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Protein Arginine Deiminase IV (PAD4) is a new target for rheumatoid arthritis (RA)
therapeutic. It catalyses the citrullination process in human body that produces
citrullinated protein which is believed to be the root cause of RA. Inhibitor for the
enzyme can be a drug for the treatment of RA. The main objective of this research is
to search for potent inhibitors for PAD4. Human PAD4 has been successfully
expressed in Escherichia coli BL21 (DE3). PAD4 expressed from pET32b vector
with the use of auto-induction media introduced by Studier gave higher solubility
and activity compared to conventional induction system. PAD4 was successfully
purified using affinity chromatography technique with purity of 90%, approximately.
Several compounds have been identified as potential inhibitors for PAD4 by
structure-based virtual screening using Ligand Discovery at Edinburgh University
(LIDAEUS) programme. Three compounds out from 22 top-ranked water-soluble
compounds showed significant inhibition to PAD4 and their ICsy values were ranged
from 1.49 + 0.03 to 2.96 + 0.01 mM. Binding affinities of the compounds to PAD4
obtained from molecular docking were -7.49, -7.27 and -6.00 kcal/mol. The
structures of the three compounds showed no resemblance with previously
discovered PAD4 inhibitors, nor with existing drugs for RA treatment. Ultrafast
Shape Recognition (USR) was utilized in searching of compounds possess similar
molecular shape with previous reported inhibitor, streptonigrin. Five compounds out
of the selected 37 compounds inhibited enzymatic activity of PAD4 significantly,
with more than 10% inhibition at 100 uM. The best compound, (2E)-N-{(2R)-1-
[(furan-2-ylmethyl)(methyl)amino]-1-oxopropan-2-yl}-3-(4-methoxyphenyl) prop-2-
enamide, is a moderate inhibitor for PAD4 with ICs, value of 362.67 + 4.13 uM. The
structure of the compound showed no resemblance with the parent compound.
Interestingly, furan ring in USR discovered compound was able to enter the active
site cleft of PAD4. Four peptide-based inhibitors incorporated with non-standard
amino acid containing furan ring (X) with sequence based-on PAD4 natural substrate,
nucleophosmin were designed and synthesized using solid phase technique. Circular
dichroism spectroscopy showed that the structure of the designed peptide-based
inhibitors was predominantly unordered. The ICsy value of the best peptide-based



inhibitors with sequence KSIXDTP is 243.2 + 2.4 uM which is lower than
compounds obtained from LIDAEUS and USR. Kinetic studies revealed that it
inhibited PAD4 reversibly and competitively. Three dimensional structure of the best
peptide-based inhibitor was further elucidated using nuclear magnetic resonance
spectroscopy. Molecular docking of the peptide-based inhibitor suggested favourable
interaction between the peptide with PAD4 with binding affinity of -5.4 kcal/mol.
Inhibitors containing furan ring in the structure show high potential in inhibiting
PAD4 and the structure of the inhibitors discovered in this research can be modified
to be a better drug candidate for treatment of rheumatoid arthritis.
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Protein Arginina Deiminase jenis IV (PAD4) adalah sasaran baru untuk teraputik
artritis reumatoid (RA). la merupakan pemangkin proses pensitrulinaan yang
menghasilkan protein mengandungi sitrulina yang dipercayai menjadi punca kepada
RA. Perencat enzim ini boleh menjadi ubat untuk rawatan RA. Objektif utama kajian
ini adalah mencari perencat untuk PAD4. PAD4 manusia telah berjaya dihasilkan
dalam Escherichia coli BL21 (DE3). PAD4 yang dihasilkan dari vektor pET32b
dengan penggunaan media auto-induksi yang diperkenalkan oleh Studier mempunyai
kelarutan dan aktivity yang lebih tinggi berbanding dengan sistem induksi
konvensional. PAD4 telah berjaya ditulenkan dengan menggunakan teknik
kromatografi afiniti dengan 90% ketulenan. Beberapa sebatian telah dikenalpasti
sebagai perencat berpotensi untuk PAD4 oleh program Ligand Discovery at
Edinburgh University (LIDAEUS) berasaskan struktur PAD4. Dua puluh dua
sebatian paling bagus yang larut air telah dipilih untuk pemeriksaan potensi
perencatan mereka terhadap PAD4. Tiga sebatian menunjukkan perencatan yang
ketara kepada PAD4 dan nilai-nilai ICsy mereka adalah di antara 1.49 + 0.03 —2.96 +
0.01 mM. Tenaga penambatan untuk sebatian tersebut dengan PAD4 yang diperolehi
daripada docking molekul adalah -7.49, -7.27 dan -6.00 kcal/ mol. Struktur tiga
sebatian itu tidak menunjukkan persamaan dengan perencat PAD4 yang ditemui
sebelum ini atau dengan dadah yang sedia ada untuk rawatan RA. Ultrafast Shape
recognition (USR) telah digunakan untuk mencari sebatian yang mempunyai bentuk
molekul yang menyerupai satu perencat yang dilaporkan sebelum ini, iaitu
streptonigrin. Lima sebatian daripada 37 sebatian terpilih merencat aktiviti enzim
PAD4 dengan ketara, lebih daripada 10% perencatan pada 100 uM. Sebatian yang
terbaik, (2E)-N-{(2R)-1-[(furan-2-ilmetil)(metil)amino]-1-oxopropan-2-il } -3-(4-
metoksilfenil)prop-2-enamida, adalah perencat sederhana untuk PAD4 dengan nilai
ICsp 362.67 + 4.13. Struktur sebatian tidak menunjukkan persamaan dengan sebatian
induknya. Gelang furan di sebatian yang ditemui dengan USR dapat memasuki
rekahan tapak aktif PAD4. Empat perencat berasaskan peptida yang diperbadankan
dengan asid amino tidak semula jadi yang mengandungi gelang furan (X) dengan
urutan berasaskan substrat semula jadi PAD4 iaitu nucleophosmin telah direka dan
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disintesis dengan menggunakan teknik fasa pepejal. Spektroskopi dikroisme bulatan
menunjukkan bahawa struktur perencat berasaskan peptida yang direka adalah
kebanyakannya tidak tertib. Nilai ICsy perencat berasaskan peptida yang terbaik
dengan urutan KSIXDTP ialah 243.2 + 2.4 puM iaitu lebih rendah daripada sebatian
yang diperolehi daripada LIDAEUS dan USR. Kajian kinetik menunjukkan perencat
tersebut merencat PAD4 secara berbalik dan kompetitif. Struktur tiga dimensi bagi
perencat berasaskan peptida yang terbaik telah dijelaskan selanjutnya dengan
menggunakan spektroskopi resonans magnet nukleus. Docking molekul untuk
perencat berasaskan peptida mencadangkan kewujudan interaksi tersesuaikan antara
peptida tersebut dengan PAD4 dengan tenaga penambatan -5.4 kcal/mol. Perencat
yang mengandungi gelang furan dalam strukturnya menunjukkan potensi yang tinggi
dalam merencat PAD4 dan struktur perencat yang ditemui dalam kajian ini boleh
diubah suai untuk menjadi calon dadah yang lebih baik untuk rawatan artritis
reumatoid.

v



ACKNOWLEDGEMENTS

I would like to express my deep gratitude to my former and current supervisory
committee chairs, Dr. Bimo Ario Tejo and Prof. Mohd. Basyaruddin Abdul Rahman,
for the valuable guidance and advices. Their encouragement and useful critiques of
the research really help me in completing this study. Without their knowledge and
assistance this study would not have been successful.

I would like to thank my supervisory committee members, Dr. Adam Leow and Prof.
Abu Bakar Salleh, for their insightful comments and suggestions through this
research.

I would like to acknowledge Kuok Foundation for the financial support they have
provided to me in order to make this thesis possible.

Special thanks also go to my lab mates in Lab 140 (Biotech 2), Lab 248 and 105
(Chemistry Department) especially Izzuddin Ahmad Nadzirin, Foong Pik Mun,
Zalikha Ibrahim, Hafizah Kamarudin, and Ely for sharing the literature and
invaluable assistance. In particular, I would like to express my appreciation to Azira
Muhamad for her patience and assistance in this research.

Finally, an honourable mention goes to my beloved family and friends for their
support and encouragement through the duration of study.



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy.
The members of the Supervisory Committee were as follows:

Mohd Basyaruddin Abdul Rahman, PhD
Professor

Faculty of Science

Universiti Putra Malaysia

(Chairman)

Abu Bakar Salleh, PhD

Professor

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Member)

Adam Leow Thean Chor, PhD

Senior Lecturer

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Member)

Bimo Ario Tejo, PhD
Department of Biotechnology
Surya University

Indonesia

(Member)

BUJANG KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by graduate student

I hereby confirm that:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced;

this thesis has not been submitted previously or concurrently for any other degree
at any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

written permission must be obtained from supervisor and the office of Deputy
Vice-Chancellor (Research and Innovation) before thesis is published (in the
form of written, printed or in electronic form) including books, journals, modules,
proceedings, popular writings, seminar papers, manuscripts, posters, reports,
lecture notes, learning modules or any other materials as stated in the Universiti
Putra Malaysia (Research) Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) andthe Universiti Putra Malaysia
(Research) Rules 2012.The thesis has undergone plagiarism detection software.

Signature: Date:

Name and Matric No.:

viii



Declaration by Members of Supervisory Committee

This is to confirm that:
e the research conducted and the writing of this thesis was under our supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: Signature:
Name of Name of
Chairman of Member of
Supervisory Supervisory
Committee: Committee:
Signature: Signature:
Name of Name of
Member of Member of
Supervisory Supervisory
Committee: Committee:

X



TABLE OF CONTENTS

Page
ABSTRACT i
ABSTRAK il
ACKNOWLEDGEMENT \
APPROVAL vi
DECLARATION viii
LIST OF TABLES Xii
LIST OF FIGURES Xiv
LIST OF APPENDICES XVii
LIST OF ABBREVIATIONS XVviii
CHAPTER
1 INTRODUCTION 1
2 LITERATURE REVIEW 3
2.1  Rheumatoid Arthritis 3
2.2 Autoantibodies Associated with RA 4
2.3 Anti-citrullinated Protein Autoantibodies and RA 5
2.4  Protein Arginine Deiminase 6
2.4.1 Family of Protein Arginine Deiminase 6
2.4.2  Expression of PAD4 8
2.5 PAD4 and RA 9
2.6 Catalytic Activity of PAD4 11
2.7  Current Treatments Available For RA 15
2.7.1  First-line Drugs for RA 15
2.7.2  Second-line Drugs for RA 15
2.7.3  Tumor Necrosis Factor (TNF) Inhibitors 18
2.8  Current Inhibitors of PAD4 19
2.9  Drug Design and Virtual Screening 23
791 Ligand Discovery at Edinburgh University
(LIDAEUS) 24
2.9.2  Ultrafast Shape Recognition (USR) 25
2.10 Peptides as Drugs 26
2.11 NMR of Peptides 29
3 MATERIALS AND METHODS 31
3.1 Overview 31
3.2 Materials 32
3.3  Cloning, Expression and Purification of PAD4 34
Preparation of Culture Media and Buffer
3.3.1 .
Solution 34



3.3.2  Preparation of Sample cDNA on Disc
3.3.3  Preparation of Competent Cells
3.3.4  Chemical Transformation
3.3.5 Cloning
3.3.6  Agarose Gel Electrophoresis
3.3.7 Plasmid Extraction
3.3.8  Protein Expression
339 Preparation of Non-inducing and Auto-inducing
Media
3310 Proteip Expression Using Non-inducing and
Auto-inducing Media
3.3.11 Preparation of Crude PAD4
3.3.12 Protein Purification
3313 Sodium Dodef:yl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)
3.3.14 Citrulline Colorimetric Assay
3.3.15 Protein Concentration Determination
3.4  High Throughput Virtual Screening
3.4.1 Structure-based Virtual Screening
3.4.2 Ligand-based Virtual Screening
3.5 Peptide-based PAD4 Inhibitors
3.5.1 Peptide Design
3.5.2  Binding of Peptides to PAD4
3.5.3  Peptide Synthesis
3.5.4 Kaiser Test
3.5.5 Cleavage of the Peptide from the Resin
3.5.6  Peptide Analysis and Purification
3.5.7 Molecular Weight Determination
3.6  Experiments of PAD4 Inhibitors
3.6.1 PADA4 Inhibitors Rapid screening
3.6.2 Determination of ICsg
3.6.3  Molecular Docking
3.7  Studies of Peptide-based Inhibitors
3.7.1  Biophysical Studies
3.7.2  Kinetic Studies
RESULTS AND DISCUSSION
4.1 PAD4 Expression using Commercial plasmid
4.2 Cloning of PAD4 into pET-32b
4.3 PAD4 Expression in Auto-induction System
4.4  Purification of PAD4
4.5  High-throughput Virtual Screening using LIDAEUS
4.6  Inhibitory Activity of Hits from LIDAEUS

xi

34
34
35
35
36
36
37

37

37
37
38

39
39
40
41
41
41
42
42
44
44
47
47
48
49
50
50

50
51
51
51
52

55
55
55
59
61

66



4.7
4.8

4.9

4.10
4.11
4.12
4.13
4.14
4.15

4.16

Molecular Docking Analysis of Hits from LIDAEUS

Ligand-based Virtual Screening using USR
In Vitro Enzyme Assay with Inhibitors Identified by
USR

Molecular Docking Analysis of Compound 5

Design of Peptide-based PAD4 Inhibitors

Synthesis and Purification of Peptide-based Inhibitors

Inhibitory Activity of Peptide-based Inhibitors

Inhibition Characteristics of Inh Dap

Three Dimensional Studies of Peptide-based Inhibitors

4.15.1 Secondar}_f Stmcture Estimation of Peptide-
based Inhibitors

4.15.2 Three Dimensional Studies of Inh Dap by NMR

Molecular Docking Analysis of Inh Dap

5 CONCLUSION AND RECOMMENDATIONS

5.1
5.2

REFERENCES
APPENDICES

Conclusion
Recommendations for future research

BIODATA OF STUDENT
LIST OF PUBLICATIONS

xii

69
73

74
78
81
86
89
91
93

93
94
101

105
105
106

107
132
160
161



Table
3.1
3.2
33
34
3.5
3.6
3.7
4.1
4.2

43

4.4
45

4.6
4.7

4.8
4.9

LIST OF TABLES

Materials and their manufacturers.

Thermal cycling conditions for gradient PCR.

Sequences of designed peptides.

General cleavage cocktails for rink amide AM resin.

Gradient elution system for peptide analysis.

Gradient elution system for peptide purification.

Gradient elution system of LC/MS.

Purification table of PAD4.

Compound ID, rank, structure, and binding affinity of 22
compounds tested for their inhibitory activity against PADA4.
Summary of residues involved in the interactions with compound
9, 10 and 59.

Yield and purity of crude peptide-based inhibitors.

Expected and experimental molecular weight of peptide-based
inhibitors.

ICs values of the designed peptide-based inhibitors.

Summary of secondary structure estimation of peptide-based
inhibitors.

Structural statistics for the simulated Inh Dap peptide ensembles.

List of conformations selected from each top 10 cluster with their
energy.

xiii

Page
32
36
43
48
49
49
50
64
66

72

88
89

91
94

99
100



Figures
2.1

2.2
23
24
2.5

2.6
2.7
2.8
2.9
2.10
2.11

2.12
2.13

2.14
2.15

3.1
3.2
3.3

34

3.5
3.6
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

4.9
4.10
4.11

4.12
4.13

LIST OF FIGURES

Post-translational ~ conversion ~ of  peptidylarginine  into
peptidylcitrulline catalyzed by calcium ion dependent protein
arginine deiminase (PAD).

Structural changes induced by citrullination.

Ribbon representation of PAD4-substrate complex.

Structure of the C-terminal domain of PADA4.

Electrostatic surface potentials of Ca*"-free PAD4 (left), Ca®'-
bound PAD4 (middle) and substrate complex (right).

Catalytic mechanism of PADA4.

Chemical structure of methotrexate.

Chemical Structure of Leflunomide.

Chemical structures of selected inhibitors of PADA4.

Chemical structure of benzoylarginine amide.

Two proposed mechanisms of PAD4 inactivation by Cl-amidine
and F-amidine.

LIDAEUS matchs ligands to the site points generated on the
binding pocket

Chemical structure of potent aminopyrimidine CDK2 inhibitors
discovered by LIDAEUS.

Structure of octreotide and goreselin acetate.

Overlay of 10 NMR restrained MD simulation structures of a
cyclic peptide.

Overall workflow.

Affinity chromatography.

6xHis protein tag binds to Ni-sepharose resin via coordinate
bonds.

Chemical structures of amino acids substituted arginine in
peptide-based inhibitors.

General protocol of solid phase peptide synthesis.

Synthesis of peptide-based inhibitors.

PAD4 expressed from vector pReceiver-B13.

PCR products.

Double digested vector and purified PCR product.

E.coli grown on LB agar plate after ligation.

PCR products generated from extracted plasmids.

Double digestion of extracted plasmids.

PAD4 expressed using Studier media.

Specific activity of PAD4 expressed from conventional and auto-
induction systems.

Chromatogram of PAD4 purification.

Activity of every fraction of protein after purification.
Coomasive-stained SDS-PAGE of PAD4 before and after
purification.

Structure of PAD4 [PDB: IWDA].

Site points map generated by LIDAEUS in the binding pocket of
PADA4.

Xiv

Page

11
12
12

14
16
17
20
21
22

24
25

28
30

31
38
39

43

45
47
56
56
57
57
58
59
60
61

62
63
63

64
65



4.14

4.15

4.16

4.17

4.18

4.19
4.20

4.21

4.22

4.23

4.24

4.25

4.26
4.27
4.28
4.29
4.30

431
4.32
4.33
4.34
4.35
4.36
4.37
4.38
4.39
4.40
4.41

4.42

4.43

4.44

4.45

Percentage of remaining activity of PAD4 in the presence of 22
compounds.

Correlation plot between Autodock binding affinity and the
inhibitory activity of the compounds.

Concentration - response graphs of (a) compound 9, (b) 10 and (¢)
59 against PADA4.

Binding conformations of (a) compounds 9, (b) 10 and (c) 59 in
the PAD4 binding pocket.

Binding pocket of PAD4 with two accessible tunnels labeled as
"front door" and "back door" [PDB:1WDA].

Structure of streptonigrin.

Percentage of remaining activity of PAD4 in the presence of 37
compounds.

Structures of compounds that exhibit significant inhibition to
PADA4.

Concentration-response graph of Compound 5 against PAD4.

Binding conformation of Compound 5 inside the PAD4 binding
pocket.

Binding conformation of streptonigrin inside the PAD4 binding
pocket.

Sequence of human nucleophosmin. (UniProt accession no.
P06748).

Screening of peptide substrates of PADA4.

Screening of shortened Pep5 as substrate of PADA4.

Overall design strategy for peptide-based inhibitors.

General structure of designed peptide-based inhibitors.

Structures of (a) designed peptide-based inhibitors, (b) BAA, a
synthetic substrate and (c) F-amidine, one of the reported
inhibitors of PADA4.

Kaiser test results during synthesis of branched peptides.
Chromatogram of Inh Lys.

Mass spectrum of purified Peak 2 of Inh Lys.

Concentration — response graphs of peptide-based inhibitors.
Rapid dilution time course experiment of Inh Dap.

Linewearver Burk plot of various concentration of Inh Dap.
Michaelis-Menten plot of various concentration of Inh Dap.

Far UV CD spectroscopy of peptide-based inhibitors.

1D proton NMR spectrum of the HN region of Inh Dap.

TOCSY spectrum of Inh Dap.

Partial NOESY spectrum showing the connectivity between
residues.

Chemical shift index (CSI) for the residues in the sequence of Inh
Dap.

Summary of the interresidue NOEs and 3JNH_HCa coupling
constants of each residue.

Backbone RMSD of 2000 trajectories generated during MD
simulation.

Heavy atoms alignment for 10 NMR restrained MD simulation
conformations of Inh Dap.

XV

68

69

70

71

73

74
75

76

71

79

80

81

82
83
83
84
85

86
87
88
90
92
92
93
94
95
96
97

98

98

99

100



446  Binding conformation of Inh Dap inside the PAD4 binding 102
pocket.
4.47  Conformation of Inh Dap after binding to PADA4. 103

xvi



Appendix

mUN

T Q™

K1
K2

L1
L2
L3

LIST OF APPENDICES

Amino acid sequence of human protein arginine deiminase type
4.

Recipes of media, buffers and reagents.

Citrulline standard curve.

Bradford standard curve.

Calculation of PAD4 activity.

Amount of N-terminal protected amino acid required in each
coupling process.

Distance restraints applied in structure calculations of Inh Dap.
Torsion restraints applied in structure calculations of Inh Dap.
Rank, compound ID, binding affinity and predicted LogP value of
compounds identified by LIDAEUS and AutoDock 4.

Compound ID and structure of the compounds similar to
streptonigrin identified by USR.

Structures of Pepl to Pep8.

HPLC chromatograms and LCMS spectra of shorten peptides.
HPLC chromatograms and LCMS spectra of peptide-based
inhibitors.

Two-dimensional '"H NOESY spectrum.

Two-dimensional 'H-">C HSQC-TOCSY spectrum.
One-dimensional 'H spectrum.

List of chemical shifts of ">C and 'H of Inh Dap.

xvii

Page
132

133
135
136
137
138

139
141
142

145

149

151
153

155
156
157
159



ABPP
ACN
ACPA
AKA
APF
Ala/A
Arg/R
Asn/N
Asp/D
BAA
BAEE
BMO
BSA
BzADMA
bp
CCP
CDh
CSI
Cys/C
DCM
DIEA
DMARD
DMF
DMSO
DTT
Dab
Dap
Dfa
EDTA
Fal
Fmoc
GIn/Q
Glw/E
Gly/G
HCTU

HTS
His/H
ICso
IPTG
Ile/I
LB
LIDAEUS
LPPS
Lys/K
MTX
Met/M
Mtt

LIST OF ABBREVIATIONS

Activity-Based Protein Profiling
Acetonitrile

anticitrullinated protein autoantibody
anti-keratin antibodies

anti-perinuclear factor

alanine

arginine

asparagine

aspartic acid

N-a-benzoyl arginine amide
N-a-benzoyl-L-arginine ethyl esther

2, 3-Butanedione monoxime

Bovine serum albumin
benzoyl-N°-asymmetrical dimethyl-Arg
base pairs

cyclic citrullinated peptide

circular dichroism

Chemical shift index

cystein

Dichloromethane

N, N — diisopropylethylamine

Disease Modifying Anti-Rheumatic Drug
Dimethylformamide

Dimethyl sulfoxide

Dithiothreitol

L-2,4-diaminobutyric acid
L-2,3-diaminopropionic acid

Dap-Fal

Ethylenediaminetetraacetic acid disodium salt dihydrate
L-2-furylalanine
fluorenylmethyloxycarbonyl

glutamine

glutamic acid

glycine
2-(6-Chloro-1H-benzotriazole-1-yl)-1, 1, 3, 3-tetramethylaminium
hexafluorophosphate

High-Throughput Screening

histidine

half maximal inhibitory concentration
Isopropyl B-D-1-thiogalactopyranoside
isoleucine

Luria-bertani

Ligand Discovery At Edinburgh University
Liquid phase peptide synthesis

L-lysine

Methotrexate

methionine

Methyltrityl

Xviii



NLS
NMF
NMP
NSAID
Ormn
PAD
PAD4
Pro/P

RF
RFA
SE
SNP
SPPS
Ser/S
TEMED
TFA
TIS
TNF
Thr/T
Trp/W
USR
vHTS
Val/V

nuclear localization signal

natural moisturizing factor
N-methyl-2-pyrrolidone
Non-Steroidal Anti-Inflammatory Drug
L-orthinine

protein arginine deiminase

protein arginine deiminase type [V
proline

rheumatoid arthritis

Rheumatoid factor

rhodamine conjugated F-amidine
Shared epitope

single-nucleotide polymorphism
solid phase peptide synthesis

serine

N, N, N', N'-tetramethylethylenediamine
trifluoroacetic acid
Triisopropylsilane

Tumor Necrosis Factor

threonine

tryptophan

Ultrafast Shape Recognition
virtual High-Throughput Screening
valine

Xix



CHAPTER 1

INTRODUCTION

The immune system protects us against diseases and infections. Substances which
are foreign and harmful to our body are called antigens. Examples of antigens are
viruses, cancer cells and blood or tissues from other person or species. When
antigens enter our body, our immune system will produce antibodies to destroy the
harmful substances. Autoimmune disease occurs when our immune system attacks
body’s own tissues by mistake. It cannot differentiate between healthy body’s tissues
and antigens. Rheumatoid arthritis (RA) is an autoimmune disease where the
immune system attacks synovial membrane around joints. RA is a disease which
lasts for a long period of time, and it may affect many tissues and organs, but
principally attacks joints. The attacked joints will become swollen, stiff, red and
painful. This will lead to joint destruction and functional disability.

About 0.5-1.0% of the adult population is affected by RA (Wegner et al., 2010). It is
the second most common type of arthritis that most often starts after 40 years of age
and before 60 years of age (Knuckley et al., 2008). Similar to other autoimmune
diseases, such as multiple sclerosis and type-1 diabetes, the etiology of the disease is
still unknown. The treatment of the disease is only to reduce the symptoms of the
disease, but not to cure the disease. Most of the autoimmune diseases are still not
curable.

As an autoimmune disease, there are many autoantibodies that react with various
autoantigens are detectable in the sera of RA patients. RA associated autoantibodies
are useful in diagnosis of the disease. Diagnosis at the early stage of the disease can
prevent irreversible joint damage, reducing signs and symptoms of erosion and
improving physical function (Conrad et al., 2010). Among the autoantibodies,
anticitrullinated protein autoantibody (ACPA) has been documented as a highly
specific marker for RA and has the most valuable diagnosis and prognosis potential
for RA (van Boekel et al., 2002).

There are five highly related calcium-dependent protein arginine deiminases (PADs),
PADI to PAD4 and PAD6, exist in humans. Among the isozymes, PAD4 has
emerged as a potential therapeutic target for the treatment of RA (Jones ef al., 2009).
By inhibiting the enzymatic activity of PAD4, it is believed that the development of
RA can be suppressed and subsequently the disease can be cured.

Several drugs are available for treating RA. They can be generally divided into three
groups: Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), corticosteroidals, and
Disease Modifying Anti-Rheumatic Drugs (DMARDs) (Masumoto et al., 1998).
Although the existing drugs can treat the disease, they do bring many side effects to
the patients. For examples, long term use of NSAIDs will lead to gastrointestinal
disturbance such as ulcers and bleeding while corticosteroidals such as prednisone
will cause weight gain, increase blood pressure and blood sugar (Masumoto et al.,
1998).



The drug that is now considered as the most commonly used drug for RA patients is
methotrexate, an examples of DMARDs. The drug will also cause diarrhea, nausea
and fatigue (Masumoto et al., 1998). Several strong inactivators of PAD4 have been
reported, such as o-F-amidine and Thr-Asp-F-amidine (TDFA) (Causey ef al., 2011;
Jones et al., 2012). However they inactivate PAD4 irreversibly. Introduction of the
inactivators in human body will cause PAD4 to lose its functions permanently and
this may lead to other health problems.

Searching for effective drugs for a disease in a short period of time is crucial in
curing the disease or even in saving the patients’ lives. Yet drug discovery is a time
consuming and complex process. The process from discovery to approval of a new
drug may take more than 10 years and cost hundreds of millions of Dollars (Morgan
et al.,2011). However practice of bioinformatics techniques generally accelerates the
drug discovery process and also reduces the overall risk and cost throughout the
process (Katara, 2013). Bioinformatics helps in the gene identification for druggable
targets and discovery of new targets for new drugs (Chen & Chen, 2008; Katara ef al.,
2011). Bioinformatics approach supports rational drug discovery and subsequently
encourages the application of computer-aided drug design (CADD) in drug
development. The first drug approved with the aid of bioinformatics tools is Relenza,
an inhibitor of neuraminidase for influenza treatment (MacConnachie, 1999). With
the use of bioinformatics tools, more and more drugs were discovered later. For
instances, with the use of structure-based drug design, Indinavir was discovered for
human immunodeficiency virus (HIV) infection treatment (Askin et al., 1994).

Peptide-based drugs attract attention from public for their attractive advantages such
as high specificity and low toxicity in comparison to conventional small molecule
drugs. As peptide is a natural substance, introduction of peptide-based drug to human
body is believed to have less negative impact compared to small molecules. Strong
binding between the peptide-based inhibitor to the receptor can be achieved by
structure modification of the existing natural amino acids. Combination of the
CADD techniques and peptide-based drug design can be a fascinating method in
designing PAD4 inhibitors with strong binding and low toxicity properties.

Since current therapies for rheumatoid arthritis are not completely effective in
treating the disease, new drugs with minimum side effects need to be discovered.
PAD4 inhibitors were searched by different approaches in this research. The
objectives of this study are:

To express and purify human PAD4 using recombinant DNA technology.

To screen and evaluate inhibitors of PAD4 by structure-based virtual screening.
To screen and evaluate inhibitors of PAD4 by ligand-based virtual screening.

To design and synthesize peptide-based inhibitors of PADA4.

To elucidate inhibition characteristics and structure of PAD4 inhibitor.
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