotal antioxidant
capcity of the Control and Parkinson ’s disease) (dnples. The average serum total

antioxidant capcity of Control and PD were sigraftat P<0.05.

3A.4.3 Serum ceruloplasmin and ferritin

Serum ceruloplasmin levels of Parkinson’s diseasec@ntrol samples were estimated
using nephalometry (Table 3A. 3). The average le¥aleruloplasmin of control and
parkinson’s disease serum samples were &30.06 g/L and 0.22+ 0.03 g¢g/L
respectively. Serum ferritin levels of Parkinsonisease and control samples were
estimated using chemiilluminiscence. The averagellef ferritin in control and

parkinson’s disease serum samples were Z8ug/L and 61+ 53 ug/L respectively.
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Table 3A.3: Ceruloplasmin and ferritin levels of PD and coht

Sample | Cerulop| Sample | CeruloplasnfiSample | Ferritin | Sample | Ferritin
asmin n Ma/L pa/L
g/L g/L
Cl 0.482 PD1 0.297 C1l 103 PD1 138
C2 0.344 PD2 0.266 Cc2 102.8 PD2 22.63
C3 0.308 PD3 0.248 C3 32.41 PD3 82.57
C4 0.31 PD4 0.211 C4 37.81 PD4 34.59
C5 0.439 PD5 0.239 C5 88.16 PD5 47.27
C6 0.336 PD6 0.262 C6 105.1 PD6 33.6
C7 0.367 PD7 0.249 C7 83.71 PD7 20.68
C8 0.363 PD 8 0.251 C8 87.32 PD 8 107.9
C9 0.442 PD9 0.273 C9 70.5 PD9 57.11
C10 0.441 PD10 0.272 C10 60.46 PD10) 124
Cl1 0.395 PD11 0.156 Cl1 68.37 PD11] 67.8¢
C12 0.47 PD12 0.214 C12 40.31 PD12 55.53
C13 0.52 PD13 0.164 C13 115.8 PD13 58.33
Cl4 0.313 PD14 0.24 Cl4 63.61 PD14 19.83
C15 0.335 PD15 0.247 C15 72.25 PD15 36.99
PD16 0.208 PD16 24.59
PD17 0.216 PD17 33.16
PD18 0.208 PD18 24.42
PD19 0.184 PD19 2.48
PD20 0.18 PD20 103.1
PD21 0.203 PD21 30.2
PD22 0.189 PD22 234.1
Average values of Ceruloplasmin levels Average vadg of ferritin levels
Control | 0.39+ PD 0.22+ Control | 78+ PD 61+
0.06 0.03 26 53

Table 3A.3: Individual and average levels (with SD) of theuserceruloplasmin and

ferritin in control and Parkinson’s disease (PDinpkes. The average serum total

antioxidant capacity of control and PD were sigmifit at P<0.05.

3A.4.4 Magnetic Resonance Imaging (MRI) of controhnd PD brains

MRI imaging of brains of PD and control subjectssvearried out at Vikram Hospital

under the supervision of chief radiologist. The ging procedure was explained to the

patients and control subjects before the imagirge fhickness of the hippocampus,

frontal lobe, temporal lobe, thalamus, cerebelloaudate nucleus, substantia nigra and

midbrain was analyzed using the inbuilt softwaréhia MRI machine.
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Frontallobe
Caudate nucleus

Thalamus

Cerebellum

Temporal lobe

- Substantia nigra
Midbrain

Hippocampus

Figure 3A.1: Brain MRI images showing different regions
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Figure 3A.2 MRI images of control and PD brains showing ceheim
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Figure 3A.2: continued

Table 3A.4: The thickness of the cerebellum and caudate nsicleu

Cerebellum (thickness in mm)

Caudate nucleus(tl@sknn mm)

Control Parkinson’s disease Control Parkinson’s
disease
ID R L ID R L ID R L ID R L
C1 46.3 | 415 PD1| 43.00 36.4 C1 8B 81 Ph1 91 .4
C2 41.0 | 42.0| PD2| 43.5 40.97C2 89| 103 PD2 | 6.6 | 6.4
C3 445 | 42.1| PD3| 4521 429 C3 8B 90 PDH3I 4.7 b.3
C4 41.7 | 41.1| PD4| 417 41.7 C4 8p 8|r Ph4 958 0.1
C5 446 | 42.8| PD5| 43.7] 429 C5 10.9.2 | PD5 | 7.3 | 6.8
C6 46.1 | 49.6| PD6| 41.90 39.9 C6 9p 90 PhH6 §5 B.4
Cc7 38.8 | 42.2| PD7| 51.00 50.G Cc7 11.10.3| PD7 | 7.5 | 8.2
C8 456 | 43.6| PDg 52.00 43.( C8 10.30.3|PD8| 70| 7.4
C9 43.0 | 42.0| PD9| 454 441 (01°] 7 89 PDH9 4.6 b.4
C10 46.4 | 45.7| PD1p425 | 419 | Ci10 8.6] 9.1 PD10/.1 | 6.3
Cl1 458 | 44.3| PD1p385 | 46.0| Cil1 9.3] 8.7] PD128.3 | 8.0
C12 43.4 | 43.1| PD1B48.3 | 49.6 | C12 85| 9.4 PD13.0 | 8.2
C13 456 | 45.2| PD14#46.0 | 475 | C13 8.7 9.2 PD18.1 | 7.5
Cl4 46.7 | 45.8| PD1641.2 | 36.7 | Cl4 9.4 8.6] PD16/5 | 7.7
C15 48,5 | 47.3| PDl1y44.4 | 420 | Ci15 9.5|] 10.pPD17]|7.2 | 6.9
PD18| 43.8 | 42.3 PD1$8.0 | 7.3
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| | | PD19| 43.4 | 42.1 | | | PD1$6.9 | 6.2
Average thickness (mm Average thickness (mm)
Control | 44.5: | 43.8 | PD | 44.4t | 42.8 | Control | 9.1+ | 9.2¢ 7.6t | 7.5
2.5 2.4 3.4 3.8 1.0 |o0.6* 09 |1.1*
*p<0.05
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Figure 3A.3: MRI images of control and PD brains showing caedaicleus, thalamus
and frontal lobe.

Table 3A.5: The thickness of the frontal lobe and thalamus.

Frontal lobe Thalamus
Control Parkinson’s disease | Control Parkinson’s diease
ID R L ID R L ID R ID R L
C1 396 | 36.7| PD1| 342l 3541 C1 18p 16/4 PIP1 18.0.7 1p
C2 38.0 | 38.0| PD2| 37.00 374 C2 21 19|16 PDhP2 14.6.1 14
C3 427 | 404 | PD3] 346 354 C3 19p 17|13 PIP3 1%3 .2 1pb
C4 39.1 | 39.3| PD4| 399 414 C4 18 17|16 P4 20.8 .2 1B
C5 39.1 ]| 39.8| PD5| 356 343 C5 16l 16/9 PDP5 14.8.3 14
C6 371 | 34.8]| PD6| 339 3504 C6 15p 155 PIb6 13.8.8 1B
Cc7 388 | 42.2| pPD7| 328 364 C7 20p 19|11 PID7 23.2.11P
C8 402 | 409| PDg 37.3] 37.4 C8 18p 16]7 PP8 15858
C9 46.4 | 43.3| PD9|] 36.2] 36,4 C9 163 15/8 PDP9 139 .1 14
C10 39.4 | 39.9| PD1$33.7 | 339 | Ci10 18.5| 16.9 PDja4.2 | 139
Cil1 416 | 415| PD1P32.0 | 31.0| Ci11 17.8] 17.1] PDl2a7.5 | 14.4
C12 405 | 40.8| PD1339.4 | 39.3 | Ci12 19.4] 18.84 PD137.3 | 17.0
C13 423 | 41.8| PD1436.5 | 36.2 | C13 18.5| 1759 PDJ46.7 | 16.7
C14 39.7 | 39.9| PD1$359 | 365 | Ci4 18.8] 17.3 PD164.3 | 14.7
C15 385 | 40.3| PD1f41.2 | 395 | Ci15 19.2| 179 PD1716.5 | 16.3
PD18] 35.3 | 35.7 PD18 15.3 | 14.2
PD19] 33.2 | 33.8 PD1913.8 | 13.4
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Average value

Average value

Control

40.2
2.3

39.%
2.1

PD

35.8
2.5

36.2
2.4

Control

18.4¢
1.6*

17.4
1.1*

PD

16.2
2.5*

15.4+
1.6*

*p<0.05
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Figure 3A.4: MRI images of control and PD brains showing madbrand temporal
lobe.

Table 3A.6: The thickness of the temporal lobe and midbrain.

Temporal lobe Midbrain
Control Parkinson’s Disease| Control Parkinson’s
Disease
ID R L ID R L ID R ID R
C1 446 | 44.0| PD1| 46.4 46.7 C1 21.4 PO1 26.1
Cc2 454 | 442 PD2| 46.5 48232 C2 20.7 P2 25.2
C3 48.3 | 49.6| PD3| 44.3 452 C3 23.4 PO3 234
C4 46.3 | 47.8| PD4| 46.4 43% C4 21.4 P04 26.8
C5 48.2 | 48.2| PD5| 454 458 C5 21.4 PO5 19.9
C6 457 | 44.7| PD6| 47.21 449 C6 23.5 PO6 19.6
Cc7 447 | 445 PD7| 49.3 47.% C7 24.4 PO}7 225
Cc8 539 | 55.7| PD§ 421 38.0 C8 23.4 PO)8 20.7
C9 51.1 | 48.0] PD9| 453 453 C9 22.( PO9 21.3
C10 458 | 46.7| PD1p44.8 | 45.1| C10 23.4 PD1j020.8
Cil1 476 | 49.3| PD1p43.7 | 39.5| C11 24.5 PD1218.1
Ci12 48.3 | 48.8| PD1B43.7 | 43.1| C12 23.8 PD1320.6
C13 479 | 58.7| PDi1#i51.1 | 48.0| C13 21.9 PD1418.4
Cil4 49.2 | 51.4| PD1p47.3 | 48.0]| Ci14 22.6 PD1618.9
Ci15 485 | 49.4| PD1y43.6 | 419 | Ci15 23.6 PD1719.1
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PD18| 46.3 | 46.4 PD1§ 18.7
PD19| 44.8 | 45.3 PD19 19.2
Average thickness (mm) Average thickness (mm)
Control | 47.# | 48.# | PD 454 | 44.6 | Control | 22.# | PD 21.1+
2.4 4.1 2.2 2.8 1.2 2.7

*p<0.05
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Figure 3A.5 MRI images of control and PD brains showing Hipgmpus and
substantia nigra.

Table 3A.7: The thickness of the Hippocampus and substargiani

Hippocampus Substantia nigra

Control Parkinson’s disease Control Parkinson’s disae

ID R L ID R L ID R L ID R L

C1 16.7 20.2 PD1 14.6 18.2 C1 1142 10 PO1 4.3 5.4

Cc2 18.2 19.9 PD2 15.4 16.7 Cc2 100 10p P02 9.4 B.6

C3 19.4 17.9 PD3 145 15.2 C3 1141 10p P03 q.1 5.0

C4 18.2 17.3 PD4 14.6 16.7 C4 101 10p P4 12 b.2

C5 20.1 18.5 PD5 12.4 13.6 C5 1114 10p P05 q.3 .4

C6 19.4 19.4 PD6 13.8 16.6 C6 1141 10p P06 12 5.7

C7 19.4 19.1 PD7 15.9 15.4 C7 120 11) P07 4.3 5.4

C8 19.5 19.1 PD8| 17.3 18.1 C8 10 11B P}8 9§65 |

C9 20.4 19.6 PD9 15.2 15.8 C9 107 10p P09 1.2 5.9

Cc10 18.9 19.5 PD1q 16.7 15.8 C10 115 10|7 P10 T.6.8

Cl1 19.2 19.3 PD14 147 13.7 Cl11 111 11)2 P12 T1.8.1

C12 20.1 20.1 PD1§ 205 17.8 C12 10.9 10|8 P13 T.6.7

C13 19.5 19.6 PD14 19.1 18.0 C13 11.6 10|9 P14 $.7.0

Cl4 19.6 19.3 PD14 11.9 16.0 Cl4 19.8 11j4 P16 T1.8.7

C15 19.9 19.8 PD1q 12.3 12.5 C15 19.5 11|3 P17 T1.2.6
PD18| 145 14.7 PD13 7.4 7.1
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| | | PD19| 139 | 14.2 | | | PD1p 69 6.F
Average thickness (mm) Average thickness (mm)
Control | 19.2 | 19.2 | PD 15.1+ | 15.8 | Control | 11+ | 10.8 | PD 7.3 | 6.8
0.9 |O0.7* 2.2 | 1.7* 0.5* | 0.4* 0.8* | 0.7*

*p<0.05

The average thickness of the all the regions waleutated and compared with that of
control brain thickness. Significant atrophy inntarof reduction in the thickness of the
brain regions in caudate nucleus, thalamus, hipppoa and substantia nigra regions
in PD brain compared to control brain regions waseoved. The reduction in the
thickness of these regions in PD brains were sgant atp<0.05 compared to control

brains It was also observed that reduction in the in tbatgl lobe, temporal lobe and midbrain

regions, but not significant at p<0.05. There wavechanges in the thickness of the cerebellum

regions of control and PD brains.

3A.5 Discussion

Parkinson’s disease affects millions of people adothe world and patients suffers
with involuntary shaking in the body and lead lweh difficulty. The diagnoses of PD

in early stages compromised as symptoms appear sdfteere neuronal loss. The
patients visit the clinic after they experiencefidifity in moving and handling the

utensils etc. At this time, the disease will bas@vere condition and neurons controlling
the movements will be significantly dead. Until ntve diagnosis of PD dependent on
the physical evaluation and no established clindtagnosis was established. In this
context it became important to identify a good diaggic criteria to identify the disease
in the early stages of the disease developmenttifgi@g a good biomarker for PD

becomes vital and helps better treatment for Paokils disease. Here we attempted to
identify biomarker and diagnostic criteria for Padon’s disease by analyzing the

serum and MRI analysis of PD patients and compddrage matched controls.

In the present study, the serum 8-OHdG (oxidatinADdamage biomarker), total
antioxidant potential was analyzed to know the adick stress status in the PD
patients. As oxidative stress exists in severaditaoms we selected the patients having

PD alone and not having any other major illnesve&# studies reported oxidative
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stress condition in PD brain and other neurodegéner diseases (Jenner, 2003;
Koutsilieri et al., 2003; Abe et al., 2002). Oxidat stress leads to neurotoxicity and
neuronal cell death (Sayre et al., 2008). 8-OHdG weliable biomarker for the
oxidative damage (Olinski et al., 2007; Valavanidisal., 2009). We found that 8-
OHdG levels are significantly increased in the sesamples of PD patients compared
to age matched controls. Oxidative modificatiorgaéinosine to 8-OHdG may lead to
double strand breaks and single strand breaks iA BhN lead to DNA damage and
cell death. Base excision repair (BER) system @yuoheck the oxidative modified
bases and it was reported that BER was compromtigadg aging. This may be the
major factor responsible for the oxidative damaygeage related neurological disorders
(Rao, 2009). Hedge et al., (2006) reported that SSBDSB were present in PD brain
regions, supporting the oxidative damage to DNAe Dxidative stress was the result
of imbalance between the reactive oxygen speci€3SjRand antioxidant defence
system. We analyzed the total antioxidant capagitghe serum samples using the
ELISA kit which detect hydrophilic antioxidants ékvitamin C, glutathione etc and
hydrophobic antioxidants like vitamins E etc., giyitotal antioxidant capacity of the
serum. Total antioxidant capacity of the serum ih $amples increased compared to
age matched control samples. The data indirectbweld that oxidative stress had
increased in PD patients and in response to thdatxe stress antioxidant levels were

increased.

Ceruloplasmin is an acute phase reactant proteilchwhcts as an extracellular
antioxidant by ferroxidase activity. Ceruloplasmias the major copper carrying
glycoprotein in the blood carrying 6 copper atones molecule (Healy and Tipton,
2007). Ceruloplasmin regulates the copper andhmneostasis in the body and defect
in biosynthesis and reduction in ceruloplasmin llevesults in the accumulation of iron
in different organs (Mzhel'skaya, 2000; Patel et 2002). We analyzed the serum
ceruloplasmin levels in PD and control samples fawohd that ceruloplasmin levels
were decreased in PD patients compared to age ethtmntrol samples. Our results
are in consistent with that of Torsdottir et al20Q6) where they reported low
ceruloplasmin levels in PD serum samples. The redigeruloplasmin levels may lead
to the iron deposition in the brain of PD patiei@srum ferritin levels also decreased in

PD samples compared to age matched control sanfpdestin was the major iron
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storage protein responsible iron homeostasis arsdascserum biomarker for the total
body iron stores (Knovich et al., 2009). The reductof both ceruloplasmin and

ferritin levels may result in the accumulation lo¢ tiron in brain.

Recently, several studies focused on the MRI changeParkinson’s disease to
establish imaging biomarker for PD (Aybek et alQ02; Baudrexel et al., 2010;

Dalaker et al., 2009; Menke et al., 2009). In tmespnt study we performed MRI

imaging of brains of PD patients and age matchedrabbrains to know the brain

atrophy. Brain atrophy was calculated by measuttiegthickness of the different brain
regions, which include substantia nigra, hippocasnmerebellum, caudate nucleus,
midbrain, thalamus, frontal lobe and temporal lobBRarkinson’'s disease was
characterized by the neuronal loss in substangieaniegion of the brain (Gallagher and
Schapira, 2009). A significant atrophy in the sah#a nigra region of PD patients
compared to control age matched control was obdeiMge atrophy in substantia nigra
was due to the neuronal loss in that region in P&nb A significant atrophy in the

hippocampus, thalamus, and caudate nucleus regbrthe PD brains was also

observed. An earlier study showed significant DN&nghge in terms of double strand
breaks and single strand breaks in the hippocanthatamus and caudate nucleus
regions of post mortem PD brains (Hegde et al.,6200he present study supported
DNA damage and neuronal loss by increased 8-OHd@&deand brain atrophy in these
brain regions. Jokinen et al., (2009) also repottggpbocampal brain atrophy and
impaired memory in PD petients. It was observedpdty in the frontal lobe, temporal

lobe and midbrain regions but significant when carned to the atrophy observed in
above brain regions. The atrophy changes indictat substantia nigra, thalamus,

hippocampus and caudate nucleus are the most ableeegions in PD brain.

In conclusion, the study provides clinical evaloatiof probable biomarkers for the
early diagnosis of the PD. We observed increaseathtixe DNA damage biomarker 8-
OHdG, increased serum total antioxidant capaciygrehsed ceruloplasmin and ferritin
levels, significant atrophy in the substantia nighalamus, hippocampus and caudate
nucleus regions. It can be proposed that above &ast analysis may provide a good
diagnostic tool for the early diagnosis of the Has&n’'s disease and the better

management of the disease.
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Chapter 3B

New evidence on increase of Iron and Copper and its
correlation to DNA integrity in ageing human brain

3B.1. Introduction

Ageing is a multi-factorial process, which leads itoeversible damage to
macromolecules (ie DNA, proteins and lipids), cellel organs. The rate of this process is
attributable to individual genetic as well as toviemnmental factors. Several studies have
addressed the relationships between DNA damageagathg, and have suggested and
age-dependent accumulation of DNA damage by demaiimg an age-response of
cytogenetic and molecular genetic endpoints in humells (Fenech and Morley 1985;
Lindsey et al., 1991; Ganguly 1993; Wilson et 2008). The accumulation of DNA
damage is due to an imbalance between two opposaafpanisms, the generation of DNA
damage by endogenous metabolic or environmentakepsed and the eradication of this
damage by the cell’s repair machinery. Mutatiore rappears to increase with age,
indicating a decline in DNA repair efficiency witdhge (Bohr and Anson 1995, Walter et
al., 1997) raise the question, if senescence pérasks to a higher susceptibility to DNA
damage upon internal metal ion exposures. The migjofactors attributed for age related
disorders are increase in oxidative stress andr&ih antioxidant mechanisms (Ozcan et
al., 2004; Kuloglu et al., 2002; Ranjekar et abD2; Frey et al., 2006; Frey et al., 2007,
Benes et al., 2006). The oxidative stress by actation of paramagnetic trace metal ions
like Cu and Fe leads to DNA instability and gengresgsion failure in normal ageing.
Does the failure in DNA repair mechanism or accutioh of trace metal ions leads to
ageing and age related disorders?. Further, DNAnfemtation and dysregulation in
apoptotic mechanism (Margolis et al., 1994; Cattd €atts 2000; Evan and Littlewood
1998; Ansari et al., 1993; Benes et al., 2003; irtet al., 2007; Andreazza et al., 2007)
have been well shown to be associated with ag¢etklaeurodegenerative disorder like
Alzheimer’s disease (AD) and Parkinson’s disea$® (Rdamec, 1999; Alam et al., 1997,
Tatton and Olanov 1999; Hegde et al., 2006). Inpgtesent study we corroborate these
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findings by demonstrating an age-dependent incréaseDNA strand breaks and

accumulation of metal ions on the process of ageing

The aim of this study was to assess the genomeayiiy in terms of DNA
fragmentation and its relation to the levels ofaedctive metals in frontal cortex and
hippocampus brain regions of different age groupbta ascertain whether altered genome
integrity play a role ageing and age-related dismmdTo the best of our knowledge, this
study is first of its kind in human brain subjects.

3B.2. Materials

Radiolabeled [H]-TTP (Sp.Act.40 Ci/nmol) was purchased from Asteam
Radiochemicals, UK. Ribonuclease A (RNAse A), Arase K, Deoxyribonuclease |
(DNAse 1), dATP, dTTP, dCTP, dGTP, DNA polymerasgfiom Escherichia coli),
terminal deoxynucleotidyl transferase enzymes, d&ktd 100bp DNA ladders, and lamda
DNA ladder were purchased from Genei, India. Ahey chemicals were of analytical

grade and were purchased from Sisco Research Mafvsbai, India.

3B.3 M ethodology

3B.3.1. Brain tissues

The demographic data of aged human subjects frorarevibrains are collected is
presented in Table 3B.1.

Number Age (yr) PMI (hr) Tissue (pH)  Sex Cause of Death

Group | <40 yrs

N-1 25 4 6.76 F Road traffic accident
N-2 38 5 6.61 F Snake bite
N-3 21 4 6.71 F Accidental burns
N-4 18 4 6.45 M Road traffic accident
N-5 22 5 6.68 M Road traffic accident
N-6 24 6 6.72 M Road traffic accident
N-7 30 3 6.54 F Accidental burns
N-8 37 8 6.45 M Fall from height
Group Il 41-60 yrs
N-1 45 6 6.67 M Road traffic accident
N-2 48 5 6.23 F Road traffic accident
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N-3 43 7 6.70 M Road traffic accident

N-4 55 6 6.51 M Road traffic accident

N-5 50 6 6.31 F Road traffic accident

N-6 53 6 6.53 F Road traffic accident

N-7 51 6 6.32 M Road traffic accident

N-8 58 6 6.27 M Road traffic accident

Group Il >61 yrs

N1 65 7 6.77 M Natural death: collected under
body donation to JSS

N2 71 6 6.39 M Natural death: collected
under body donation to JSS

N3 68 7 6.76 M Natural death: collected under
body donation to JSS

N4 77 6 6.57 F Natural death: collected under
body donation to JSS

N5 80 6 6.88 F Natural death: collected under
body donation to JSS

N6 63 6 6.35 F Road traffic accident

N7 73 7 6.45 M Road traffic accident

N8 77 6 6.55 M Road traffic accident

Table 3B.1 Demographic data of Aged human subjects

Brains are grouped into three groups. Group l:.owed0 years, Group Il: between
41-60 years and Group lll: above 60 years. The it®gons namely hippocampus and
frontal cortex of normal brains were separated stoded at -8%C until further use. Eight
brain samples from each group were included instibely. Human brain samples were
collected from the Depression Brain Bank of JSSinadospital and College, Mysore,
India. Autopsies were performed on donors with temtinformed consent obtained direct
next of kin. The control human brains were cobéctrom accident victims, who had no
history of long-term iliness, psychiatric diseas=nentia, or neurological disease prior to
death. We have excluded the subjects who had dndgatécohol abuse. The average
postmortem interval between the time of death aigéaion of brain and freezing was
6h. Within one hour after death the body was keptool chamber maintained at 4°C.

The brain tissue was isolated and stored frozeBGAC till the analysis.

3B.3.2. Isolation of DNA from brain tissue
Genomic DNA was isolated from hippocampus and &bnoortex of frozen brain
tissue by standard ‘phenol-chloroform extractiomthod after Sambrook et al (1989) with

some modifications to prevent DNA fragmentationingrisolation. Precautions were
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taken to prevent in vitro DNA damage during phecidbroform genomic DNA
extraction The concentration of DNA was measured using UVRAlesspectrophotometer
noting absorbance at 260 nm and purity checkedebgrding the ratio of absorbance at
260 nm/280 nm which should be ideally between hdbh8.

3B.3.3. Nick translation assay

Single strand breaks: Single strand breaks (SSBs) are calculated thrauggrporation of
3H]-TMP into DNA samples when incubated with E. icBINA polymerase | (Klenow
Fragment) in a nick translation assay (Sutherlat@B3). DNA polymerase | adds
nucleotides at the 3'-OH end of a SSB, generatedhlipus means, using the other strand
as template. When one of the deoxynucleotide @asphates is labeled, then the
incorporation of radioactivity into substrate DNAowld be proportional to the number of
SSBs present in the DNA sample. During the statidation of the essay conditions with
the plasmid DNA(Cos T fragment pphage) having known number of SSBs, it was found
that average of 1500 nucleotides are added at efattfe 3'-OH group. From this, it is
inferred that each picomole of TMP incorporateédsiivalent to 1.6x103'-OH groups or
SSBs. In a total reaction volume of pD the assay mixture consisted of: 40 mM Tris-
HC1, pH 8.0, 1 mMpB-mercaptoethanol, 7.5 mM Mgg£l4 mM ATP, 10QM each of
dATP, dCTP, and dGTP and 281 of dTTP, 1uCi of ® [H]-TTP and Lig of genomic
DNA and 1 U of E. coli DNA polymerase I.

Double strand breaks: Terminal deoxynucleotidyl transferase catalyzes d@fidition of
deoxynucleotides to the 3' termini of DNA and doet need direction from template
strand. Here, 3'-ends of duplex DNA also serveswsstrates. Similar conditions to
incubate DNA with terminal transferase as in theecaf E. coli polymerase | assay were
used. The incorporation of tAgH]-dTTP into DNA would be proportional to the nuetb
of double strand breaks (DSBs) in the DNA. Fronme ttonditions and incubation
(Sutherland, 1983; Bhaskar and Rao, 1994; DengMund 983) it is assumed that about 50
TMP residues are added at each of the 3'-endseofdtiplex DNA. From this, it is
calculated that each femtomole of TMP incorporatiauld be equivalent to 1.2 x 18" -

ends or half of that number minus one DSBs. Tlsaymixture for terminal transferase
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reaction consisted of a total volume of 50100 mM sodium cacodylate buffer, pH 7.0, 1
mM CoCh, 0.2 mM DTT, 1u Ci of [H]-dTTP, 1ug DNA, and 1 U of the enzyme.

3B.3.4. Trace elemental analysis

Brain tissues were acid digested and preservedish fdee laminar air flow hood
until further used. All the precautions were takanaccordance with NCCLS criteria
(NCCLS standard approved guidelines to eliminatéaimeontamination while collecting
and storing the samples). Trace elemental analysi® carried out using Inductively
Coupled Plasma Atomic Emission Spectrometry (ICFSAEnodel JOBIN YVON 38
sequential analyzer. The elements measured wereez@and Zn. All dilutions were made
with ultra pure milliQ water (18-mega ohms resis@nin a dust free environment. The
optimization of ICPAES was carried out by line sélen and detection limits for each
element. The validation of the analysis were tedigdanalyzing matrix match multi
element synthetic standard and certified standafietence material (Bovine liver 1577a)
obtained from National Bureau of Standards, U3Ae lines were selected for each

element in such a way that interference from themo¢lements was minimal (Table 3B.2)

3B.3.5. Statistical analysis
All the data obtained in this study were statidlycaeated and the significance of
differences among samples was calculated accotdirfstudent’st test. The statistical

analysis was carried out using Microsoft Excel 280ft-ware.

3B.4 Results
3B.4.1. Brain tissues

Brains were grouped into three groups. Group I:lowe40 years, Group II:
between 41-60 years and Group lll: above 60 yeling control human brains were
collected from accident victims, who had no histafy long-term illness, psychiatric
diseases, dementia, or neurological disease prideath. We have excluded the subjects
who had drug and alcohol abuse. The demographalsletf the human brains collected

from different age groups are depicted in Table 1.

104



Iron, Copper and DNA damage in Aging

3B.4.2. Concentration of DNA

The concentration of DNA was measured using UVRAl&sispectrophotometer
noting absorbance at 260 nm and purity checkedebgrding the ratio of absorbance at
260 nm/280 nm which were ideally between 1.6 ai®d The wavelength employed and

the detection limit of the trace elements are surired in Table 3B.2

Detection limit*
Element Wavelength nm)

pHg/ml pmole/ml
Cu 224.7 0.002 0.00003
Zn 213.856 0.002 0.00003
Fe 259.94 0.005 0.00009

Table 3B.2 Wavelength for trace metal analysisd detection limit

3B.4.3. Trace elemental analysis

The levels of Fe and Cu were increased, while Zreltewere decreased from
Group | to lll. There is a significant increaseG@u and Fe in Group Il and Group 11l in
both frontal cortex and hippocampus region.

In frontal cortex, Cu and Fe are increased intake Groups. The amount of Cu
and Fe are significantly increased in Group Il gue > 0.05) and Group Il (p value
>0.001) (Fig 3B, A, B and C). A similar trend iss&loved in the hippocampus region, Cu
and Fe are significantly elevated in Group Il (puea> 0.05) and Group Il (p value >
0.001) (Fig 3B, A, B and C). The significant incsean Cu and Fe and decrease in Zn is
observed highly between Group Il and Ill. This dewdicates the accumulation of redox
active metals are increased and the antioxidantlnage decreased on the process of
ageing. The interesting observation accumulatiomamfe metals are more in frontal cortex

compared to hippocampus.
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Figure 3B.1. Trace metals concentrations in frontal cortex aegiof aged human brain
subjects (concentration in mg/g of wet weight eEtie). Mean = SD of 8 brains (n=8) in
each groupA, Levels of Cu, Fe and Zn in GroupB, Levels of Cu, Fe and Zn in Group
II, *p> 0.05. C, Levels of Cu, Fe and Zn in Group III** p> 0.001.
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Figure 3B.2. Trace metals concentrations in hippocampus regidresged human brain

subjects (concentration in mg/g of wet weight sttie). Mean £ SD of 8 brains (n=8) in

each groupA, Levels of Cu, Fe and Zn in GroupB, Levels of Cu, Fe and Zn in Group
II, *p> 0.05. C, Levels of Cu, Fe and Zn in Group III** p> 0.001.
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3B.4.4. Single Strand Breaks

The most prevalent type of DNA damage in mammatiahis the SSBs. Single-stranded
breakage is the end point of several types of &iratinsults inflicted on the genome by
both endogenous and exogenous agents (Rao., 1H§8je 3 showed numbers of SSBs
per microgram of genomic DNA isolated from brairgioms (Fig 3A, 3B and 3C).
Accumulations of SSBs are more frequent in grolgadmpared to Group Il and I. The
result showed that frontal cortex (p>0.05 and pP60) accumulated considerably higher
number of SSBs compared to hippocampus. This dmeildue to the increased levels of Cu

and Fe in frontal cortex and relatively lower amisun hippocampus in Group Il

Group | Group Il
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Figure 3B.3. Single strand breaks (SSBs (g DNA) frontal cortex and hippocampus
regions of aged human brain subjeétsSSBs of Group 1B, SSBs of Group I, *p> 0.05.
C, SSBs of Group IlI** p> 0.001.
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3B.4.5. Double Strand breaks

The DNA isolated from frontal cortex and hippocarmpshowed significantly
higher number of DSBs (p>0.05 and p >0.001) in #4g 4B and 4C. Further, frontal
cortex accumulated more DSBs than SSBs. The irer@aBSBs was more in Group Il
compared to Group | and Il. The present result gubthat frontal cortex has more DSBs
than SSBs whereas hippocampus had the presenothdDBBs and SSBs accumulated. A
similar trend is observed in the accumulation ahi#®SBs and DSBs. The accumulation of
SSBs and DSBs are directly proportional to the amhai redox active metals in frontal
cortex and hippocampus region.
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Figure 3B.4. Double strand break®$Bs x 16/ugDNA) frontal cortex and hippocampus
regions of aged human brain subjeétsDSBs of Group IB, DSBs of Group I, *p> 0.05.
C, DSBs of Group llI** p> 0.001.
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3B.5. Discussion

The present study was done to assess the genotagrity in ageing human brain
and a correlation between accumulations of reddixeametal versus DNA strand breaks.
The DNA integrity failure may lead to cell atrophipefective responses to DNA SSBs or
DSBs can result in age related diseases, undemgcthie critical importance of DNA
repair for neural homeostasis (Simon et al., 2@ mec et al., 1999; Caldecott 2008).
Human DNA repair-deficient syndromes are generalyngenital, in which brain
pathology reflects the consequences of developrheitaurred DNA damage (Caldecott,
2008). Although, it is unclear to what degree DNAasd-break repair defects in mature
neural cells contributes to disease pathology. HeweDNA single-strand breaks are a
relatively common lesion which if not repaired campact cells via interference with
transcription (Sordet et al., 2010; Stilmann et 2009). Thus, this lesion, and probably to
a lesser extent DNA double-strand breaks, may becpkarly relevant to aging in the
neural cell population. The consequences of defediiNA strand-break repair towards

might lead to a connection between DNA strand seadd aging in the brain.

The classical apoptotic DNA laddering pattern geiag brain due to strand breaks
has great pathophysiological significance. Acawgdio Didier et al. (1996) the DNA
laddering on gel electrophoresis is a hallmarkuesbf end-stage apoptotic cell death and
by this apoptosis can be distinguished from nesroEarlier studies showed that cell death
can also be preceded by DNA fragmentation b§*Qdg”* dependent DNAase into 180
and 200bp fragments with endonuclease activatia@uroog early in the process of cell
death (Clarke, 1999; Wylie et al., 1980; Kerr et 4b95; Kingsbury et al., 1998). The
influence of perimortem conditions, anti-mortem byj@ on DNA fragmentation in
postmortem tissue are described in our previoudystMushtak et al., 2008). However, we
evaluated our results on DNA stability/damage astdldished that postmortem delay (<7)
related DNA damage does not account for the changegeing brains. It was earlier
shown that DNA fragmentation reduces the high atitwm energy barrier required to
induce the conformational and topological changesDNA (Hegde et al., 2006). In

addition, the recent study showed that there isigeripmk between late-life depression and
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AD suggesting the defective responses to SSBs dBsD&n result in neurological
diseases,

Our study is the first report to show that thersatective increase of single strand
and double strand breaks in DNA of normal ageingdwu brain. The DNA fragmenta-
tion can potentially be triggered through many eyedmus and exogenous factors such as
trace metals, oxidative stress, mitochondrial dysfion, apoptosis, decrease antioxidant
enzymes, genetic factors etc., (Kuloglu et al.,200rey et al., 2006; Frey et al., 2007;
Benes et al.,, 2006). The first and most obvioussiilities are that neurons may be
exposed to oxidative stress. The genes that plagn#ral role in the clearance of free
radicals generated by mitochondrial oxidation reast such as glutathione synthase,
catalase and SOD (Calabrese et al., 2010; Olinsii,e2007; Cristiano et al., 1993)his
suggests that the accumulation of ROS associatdédtiae oxidative stress would tend to
cause potential damage to DNA, proteins and lipldswever, the intact DNA from
hippocampus may represent either an adaptive cosapen to oxidative stress. To
support, other finding suggested that GABAergidsciel hippocampus may be resistant to
kainic acid - induced excitotoxicity (Devenportadt, 1990).0ur earlier study have shown
that metals like Fe, Al and Cu are accumulated raoick these metals can bind and nicks
DNA. Many of these insults potentially lead to dengtrand and double strand breaks in
DNA leading to genomic instability (Hegde et aD0B).

The longevity-enhancing mutations genomic rearaments, which could be
caused by misrepair of DSBs. These rearrangememstimught to contribute to
transcriptional “noise,” which in turn could explasome age-related decline in tissue
function. Paul Hasty (2008, 2004) has written twoent reviews, critically evaluating the
role of DNA DSBs in the aging process. In the fistitten with colleagues Han Li and
James Mitchell), the authors argue from geneticlewie that DSB repair pathways are
intimately connected with aging (Li et al., 20084ty et al., 2003; Hasty 2005; Hasty and
Vijg J 2004). There are many forms of DNA damagévdouble-strand breaks (DSBs)
being the most toxic. DNA SSBs and DSBs are themi@l causative factor for aging

including factors that generate DNA strand bre#slty or failed repair, accumulation of
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redox active metals may lead to age-dependent ndech fitness. Based on these
comparisons we believe the basic mechanisms reiperier their aging phenotypes are
fundamentally dependent on all the above factorsnagrily the accumulation of trace
metals leading to SSBs and DSBs.

Another plausible reason for accumulated DNA fragtagon in ageing brain
could be due to decreased antioxidant enzymes asgfutathione synthase, catalase and
SOD or decreased DNA repair capacity process (@Gzdabet al., 2010; Olinski et al.,
2007; Cristiano et al., 1995). Due to increasedlatwe stress and genotoxic stress, the
genomic DNA'’s structural integrity is under congtéimreat. Hence, any insufficiency in
the machinery to counteract the damage lead tonadetion of DNA breaks (Caldecott
2008). A decline in DNA stability signifies the #hbetween DNA damage and repair. In
conclusion, the present study has provided the dxamination into the genome integrity
in terms of DNA damage and its relation to redoxatselevels in brain regions of ageing
groups. Further this early and first study may pevinitial insight to elucidate the
correlation between the DNA damage and trace matalsits role in early or age related

disorders.
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Chapter 4A

New evidences on Tau-DNA interactions and relevanceto
neurodegeneration

4A.1 Introduction

Tau, a microtubule associated protein is mainlytbin the neuronal cells (Weingarten
et al., 1975). It is encoded by Tau gene on chromesl1l7 and its alternate splicing
results in six isoforms of Tau (Goedert et al., 998Tau is mainly involved in
microtubule polymerization and their stabilizatiorthe neurons (Drechsel et al., 1922;
Wang and Liu, 2008). Deficiency of this proteinanimal models display behavioral
abnormalities, muscle weakness and reduced numibenicvotubules in the axon
(Ikegami et al., 2000; Harada et al., 1994). Aggtem of Tau protein is observed in
some neurological disease conditions which areectlely known as Tauopathies
(Igbal et al., 2009; Williams, 2006). Alzheimer'séase (AD) is a principal tauopathy
where Tau is aggregated in the form of neurofiniltangles (NFTs) (Avila et al.,
2004). The precise role of Tau in AD neurodenerati® not clearly understood
(Delacourte, 2008; Brandt et al.,, 2005). In AD catinds, Tau looses its ability to
organize microtubule assembly leading to axonaispart impairment (LaFerla and
Oddo, 2005; Mandelkow et al., 2003). Further, Tsalated from AD brain induced
slower tubulin assembly than normal Tau (Lu and Wd®93; Alonso et al., 1996). It
is not clear whether soluble or aggregated forriiaf is toxic? It has been shown that
Tau transfection to PC12 cells results in toxieiggociated with apoptosis, without Tau
aggregation (Fath et al., 2002). Also study haswvshthat disaggregated Tau when
exposed to neuronal cells showed increased ceth diean the aggregated Tau (Gomez-
Ramos et al., 2006). Further, Gomenz-Iséd al. (1997) showed that in AD brain
neuronal loss exceeded several folds than the Nf&firg neurons (Gomenz-Isla et al.,
1997). Also studies shown that neurodegeneratiooti@ssociated with NFT formation
in drosophila models (Wittmann et al., 2001; Jaoksbal., 2002). These observations
suggest that Tau may induce toxicity in neuronsewtthan classical aggregation
pathway? Tau is mainly distributed in the cytoplaand also localized in the nucleus
of neuronal and non-neuronal cells. It has beeworted that Tau is localized in the
nuclei of neuroblastoma cell, PC12 cells and humanrophages (Loomis et al., 1990;

Davis and Johnson, 1999; Haque et al., 1999). $afound to be associated with
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ribosomes and nuclear organizer region (NOR) (Lsoeti al., 1990). Studies also
indicated that Tau might be associated with chramatthe nucleus (Greenwood and
Johnson, 1995). However, there is limited data aun ifiteraction with DNA (Corces et
al., 1980; Hua and He, 2003, 2003; Krylova et aD05) and its relevance to
neurodegeneration is not yet understood. In teegmt communication, we present the
mechanism of Tau binding to DNA and trying to ansfaiowing questions (i) Does
Tau alter DNA conformation? (ii) Does Tau alter DNtegrity? (iii) Does Tau nick
DNA like endonuclease? (iv) Can we propose a hygsishon Tau-DNA complex role

in neuronal cell dysfunction?

4A.2 Materials

Supercoiled pUC18 DNA (cesium chloride purified, %®0supercoiled structure,
scDNA), was purchased from Banglore Genei, Indeu protein was purchased from
r-peptide (USA) and Partially phosphorylated Tawswwarchased from Sigma (USA).
Agarose, HEPES, Tris and EDTA were purchased fré8CS Research laboratories.
Ethidium bromide, Copper grids, Aurinetricarboxydicid (ATA) and MgCJ were from
Sigma (USA) chemicals. Uranyl acetate was purch&sed BDH chemicals.

4A.3. Methodology

4A.3.1 Purification of Tau protein: Tau protein was dissolved in cation-exchange
buffer (20mM MES, 50mM NaC1l, 1mM EDTA, 1mM Mg&12 mM DTT , 0.1mM
PMSF , pH 6.8) and loaded on to cation-exchang®nshtography column. The
column was washed with 4 volumes of cation-exchdngéer. Protein was eluted with
elution buffer (20mM MES, 1M NaC1, 1mM EDTA, 1mM M4,, 2mM DTT , 0.1
mM PMSF , pH 6.8) with linear gradient and fracsomere collected and OD of each
fraction was measured at 280 nm (Barghorn et 8052 The protein fractions are
pooled and lyophilized. Finally the protein is dis®d in triple distilled water and the
concentration was determined using BCA method.idlgriphosphorylated Tau was
also purified by cation-exchange chromatographye prity of the normal Tau protein

and Partially phosphorylated Tau was analyzed éa $OS-PAGE.
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4A.3.2 Tau-DNA interaction studies

r-Tau was incubated with either scDNA (2686bp) (DN&u mass ratios 1:0.5,1: 1,
1:25 and 1:5in Tris-Cl (10 mM, pH 7.4) atG7for 12 hr. Bovine serum albumin
(BSA) was taken as negative control, which did mat to DNA. After the incubation
time the samples were electrophoresed along wéltamtrol sScDNA in 1% agarose gel
at 50 V at room temperature. Gel was stained withdieim bromide (EtBr) and
scanned using gel documentation system. SimiladNA was interacted with pp-Tau
as mentioned above and analyzed by 1% agarose gel.

4A.3.3 Circular Dichroism (CD) studies

The secondary conformation of scDNA in the abseoceresence of r-Tau (at
DNA/Tau mass ratios 1 :0.1,1: 0.5, 1: 0.75 and) were recorded on JASCO J700
spectropolarimeter at 26, with 2mm cell length in the wavelength rangenssn 200-
320 nm in Tris-Cl buffer (5 mM, pH 7.4). The secand conformation for the each
spectrum was the average of four scans. SimiladipNA was incubated with pp-Tau

and the secondary conformation of SCDNA was andlygeCD.

4A.3.4 Thermal denaturation studies:The integrity of ScDNA upon r-Tau binding
was studied using thermal denaturation studies.n@s in sScDNA with r-Tau at
DNA/Tau mass ratio 1:0.5, 1:1 and 1:5 for 12 HreTnelting temperature profiles of
the incubated samples were recorded in HEPES byffémM, pH 7.4) using
Spectrophotometer equipped with a thermostat progrer and data processor
(Amarsham Biosciences, HongKong). The melting peefivere recorded with increase
of 1°C/min in the temperature range of 25*@5 Similarly, ScDNA was incubated with
pp-Tau and the melting temperature profile of scDNAas analyzed by

Spectrophotometer.

4A.3.5 Ethidium bromide (EtBr) binding studies

The changes in the integrity of sScDNA upon r-Tandoig were studied by EtBr study.
EtBr bound in moles per base pair of DNA was meas$um Tris-Cl (10mM, pH 7.4)
using HITACHI F-2000 Fluorescence Spectrofluorimet&he fluorescence was

measured using a constant amount of SCDNA |{@)5with increasing amounts of EtBr.
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The fluorescence measurements were monitored witlexaitation at 535 nm and
emission at 600 nm using 10 mm path length.

The maximum amount of EtBr bound per base paiDNA was calculated
using Scatchard plots of ‘r' vs ‘r/Cf’, in the DNA=tBr reaction mixture at various
titration intervals when increasing amount of Etias titrated to constant amount of
DNA (Scatchard , 1949; Chatterjee and Rao, 1994¢. doncentration of bound EtBr in
1.0 mL dye-DNA mixture (Ch were calculated using the equation:

Cb” = Co’[E-Fo)/(VxF0)]

Where,

Co = EtBr (pmoles) present in the dye-DNA mixture,

F = observed fluorescence at any point of dye-DNxtumne,

Fo = observed fluorescence of EtBr with no DNA,

V = experimentally derived value, ratio of boundEfree EtBr at saturation point.

The concentration of free dye (Cf") was then caltad by the relation

Cf' =Co’- Cb’,

Where, Cf’, Co’, and Cb" were expressed in pmdlae. amount of bound EtBr/base
pair ‘r' was calculated by

r = Cb” (pmoles)/DNA concentration (pmoles of bpa#).

A plot with r vs r/cf is plotted, point where tk&aight line intersects the X-axis
is denoted as n’.
= Cf x 10° M.

Similarly, EtBr binding to scDNA upon pp-Tau bindimvas calculated using scatchard

n’ is the maximum amount of dymind per base pair (n), where Cf

plots.

4A.3.6 DNAse | Sensitivity assay

DNAse | digests the DNA and sensitivity of DNAseligestion is a marker of DNA
integrity changes. The integrity of DNA-r-Tau comyplwas studied by DNase |
sensitivity assay. SCDNA incubated with r-Tau he tnass ratio of 1:0.5 and 1:1 for 12
hr and treated with DNAse | for 1 hr. The reactwas stopped by adding EDTA and

analyzed by 1% agarose gel electrophoresis.
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4A.3.7 DNA nicking activity of Tau

scDNA was incubated with r-Tau at the DNA/Tau mea#o 1: 0.5 in Tris-Hcl (10
mM, pH 7.4) at 37C as a function of time (0.5, 1, 2, 6, 8, 12, 24 bwth in the
presence and absence of Mg (1 mM). The incubatedplea were collected at
corresponding time intervals and immediately froaer20C. Samples were analyzed

by 1% agarose gel.

4A.3.8 Tau-DNA interaction in the presence of Aurirtricarboxylic acid

scDNA was incubated with r-Tau in the presencemMlMagnesium, in the presence
of endonuclease inhibitor Aurinetricarboxylic ag®iTA) as a function of time (12hr
and 24hr). The samples after the respective inedbttne intervals, analyzed by 1%

agarose gel as described above.

4A.3.9 Transmission electron microscopy (TEM) studs

TEM studies were done to understand whether r-Tsad un the present study is in
soluble or aggregated form. r-Tau protein alone @Né&-Tau complexes were scanned
under Transmission electron microscope (TEM) fa& #ygregates if any? Tau alone
(5uM) and Tau with scDNA was incubated for 48 h. TheuTsamples (@) were
placed on carbon coated copper grids of 300, meshasd allowed to dry for 1 min.
After blotting with filter paper, the remainingubof the sample was placed and allowed
to dry as above. The grid was negatively stainett widrop of 1% uranylacetate and
blotted after 1 min. The samples were completeigddto avoid the moisture and

examined under the microscope for the fibrils.

4A.4 Results

4A.4.1 Purity of Tau

Recombinant Tau (r-Tau, 441 aa) (rpeptide, USApwad a single band on 10% SDS-
PAGE after indicating purity of Tau (Fig 4A.1A). &hpartially phosphorylated Tau
(pp-Tau) purified from bovine serum (Sigma-AldridhSA) showed 5 bands on 10%
SDS-PAGE which corresponds to 5 isoforms of Tag &A.1B).
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Figure 4A.1: Analysis of Purity of Tau proteiniA) r-Tau protein analyzed on 10%
SDS-PAGE after cation-exchange chromatography wlabbwed single band. 1.
Protein marker with range 29-97 kD. 2. Single bahd-Tau.B) pp-Tau analyzed on
10% SDS-PAGE after cation-exchange chromatogragigws 5 isomers of pp-Tau. 1.
Protein marker with range 29-97 kD. 2. Five isonwdrgp-Tau.

4A.4.2 Tau-DNA interaction studies

We have studied r-Tau and pp-Tau interaction wafbNA. sScCDNA gave two bands on
1% agrose gel, supercoiled DNA was found to be raddb% and open circular form
was around 15% (Fig 4A.2) and a very faint bandresponding to dimmers. r-Tau at
DNA/Tau mass ratio 1:0.5 and 1:1 converted scDN# iopen circular form (Fig
4A.2). But r-Tau retarded the migration of both Hupercoiled and open circular DNA
forms at higher DNA/Tau mass ratio 1:2.5 and 1:fgy (#A.2). At 1.5 ratio r-Tau
converted total sScDNA into open circular form arehbe there is only one band. As
BSA does not have DNA binding ability it was usesl regative control. pp-Tau
showed similar results with scDNA. pp-Tau at fndss ratio converted more sScCDNA
into open circular form compared to unphosphordatdau (Fig 4A.3). This data
indicated that both non-phosphorylated r-Tau and @p have DNA binding ability.
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Figure 4A.2 Electrophoretic mobility shift assay: scDNA idaeracted with r-Tau at
DNA/Tau ratios, 1 : 0.5, 1:1,1:25,1:5 fi2 hr and BSA is taken as negative
control. The samples are analyzed by 1% agarosangethe changes also expressed in

bar diagram. SC- Supercoiled DNA, OC-Open circDIBA.
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Figure 4A.3. Electrophoretic mobility shift assay : scDNA iscubated with pp-Tau
DNA/Tau ratios, 1: 0.1, 1: 0.5, 1:1, 1: 2.5,9 and analyzed by 1% agarose gel. SC-
Supercoiled DNA, OC-Opencircular DNA.

4A.4.3 Tau induced conformational change in scDNA

In CD spectrum, scDNA showed a characteristic 0DM#A conformation, having
positive peak at 272 nm and a negative peak atr@4big 4A.4, a). r-Tau altered the
ScDNA CD spectrum in the near UV region at DNA/nTaass ratios of 1: 0.75 and
1:1. r-Tau increased the 210 nm and 220 nm negaak and also decreased the
positive peak at 272 nm (Fig 4A.4, d and e). Thecsjp of sScDNA-Tau complex is
subtracted from the Tau spectra alone of same otrat®ns. Taken together, these
changes indicate that r-Tau induces B-C-A mixedditson in scDNA (Gray et al.,
1978). The pp-Tau also induced B-C-A mixed confdromain scDNA (data not

shown).
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Wavelength (nm)

Figure 4A.4: CD spectroscopy of r-Tau-scDNA interaction. scDNvas titrated
increasing concentrations of Tau at the mass ratiés(a), 1: 0.1 (b), 1: 0.5 (c), 1: 0.75
(d), 1: 1 (e) and CD was recorded in the rangedD6hm-320nm.

4A.4.4 Tau altered melting temperature profile olsScDNA

The melting temperature {J profile of sScDNA showed the characteristic bighas
pattern. The first transition (}) is being for the relaxation of supercoils in HEDNA
and the second transition (J) correspond to the opening of the double strants i
single strands. The lvalues of scDNA are ;y = 53C and T, = 87°C. r-Tau
interaction with scDNA changed the biphasic patterrmonophasic I at the mass
ratios (DNA/Tau) 1:0.5, 1:1 and 1:5. The monophdasicvalues of scDNA are 8C,
81°C and 88C for mass ratios 1:0.5, 1:1 and 1:5 respectiveaple 4A.1).pp-Tau also
converted biphasic .J to monophasic at the mass ratios 1:0.5, 1:1 Jahd(Table
4A.1). This data indicates that both non-phosplateg r-Tau and pp-Tau alter DNA
integrity.
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scDNA-Tau complex Melting Temperature (Ty)

(Mass Ratio)

scDNA 53 + 1.14°C (Tp1), 87.5 + 0.25°C (Tm2), Biphasic
Tm

scDNA: r-Tau (1:0.5) 80.09 + 0.4°C, Biphasic to Monophasic T,

scDNA: r-Tau (1:1) 81.53 £ 0.25°C, Biphasic to Monophasic T

ScDNA: r-Tau (1:5) 84.83 + 0.3°C, Biphasic to Monophasic T,

scDNA: pp-Tau (1:0.5) 81 + 0.25°C, Biphasic to Monophasic Ty,

scDNA: pp-Tau (1:1) 82.41 + 1.09°C, Biphasic to Monophasic T,

scDNA: pp-Tau (1:5) 84.32 £ 0.5°C, Biphasic to Monophasic Ty

Table 4A.1: Computation of alterations inyTvalues for SCDNA in the presence of r-
Tau and pp-Tau

4A.4.5 Ethidium Bromide binding studies

The integrity of scDNA is studied by indirectly nseging the number of EtBr

molecules bound per base pair using Scatchard pha. number of EtBr molecules
bound per base pair of ScDNA is 0.25. The numbe£tBf molecules bound per base
pair of DNA for DNA/r-Tau mass ratios 1:0.5, 1:1daf:5 are 0.33, 0.34 and 0.35,
respectively (Fig 4A.5, Table 4A.2). The pp-Tatenaiction with scDNA also increased
the number of EtBr molecules bound per base pabMA. The data indicated that r-

Tau and pp-Tau binding to scDNA increased the nurob&tBr molecules bound per
base pair of ScDNA (Table 4A.2).
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Figure 4A.5 : EtBr bindings studies: scDNA was incubated withaut in the mass
ratios of 1:0.5, 1:1 and 1:5 in 10mM Tris-Hcl (pH4) at 37C for 12 hr. Ethidium
bromide binding pattern to incubated samples alantdy the control scDNA is
investigated by titrating with increasing concetitna of EtBr. Using scatchard plot

EtBr molecules bound / base pair are calculated.

scDNA-Tau complex EtBr molecules bound

(Mass Ratio) per base pair
scDNA 0.24 + 0.007

scDNA: r-Tau (1:0.5) 0.32 + 0.005*
scDNA: r-Tau (1:1) 0.34 + 0.002*
scDNA: r-Tau (1:5) 0.35 + 0.005*

scDNA: pp-Tau (1:0.5) | 0.31 +0.003*
scDNA: pp-Tau (1:1) 0.33 £ 0.005*
scDNA: pp-Tau (1:5) 0.35 + 0.008*

Table 4A.2: Ethidium bromide molecules bound per base pair NADON tau-DNA

interactions atP<0.05 significance.

4A.4.6 Tau altered the supercoiled DNA integrity asevealed by DNAse | digestion
studies

Agarose gel analysis showed that in DNAse | treaf€du-scDNA complex there is an
increased conversion of supercoiled form to opecutar and linear forms compared to
scDNA alone treated with DNAse | (Fig 4A.6). Thetalandicates that Tau-scDNA
complex is sensitive for DNAse | digestion and gigs that r-Tau destabilizes DNA

integrity.
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Figure 4A.6 : DNase | sensitivity of scDNA-Tau complex: scDNA-au complex
digested with DNAse |. DNAse | treatment enhandes Tau effect of relaxing the
supercoils of sScDNA molecule. The scDNA-Tau compded scDNA treated digested
with DNAse | for 1 hr. 1.scDNA alone, 2. scDNA dgged with DNAse | 3. scDNA
+Tau (1 : 0.5), 4. scDNA +Tau (1 : 0.5) complegeatited with DNAse |. 5. scDNA
+Tau (1 : 1), 6. sScDNA +Tau (1 : 1) complex digestath DNAse I. SC- Supercoiled
DNA, OC-Open circular DNA.

4A.4.7 DNA nicking activity of Tau

Initially, we studied the role of r-Tau and pp-Tiaunodulating ScDNA integrity. r-Tau
at mass ratio of 1:0.5 (DNA/Tau) relaxed the supdsaf ScDNA in a time dependent
manner. Initially r-Tau did not alter the scDNAaegtity as a function of time of 0.5, 1,
2, 6, 8 hr both in the presence and absence of 1Mg@l (Fig 4A.7). We tried to
understand whether DNA nicking activity of r-Tatseenbles nuclease activity. The
extended time function studies indicated that r-¢anaverted sScDNA into open circular
form only in the absence Mg as a function of tih2hr and 24hr (Fig 4A.8A and 8B,
lane 3). But in the presence of Mg (1mM), Tau coted majority of SCDNA into open
circular and linear form at 24hr of incubation tiffkeég 4A.8B, lane 5). We studied the
Tau nicking in the presence of Mg as, Mg (1mM) isce-factor for many
endonucleases. We found that Mg enhanced r-Taungialesembling endonuclease
behavior. To verify this, we examined the effecofinetricarboxylic acid - A specific
nuclease inhibitor on Tau-DNA interactions. ATA siieally inhibits DNA nicking of
endonucleases typically by derivatizing the acsite histidine residue of the enzyme.
We investigated to understand whether ATA inhibbigsi nicking activity? It was found
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that ATA (1mM) inhibited the DNA nicking activityfa-Tau (Fig 4A.8A and 8B, lane
4 and 6) indicating that Tau may be nicking DNA &&hg endonuclease behavior.
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Figure 4A.7 : Evaluation of r-Tau, DNA nicking ability. scDNikcubated with r-Tau
in the mass ratio of 1: 0.5 (DNA : Tau) with timerjpds 0.5 hr, 1 hr, 2 hr, 6 hr, 8 hr
both in the presence and absence of 1 mM Mg. S@er8ailed DNA, OC-Open

circular DNA.
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Figure 4A.8 Nicking activity of Tau : Inhibition of r-Tau, DN nicking activity by
ATA. scDNA is incubated with r-Tau in the preseméevig (LmM)and ATA for 12 hr
(Fig 9A) and 24 hr (Fig 9B). Lanes: 1. Marker, @DBIA , 3. scDNA + Tau, 4. scDNA
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+ Tau +ATA, 5. scDNA + Tau + Mg 6. scDNA + Tau + Mg + ATA. SC-
Supercoiled DNA, OC-Open circular DNA.

4A.4.8 Transmission Electron Microscopy studies

We investigated to study whether r-Tau is in saull aggregated form in the presence
of scDNA? TEM studies showed that r-Tau did aggregate at the concentration used
for the scDNA-Tau interaction studies in TEM (Fi§.9B). These studies indicate that
soluble form of Tau has DNA nicking activity. Nagivecombinant Tau is in random
coil conformation (Fig 10). In scDNA-Tau compleXau exists in random coil
conformation only (Fig 10). This indicates that Traoks DNA in monomeric random

coil conformation

Figure 4A.9: Transmission Electron Microscopy: TEI\IL e N

images of r-Tau at 5uM concentration after 48 hr =

incubation at 37C. Tau did not formed into aggregates m?’ N

Tau alone (A) and in the presence of sScDNA (B) B

Scale bar1cm = 200

4A.5 Discussion:

Tau protein belongs to the family of microtubuls@sated proteins (MAPS) mainly
expressed in the neurons. Tau is involved in therotubule association and their
stabilization in the neuron (Wang and Liu, 2008uTaggregation is the hallmark of all
Tauopathies (Igbal et al., 2009; Williams, 2006p A a principal Tauopathy, where
Tau is associated with NFTs and PHFs in cytopladme. classical theory explains that
Tau toxicity in all Tauopathies is due to aggregatof Tau (Mandelkow, 1999). It is
still not clear whether Tau aggregation is the selgponsible factor of Tau toxicity
(Brandt et al., 2005, Congdon et al., 2008).
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Tau’s main function is to promote microtubule askgnand stability in the cytoplasm.
Several studies have shown that Tau is also dig&tbin the nucleus but its nuclear
role is not yet defined@reenwoocet al (1995) showed that Tau protein is localized in
the nucleus of neuroblastoma cells (Greenwood ahdsbn, 1995). The reports also
showed that Tau is associated with the chromadictityn containing DNA and NOR in
the nucleus (Loomis et al., 1990; Greenwood andsat, 1995). It is hypothesized
that Tau might interact with rRNA genes and RNAibbsomes (Sjoberg et al., 2006).
The study has shown that Tau nuclear staining tsnsikve in undifferentiated SH-
SY5Y cells and nuclear staining of Tau disappeae8H-SYS5Y cells differentiate into
neurons. This suggested that Tau might play aimotell cycle events in the nucleus
(Uberti et al., 1997). It is further evidenced tAatu is localized in the nucleus in an
autopsy sample with presenile dementia (Papasozmsn&A95) Sheffieldet al (2006)
studied the nucleoporins and nuclear pore comp@eg@ated proteins in AD (Sheffield
et al., 2006). The authors have shown that theengclear pore irregularity in the
neurons and this is associated with the NFTs. Basethe literature, we hypothesize
that the association of NFTs with nucleopore complesights that Tau might be
transported from cytoplasm to nucleus in the precel disease progression? It is
shown that similar kind of translocation @fSynuclein (protein abnormally aggregates
in Parkinson’s disease brain) into the nucleusxidatively stressed dopaminergic cells
(Xu et al., 2006). Similar mechanism may be resjd@dor translocation of Tau into
the nucleus in AD, as oxidative stress is an eavisnt in AD as well? However this

hypothesis is still open for discussion.

The key Question is, how does Tau bind with DNA?d€set al (1980) showed that
Tau could bind to DNA. Huat al., (2003) showed that Tau stabilized the calfthymus
DNA structure and protected the DNA from the reactixygen species. Krylowt al.,
(2005) showed that Tau induced dissociation of tiogkrands of DNA. Tai- DNA
complex appears as beads on a coil under atomiceiuence microscopy (AFM)
showing the association of Tau with DNA (Qu et &004). Sjtberget al., (2006)
showed that Tau specifically binds to AT-rich sliteeIDNA sequences. All these
studies indicate that Tau has DNA binding ability the mechanism of Tau binding to

DNA is still not clear.
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We evidenced novel data on Tau altering the integr supercoils in scDNA. r-Tau
retarded the migration of scDNA and also open &cdorm showing the Tau
association with the DNA. The pp-Tau retarded thgration of both sScDNA and open
circular form. This indicates that unphosphorylalieal and partially phoaphorylated
Tau has the similar DNA binding abilitidua Qet al., also showed that Tau retarded
the mobility of plasmid DNA in electrophoretic mbty shift assay experiments. But
the authors incorrectly assigned the data showiag d¢losed circular DNA as scDNA
and vice versa and hence their interpretation safitua et al., 2003). Our studies
further showed that r-Tau altered the mobility @@and SSC DNA showing the DNA
binding ability. Our results are in agreement witle study of krylova (2005) with
reference to Tau binds to single stranded DNA secge

Our present study indicated that r-Tau induced B-@ixed conformation in SCDNA
and this is a new evidence. Similarly, pp-Tau atstuced B-C-A mixed conformation
in ScDNA. Further, Qet al. (2004) reported that Tau induces the bending@NA. In
the human genome, DNA is compactly arranged infthen of supercoiled pockets
(Cook and Brazell, 1975). We have selected plagbi@18 scDNA as a model system
in our study because of the observation that largeunt of small scDNA pockets have
been reported to be present in animal and huméhamad these supercoiled pockets are
known to be involved in gene expression. Furthies, éukaryotic supercoiled pockets
are proposed to be analogous to plasmid DNA supeg@Bauer et al., 1980). Hence
we have used plasmid supercoiled DNA in our stuflye results can be further
correlated to human genomic DNA to get an insightimderstanding the possible role
of Tau in neurodegeneration with special emphasis DNA topology. DNA
conformation is an important aspect for the gengression etc. our finding that Tau

altering the scDNA conformation may have biologiedévance?

We further evidenced that Tau alters DNA stabilttgyever there are limited studies in
this direction. The stability of sScDNA is alterededto Tau binding as determined by
alteration in T,, EtBr binding and DNase | digestion sensitivity dau-scDNA
complex. r-Tau favored the conversion of biphasicto higher monophasicnI pp-
Tau also converted biphasig, To monophasic 4. Huaet al., (2003) showed that Tau

could stabilize calf thymus DNA as evidenced byiacrease in | (Hua and He,
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2003). EtBr binding studies showed that r-Tau apdlau relax the supercoils in
scDNA. The relaxation in supercoils is evidencedahyincrease in the number of EtBr
molecules bound per base pair. DNAse | digestiosiseity studies showed that more
scDNA is converted into open circular form thus wimy sensitivity to DNAse |
digestion. Weiet al, (2008) showed that Tau modulates the stabilitypNA. The
above data revealed that Tau alters the integfiscDNA and our findings provide a
mechanistic explanation to understand Tau indudgd Distability and conformational

change.

Our novel results showed that Tau converted scDN@& @pen circular and linear forms
suggesting that Tau may nick the DNA resemblingoendlease. Tau alone converts
scDNA into open circular form, however the actiwigs significantly enhanced in the
presence of Mg. Further we used endonuclease iiohibAurintricarboxylic acid
(ATA) to see whether it inhibits Tau nicking DNA.&\found that ATA prevented Tau
induced DNA nicking resembling endonuclease likdivag. ATA preferentially
interacts with histidine residues in endonucleas® @use inhibition (Gonzalez et al.,
1980). In Tau, there are 11 histidine moleculesnigapresent in the microtubule
binding domain and also in proline rich domains.AAmay be inhibiting Tau DNA
nicking activity through interaction with histidinenolecules? Based on our

contributions, we hypothesize a new role for TauADddmMplex in neurodegeneration

Hypothesis on mechanism of Tau nicking DNA (Fig ¥@. : Tau protein may bind to
scDNA at minor grove and induce a B-C-A conformadiochange in the sScDNA. B-
C-A DNA is short and broad compared to B-form andangrooves are broadened in
B-C-A mixed conformation as discussed earlier. @&#ar inducing the conformational
change, may cleave the DNA by breaking phosphaafiéginds thus causing genomic
instability. Insight conclusion: As reported earlidfau may translocates into the
nucleus during stress (oxidative stress) condiffofdill the mechanism is not clear. In
the nucleus, Tau may alter the genomic functionsnbsracting with DNA. Tau may
induces conformational change in the DNA from ndriBeconformation to B-C-A
mixed conformation. The conformational change imdudy Tau may disturb the

nucleosomal organization, which may lead to abnbmnaascriptional regulation and
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gene expression changes. It is hypothesized thafioiwoational change and DNA

instability in the presence of Tau may lead to naat cell dysfunction.

Tau

B-C-A DNA

Phosphodiester
M g‘l + Phosphodiester cleavage
cleavage

Open circular form Open circular form

|

Linear DNA Linear DNA
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Chapter 4B

DNA binding properties of a-synuclen and AGE-a-synuclein
(glycated a-synuclein)

4B.1 Introduction

Parkinson’s disease (PD) is an age related neueoeegtive disease characterized by
progressive neuronal loss in substantia nigra regiothe brain. Multiple etiological
factors are responsible for the development ofdisease (Gallagher and Schapira,
2009). a-Synuclein is one of the important proteins, expeesin neurons and
pathologically involved in Parkinson’s disease (RBjsaglia et al., 2009; Jellinger,
2009).a-Synuclein is localized both in synapse and nuc(deroteaux et al., 1988).
The normal function of tha-synuclein is not understood yet, but studies shibthat
a-synuclein may be involved in synaptic developmeasicular binding etc (Hegde et
al, 2010; Bayer et al., 1999; Kaplan et al., 20DBRosa et al., 2003). The mechanism
of a-synuclein in developing pathology is debatable XWWan and Giasson, 2009).
Studies have also shown that aggregatiom-synuclein is the pathological event in the
development of Parkinson’s disease (Uversky andzEti 2009; Beyer and Ariza,
2009). a-Synuclein aggregates are found in the brain ofp@fdents and in the animal
models of PDa-Synuclein (140 aa) is natively in unfolded, randooil conformation.
a-Synuclein localization in nucleus indicated pokesiiole of the protein in the nucleus
(Schneider et al., 2007; Mori et al., 2002; Speehtal., 2005; Yu et al., 2004).
Kontopoulos et al. showed thati-synuclein targeting to nucleus induced
neurodegeneration in flies (Kontopoulos et al.,8)0&everal studies have shown that
a-synuclein binds to DNA and histones (Hegde e2@Q3, 2006, 2007; Cherny et al.,
2004; Goers et al., 2003).

Advanced Glycation End products (AGEs) are formedenv reducing sugars like
glucose, react with amino groups of proteins/lijidsleic acids through non-
enzymatic glycation (Negre-Salvayre et al., 2008ns$ et al, 1991). In aging process,
by the continuous and constant exposurea-ginuclein to normal levels of glucose in

circulation, formation of AGEx-synuclein may get facilitated and may get aggevat
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further due to various insults and exposures inoaxidative stress (Sandyk, 1993).
AGEs anda-synuclein are found in the brains of PD and aréocalised (Minchet al,
200). Under PD conditions-synuclein may get glycated and glycateesynuclein

may induce cell death.

Hence, in the present work the we studied DNA lrigdproperties ofo-
synuclein and glycated-synuclein (AGE-synuclein) are studied and areuwised in

relation to Parkinson’s disease.

4B.2 Materials

a-Synuclein was purchased from r-peptide (USA). $tquked pUC18 DNA (cesium
chloride purified, 90% supercoiled structure, scDN#as purchased from Banglore
Genei, India. Agarose, HEPES, Tris and EDTA wenelpased from SISCO Research
laboratories. Methy glyoxal, ethidium bromide, aetricarboxylic acid (ATA) and
MgCI, were purchased from Sigma (USA).

4B.3 M ethodology

4B.3.1 Preparation of AGE-a-synuclein

AGE-a-synuclein was prepared by incubating g8l of a-synuclein with 60 mM
methylglyoxal (MGO) in 10 mM PBS buffer (pH 7.4) 3°C for 144 h under sterile
conditions. An aliquot (1Ql) from the incubation mixture was taken and mexd&00
pl in PBS buffer pH 7.4 for the fluorescence analy3ihe formation of AGEa-

synuclein was analyzed for every 24 h days momi¢piis fluorescence at Ex 340 nm

and Em: 360-500 nm using HITACHI spectrofluorometer

4B.3.2 Circular dichroism of AGE-a-synuclein

The secondary conformation afsynuclein and AGErsynuclein was recorded on

JASCO J700 spectropolarimeter at@5with 2mm cell length in the wavelength range
between 200-320 nm in Tris-Cl buffer (5 mM, pH 7. %ihe sample that was incubated
with MGO for 144 h was subjected to CD studies. Bleeondary conformation for

each spectrum was the average of four scans.
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4B.3.3 Intrinsic Tyrosine fluorescence

Tyrosine intrinsic fluorescence spectra were reedrdon a HITACHI 2000
spectrofluorimeter in quartz with a 1 cm excitatioght path. For tyrosine intrinsic
fluorescencea-synuclein containing solution was excited at 246 and emission
monitored in the range from 295 nm to 350 nm. Tlaimum emission was observed
at 304 nm. The concentration @fsynuclein for the intrinsic tyrosine fluorescemneas
kept at 2uM. In the present investigation, tyrosine intrinflisorescence was used to
understand glycation induced folding érasynuclein. The sample that was incubated

with MGO for 144 h was subjected to intrinsic tyresfluorescence.

4B.3.4 Analysis of fructosaminein AGE-a-synuclein

The amount of glycated ketoamine in A@Esynuclein was estimated by fructosamine
assay. The 144 h incubated sample |{HOwas mixed with 1 ml of carbonate buffer
(pH 10.8) containing 0.25 mM NBT (Nitroblue tetréimo) and incubated for 10 min.
Absorbance of the above reaction mixture was medsat 530 nm at'5and 1§
minute. Fructosamine formation was compared with standard DMF (1-deoxy-1-

morpholine-D-Fructose).

4B.3.5 Trypsin digestion

Proteolytic cleavage of proteins has been usedmsta of protein conformation and
stability (Nadig et al., 1996; Fontana et al., 19%e analyzed the proteolytic cleavage
of AGE-a-synuclein with trypsin in comparision with natiwesynuclein. Trypsin
digestion of a-synuclein and AGHx-synuclein were carried out according to the
method described by Hegde et al. (2008%ynuclein and AGEx-synuclein were
incubated with Trypsin (21g) in Tris-HCI buffer (pH 7.4) for 1 h and 2 h. Aft
proteolytic clevage, the samples were immediatebzedn at -20C. The trypsin
digestion pattern was analyzed on 12 % Tricine $IA&E and stained with silver
staining. Electrophoresis was carried out accortniipe method described by laemmli
et al. (1970).
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4B.3.6 Agarose gel studies

scDNA was incubated with-synuclein at the DNAY-synuclein mass ratio 1:4 in Tris-
Hcl (10 mM, pH 7.4) at 3T for 12 h. scDNA was also incubated witksynuclein in
the presence of magnesium Mg (co-factor for endease) and Aurinetricarboxylic
acid (ATA) (specific endonuclease inhibitor). Timeubated samples were analyzed by
1% agarose gel. Similarly AG&-synuclein was incubated with scDNA and analysed

on 1% agarose gel.

4B.3.7 Circular dichroism (CD) studies

The secondary conformation of scDNA in the presesica-synuclein and AGEx-
synuclein (at DNAd-synuclein mass ratios 1:4 ) was recorded on JASKZQO
spectropolarimeter at 26, with 2mm cell length in the wavelength rangewssn
200-320 nm in Tris-Cl buffer (5 mM, pH 7.4). Theesadary conformation for the each

spectrum was the average of four scans.

4B.3.8 Thermal denaturation studies

The melting temperature (J profiles of thea-synuclein and AGHK-synuclein binding
to scDNA were recorded in HEPES buffer (10mM, pH)using spectrophotometer
equipped with a thermostat programmer and dataepsac (Amarsham Biosciences,
HongKong). The melting profiles were recorded wititcrease of AC/min in the

temperature range of 25-95.

4B.3.9 Ethidium bromide (EtBr) binding studies

The changes in the integrity of SCDNA upmtsynuclein and AGEt-synuclein binding
were studied by EtBr study. EtBr bound in moles Ipese pair of DNA was measured
in Tris-Cl (10mM, pH 7.4) using HITACHI F-2000 Fltescence Spectrofluorimeter.
The fluorescence was measured using a constantranoduiscDNA (0.5ug) with
increasing amounts of EtBr. The fluorescence measents were monitored with an
Ex: 535 nm and Em: 600 nm using 10 mm path lenfjtle. maximum amount of EtBr
bound per base pair of DNA was calculated usindcBead plots of ‘r’ vs ‘r/Cf, in the
DNA- EtBr reaction mixture at various titration émvals when increasing amount of
EtBr was titrated to constant amount of DNA (Scatdh 1949; Chatterjee 1994). The
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concentration of bound EtBr in 1.0 mL dye-DNA misgu(CB) were calculated using
the equation:

Cb” = Co'[f-Fo)/(VxF0)]

Where,

Co = EtBr (pmoles) present in the dye-DNA mixture,

F = observed fluorescence at any point of dye-DNxtume,

Fo = observed fluorescence of EtBr with no DNA,

V = experimentally derived value, ratio of boundEftree EtBr at saturation point.
The concentration of free dye (Cf") was then caltad by the relation

Cf =Co’- Cb’,

Where, Cf", Co’, and Cb” were expressed in pmdiks. amount of bound EtBr/base
pair ‘r was calculated by

r = Cb” (pmoles)/DNA concentration (pmoles of bpa#).

A plot with r vs r/cf is plotted, point where th&aght line intersects the X-axis is

denoted as ‘n’.
Cf x 10° M.

n’ is the maximum amount of dyeaibo per base pair (n), where Cf =

4B.3.10 DNAse | Sensitivity assay

DNAse I|digests the DNA and the sensitivity of DNAse | diien is a marker of DNA

integrity. SCDNA incubated witki-synuclein and AGEx-synuclein in the mass ratio
of 1:2 for 12 hr and treated with DNAse I|. Thigas$tion of ScDNA was monitored

using spectrofluorimeter using ethidium bromide.

4B.3.11 Statistical analysis

Data are expressed as mean + SEM of triplicatesisBtal analysis of data was
performed using one-way analysis of variance (ANQW#th a Tukey's multiple
comparison post-test and significance Rt6.05, **P<0.01 and ***¥<0.001.

4B .4 Results
4B.4.1 Fluor escence detection of AGE-a-synuclein formation
To confirm the glycation ofx-synuclein, fluroscence of modified-synuclein was

carried out. Fluorescence studies indicated aneass in the fluorescence of
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synuclein at 380 npwhen it was incubated with methylglyoxal (MGO). Whin case
of a-synuclein incubated without MGO no such increases wbserved (Fig.4B.1).
There was gradual increase in the fluorescence 1fich and further incubation upto
144 h did not show further increase in fluoresceite data confirms that-synuclein

modified to AGEe-synuclein.
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Figure 4B.1: Kinetics of a-synuclein glycation in the presence of methylghiloas a
function time.Values are expressed as mean = SEM of triplicatessegnificant at

*P<0.05, **P<0.01 and **<0.001 in comparison to ‘0’ h Synuclein control

136



a-Synuclein —DNA interactions

4B.4.2 Circular dichroism of AGE-a-synuclein

Circular dichroism of modified AGHE-synucleinwas carried out to know any
conformational change induced by glycation-Synuclein normally exists in random
coil conformation. The CD data showed that AGEsmfation did not alter the
secondary structure of-synuclein. It was inferred that AG&Esynuclein also exists in

random coil conformation similar to natigesynuclein (Fig.4B.2).

= Synuclein
------ AGE Synuclein

Figure 4B.2: CD spectra ofa-Synuclein and AGEx-Synuclein. a-Synuclein and

AGE-a-Synuclein shows random coil conformation.

4B.4.3 Intrinsic tyrosine fluorescence of AGE-a-synuclein

a-Synuclein contains four tyrosine residues andethisrno tryptophan. Hence, the
tyrosine fluorescence was used to monitor foldifigaesynuclein (Uversky et al.,
2001). Glycation ofa-syuclein decreased the intrinsic tyrosine fluoeese. Intrinsic

tyrosine fluorescence indicated that some tyrosinéecules irn-synuclein might have
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buried inside indicating folding of AGE-synuclein compared to nativesynuclein
(Fig.4B.3).
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Figure 4B.3: Intrinsic tyrosine fluorescence af-Synuclein and AGEx-Synuclein.
Glycation ofa-syuclein decreased the intrinsic tyrosine fluoeese indicating folding

of AGE-a-synuclein compared to natieesynuclein

4B.4.4 Analysis of fructosamine for mation
Glycation involves formation fructosamine in theacgon between MGO and amino
groups of protein. To characterize the glycatiom-aynuclein fructosamine content in
the AGE4a-synuclein was estimated. In natieesynuclein, fructosamine level was
negligible, but in AGEa-synuclein, fructosamine concentration was aroG8db
mmoles/50 ug of protein. The fructosamine fornratemnfirms the glycation ofi-
synuclein (Fig.4B.4).
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Figure 4B.4: Quantification of fructosamine ia-Synuclein and AGEx-Synuclein.

Values are expressed as mean + SEM of triplicatdsage significant at **P<0.001.

4B.4.5 Trypsin digestion

Trypsin cleaves proteins into peptides at carbeetylls of lysine and arginine. As
fluorescence studies indicated change in the fgldinglycated synuclein, cleavage of
glycated synuclein by trypsin may be different. .E®)5, indicates trypsin digestion
pattern ofa-synuclein, AGEea-synuclein upon digestion with trypsin for 2 h ahdh.

At 2 h, the intensity of the baridl9 kD, which corresponds to-synuclein, decreased
markedly. While incubation for 4 h with trypsin tleesynuclein band completely
disappeared. On the other hand, the A&GEynuclein band also disappeared by 4 h
incubation with trypsin, but an intense tryptic pee bands are seen between 3.5 and
14.3 kD region (Fig.4B.5 lane 5, 6). This indicathat a-synuclein and AGHx-

synuclein may have different folding.

1 2 3 4 5 6 M
'R X P B 66kD
:‘-'.'; 43kD
. 20kD
. 204kD
H 14.4kD
“;3.5”)

Figure 4B.5: a-Synuclein and AGEa-Synuclein digestion with Trypsin. 1%
Synuclein alone 2y-Synuclein digested with trypsin for 1 h. 8}Synuclein digested
with trypsin for 2 h. 4) AGEx-Synuclein 5) AGEx-Synuclein digested with trypsin for
1 h 6) AGE a-Synuclein digested with trypsin for 2 h. Protemytleavage ofo-
synuclein and AGEx-synuclein with trypsin showed different digestiqgrattern

indicating that glycation altered folding afsynuclein
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4B.4.6 Agarose gel studies

The interaction ofa-synuclein to sScDNA and scDNA integrity after irdetion was
analyzed by agarose gel studis&DNA gives two bands on 1% agrose gel. The band
SC indicates supercoiled form and was around 85@,jr@icates open circular band
which was around 15% (Fig.4B.6, lane 1). L indidattee stranded linear DNA (E.co R

| digest of sScDNA). In the presence ofsynuclein, sScDNA was converted to more
opencircular form (lane 3) compared to control €ldr) in the presence ofsynuclein
indicatinga-synuclein nicking (lane 3). Specific nuclease lor ATA, inhibited the
indicating a-synuclein nicking (lane 4). Further enhancementthe nicking was
observed when magnesium (co-factor for endonuci¢asas added along witbi-
synuclein (lane 5). ATA also inhibitextsynuclein nicking in the presence magnesium,
indicating the rolea-synuclein as endonuclease (lane 6). A&GEynuclein also
exhibited similar property, nicking sScDNA (lane &)d magnesium enhanced AGE-
synuclein nicking (lane 9). ATA also prevented HBE-a-synuclein nicking (lane 8

and lane 10). We found that both AGESynuclein anax-synuclein nick the DNA.

10Kb

8Kb
7Kb

6Kb §
5Kb

4Kb

3Kb

2Kb

Figure 4B.6: DNA nicking activity of a-Synuclein and AGE Synuclein: Lanes: M)
Marker, 1) scDNA , 2) Linear DNA, 3) scDNA #-Synuclein, 4) scDNA +a-
Synuclein + ATA, 5) scDNA #-Synuclein + M§", 6) scDNA +a-Synuclein + Mg

+ ATA, 7) scDNA + AGE-a-Synuclein, 8) scDNA + AGEr-Synuclein + ATA, 9)
scDNA + AGE«-Synuclein + M§", 10) scDNA + AGEa-Synuclein + Mg+ ATA.
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4B.4.7 Circular dichroism (CD) studies

In CD spectrum, scDNA showed characteristic of BAMNonformation, having
positive peak at 272 nm and a negative peak atrd45ig.4B.7). In the presence of
synuclein scDNA CD spectrum was altered in the ngar region. a-Synuclein
increased the 210 nm and 220 nm negative peak9jFighe spectra of scCDNA-
synuclein complex is subtracted from tleesynuclein spectra alone of same
concentrations. Taken together, these changesaitedihati-synuclein induces B-C-A
mixed transition in sScDNA (Gray et al., 1978). AG@GEsynuclein also induced B-C-A

mixed conformation in sScDNA similar to that @fsynuclein.

e scDNAalone
scDNA-Syn ITITTS 0N
=== scDNA-AGE Syn ,.:.."

-10 +

Figure 4B.7: CD spectra ofa-Synuclein and AGEx-Synuclein interaction with
SCDNA. scDNA is in B-form,a-Synuclein and AGHEx-Synuclein induced B-C-A

mixed conformation in sScDNA.

4B.4.8 Thermal denaturation studies

Thermal denaturation was preformed to know thegmte of SCDNA upon AGE
synuclein and synuclein binding to scDNA. The nmgjttemperature ) profile of
scDNA showed characteristic biphasic pattern. Tits fransition (T,1)) was due to
relaxation of supercoils in the scDNA and the seéctmansition (T,) was due to

opening of double strands into single strands. Thevalues of sScDNA were J =
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54°C and T, = 86°C (Fig.4B.8). a-Synuclein and AGHEx-synuclein interaction with
scDNA changed the biphasic pattern to monophasgjc The monophasicJvalues of
scDNA-a-synuclein and scDNA-AGH-synuclein were 7C and 79C respectively.
This data indicated that both scDNAsynuclein and sScDNA-AGE-synuclein altered
DNA integrity.
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Figure 4B.8. Melting Temperature () profile of a-Synuclein and AGE-Synuclein
interaction with scDNA. 1, values of ScCDNA were i = 54°C and T2, = 86°C. Both
a-Synuclein and AGE-Synuclein converted biphsic Tm to monophasic T wirC
and 79C respectively.
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4B.4.9 Ethidium bromide (EtBr) binding studies

The integrity of scDNA was studied by indirectly asering the number of EtBr

molecules bound per base pair using Scatchard pha. number of EtBr molecules

bound per base pair of ScDNA was 0.28. The numbEtEBr molecules bound per base
pair of DNA for scDNAa-synuclein and scDNA-AGHE-synuclein were 0.21 and 0.2
respectively (Fig.4B.9) The decrease in numbertBf Enolecules bound per base pair

indicated the binding ai-synuclein and AGE-synuclein to ScCDNA.

900000000 - & scDNA
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Figure 4B.9: scDNA was incubated witha-Synuclein and AGEx-Synuclein in the
mass ratios of 1 : 4 in 10mM Tris-Hcl (pH 7.4)3rC for 12 hr. Ethidium bromide
binding pattern to incubated samples along withatetrol scDNA is investigated by
titrating with increasing concentration of EtBr. ikig scatchard plot EtBr molecules
bound / base pair are calculatétie number of EtBr molecules bound per base pair of
scDNA, scDNAa-synuclein and scDNA-AGHi-synuclein were 0.28, 0.21 and 0.2

respectively.

4B.4.10 DNAse | Sensitivity assay
The integrity of scDNA upon binding ofi-synuclein and AGHx-synuclein was

studied by DNase | sensitivity assay. SCDNA treatgti DNase | showed increase in
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the fluorescence indicating digestion of ScCDNA byAse |. scDNAea-synuclein and
ScDNA-AGE-ua-synuclein complexes treated with DNAse | showedistfluorescence
intensity without much difference with time. BotbDNA-a-synuclein and scDNA-

AGE-a-synuclein showed resistence to DNAse | (Fig.4.10
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Figure4B.10 DNase | sensitivity assay

Discussion

a-Synuclein is involved in the pathology of Parkinsodiseasea-Synuclein protein
aggregates and forms LBs in the brains of Parkissdisease (Spillantini et al., 1997).
Recently, the role ofi-synuclein in the nucleus has been focuse@&ynuclein was
shown to interact with DNA and histone proteinstlie nucleus altering the normal
functions of DNA. It may also form advanced glychta-synuclein under PD
conditions. In this context, we analysed the effeicti-Synuclein and of AGHE+-
Synuclein on DNA supercoiling taking pUC18 plasisupercoiled DNA as our model
system. Recent report by Choi and Lim showed th@E# are formed in MPTP-
intoxicated mouse model of Parkinson’s disease i(@nd Lim, 2010). The AGEs
formation was more in the substantia nigra regiaegién showing more
neurodegeneration and Lewy bodies in PD brain) sirmived more oligoformic form

of a-synuclein. All the above studies indicated thiegynuclein may also get glycated
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in the Parkinson’s disease condition. In this ceintdne role of glycation in the

pathology ofa-synuclein becomes important in PD.

a-Synuclein was glycated using methylglyoxal (MG@)aglycating agent. MGO is
formed as an intermediate of glucose during Malliand Schiff's base formation in all
tissues including brain and more so during higltgée conditions and oxidative stress.
Oxidative stress was noticed in the early stageParkinson’s disease. Glutathione
(GSH) was involved in the detoxification of methyigxal and its levels are
significantly decreased in the sunstantia nigr&Dfpatients (Sian et al., 1994). AGE-
a-synuclein had similar random coil conformationthat of a-synuclein (Fig.4B.2)
indicating thata-synuclein did not get aggregated during formatimin AGE-a-

synuclein.

Hegde et al. for the first time reported tlasynuclein bind to DNA and it is a novel
property (Hegde et al., 2003). Other studies apored the DNA binding ability af-
synuclein and DNA binding property ofi-synuclein has been focused in the
pathogenesis of PD and in normal cellular condgiodegde et al. showed that
synuclein alters the DNA conformation from B-formdltered B-form and also uncoils
the supercoiled DNA to open circular form (Hegdeakt 2003). Asa-synuclein was
co-localized with AGEs in PD brains, in the presstudy we analyzed the role of
glycation on the DNA binding property atsynuclein. It was shown that DNA binding
alters the aggregation propertiesoesynuclein but there are no reports showing the
effect of glycation on DNA binding properties (Heget al., 2010; Cherny et al, 2004).
Plasmid supercoiled DNA, pUC18 DNA was selectednaglel system for the DNA
binding studies. Plasmid supercoiled DNA is analsgm eukaryotic small supercoiled
DNA pockets and is known to be involved in the gempression. AGExsynuclein
also uncoiled the supercoiled DNA to open circditam similar to that of native-
synuclein. Magnesium (co-factor for endonucleassd)anced botlm-synuclein and
AGE-a-synuclein nicking activity. ATA inhibited the-synuclein nicking activity, but
also prevented the AG&-synuclein nicking activity. AGEHEx-synuclein induced

conformational change in scDNA from B-form to B-Crmixed conformation similar
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to that of nativen-synuclein. AGEa-synuclein alters DNA integrity as evidenced by
the melting temperature, ethidium bromide and DNAsensitivity studies. AGE-
synuclein converted biphasig, o higher monophasicqIsimilar to that of nativex-
synuclein. The |, of AGE-a-synuclein-scDNA complex was more than thatoof
synuclein-scDNA complex, indicating that AGEsynuclein stabilized the uncoiled
scDNA compared tax-synuclein. AGEea-synuclein anda-synuclein stabilizing the
uncoiled scDNA was indicated by the decrease inrihber of ethidum bromide
binding molecules per base pair of DNA. DNAse Isstave studies showed that both
AGE-a-synuclein-scDNA andi-synuclein-scDNA were resistant to DNAse | digastio

indicating their stabilizing effect on DNA.

In conclusion, our studies indicate A@Esynuclein binds to supercoiled DNA and
relaxes the supercoils in the DNA molecule simtiara-synuclein. It also induces
change in the secondary conformation of sScDNA cding B-form of DNA into A-
form of DNA. The association of AGE&-synuclein with DNA and altering the
secondary conformation suggests that A&Eynuclein may alter the chromatin
structure in the nucleus. It may indicate that A@Bynuclein binds to DNA and
stabilize DNA similar to that of native-synuclein. Glycation ofu-synuclein may
results aggravation of pathological events occgrimparkinson’s disease. Furthar
vivo studies in animal models are required to estalshpathological role of AGE-

synuclein.
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Chapter 4C

New evidence on neuromelanin from the substantia gia of
Parkinson’s disease altering the DNA topology

4C.1 Introduction

Neuromelanin (NM) is an insoluble pigment foundhigurons of specific brain regions
of several animal species including humans. Neuriehsn NM are found especially in
the substantia nigra (SN) and locus coeruleus ((NOgolaus, 2005; Graham, 1979).
The loss of neuromelanin containing cells withilstantia nigra and the presence of
large aggregates of neuromelanin suggest its noRarkinson’s disease (Hirsch et al.,
1989). NM is formed by the oxidative polymerizatiohdopamine and noradrenaline
with the involvement of cysteinyl derivatives (Feolw et al, 2005). Neuromelanin is a
multiplayer complex polymeric molecule consists aiverlapped sheets of
dihydroxyindole and benzothiazine rings (Odh et H94). Neuromelanin molecule is
composed of melanic, aliphatic, and peptide residdecca et al., 2000; Zecca et al,
2001; Wakamatsu, 2003). The strong chelating gbiit neuromelanin is due to
dihydroxyindole groups present in the neuromelafdecca et al., 1996). NM
accumulates variety of metals, especially it acdates large amount of iron in it
(Zecca et al., 2003; Doubleet al., 2003). NM haghtstorage capacity for toxic metal
and not reached to saturation point in SN of PDr¢Zeet al., 1994; shima et al., 1997).
NM is changed in the PD brain compared to the ag&imed controls (Fasano et al.,
2006a; Fasano et al, 2006b). NM concentrationscestlup to 50% in PD compared to
age matched controls (Zecca et al., 2002). NM caeract with peptides and lipids
(Zecca et al., 2000).

It was hypothesized that NM may have ability teermatt with DNA similar to amyloid
B-peptides (Rao et al., 2006). However, there islata to validate this hypothesis. The
present work tries to answer, whether NM interagte DNA like amyloid. The work
focusses on the following aspects. a) Does NM biedBNA? b) if it binds, does it
alters the conformation of DNA? c) Does NM altdrs stability of DNA? d) does NM
damage DNA by itself, if so what is the mechanidmthe present study we have used
three types of NM , 1) NM (PD-SN), isolated frone thubstantia nigra of PD brain. 2)



Neuromelanin (NM)-DNA interactions

NM (N-SN), isolated from the substantia nigra ofmal brain and 3) DAC, synthetic

neuromelanin.

4C.2 Materials

Supercoiled pUC18 DNA (cesium chloride purified,%®0supercoiled structure,
scDNA), was purchased from Banglore Genei, IndgarAse, HEPES, Tris and EDTA
were purchased from SISCO Research laboratoridsdi&tin bromide, ATA and
MgCl, were from Sigma (USA) chemicals. NM (PD-SN), NM-8W) isolated from the
human brains. DAC were gift from DR. Luggi Zeccarr Italy.

4C.3 Methodology

4C.3.1 Agarose gel studies of neuromelanin-DNA intactions

scDNA (0.5 ug) was interacted with different cortcations of NM-SN (Neuromelanin
isolated from substantia nigra of PD brain) andyaeal by agarose gel electrophoresis.
scDNA was incubated with NM-SN with the increasaapncentrations of neuromelanin
50 ng, 250 ng, 500 ng, 1.2 and 2.5ug for 12 hr in 1 mM Tris-Hcl (pH 7.4) at
37°C. After incubation the samples were loaded @natjarose gel and electrophoresis
was carried out at 50 V at room temperature for albng with the control scDNA,
linear DNA and super coiled DNA marker. Gel wasirgd with ethidium bromide
(EtBr) for 1 hr in cold condition (4°C) and scannesing gel documentation system.
Similarly, scDNA was incubated with NM-C (Neuromeila isolated fro the cortex of
PD brain) with increasing concentrations of NM-Q, &g, 100 ng, 250 ng, 500 ng, 750
ng, 1ug, 1.25ug, and 2.51g for 12 hr in 1 mM Tris-Hcl (pH 7.4) at 37°C andadyzed
by agarose gel electrophoresis. scDNA was incubateth DAC (synthetic
neuromelanin) with the increasing concentrations@iromelanin 50 ng, 250 ng, 500
ng, 1.25ug and 2.5ug for 12 hr in 1 mM Tris-HCI (pH 7.4) at 37°C andadyzed by

agarose gel electrophoresis.

4C.3.2 Circular dichroism studies
The secondary conformation of native ScDNA and N&Dn the presence of NM were

recorded on JASCO J700 spectropolarimeter at 2&i@, 2mm cell length in the
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wavelength range between 200-320 nm in Tris-Cl éauf6b mM, pH 7.4).(i) CD

spectra of scDNA was recorded in the presence @kasing concentrations of NM
(PD-SN) in the mass ratio 1: 0.5, 1: 1, 1: 2.5 &n8 of scDNA : NM-SN along with
control scDNA. Each spectrum is the average of &mans(ii) CD spectra of SCDNA
was recorded in the presence of increasing coraténts of NM-C in the mass ratio 1.
0.002, 1: 0.2, 1: 2, 1: 5, 1: 10 of scDNA : NM-md with control sScDNA(iii)) CD
spectra of sScDNA was recorded in the presenceanéasing concentrations of DAC in
the mass ratio 1: 0.1, 1: 1, 1: 2.5, 1. 5, 1 : @DscDNA : DAC along with control
ScDNA.

4C.3.3 Thermal denaturation studiesThe integrity of SCDNA in the presence of NM
(PD-SN), NM (N-SN) and DAC were studied using thatndenaturation studies.
scDNA was incubated with 0ytg, 1.25ug and 2.5ug of NM (PD-SN), NM (N-SN)
and DAC in the mass ratio 1:5 for 12 hr in 10 mMRES buffer (pH 7.4). The melting
temperature profiles of the incubated samples wezerded in HEPES buffer (10mM,
pH 7.4) using spectrophotometer equipped with antbstat programmer and data
processor (Amarsham Biosciences, HongKong). Theimgeprofiles were recorded

with increase of AC/min in the temperature range of 25*G5

4C.3.4 Ethidium bromide binding studies:The effect of neuromelanin binding on the
integrity of ScCDNA was studied by ethidium bromidieding study. Ethidium bromide
(EtBr) bound in moles per base pair of sScDNA wassoeed in Tris-Cl (10mM, pH
7.4) using HITACHI F-2000 Fluorescence Spectrofimeter. The fluorescence was
measured using a constant amount of scDNA (@b with increasing EtBr. The
fluorescence measurements were monitored with amagion at 535 nm and emission
at 600 nm with 10 mm path length.

The maximum amount of EtBr bound per base paiDWNA was calculated
using Scatchard plots of ‘r' vs ‘r/Cf’, in the DNA=tBr reaction mixture at various
titration intervals when increasing amount of Etias titrated to constant amount of
DNA (Scatchard, 1949; Chatterjee and Rao, 1994@. doncentration of bound EtBr in
1.0 mL dye-DNA mixture (CH were calculated using the equation:

Cb” = Co’[E-Fo)/(VxF0)]
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Where,

Co = EtBr (pmoles) present in the dye-DNA mixture,

F = observed fluorescence at any point of dye-DNxtumne,
Fo = observed fluorescence of EtBr with no DNA,

V = experimentally derived value, ratio of boundEtree EtBr at saturation point.

The concentration of free dye (Cf") was then caltad by the relation

Cf' =Co’- Cb’,

Where, Cf", Co’, and Cb" were expressed in pmdlae. amount of bound EtBr/base
pair ‘r was calculated by

r = Cb” (pmoles)/DNA concentration (pmoles of bpa#).

A plot with r vs r/cf is plotted, point where tk&aight line intersects the X-axis
is denoted as ‘n’. ‘n’ is the maximum amount of dymind per base pair (n), where Cf
= Cf x 10° M.
4C.3.6Characterization of DNA nicking property of NM-SN

Time kinetics: scDNA was incubated with NM (SN) at the concentratof 5ug, for
the time intervals of 12hr, 24hr, 36hr and 48hr.

Effect of Mg®" : scDNA interacted with NM (SN) in the presence ahM Mg** for
the time intervals of 12hr, 24hr, 36hr and 48hrg’Mat 1 mM acts as co-factor for

endonuclease.

Effect of ATA on DNA nicking activity of NM (SN) : scDNA interacted with NM
SN, and MM-SN + 1 mM Mg in the presence of a specific nuclease inhibitor
Aurinetricarboxylic acid (ATA) (1 mM) for the timatervals of 12hr, 24hr, 36hr and
48hr. The samples after the incubated time interamalyzed on 1% agarose gel.

4C.4 Results
4C.4.1 NM-scDNA interaction studies

scDNA gives two bands on 1% agrose gel, The banth@i€ates supercoiled form and
is around 85%, OC indicates open circular band (@&gh is around 15% (Fig 4C.1A

150



Neuromelanin (NM)-DNA interactions

, lane a). L, indicated the stranded linear DNACGER | digest of sScDNA)(i)) NM-SN

converted scDNA into open cirular form at the comcation of 2.5ug (lane 7). At
lower concentrations of NM-SN (50 ng. 250 ng, 5@0and 1.251g) NM-SN does not
converted scDNA into open cirular form (Fig4C. 14)) NM-C did not affect the
integrity of scDNA as evident by similar agarosel géectrophoresis pattern as
compared to control (Fig 4C.1B(jii) DAC did not alter the scDNA and open cirular
DNA mobility in agarose electrophoresis (Fig 4C.1C)

Mabc def gh

— - —————————
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B

Figure 4C.1: Electrophoretic mobility shift assay(A) scDNA was incubated with
NM-SN with the increasing concentrations of neurlam@& 50 ng (3), 250 ng (4), 500
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ng (5), 1.25ug (6) and 2.5ug (7) for 12 hr in 1 mM Tris-Hcl (pH 7.4) at 37°@d
analyzed on 1% agarose gel along with marker (FDNA alone (1) and Linear DNA
(2). (B) scDNA was incubated with NM-C with 50 (g), 100 ng (c), 250 ng (d), 500
ng (e), 750 ng (f), g (9), 1.25ug (h) and 2.5.4g (i) (D) scDNA was incubated with
synthetic neuromelanin DAC7with 50 ng (2), 250(8y 500 ng (4), 1.2hg (5) and
2.5ug (6) for 12 hr in 1 mM Tris-Hcl (pH 7.4) at 37°@danalyzed on 1% agarose gel

along with marker (M) and scDNA alone (1).

4C.4.2 Neuromelanin induced conformational changeiscDNA

(i) In CD spectrum, scDNA showed a characteristic-@NA having the positive peak
at 272 nm and a negative peak at 245nm (Fig 4C.2a)the presence of NM-SN,
scDNA conformation is altered. NM-SN caused a éase in the 275 positive peak
with no significant change at 245nm. Also therea idecrease in negative peak at 220
nm and 210 nm in the presence of NM (PD-SN). Tiisl lof change is associated with
B-C-A form of the DNA (Fig 4C.2).(ii) In the presence of NM-C, scDNA
conformation altered. NM caused a decrease Ir2T»mm positive peak and increase
in the 245 negative peak of the CD signal. Therali@en in the intensity of peaks
increased as the concentration of the NM increé&Beg4C.3). This kind of change is
associated with altered B-form of the DNAii) In the presence of DAC, scDNA
conformation altered. DAC caused an increase en2#5 negative peak of the CD
signal (Fig 4C.4). This kind of change is assodatéh altered B-form of the DNA.

scDNA NM1
——01:00.5
—1;1

— - 1;25
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Figure 4C.2: CD spectroscopy of scDNA-NM-SN interaction. scDNvas titrated
against increasing concentrations of NM-SN in tlessratios 1: 0.5 (b), 1: 1 (c), 1: 2.5
(d) and 1: 5 (e) of scDNA : NM-SN along with corltsctDNA. Each spectrum is the

average of four scans.

Effect of NM on CD spectra ofscDNA

3] Wavelength

Figure 4C.3: CD Spectra of scDNA was recorded in the preserfcen@easing
concentrations of NM-C in the mass ratio 1: 0.082 {: 0.2 (c), 1: 2 (d), 1: 5 (e), 1: 10

(f) .

1:01
— ——-01:02.5
1:05
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Figure 4C.4: CD Spectra of scDNA was recorded in the preserfcen@easing
concentrations of DAC in the mass ratio 1: 0.1 {b} (c), 1: 2.5 (d), 1: 5 (e), 1;10 (f)

4C.4.3 Thermal denaturation studies

The melting temperature §J profile of scDNA shows the characteristic bipleasi
pattern. The first transition ) is being the relaxation of supercoils in the seDahd
the second transition {F) correspond to the opening of the double strantissingle
strands. The f values of scDNA areJ1= 47°C and T,,= 8%C. In the presence of
NM-SN, characteristic biphasic pattern scDNA chahg¢® monophasic. The melting
temperature of scDNA in the presence pf and 2.51g of NM-SN are T, = 89C and
Tm = 8%C respectively(2) The T, values of scDNA areJ;=47C and T,,= 87C.

In the presence of 2.5 ug of NM-C, characterisiphasic pattern scDNA did not alter.
Both T, values increased in the presence offgy®f NM-C, having T,,=48°C and T2

= 88C. (3) The T, values of scDNA are ;= 47C and TF,,= 87°C. In the presence
of 2.5 ug of DAC, characteristic biphasic pattec®DNA did not alter. Both ], values
increased in the presence of Adpof DAC, having T,,:=48°C and T,, = 88°C.
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Figure 4C.5: scDNA was incubated with Oftg, 1.25ug and 2.51g of NM-SN in the
mass ratio 1:1, 1:2.5, and 1:5 for 12 hr in 10 mMERES buffer (pH 7.4). The melting
temperature profiles of the incubated samples wezerded in HEPES buffer (10mM,

pH 7.4) using spectrophotometer equipped with antbstat programmer and data

processor (Amarsham Biosciences, HongKong).
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Figure 4C.6: scDNA was incubated with 2455 of NM-C in the mass ratio 1:5 for 12
hr in 20 mM HEPES buffer (pH 7.4). The melting teargiure profiles of the incubated

samples were recorded in HEPES buffer (10mM, pH @sing spectrophotometer

equipped with a thermostat programmer and dataepsm (Amarsham Biosciences,

HongKong).
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Figure 4C.7: scDNA was incubated with 25y of DAC in the mass ratio 1:5 for 12 hr
in 10 mM HEPES buffer (pH 7.4). The melting tempera profiles of the incubated
samples were recorded in HEPES buffer (10mM, pH Wd<ing spectrophotometer
equipped with a thermostat programmer and dataepsme (Amarsham Biosciences,

HongKong).

4C.4.4 Ethidium bromide binding studies

The integrity of scDNA is studied by indirectly nseging the number of EtBr
molecules bound per base pair using Scatchard pha. number of EtBr molecules
bound per base pair of sScDNA was 0.26. In the pesef NM-SN the number of EtBr
molecules bound /bp of are 0.28 (1:1) and 0.34) (deSpectively (Fig 4C.8)2) The
number of EtBr molecules bound per base pair ofNsgWvas 0.22. In the presence of
NM-C the number of EtBr molecules bound / bp of @25 (1:5) (Fig 4C.9]3) The
number of EtBr molecules bound per base pair of\g&Wvas 0.17. In the presence of
DAC the number of EtBr molecules bound /bp of ad82 (1: 5) (Fig 4C.10).

2E+09 - + scDNA

1.8E+09 - o 01:01
A 01:05
1.6E+09 -
1.4E+09 -

1.2E+09 -

r/cf
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Figure 4C.8: scDNA was incubated with NM (PD-SN) in the madsora:1 and 1:5 for
12 hr in 1 mM Tris-Hcl (pH 7.4) at 37°C. Ethidiunrdmide binding pattern to
incubated samples along with the control scDNA iangestigated by titrating with
increasing concentration of EtBr. Using scatchdod BtBr molecules bound / base pair
are calculated. The number of EtBr molecules bdupakse pair for the mass ratios are
0.26 (1:1) and 0.34 (1:5) respectively.
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Scatchard plot for Neuromelanin
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Figure 4C.9: scDNA was incubated with NM (N-SN) in the massardt5 for 12 hr in

1 mM Tris-Hcl (pH 7.4) at 37°C. Ethidium bromidentding pattern to incubated
samples along with the control sScDNA are invesédaby titrating with increasing
concentration of EtBr. Using scatchard plot EtBrlesales bound / base pair are
calculated. The number of EtBr molecules boundsélyzair for the mass ratios are 0.25
(1:5).

Scatchard plot of scDNA-DAC complex
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Figure 4C.10:scDNA was incubated with DAC in the mass ratiofd1512 hrin 1 mM
Tris-Hcl (pH 7.4) at 37°C. Ethidium bromide bindiqttern to incubated samples
along with the control scDNA are investigated byrating with increasing
concentration of EtBr. Using scatchard plot EtBrlecales bound / base pair are
calculated. The number of EtBr molecules boundsebpair for the mass ratios are
0.182 (1: 5).

4C.4.5 NM-SN nicking activity as a function of timeand inhibition by specific

nuclease inhibitor

Time kinetics: NM-SN converted scDNA into open circular form dimtear form at

different time intervals of 12 hr, 24hr, 36hr arthd ( Fig 4C.11 lane 2 of A, B, C, D).
The nicking activity of NM-SN increased with inculmen time. At 12 hr of incubation
there is no linear form formation. But at 24, 3& a8 hr incubation time NM-SN
induced linear form formation. The data suggeshed NM-SN able to convert SC to

OC and linear forms by nicking.

Effect of Mg?* : NM-SN in the presence of Mgions (1mM), converted all sScDNA

into open circular and linear form at 12hr and 2é&tincubation times (Fig 4C.11 lane
4 of A and B). NM-SN totally damaged the scDNA fie ppresence of Mgions (1ImM)

at 36 hr and 48 hr (lane 4 of C and D). #¢LmM) is a co-factor for endonuclease.
NM-SN may be nicking the DNA like endonuclease.

Effect of ATA on DNA nicking activity of NM-SN : A specific nuclease inhibitor
ATA at 1 mM prevented the conversion of SC formQ€ form and linear forms
indicating that ATA inhibited nicking ability of NMSN, but not totally ( Fig 4C: lane 3
and 5 of A,B,C,D). ATA inhibited the nicking acttyiof NM-SN on scDNA about 50
% as seen by the intensity of the bands formed.d&te indicated that NM-SN might

be nicking the DNA like endonuclease.

158



Neuromelanin (NM)-DNA interactions

123245 6

k2314 5.6

Figure 4C.11 Nuclease activity of NM-SN. NM-SN is incubatedtivscDNA in the
presence of Mg and ATA for 12 hr (Fig 9a), 24 hr (Fig 9b), 36 g 9c) and 48 hr
(Fig 9d). Lanes: 1. scDNA , 2. scDNA + NM-SN, 3D&A + NM-SN +ATA, 4.

scDNA + NM-SN + Mg* 5. scDNA + Tau + M§ + ATA. 6. ScONA+ATA.

Table 4C.1: Comparison of NM-SN, NM-C and DAC interaction wgbDNA

NM(SN) NM-C DAC7 (Synthetic
(Neuromelanin (Neuromelanin neuromelanin)
S.NO| Experiment isolated from | isolated from
substantia nigra of| other brain
PD brain) region)
1 Conformation | B-C-A mixed | Altered B Altered B
(CD) conformation
2 Gel studies Able to convert SG No change No change
to OC
3 Thermal Biphasic Tn to| No change in|No change in
denaturation | Monophasic Ty, Biphasic Tn, Biphasic Tn,
4 EtBr binding | EtBr molecules| EtBr molecules| No  significant
studies bound per base pair| bound per base|l change in EtBr
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increased pair increased molecules bound

per base pair

5 Mg®* 1 mM Enhanced DNA| - |-

nicking
6 ATA (specific| Inhibited DNA | - | -
nuclease nicking

inhibitor)
Partially inhibited
NM nicking in the

presence of Mg

4C.5 Discussion

Neuromelanin is found in the form of large granufethe substantia nigra of PD brain.
NM is believed to be involved in the pathogene$iPD. It was hypothesized that NM
can interact with DNA like f peptides. In the present study, interaction oéehr
different neuromelanins (NM-SN, NM-C and DAC) wigbDNA as model system was
analyzed. Three different neuromelanins are , NMifiéated from the substantia nigra
of PD brain, NM-C isolated from the cortex of theD brain and DAC a synthetic

neuromelanin.

Agarosegel electrophoresis has shown that NM-Shtist from the substantia nigra of
PD brain, able to convert scDNA to open circulanfqFig4C.1, lane 7) indicating that
NM-SN can bind to DNA. While, NM-C and DAC did nshow any ability to convert
scDNA into open circular form indicating these te@mpounds may or may not bind to
DNA. NM-SN nicking activity enhanced with time (Fi.11, lane 2 of A, B, C, D)

NM-SN induced B-C-A mixed conformation in scDNA, gaie as NM-C and DAC
induced altered B-conformation in scDNA. Conforroatistudies indicated that NM-
SN, NM-C and DAC bind to DNA.

scDNA has biphasic melting temperature profile hgwiwo melting temperatures,T
and T2 . NM-SN changed the biphasig,To monophasic J NM-C isolated from the
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normal brain retained biphasig, TSynthetic neuromelanin DAC also retained biphasic
Tm. Both NM-SN and NM-C increased the number of EtBrlecules bound per base
pair of DNA. Whereas DAC did not show significaritange in the EtBr molecules
bound per base pair of DNA. The above data indicttat all neuromelanin molecules
NM-SN, NM-C and DAC altered the stability of DNA @mWNM-SN had high potential

in altering DNA stability.

NM-SN converted scDNA into open circular form, wbedM-C and DAC could not
convert scDNA into open circular. This indicateatttNM isolated from the substantia
nigra of PD brain could damage the DNA by nickinigp investigate by which
mechanism NM-SN could induce DNA nicking, it wasagzed DNA nicking in the
presence of M and ATA. Mg at 1 mM acts as co-factor for the endonucleasée Mg
enhanced the DNA nicking of NM-SN. ATA is a specifiuclease inhibitor inhibited
the DNA nicking activity of NM (PD-SN) only. ATA p#ally inhibited the DNA
nicking activity of NM-SN in the presence of KigThe above data indicated that NM-
SN might damage the DNA by inducing nicks in DNReliendonuclease.

Oxidative stress
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Chapter 4D

New evidence on a-Synuclein and Tau binding to conformation and
sequence specific GC* rich DNA: relevanceto neurological disorders

4D.1 Introduction

The DNA conformation and stability are very impaottdor the normal cell functions.
DNA is polymorphic in nature and adopts differenhformations in the cell in different
physiological conditions (Rich, 1993). The altermhformation in DNA results in the
altered gene expression (Bacolla and Wells, 2009e role of DNA dynamics in
neurodegeneration is not clearly understood (Hegads, 2010; Vasudevaraju et al, 2008).
Earlier studies from our lab have shown that gecoimiegrity is altered in Parkinson’s
disease (PD) and Alzheimer's Disease (AD) (Hegdal,e2006; Suram et al, 2002). The
genomic DNA in PD is altered from B-form to altedl@donformation (Hegde et al, 2006),
while in AD, genomic DNA is altered from B-form @-form (Suram et al, 2002). The
biological factors responsible for DNA dynamics iega are not clear. We hypothesize that
neuroproteins likea-Synuclein and Tau may be involved in the conforamal and
stability transitions in DNA (Vasudevaraju et aD08; Hegde et al, 2003). Further in
support of our hypothesis, we have evidences omtivéear localization ofi-Synuclein
and Tau (Loomis et al, 1990; Maroteaux, 1988), that studies related to DNA binding
abilities are limitted (Hegde et al, 2003; Hegdeakt 2007).a-Synuclein (144 aa) is
involved in the pathogenesis of Parkinson’s Dise@B) (Bisaglia et al, 2009)a-
Synuclein is highly conserved; natively unfoldedotpin exists in random coil
conformation (Maroteaux et al, 1988; Broersen et28l06; Surguchov, 2008). The normal
functions of a-Synuclein in the neuron is not clear (Surgucho®0& Waxman and
Giasson, 2009). Also the mechanism ceSynuclein toxicity in PD is not yet clearly
understood (Waxman and Giasson, 2009). Howevetptadization ofa-Synuclein in the
nucleus suggests that it may interact with chromg@8oers et al, 2003; Lin et al., 2004,
Zhang et al., 2008). Unlike-Synuclein, Tau normal functions are establisheal main

function is to polymerize and stabilize the mickailes in the neuron (Weingarten et al.,
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1975). Tau is responsible for the neurofibrilléamgles (NFTs) formation in AD (Brunden
et al., 2009; Spires-Jones et al, 2009). Tau prageinormally present in the cytoplasm
(Weingarten et al., 1975). Tau is also found tddmalized in the nuclear region and has
ability to bind to DNA (Loomis et al, 1990; Daviand Johnson, 1999; Haque et al, 1999).
But the mechanism of both-Synuclein and Tau binding to DNA is not clear. the
present investigation, we propose to understandthehe-Synuclein and Tau bind to
DNA in a conformation and sequence specific manwér.have selected oligonucleotide
CGCGCGCG as a model DNA which natively exists inc@&formation and in the
presence of 4M NaCl, the oligo goes to Z conforomat{Wang et al, 1987; 23). This
sequence is present in the promoter region of hugeamome and hence has biological

relevance (Antequera, 2003).

4D.2 Materials

a-Synuclein and Tau were purchased from rPeptidéd. L35CGCGCG oligonucleotide
was custom synthesized from Sigma Aldrich, USAsBmd HEPES were purchased from
Sisco Research Lab, India. The CGCGCGCG oligomtide, which was custom
synthesized were in single standed structures. Simgle stranded CGCGCGCG
oligonucleotide dissolved in triple distilled wat@nd incubated in boiling water bath for 5
min and then cooled at room temperature. The olig@otides annealed to double

stranded duplexes (Trewick and Dearden, 1994).

4D.3 M ethodology

4D.3.1 Circular Dichroism (CD) studies

The Secondary conformation of oligonucleotide (C&B&EG) was analyzed using
Circular Dichroism (CD) spectroscopy. The (CGCGU®L oligonucleotide was
dissolved in Tris-Cl buffer (5 mM, pH 7.4) and Cpestrum was recorded using JASCO
J700 spectropolarimeter at°®5 with 2mm cell length in the wavelength rangewtssn
200-320 nm. Each spectrum was the average of feanss The (CGCGCGCg®)
oligonucleotide was converted from B-DNA to Z-DNA the presence of 4M NacCl
(incubated for 12 hr at 3C). The Z-form of the oligonucleotide was confianigy CD.
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The B-form of the oligonucleotide was incubatednwatSynuclein and Tau in the mass
ration of 1:2 (oligo/protein) in 10 mM Tris-HCI (pM.4) buffer for 12 hr at 3€. The
oligonucleotide alone (control) was also incubatethe 10 mM Tris-HCI (pH 7.4) buffer
for 12 hr at 37C. The CD spectra of the B-DNé&-Synuclein and B-DNA-Tau complexes
were recorded. Similarly, the Z-form of the oligoleotide was incubated witl-
Synuclein and Tau in the mass ratio of 1:2 (oligaigin) in 10 mM Tris-HCI (pH 7.4)
buffer for 12 hr at 37C. The CD spectra of Z-DNA&-Synuclein and Z-DNA-Tau
complexes were recorded. The background corregtesidone by deducting the spectral
contribution from a-Synuclein and Tau alone at the concentrations .u$éeé DNA

conformations were assigned using the standarderefes (Gray et al., 1995)

4D.3.2 Thermal Denaturation studies

The stability of B-DNA and Z-DNA forms of oligonusbtide and the oligo-protein
complexes was studied using thermal denaturatiotiest and ethidium bromide binding
studies. Thermal denaturation of oligonucleotideswaarried out using UV-Visible
Spectrophotometer equipped with thermostat coffolarsham Bioscience, Hong Kong).
The 2 g of B-DNA and Z-DNA forms of (CGCGCGCg) was dissolved in 10 mM
HEPES buffer (pH 7.4) and melting temperature (pnofile was recorded with°C raise

of temperature per minute in the temperature rafg25°C-95°C. Both, B-form and Z-
form of the oligonucleotide were incubated watiSynuclein and Tau proteins in the mass
ratio of 1:2 (oligo/protein) in 10 mM HEPES (pH Y luffer at 12 hr at 3. The T,was
calculated using the graph plotted between temperats absorbance, which is called as
melting curve. The temperature at which the absarbas 50% between the minimum and

maximum absorbance is called as melting temperé&iye

4D.3.3 Ethidium Bromide (EtBr) binding studies
For the above samples as mentioned in Tm studie€:tBr bound in moles per base pair
of DNA was measured in Tris-Cl (10mM, pH 7.4) usidgTACHI F-2000 Fluorescence

Spectrofluorimeter. The fluorescence was measusaajua constant amount of SCDNA
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(0.5pg) with increasing amounts of EtBr. The fluores@neasurements were monitored
with an excitation at 535 nm and emission at 600using 10 mm path length.

The maximum amount of EtBr bound per base palDNA was calculated using
Scatchard plots of ‘r vs ‘r/Cf [Chatterjee and &al994; Scatchard 1949). The
concentration of bound EtBr in 1.0 mL dye-DNA misg¢u(CB) was calculated using the
equation:

Cb” = Co’[F-Fo)/(VxFo)]

Where,

Co = EtBr (pmoles) present in the dye-DNA mixture,

F = observed fluorescence at any point of dye-DNxtume,

Fo = observed fluorescence of EtBr with no DNA,

V = experimentally derived value, ratio of boun@Etree EtBr at saturation point.
The concentration of free dye (Cf’) was then caiad by the relation

Cf'=Co’- Cb’,

Where, Cf", Co", and Cb” were expressed in pmdles.amount of bound EtBr/base pair
‘r was calculated by

r = Cb” (pmoles)/DNA concentration (pmoles of bpa#).

A plot with r vs r/cf is plotted, point where tistraight line intersects the X-axis
was denoted as ‘n’. ‘n’ was the maximum amountye dound per base pair (n), where Cf
= Cf x 10° M.

The number of EtBr molecules bound per base paiA D/ds calculated for B-DNA and
Z-DNA in the presence and absence of synucleinTand The data was analyzed using

Scatchard plots.

4D.4 Results

4D.4.1 Circular Dichroism (CD) studies

The CD spectra of native (CGCGCGGGhowed a characteristic B-DNA conformation
having 280 nm positive peak and 255 nm negativek.pEarther, the CD spectrum of
(CGCGCGCQG) aligonucleotide in the presence of 4M NaCl showgeDNA formation
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with characteristic 295, 208 nm negative peak shgule conversion of B-form to Z-form
(Fig 4D.1a). The CD spectrum of B-form of oligateotide in the presence of-
Synuclein complex showed a shift in the positivakpérom 280 nm to 275 nm and a
decrease in the intensity of the negative pea8atnm and 210 nm compared to B-form
alone (Fig 4D.1b). These changes were characterndtialtered B-DNA conformation
(Gray et al., 1995). Further, CD spectrum of B-DMAthe presence of Tau also showed
similar changes (Fig 4D.1d). Thus it was inferrkedttbotha-Synuclein and Tau induced
altered B-DNA conformation from B-DNA. The CD specbf Z-DNA in the presence of
o-Synuclein and Tau did not alter any spectral ckaraf Z-form (Fig 4D.1 ¢ and e). Both
the complexes showed characteristic 290 nm negpésgs indicating that oligonucleotide

in the complexes also exist in Z-DNA conformatiariyo
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Figure 4D.1: Circular Dichroism spectroscopy of (CGCGCGEQG)ligonucleotide
complexes. A. (CGCGCGCgligonucleotide in B-DNA conformation and Z-DNA
conformation. B. a-Synuclein induced altered B-conformation in B-DNAf
(CGCGCGCG). C. Tau induced altered B-conformation in B-DNA(GBIGCGCGCG,. D.
a-Synuclein - Z-DNA of (CGCGCGCGromplex in Z-DNA conformation. E. Tau - Z-
DNA of (CGCGCGCGycomplex in Z-DNA conformation.

4D.4.2 Thermal Denaturation studies

The melting temperature J of the B-form and Z-form of the oligonucleotideasv7tC
and 82C respectively. TheJof the Z-form of the oligonucleotide was greatert the B-
form, indicating that Z-form was more stable thaffoBn. The T, of B-DNA in the
presence obti-Synuclein and Tau was found to be similar;@.7 The data indicated that
botha-Synuclein and Tau had stabilized B-DNA as eviddnmg higher Tm. The { of Z-
DNA in the presence af-Synuclein and Tau was 83. The data indicates that bath
Synuclein and Tau further stabilized the Z-confdiora of the oligonucleotide (Table
4D.1).

Ethidium Bromide (EtBr) binding studies

The number EtBr molecules bound per base pair DNAB-form and Z-form of the
oligonucleotide were 0.0022 and 0.0031 respectivEys indicates that Z-DNA has more
EtBr binding ability. The B-DNA were titrated agatrEtBr in the presence atSynuclein
and Tau and the number EtBr molecules bound per jpais DNA were 0.0013 and 0.0021
respectively. The date indicated that the numb&r Etolecules bound per base pair for
complexes were less than the corresponding natif@ B of oligonucleotide confirming
the formation of altered B-DNA conformation in tpeesence ofi-Synuclein and Tau.
The number EtBr molecules bound per base pair DOIAZEDNA in the presence ai-
Synuclein and Tau was similar 0.0032 and this vaumore that native Z-DNA (Table
4D.1).
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Méelting Temperature (Tm) profile EtBr molecules bound per base pair of DNA
Native B-DNA 71°+0.42 Native B-DNA 0.0022 +0.00003
Native Z-DNA 81°+1.1 Native Z-DNA 0.0031 + 0.00007

B-DNA-a-Synuclein (1:2) 77° £ 0.64 B-DNA-a-Synuclein (1:2) 0.00135 £ 0.00003

B-DNA-Tau (1:2) 77° +0.25 B-DNA-Tau (1:2) 0.0021 = 0.00002

Z-DNA-a-Synuclein (1:2) 83°+0.87 Z-DNA-a-Synuclein (1:2) 0.0032 + 0.00006

B-DNA-Tau (1:2) 83° +0.88 B-DNA-Tau (1:2) 0.0032 + 0.00005

Table 4D.1: The data on Melting temperaturefTand Ethidium bromide binding to
(CGCGCGCGy a-Synuclein and (CGCGCGCg)Tau complexes both in B-form and

Z-form. The values in parenthesis represents na&s The data is average of triplicate

Discussion:

DNA was polymorphic in nature having different comhations in cells under

physiological conditions (Rich, 1993). The B-DNAonformation was the normal

conformation of DNA in cells having biological fuimans (Watson and crick, 1953). The
DNA also exists in other conformations like Z, Au@der experimental conditions (Ghosh
and Bansal, 2003). These alternate conformationBMA will have altered major and

minor groove patterns (Ghosh and Bansal, 2003) tarsdmay alter gene expressions.
Many transcription factors were minor grove bind@déoi et al, 2002). If minor grove

patterns were altered in these alternative DNA @onétions, then the binding abilities of
proteins will change. However, the biology of afigie DNA conformations in the

regulation of functions of DNA is still not cleaB4colla and Wells, 2009). The
conformation and physics of Z-DNA was widely stutieut the biological implications

like transcription regulation, chromatin remodeliggd nucleosomal positioning were still
not clear (Liu et al, 2006; Oh et al, 2002; Wan@letl979; Wong et al, 2007). The Z-

DNA formation occurs in the stretches of altermatpurine-pyrimidine residues (Li et al,
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2009). And alternative purine-pyrimidine residuesrevwidely distributed in the promoter
regions of several genes (Antequera, 2003). Rectutly showed that Z-DNA
conformation was present in the promoter regiosa¥écted genes in the human genome
(Droge and Pohl, 1991). Also the study indicateat these alternative structures could be
stabilized by some specific proteins which resultthe altered gene expression (Oh et al,
2002). Another study had shown the similar kindatitered function was observed in
transcription activity by T7 RNA polymerase in ne@ce to Z-DNA (Oh et al, 2005). This
suggests that alternate DNA conformations and theécific binding molecules might
affect the normal genomic functions. We presume tha similar mechanisms may be
operating in neurons in neurodegeneration?. Onehefexamples is the Vesicular
Inhibitory Amino Acid Transporter (viaat) transp®IGABA or glycine neurotransmitters
into synaptic vesicles. This promoter activity wkependent on GC rich region which was
adjacent to the SP and EGR transcription factodibg sites and any modulation in GC
rich region may alter the neurobiology of GABA.the present study, we investigated the
binding ability of neuroproteins lika-Synuclein and Tau to sequence and conformation
specific oligonucleotide (CGCGCGC%) These sequences were involved in gene
expression and the major component of promoteronsg(Antequera, 2003; Oh et al,
2005). The present study had insighted a signifieaswer for the question, whether
Synuclein and Tau bind to DNA in a conformationa@fpe manner?. This study has great
relevance in understanding the genomic biologyeafradegeneration. The earlier studies
from our lab have reported the presence of alt&daNA and Z-DNA in PD and AD
brains respectively (Hegde et al, 2006; Suram ,e2@02). The normal brain has B-DNA
conformation. In moderately affected AD brain, DMAN B-Z intermediate form, while in
severely affected AD brain, DNA was in Z-form (Heget al, 2006; Suram et al, 2002).
We hypothesized whether proteins like amyloid, €j@n, Tau have any role in binding to
DNA and modulating DNA topology (Vasudevaraju et2008). Hegde et al., (2003) has
shown that & is localized in the nuclear region of AD braindaproposed a possible
mechanism for A playing a role in DNA conformational change. Surat al (2002)
reported a conformational change in genomic DNAomfrnormal B-DNA to B-Z

intermediate in moderate AD and B-DNA to Z-DNA iavere AD. These observations
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indicate that A proteins may alter the DNA integrity leading tteadd gene expression in
AD.

However these studies could not answer whetheretpesteins binds to sequence and
conformation specific DNA. The present study angdethe above crucial questions
indicating thatx-Synuclein and Tau bind to B and Z-forms and faddbe conformational
transition. Both Tau and-Synuclein interacted with sequence specific DNA aaused
conformational transition from B to altered B-DNAIso both the proteins stabilize Z-
DNA conformation. These have altered minor and mgpoove patterns and thus may
have significant biological implications in relewan to gene expression pattern in
neurodegeneration? We hypothesized the implicatfanrSynuclein/Tau binding to DNA
and stabilizing the altered conformations of DNAniguronal cell dysfunction (Fig 4D.2).
Both a-Synuclein/Tau may bind to CG rich region in thermpter region of the gene and
alter the conformation from B-DNA to altered B-DNAltered conformation in the
promoter region may allow the binding of transcdpt factors and alter the gene
expression. The altered regulation of the gene esgimn may result in neuronal cell
dysfunction and finally lead to neuronal cell dealflhe negative supercoils generated
during transcription, may induce the formation eDRIA in CG rich regions. Normally,
after transcription the negative supercoils araxadl and the Z-DNA is again converted to
B-DNA. Both a-Synuclein/Tau may bind to Z-DNA conformation thetalready formed
due to transcriptional stress and further theséeprs stabilize the Z-DNA conformation.
The Z-DNA stabilization may result in the inhibmicof transcription factors binding or
may stop the movement of RNA polymerase. This neayl Ito the suppression of genes
and finally to neuronal cell dysfunction. BathSynuclein and Tau may probably induce
alternate  DNA conformations in neurodegeneratiord also may stabilize these
conformations in the process of disease progre8diamther work is in progress in this

direction.
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Figure 4D.2: A hypothesis on thdamplication of sequence specific binding of
Synuclein/Tau in neuronal cell death. Bo#$ynuclein/Tau may bind to CG rich region in
the promoter region of the gene and alter the camdtion from B-DNA to altered B-
DNA. The altered conformation in the promoter regimay allow the binding of
transcription factors and alter the gene expressidre altered regulation of the gene
expression may result in neuronal cell dysfuncaon finally lead to neuronal cell death.
The negative supercoils generated during transenipinay induce the formation of Z-
DNA in CG rich regions. Normally, after transcigt the negative supercoils are relaxed
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and the Z-DNA is again converted to B-DNA. Bae#Synuclein/Tau may bind to Z-DNA

conformation formed due to transcriptional stresd stabilize the Z-DNA conformation.

Z-DNA stabilization may result in the inhibition ¢fanscription factors binding or may
stop the movement of RNA polymerase. This may l@athe suppression of genes and

finally to neuronal cell dysfunction.
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Chapter 4E

Studies on actinomycin D induced changes in supercoiled DNA integrity

4E.1 Introduction

Actinomycin D (AMD) is an anticancer drug and useda chemotherapeutic drug to cure
brain tumors etc. AMD is used in Wim’'s tumor (Gneel997), Chiasmatic or
hypothalamic gliomas of childhood (Packer et aB&%nd central nervous system (CNS)
tumors (Rustin et al, 1989). AMD also used alonghwhe other anticancer drugs like
Vinblastine, Bleomycin, Cyclophosphamide etc.,ha treatment of brain tumors (Allen et
al, 1985). AMD contains phenoxazone chromophore lioed with two identical
pentapeptide lactone rings (Lackner, 1975; Chenalet2002). AMD inhibits the
transcription by occupying the RNA polymerase hmgdisite on DNA (Phillips and
Crothers, 1986). AMD binds to duplex DNA by intdaetang with the chromophore and
the pentapeptides are placed in the minor groowveo (&nd Rill, 2001). AMD shows
sequence specific binding to GpC sites (Kamitondl drakusagawa, 1992). GpC forms
strong hydrogen bonds in the minor groove regioth \wentapeptide rings of AMD. The
hydrogen bonds are formed between carbonyl oxygege groups of threonine residues
of each pentapeptide to N-2 amino group, N-3 riiigpgen of guanine residues (Kamitori
and Takusagawa, 1992; Chen, 1988, 1992). AMD ailsdslto the single stranded DNA
(ssDNA) with similar affinity as that of duplex DNAVadkins, 1998). Chen et al (chen et
al, 1993) reported that AMD binds to ssDNA in tharpin stem formed with in the
ssDNA at GpC site. The mode of binding is simiathat of duplex DNA at the hairpin
stem. Based on this property, Brown et al (1994ppsed that AMD might inhibit the
transcription by stabilizing the cruciform structusf DNA at the transcription site. In the
present study, we have studied the effect of AMD supercoiling nature of DNA
molecule. DNA is compactly arranged in the nuclieuthe form of superhelical turns and
in higher order of condensation. This superheltoahs are proposed to be involved in
gene expression (Cook and Brazell, 1975; Baued,et9%80; Wang and Lynch, 1993;
Fisher, 1984). Hence, we have employed pUC18 pthsmpercoiled DNA as our model
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system, as superhelical regions in human DNA aralogous to the plasmid DNA

superhelical turns (Serban et al, 2002).

4E.2 Materials

Supercoiled pUC18 plasmid DNA ( scDNA, cesium ciderpurified, 90% supercoiled
structure), M13 single stranded circular DNA (SS®@d M13 double stranded circular
DNA (DSC) were purchased from Banglore Genei, Indietinomycin D-mannitol and

ethidium bromide were from Sigma (USA) chemicalgafose, HEPES, Tris and EDTA

were purchased from SISCO Research laboratories.

4E.3 Methodology
4E.3.1 Circular Dichroism (CD) Studies

The secondary conformations of scDNA were reedrebn a JASCO J 700
Spectropolarimeter at 26, with 2 mm cell length in the range of 200-320.r&ach
spectrum was the average of four scans. The COrapafcscDNA : AMD complexes the
mole ratio of 1:1, 1:5, 1:50, 1:100, 1:500, 1:1@08 recorded in HEPES buffer (0.1 mM,
pH 7.4). The spectra of AMD alone were subtractethfAMD-scDNA complex.

4E.3.2 Agarose Gel Studies

pUC18 scDNA (0.5ug) was incubated with increasing concentrations606 uM) of
AMD in Tris-Cl ( ImM, pH 7.4) at 37C for 12 h. The incubated samples, control ScCDNA
and supercoiled DNA ladder (2-10 kb) were loaded %nagarose gel and electrophoresed
at 50 V at room temperature. SSC and DSC were atedbwith AMD at concentrations
10 uM and 100 uM (concentrations at which CD, ethidium bromide, $tadies showed
changes) and electrophoresced. The samples anedstaith ethidium bromide and viewed

under UV light using with gel documentation system.

4E.3.3 Melting Temperature (T,) Studies
The melting profile () curves for scDNA and scDNA with the 10, 100, 1300 puM
actinomycin D were recorded in HEPES buffer (0.1 np 7.4) using Spectrophotometer
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equipped with a thermostat programmer and dateepsae (Amersham Biosciences, Hong
Kong). The melting profiles were recorded with g&se of 1C/ min in the temperature
range of 25-9%8C. 3 ug of scDNA used for each experiment. The tempesa&irwhich

there was a 50% hyperchromic shift is consideretti@snelting temperature.

4E.3.4 Ethidium bromide binding studies

Ethidium bromide (EtBr) bound in moles per baser mdi SCONA were measured in
HEPES (0.1 mM, pH 7.4) using HITACHI F-2000 Fluaresce Spectrofluorimeter. The
fluorescence was measured using a constant amoweDNA (0.5pug) with increasing
EtBr. The fluorescence measurements were monitarddan excitation at 535 nm and
emission at 600 nm with 10 mm path length.

The maximum amount of EtBr bound per base palDNA was calculated using
Scatchard plots of ‘r vs ‘r/Cf, in the DNA- EtBreaction mixture at various titration
intervals when increasing amount of EtBr was tiato constant amount of DNA. The
concentration of bound EtBr in 1.0 mL dye-DNA mis¢uCB) were calculated using the
equation:

Cb” = Co’[F-Fo)/(VxFo)]

Where,

Co = EtBr (pmoles) present in the dye-DNA mixture,

F = observed fluorescence at any point of dye-DNxtume,
Fo = observed fluorescence of EtBr with no DNA,

V = experimentally derived value, ratio of boundEtree EtBr at saturation point.

The concentration of free dye (Cf’) was then catad by the relation
Cf =Co’- Cb’,

Where, Cf", Co’, and Cb” were expressed in pmdles.amount of bound EtBr/base pair
‘r was calculated by

R = Cb” (pmoles)/DNA concentration (pmoles of bpsi).
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A plot with r vs r/cf is plotted, point where tls&raight line intersects the X-axis is

denoted as ‘n’.
x 10" M.

n’ is the maximum amount of dyeibd per base pair (n), where Cf = Cf’

4E 3.5 Deoxyribonuclease | digestion of sScDNA treated with AMD

The integrity of sScDNA in the presence of AMD wdadied by DNase | sensitivity test.
A saturated reaction mixture of sScDNA and EtBrhe tatio of 1 : 1 ratio ( W/W, 04g
scDNA + 0.5ug EtBr) was treated with DNAse | (0O4g/mL) for the control. EtBr
fluorescence was monitored for 45 min at excitaB86 nm and emission at 600 nm. The
effect of AMD on DNase | sensitivity was studied agidition of 100uM AMD with
ScDNA and then treated with the DNAse |, EtBr fleecence was recorded for 45 min.

4E 3.6 Desktop Molecular Modeling (DTMM)
Computer modeling showed the specificnding pattern of pentapeptide binding to GC
and AT base pair (Fig 4E.6)

4E .4 Results

4E.4.1 CD studies

Far UV CD spectra of scDNA (Fig 4E.1,a) showed saitpee peak at 272 nm which is a
characteristic feature of B-DNA conformation andyaiive peak at 245 nm. Addition of
increasing concentrations of AMD in the mole ratmfs5, 50, 100, 500 and 1000 to
scDNA, produced a red shift of peak at 270 nm @Hgl). The positive peak of 1 : 5 (b), 1
: 50 (c), 1:100 (d), 1:500 (e) and 1 : 1000nfHlar ratios of sScCDNA : AMD are 273.6,
276.8, 280, 280 and 280 respectively. The neggteak at 245 nm is decreased slightly
when compared to control sScDNA. The above CD spentticate that AMD induced B-A

transition in the scDNA as demonstrated by a réft ishthe red shift in CD spectra.
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‘Wavelength (nm)

Figure 4E.1: CD spectra of scDNA in the presence of AMD in m@#o. (a) SCDNA, (b)
1:5/(c)1:50, (d)1:100, (e)1:500, (): 1000 mole ratios of sScDNA : AMD. At
mole ratios higher than 1 : 100 the normal posipeak at 272 nm of scDNA shifted to
280 nm.

4E 4.2 Agarose gel studies

ScDNA alone on an agarose gel showed 2 bands saeercoiled and other one is open
circular forms of DNA (Fig 4E.2A, lane A). When sdB is titrated with increasing
concentrations of AMD (5-60QM), AMD retards the migration of supercoiled babdt

do not alter the open circular DNA mobility (Fig 28, lanes B-I). Further studies on the
interaction of AMD with single stranded (SSC) orubte stranded circular (DSC) DNA,
(Fig 4E.2B, lane d), showed that AMD has no ef@ttSSC (Fig 4E.2B, lane e-f). But
AMD retarded the mobility of DSC (Fig 4E.2B, land)hThe studies reveal that AMD
binds to scDNA, DSC and not to SSC.
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M'A B CDETFGHI

Figure4E.2: A: AMD interaction with supercoiled DNA : 0.5ug of pUC18 scDNA was
interacted with uM( lane B), 10uM (lane C), 5QuM (lane D), 100uM (lane E), 15QuM
(lane F), 30QuM (lane G), 45QuM (lane H), 60QuM (lane 1) Actinomycin D (AMD). The
scDNA (lane A) and supercoiled DNA Ladder markanéd M) B: AMD interaction with
SSC and DSC : (a) scDNA, (b) scDNA with 1uM AMD, (c) scDNA with 100uM
AMD, (d) SSC DNA, (e) SSC with 10M AMD, (f) SSC DNA, with 100uM AMD, (g)
DSC DNA, (h) DSC with 1uM AMD, (i) DSC with 100uM AMD.

4E 4.3 M €elting temper ature studies

Melting temperature studies are carried out to tstdad the effect of AMD on the
stability of scDNA (Fig 4E.3). ScDNA melting pragilshowed a characteristic biphasic
pattern having two melting temperatureg; 3 52°C and T, = 87°C. T signifies the
uncoiling of the supercoiled DNA and Erindicates the opening of the double strand of
DNA. At 10 uM concentration of AMD, both f; and T, sScDNA increased to 68 and
89°C respectively. But at 100M and 150uM of AMD, only T, values are decreased to
47°C and 48C with no significant change in} (Table 4E.1). At 30@tM of AMD, there

is a steep decrease in the absorbance at 260 nipatind aggregation of DNA. The

significant changes ing; indicate that AMD preferentially binds to ScDNAIpn
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Melting temperature studies
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Figure 4E.3: The melting profile () curves for sScDNA and scDNA samples incubated
with the 10, 100, 150, and 3Qp® AMD.

Tm, Tm,

scDNA 52¢°C 87°C

scDNA+10uM AMD 63°C 89°C

scDNA+100uM AMD 47°C 90°C

scDNA+150uM AMD 45°C 88°C

Table 4E.1: Melting temperature (f) values of scDNA in the absence and presence of
AMD.
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4E 4.4 Ethidium Bromide (EtBr) binding studies

The alteration in the integrity of sScDNA induced BWID is studied by computing the
changes in the EtBr molecules binding to scDNA. Ildamof EtBr molecules bound per
base pair of DNA is calculated using scatchardspiotthe presence and absence of AMD
(Fig 4E.4). The number of EtBr molecules bound lpese pair in ScDNA alone is 0.26. In
the presence of lower concentration of AMD ({i®l), the number of EtBr molecules
bound per base pair is decreases to 0.14. Bueipiisence of higher (1QOJ-300 uM)
AMD concentration, EtBr molecules / bp is similardontrol (around to 0.25). The results

indicate that lower AMD concentrations alter th&Ebinding profile DNA.

Scatchard plot for AMD-scDNA interaction
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400000000 4 M - +scDNAalone
= Dubd AMD
AD0uM AW D
% B0 uM AMD
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250000000
&
= 200000000 ;
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0
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Figure4E.4: Scatchard plot of ethidium bromide binding patterscDNA in the absence

and presence of AMD. The number of EtBr moleculmsnol per base pair are computed.

4E.4.5 DNAse| sensitivity study for scDNA-AMD complex

Actinomycin D treatment made scDNA stable agaiB$iAse | digestion. The pattern of

EtBr fluorescence for AMD+scDNA complex expose®didASel, is similar to SCDNA
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alone without DNAse digestion (Fig 4E.5, D and BPNAse | digestion of scDNA

increases the EtBr fluorescence (Fig 4E.5, C).

—— A
9 - o g
—a—
8
g "k
c b
8 5 - A-EtBr alone
w E-scDIMA alone
@ 4 - C-scDNA+DN Ase I
S 3 . D-100 M AMD + DNAse I
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Figure 4E.5: Effect of AMD on DNAse | sensitivityo SCDNA. A saturated reaction
mixture of scDNA and EtBr in the ratio of 1 : 1lica{ W/W, 0.5ug scDNA + 0.5 g
EtBr) is treated with DNAse | (059/mL) in the presence and absence of AMD.
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Actinemycin D (AMD)

Fig. 4E.6 : Desktop Molecular Modeling (DTMM) of pentapeptidieAMD binding to GC
and AT base pairs.
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Discussion

Actinomycin D (AMD) is an anticancer drug used lre treatment of brain tumors (Green ,
1997; Packer, 1988). AMD exerts its anti-tumorogeuictivity by inactivating the
transcription process in tumor cells (Aivasashwtid Beabealashvilli, 1983). The mode of
action of AMD is by intercalating the duplex DNAditwo cyclic pentapeptide rings are
positioned in the minor groove of the DNA (Yoo amlll, 2001; Kamitori and
Takusagawa, 1992; Muller and Crothers, 1968; Sabell Jain, 1972). AMD has affinity
to GpC sites. AMD also binds to single stranded DKSSDNA) and favor hairpin
conformation (Chen et al, 1993). The overall me@rarof action of AMD is proposed to
be through intercalation with DNA and inhibition BNA transcription, blocks RNA and
protein synthesis (Guo et al, 1998; Kawamata ananishi, 1960; Wassermann, 1990).
AMD not only affect the tumor cells, but also altee cellular processes of normal cells
(Kawanishi and Hiraku, 2004). AMD is also reportednduce the apoptotic cell death in
normal cells like hepatocytes (Li et al, 2006).tlA¢ concentration 1ug /ml, AMD induces
typical apoptotic cell death (Shim et al, 2004 ;detani et al, 2005). AMD also showed the
toxic effects on lymphoblastoid cell lines (Sawadaal, 2005). AMD inhibits the DNA
repair activities (Barret et al, 1997). AMD incuioat with cell nuclei showed progressive
denaturation of nucleosomal structure and stahitimeof supercoiled DNA (Almagor and
Cole, 1989). Our studies are focused in understgnthe effect of AMD on scDNA
topology and integrity by using pUC18 as model exyst Plasmid supercoiled DNA is
analogous to the small supercoiled DNA packets mkgein human genome (Fisher,
1984). Small supercoiled DNA packets are founchenliuman genome and are involved in
gene expression (Cook and Brazell, 1975; Bauek, 4880; Wang and Lynch, 1993). The
rate of supercoil generation, propagation and eltwn (supercoiling dynamics) are
important in the gene regulation process (Crutl,e2@07). From the results obtained, we
conclude that actinomycin D alters the topology stadbility of the scDNA. AMD induces
the B-A DNA conformational transition as evidend®sdred shift in 272 nm positive peak
and this observation is in agreement with the figdiof Hou et al (Hou et al, 2002). There

are few studies showing the effect of AMD on scD&impkins and Pearlman, 1984;
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Leoni et al, 1989). Our study and literature eviEn indicated that actinomycin D
effecting supercoiling nature of DNA. Actinomycin linding to supercoiled DNA may
inhibit the transcription by blocking the RNA polgnase but also possibly alters the
supercoiling nature in the domain. Further workniprogress in order to understand this

phenomenon.

Actinomycin D affects the integrity of supercoil@NA in terms of its topology
and stability. Actinomycin D induces B-A conform@tal transition in scDNA.
Actinomycin D may alter the gene expression bydtiifg the supercoiling of DNA apart
from blocking the RNA polymerase.
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Summary and conclusions

The progressive loss of structure and functioneafrans is the final consequence of the
all neurodegenerative diseases. Several pathwagsinaolved in the process of
neurodegeneration in different neurodegentive dseand often the pathways overlap.
Risk factors like aggregation of modified proteindisturbance in trace metal
homeostasis, protein and DNA conformation, oxidatsiress are implicated in age
related neurodegeneration in diseases like Pamkimsmd Alzheimer’'s disease. Aging
is a multi-factorial process, which leads to irmesilele damage to macromolecules
(DNA, proteins and lipids), cells and organs argbah age related neurodegenerative
disorders. DNA in eukaryotic cell is arranged ie tbrm of compactly condensed state
known as chromatin. Chromatin organization is aaayit process occurring in the
living cells by continuously opening and reorgamgziaccording to cellular needs.
Chromatin organization plays an important role egulation of the gene expression.
The regulation at chromatin level depends on mecalibns of DNA (especially
methylation at cytosine residues), incorporatiohkistone varients, post-translational
histone modifications and other molecules which gaaract with nucleosome core
particles. Environmental factors may induce epigenmodifications leading to the

neurodegeneration

a-synuclein protein is involved in etiopathogenesisthe Parkinson’s disease-
synuclein proteins aggregates in PD conditionsrendonal cell death observed in PD
brain. In a studyo-synuclein targeting to nucleus induced neurodegeioa and
histone deacetylase inhibitor administration préedrihe neurotoxicity indicating role
of a-synuclein in chromatin regulation in PD. MPP(+Hjlulced misfoldedx-synuclein
aggregates are degraded by ubiquitin-binding hestateacetylase-6 (HDAC-6)
indicating the role of chromatin modifying enzym@sPD. Single stranded breaks
(SSB) and double stranded breaks (DSB) are acctedula the DNA of PD brain
samples indicating the DNA damage in PD. Incres8@H#dG levels are observed in

the substantia nigra of Parkinson’s disease patiehau (microtubule associated



protein) involved in microtubule polymerization atieeir stabilization in the neurons.
Tau is involved in the pathogenesis of Parkinsah&ease and Alzheimer’s disease.
Tau protein is also localized in the nucleus argldteown chromatin and DNA binding
properties. Neuromelanin (NM) is an insoluble pigtn@nd loss of neuromelanin
containing cells within substantia nigra suggest fible in Parkinson’s disease.
Curcumin is a hydrophobic polyphenol derived frdra thizome (turmeric) of the herb
Curcuma longa. Curcumin is also used widely as rmphaological active compound
because of its wide spectrum of biological actgtiCurcumin has been reported to
have the antioxidant, antimicrobial, anti-inflamat@nd anti-carcinogeneic activities.
Curcumin treatment prevented thesynuclein induced toxicity through its antioxidant
properties. Curcumin is also shown to have epigenmegulating properties in gene

expression.

Chapter 1: General introduction

The genral introduction covers the different patysvan neurodegeneration and in
parkinson’s disease. The introduction focuded anrtfle of chromatin organization,
Tau protein,a-synuclein, neuromelanin and biomarker in Parkwsalisease. The
introduction also focuses on thereupetic potemtiatommonly used dietary curcumin

and its role in chromatin organization.

1. Neuronal cell death is the common hallmark éfagle related neurodegenerative

diseases like Parkinson’s disease (PD) with ovpiteppathways.

2. Mitochondrial dysfunction is the common mechanisading to neuronal cell death
in neurodegeneration in PD. Programmed cell deaplogtosis) was observed in the
neurons of the PD brains

3. Oxidative stress and oxidative DNA damage interof oxidatively modified bases,

single and double strand breaks in DNA was obseirv&D.

4. a-synuclein, tau, neuromelanin are involved in thghpgenesis of Px-Synuclein

aggregates are found in the brain of PD patientsimrthe animal models of PD. Tau
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aggregation is also observed in PD brains. Neurannglis found in the form of large
granules in the substantia nigra of PD brain

5. a-synuclein, tau, neuromelanin are localized inrihelear regiona-synuclein and

tau was shown to bind to DNA and histone proteins.

6. a-synuclein targeting to the nucleus induced neuwiotty and histone deacetylase

inhibitors rescued the neurotoxicity indicatingrdde in chromatin organization.

7. Methylation in SNCA intron 1 of alpha synuclein is found reduced ia BD brain
samples. Hypomethylation of DNA in Tumor necrosistdr (TNFx) promoter region

is observed in the promoter regions in PD patients

8. Pesticide dieldrin treatment induced neurondll aath by the hyperacetylation of
histone molecules indicating the role of pesticideshromatin alteration. Pesticides

are known as the risk factors for the parkinsomssatse.

9. There is no established biomarker for the paki's disease. Development of
reliable biomarker for PD helps in early detectiamd prevention of further

neurodegeneration.

10. Curcumin is a hydrophobic polyphenol derivemhrfrthe rhizome (turmeric) of the
herb Curcuma longa. Curcumin showed neuroprotecigainst 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) induced toxidgiyPD model.

The introduction engulfed with objectives at thel.en

Chapter 2: Studies on the chromatin organization inParkinson’s disease and the
role of curcumin on chromatin organization, tau-DNA interactions and a-

synuclein-DNA interactions.

Chapter 2A: Chromatin organization in Parkinson’s disease.
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1. Five normal and five PD-affected human brain @as were obtained from the
National Institute of Mental Health and Neuroscen@NIMHANS), India.

2. Nuclei and DNA were isolated from 20 control &@PD brain regions. Chromatin

and histone proteins were prepared from the nuclei.

3. Chromatin organization is studied by thermal aderation, circular dichroism,
micrococcal nuclease digestion, methylation anslydi genomic DNA and histone

acetylation.

4. Thermal denaturation analysis of the chromasim@es showed decrease in the
melting transition temperature in PD chromatin cared to that of age matched

control brains.

5. CD studies with chromatin samples showed diffees between the PD chromatin
and control chromatin. CD spectral changes obseirvéd®D hippocampal region may

be due to differences in their histone acetylasitatus.

6. Histone H3 acetylation in all the PD chromatamples was observed, with only

50% of control brains showed histone acetylation.

7. Micrococcal nuclease digestion revealed that ddBbmatin is more sensitive to
digestion compared to that of control. This showed more loose chromatin loops are

present in PD chromatin compared to control.

8. Restriction digestion analysis with methylati@pecific Msp | and Hpall
endonuclease revealed the differences in the nagibgl status of the DNA between
PD and normal subjects.

The above results clearly indicated that chromattganization is altered in PD brain

Chapter 2B: Role of curcumin on chromatin organizaion, tau-DNA interactions

and a-synuclein-DNA interactions.
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1. Curcumin is purified from turmeric and terahyclrccumin (THC) was prepared.
Curcumin and THC purity is analyzed by TLC, HPLGI&MR.

2. Curcumin and THC binds to chromatin as indiddig the altered absorbance and
fluorescence spectrum, ethidium bromide bindingcafcumin-chromatin and THC-

chromatin complex.

3. Curcumin altered the chromatin organization lbgrimg its integrity as evidenced by
decreased thermal transition of curcumin-chromedimplex.

4. Curcumin did not alter the secondary confornmatdd chromatin components, but

binding of curcumin to chromatin evidenced by theall changes in the CD spectrum.

5. Curcumin binds to scDNA as indicated by the ghisan, fluorescence and EtBr
binding. Curcumin altered integrity of sScDNA obsedvby the thermal denaturation
studies.

6. Curcumin and THC also binds to taa-synuclein proteins involved in
neurodegeneration. Curcumin and THC could not &blerevent the tauy-synuclein

induced DNA nicking.

7. NMR studies showed that curcumin could not dbléind nucleosides indicating

that requisite of secondary conformation of DNA tioe interaction.

8. Further, in vivo studies are needed to estalolisbumin ability of altering chromatin
organization and tau-DNAy-synuclein-DNA interaction are either protectivetaxic.

Chapter 3: Biomarker study on Parkinson’s disease rad increase of Iron and

Copper and its correlation to DNA integrity in ageng human brain

Chapter 3A: Biomarker study on Parkinson’s disease
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1. The patients from JSS Medical Hospital wereicdlty identified for PD by the
neurologist and the patients who met the commaobgpted diagnostic criteria for PD

were selected.

2. Venous blood (10 ml) was collected from each &Md control patient and serum
separated by centrifugation. The serum was frozer2@C and protected from

exposure to light until analysis.

3. Serum 8-OHdG levels were found to be highetm Parkinson’s disease patients
compared with that of the age matched control sasapl

4. The increase in the total antioxidant capacitgerum samples of PD compared to

control indicated that oxidative stress is mor@ i patients compared to control.

5. Serum ceruloplasmin and ferritin levels are eased in PD patients compared to

age matched controls.

6. MRI imaging of brains of PD and control subjestgarried out at Vikram Hospital
under the supervision of chief radiologist. Therage thickness of the all the regions

were calculated and compared with that of contrairbthickness.

7. Atrophy is observed in terms of reduction in thekness of the brain regions in
caudate nucleus, thalamus, hippocampus and substaigta regions in PD brain

compared to control brain regions significant af |95.

8. Reduction in the in the frontal lobe, temporabd and midbrain regions, was

observed.

The results clearly indicated that serum parameteopled with MRI changes act as

biomarkers for PD
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Chapter 3B: New evidence on increase of iron and pper and its correlation to
DNA integrity in ageing human brain

1. Human brain samples are collected from the Bspva Brain Bank of JSS Medical

Hospital and College, Mysore, India

2. Genomic DNA is isolated from hippocampus anat@bcortex of frozen brain tissue

by standard ‘phenol-chloroform extraction’ method.

3. The levels of Fe and Cu are increased, whiléeZels were decreased from Group |
to Ill. There is a significant increase in Cu ara iR Group Il and Group Il in both

frontal cortex and hippocampus region.

4. Accumulations of SSBs are more frequent in grilupompared to Group Il and I.
The result showed that frontal cortex (p>0.05 areD®01) accumulated considerably
higher number of SSBs compared to hippocampus. ddutd be due to the increased
levels of Cu and Fe in frontal cortex and relagvielwer amounts in hippocampus in
Group Il1.

The present result showed that frontal cortex hasenDSBs than SSBs whereas

hippocampus had the presence of both DSBs and &&Bsulated

Chapter 4: DNA binding properties of neuropeptides,curcumin and actinomycin
D

Chapter 4A: New evidences on Tau-DNA interactions ral relevance to

neurodegeneration

1. Both non-phosphorylated r-Tau (recombinant teand pp-Tau (partially
phosphorylated tau) have DNA binding ability

2. r-Tau induces B-C-A mixed transition in scDNAxda pp-Tau also induced B-C-A

mixed conformation in scDNA
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3. Both non-phosphorylated r-Tau and pp-Tau altBrADntegrity. Both converted

biphasic melting profile to monophasic melting jieof

4. The r-Tau and pp-Tau binding to scDNA increagexlnumber of EtBr molecules
bound per base pair of ScCDNA indicating altered DiNt&grity.

5. Tau-scDNA complex was sensitive for DNAse | diggn and insights that r-Tau
destabilizes DNA integrity.

6. Tau converted scDNA into open circular and linieams suggesting that Tau may

nick the DNA resembling endonuclease.

The data clearly showed that Tau binds to DNA dtet &s stability.

Chapter 4B: DNA binding properties of a-synuclein and AGE#@a-synuclein

(glycated a-synuclein).

1. a-synuclein and AGE+synuclein nick the scDNA like endonuclease. Majna
enhanceda-synuclein  and AGE+synuclein nicking. Specific nuclease inhibitor

aurinetricarboxylic acid inhibited thex-synuclein and AGE~synuclein nicking.

2. a-synuclein and AGE-synuclein induced B-C-A mixed conformation in $¢®

similar to that otx-synuclein

3. Botha-synuclein and AGHr-synuclein altered DNA integrity as evidenced bg th
transition of biphasic melting profile to monoptasnelting profile and decreased

ethidium bromide binding.

4. Both scDNAe-synuclein and scDNA-AGHE~synuclein showed resistence to
DNAse I.
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Chapter 4C: New evidence on Neuromelanin from the ubstantia nigra of
Parkinson’s disease altering the DNA topology

1. Neuromelanin is found in the form of large grasuin the substantia nigra of PD
brain and involved in PD pathogenesis. NM (PD-SM}pwsolated from the substantia
nigra of PD brain, NM (N-SN) was isolated from thteer region of the brain and DAC

a synthetic neuromelanin.

2. NM (PD-SN) converted scDNA into open circularnip where as NM (N-SN) and
DAC could not convert scDNA into open circular.

3. NM (PD-SN) induced B-C-A mixed conformation icDNA, where as NM (N-SN)
and DAC induced altered B-conformation in SCDNA.

4. NM (PD-SN), NM (N-SN) and DAC altered the stéibf DNA. NM (PD-SN) had
high potential in altering DNA stability.

Chapter 4D: New evidence om-Synuclein and Tau binding to conformation and

sequence specific GC* rich DNA

1. Double stranded oligonucleotide (CGCGCGg&X)sts in B-DNA conformation and

is converted to Z-DNA in the presence of high sadzoncentration (4 M NaCl ).

2. The circular dichroism studies indicated thathbw-Synuclein and Tau bind to B-
DNA conformation of (CGCGCGCG)2 and induce alteBefibrm.

3. The melting temperature £ of the B-form and Z-form of the oligonucleotideasv
71°C and 82C, respectively. The jJof the Z-form of the oligonucleotide was greater

than the B-form, indicating that Z-form is moreldeathan B-form.
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4. a-Synuclein and Tau proteins increased the mel@mgperature and decreased the
number of EtBr molecules bound per base pair of DfiB-form indicating that DNA
stability is favored to altered B-DNA conformation.

Both a-Synuclein and Tau bind to Z-DNA conformation of GCGCGCG) and

further stabilized the Z-conformation

Chapter 4E: Studies on actionomycin D induced chargg in supercoiled DNA
integrity

1. Actinomycin D (AMD) is used as a model compoundunderstand supercoiled

DNA topology and stability.

2. AMD induced B to A conformational change in so®lds demonstrated by a red
shift in the CD spectra at 272 nm.

3. AMD also altered the stability of sScDNA as ewided by the alterations in melting

temperature and also in ethidium bromide bindintepa to DNA.

All these results clearly showed that Chromatintabgity and DNA/protein
interactions have significant role in PD neurodegation. Some of these findings are

significantly new in PD research and publishedhpact journals.
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