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An enzyme called Protein Arginine Deiminase IV (PAD4) has gained tremendous 

attention due to its role in rheumatoid arthritis (RA). It catalyses the citrullination 

reaction, whose products was reported to be dysregulated in the RA patients. 

Therefore, modulation of PAD4 activities is considered as an alternative therapeutic 

strategy against the disease. The early view of protein as a rigid body has been 

replaced by dynamics model. The use of dynamics model allows exploration of 

unique conformational changes that are varied depending on the protein 

environment. Although the structure of PAD4 has been solved experimentally, it 

does not reflect the dynamical changes of the protein. The present thesis employed 

molecular dynamics (MD) simulations to enhance understanding on PAD4 

behaviour, and on how a ligand can influence the protein structure, dynamics and 

catalytic pocket.  
 

 

The MD simulations were performed in the ligand-bound and the unbound form of 

the enzyme. For ligand-bound systems, two known ligands were used: o-F-amidine 

and GSK147, which binds at two different binding regions. For the PAD4-GSK147 

systems, the simulations were performed in the presence of five and two calcium 

ions conditions. This provided a platform for inspection and direct comparison of 

the structural and dynamics changes at the atomic level.  

 

 

The binding of either ligand showed a significant reduction in the local fluctuation 
profiles up to 30% at regions that are distal from the catalytic pocket, particularly 

residues in Subdomain I and 387-407, in comparison to that in the unbound-PAD4-

5Ca2+ system. Comparison on the collective motion from the MD simulations 

revealed that the key of PAD4 inhibition by these ligands were through constraining 
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the movement of Subdomain I in relative to Subdomain II, with two different hinge 

points. A reduction in the number of calcium ions in the PAD4-GSK147 simulation 

was also observed to greatly affect not only PAD4 structure and dynamics, but also 

protein-ligand interaction. This observation suggests that residues at the calcium 

binding sites can be utilised for modulating the enzyme.  

 

 

A clustering analysis on the PAD4 trajectories revealed the dynamics behaviour of 

H640 side chain, which is located in between the two door of PAD4 catalytic pocket. 

The upward movement of the H640 side chain changes the topography of the two-

door catalytic pocket, which resembles an open-cleft event. This new insight on the 
H640 side chain has assisted in the identification of 47 drug-like compounds that 

exerts mean binding affinity in the range of -9.12 to -7.33 kcal/mol towards PAD4 

and binds at either front door, back door or in between the two-door catalytic pocket. 

Binding interaction analyses of the top PAD4-binder complexes showed that the top 

binders were interacting to one or more key residues lining either the PAD4 front 

door or the back door; thus may be blocking the citrullination reaction. With 

additional optimisation, these binders may serve as lead compounds in future drug 

and development against PAD4.  Overall, this work provides new and promising 

insights into the PAD4 dynamics and catalytic pocket.  
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Enzim yang dipanggil Protin Arginina Deiminasi IV (PAD4) telah mendapat 
perhatian besar kerana peranannya di dalam artritis reumatoid (RA). Ia menjadi 

pemangkin tindak balas sitrulinasi, yang tidak seimbang di dalam pesakit RA. Oleh 

itu, modulasi aktiviti PAD4 dianggap sebagai strategi terapeutik terhadap penyakit 

tersebut. Pandangan awal protin sebagai sebuah badan tegar telah digantikan dengan 

model dinamik. Penggunaan model dinamik membolehkan eksplorasi terhadap 

perubahan konformasi unik protin yang berubah mengikut persekitaran protein. 

Walaupun struktur PAD4 telah diselesaikan melalui eksperimen, ianya tidak 

mencerminkan perubahan dinamik protein itu. Tesis ini mengaplikasikan simulasi 

dinamik molekul (MD) untuk meningkatkan pemahaman tentang dinamik PAD4, 

dan bagaimana ligan boleh mempengaruhi dinamik protin ini. Simulasi PAD4 

dilaksanakan menggunakan dua ligan, o-F-amidine dan GSK147, selama 50 ns.  

 
 

Analisis struktur terhadap simulasi PAD4-ligan menunjukkan bahawa struktur 

PAD4 mengalami kesan yang minima sekitar 3% apabila ligan mengikat. Profil 

fleksibiliti daripada simulasi PAD4 bersama ligan menunjukkan pengurangan yang 

ketara sehingga 30% di kawasan-kawasan yang jauh dari poket pemangkin, 

terutamanya di asid amino di dalam Subdomain I dan 387-407. Analis domain 

menunjukkan bahawa pergerakan PAD4 sangat bergantung kepada pergerakan 

Subdomain I. Perbandingan kolektif simulasi PAD4 terikat bersama o-F-amidine 

dan PAD4 bersama GSK147 menunjukkan bahawa kunci perencatan oleh ligan-

ligan ini ke atas PAD4 adalah dengan mengekang pergerakan Subdomain I kepada 

Subdomain II, dengan dua titik engsel yang berbeza. Pengurangan jumlah ion 
kalsium di dalam simulasi PAD4-GSK147 bukan sahaja diperhatikan 

mempengaruhi struktur dan dinamik protin, malah interaksi di antara protin dan 

ligand.  

 



© C
OPYRIG

HT U
PM

 iv 

Satu analisis kelompok kepada trajektori PAD4 memdedahkan tingkah laku dinamik 

rantaian sampingan H640, yang terletak di antara poket pemangkinan dua pintu 

PAD4. Pergerakan menaik rantaian sampingan H640 mengubah topografi poket 

pemangkinan dua pintu menjadi satu poket yang luas, seakan satu rekahan terbuka. 

Pendekatan baru tentang rantaian sampingan H640 ini digunakan dalam pencarian 

maya perencat kepada PAD4. Sebanyak 47 sebatian yang dijangka mengikat dengan 

min tarikan pengikatan di antara -9.12 hingga -7.33 kcal/mol kepada PAD4 telah 

dikenalpasti. Analis interaksi pengikatan ke atas kompleks PAD4-pengikat teratas 

menunjukkan bahawa pengikat teratas berinteraksi dengan satu atau lebih asid amino 

penting samada di pintu depan atau pintu belakang PAD4. Ini dijangka dapat 

mengawal tindak balas sitrulinasi. Penggunaan struktur poket pemangkinan PAD4 
dengan rantaian sampingan H640 yang menaik membantu dalam mengenalpasti 

perencat yang berpotensi untuk mengikat di pintu belakang poket pemangkinan. 

Dengan pengubahsuaian tambahan, sebatian-sebatian ini dipercayai boleh menjadi 

dasar di dalam reka bentuk dan pembangunan perencat terhadap PAD4. Secara 

keseluruhannya, hasil dari penyelidikan ini memberikan pendekatan baharu ke atas 

dinamik PAD4 dan poket pemangkinan. 
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CHAPTER 1 

INTRODUCTION 

Research Background 

Proteins are macromolecules that are vital in human body and biochemical process. 

Structurally, a protein is made up of simple building blocks based on the 20 naturally 

produced amino acids which differ at their side chain. Since each amino acid has a 

unique side chain, the chemistry is different too. Some are hydrophobic, and several 

others are polar and nonpolar. This chemistry of amino acid is vital, as it will 
determine the shape of the protein. Because of the amino acid backbone and side 

chain interactions, the sequence bends and folds into a three-dimensional (3D) 

structure. The newly formed structure is closely packed; with some atoms remain 

capable to make small movements (Fersht, 1999).  

Proteins carry several roles in human body. They could act as enzyme, transporter, 

or carrier. For a protein to have such specialized function, it has to undergo 

modification known as post-translational modification (PTM). The modifications 

include glycosylation, acetylation, phosphorylation, and citrullination. Citrullination 

converts peptidyl-arginine into peptidyl-citrulline, which is catalysed by an enzyme 
called protein arginine deiminase (PAD) (van Venrooij & Pruijn, 2000). Since the 

conversion involves the removal of an imine group to a carbonyl group, the chemical 

reaction is also referred to as deimination. Although citrullination was first reported 

early in 1958 (Rogers & Simmonds, 1958), appreciation towards the modification 

only started 30 years later when the peptidyl-citrulline was found to be associated 

with a disease called rheumatoid arthritis (RA) (Schellekens et al., 1998).  

Figure 1.1 : Enzymatic conversion of peptidylarginine into peptidylcitrulline.  

Note: PAD catalyzes the hydrolytic deimination of peptidylarginine to produce 

peptidylcitrulline and ammonia.  
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RA is a chronic inflammatory disease that is characterized by symmetrical pain in 

one or more joints (Landre-Beauvais, 2001). The symptoms usually start with 

stiffness in the morning, followed by joint tenderness and swelling. The number of 

affected joints varies, but most of the disease development involves five or more 

joints, including both small and big joints. Since its identification, RA has been the 

cause of joint inflammations in 0.5 to 1% of the world’s population (Gabriel, 2001). 

The number of people diagnosed with RA in year 2008 has been estimated to be 

nearly 1.3 million in the United States (Helmick et al., 2008; Ong et al., 2013). 

Majority of the affected patients were reported to have a low health-related quality 

of life due to physical damages induced by the disease (Salaffi et al., 2009). In 

Malaysia, it is estimated that approximately 140000 people are suffering from the 
disease (Malaysian Society of Rheumatology, 2011). However, the scenario in 

Malaysia is poorer as some of the patients had delayed treatment, due to the lack of 

awareness. This caused difficulties for the patients to perform their routine activities, 

and for some, it resulted in losing their jobs. With the assumption that human life 

span increases every year, it is expected that the frequency of correctly diagnosed 

patients with RA will increase in the future.   

RA is regarded as an autoimmune disease (‘auto’ means self, while ‘immune’ means 

immune system) (Davidson & Diamond, 2001). In general, an autoimmune disease 

can be understood as a disease that is triggered by the abnormal response of the 
immune system against one’s substance or tissue that is naturally presented in the 

body. In the case of RA, the target is the joint and the tissues that surround it. The 

onset of RA is caused by the stimulation of the immune system that is triggered by 

foreign substrates that mimic the joint cells (Davidson & Diamond, 2001). Upon the 

trigger, the immune components start to attack the invaders and coincidentally, the 

joint cells too. This in turn, causes the swelling of the synovial membrane (see Figure 

1.2). In comparison to a healthy joint, a joint affected by RA has almost no gaps in 

between because the gap was filled with the swelling of synovial membrane. This 

consequently limits the range of motion of the joint and may gradually disrupt other 

joint components, for example, the joint cartilage. 

Over the past 30 years, several drugs have been prescribed to treat RA. The main 

aim is to minimize RA joint inflammations, but the drugs do not treating the 

underlying causes. At present, three classes of drugs are commercially available, 

namely corticosteroids, non-steroidal anti-inflammatory drug (NSAID) and disease-

modifying anti-rheumatic drug (DMARD) (O’dell, 2004). Depending on the disease 

severity, an appropriate drug is prescribed. DMARD is the most commonly 

prescribed medication for RA patients. An example of a drug from this class is 

methotrexate (MTX) (Aletaha et al., 2010). Although it is effective in relieving RA 

symptoms, the mechanism of action of MTX in treating RA remains unclear. A 

major drawback of MTX is that it can cause multiple side effects on the central 

nervous, hepatic, pulmonary, hematologic and gastrointestinal systems in long-term 
usage (Smolen et al., 2005). This drug also has a toxicity issue, which is why MTX 

was discontinued in certain, more susceptible RA patients (Smolen et al., 2010).  
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Figure 1.2: Schematic diagram of a healthy joint versus RA joint. 

Note: RA is characterised by chronic inflammation of the joints, caused by massive 

infiltration of inflammatory cells and proliferation of the synovial lining cells. As 

the disease progresses, the synovium will expand and develop pannus tissue. During 
the disease process, the pannus tissue attacks the articular cartilage and the 

underlying bone, which can lead to progressive joint destruction. (Adopted from 

Nijenhuis et al.,  2004) 

 

 

RA is not a fatal disease, however, severe and unmanageable conditions may arise 

that gradually disrupts overall human function, and thus, the quality of life (Salaffi 

et al., 2009). Long-standing RA patients have an increased risk of suffering multiple 

health problems. Therefore, it is crucial to diagnose RA at an earlier stage of the 

disease; so that treatment can be administered sooner and major damage of joint 

tissues can be prevented. Considering the close relation between RA and 

citrullination pathway, suppression of the pathway has been hypothesized to be a 
strategic way to slow down the disease (Schellekens et al., 1998, 2000; Wegner et 

al., 2009). An alternative is by controlling the activity of the enzyme that catalyses 

the pathway, PAD type 4 (PAD4). On-going researches on PAD4 include studies on 

protein structure and function, as well as inhibitor design and development.  

 

 

 Problem Statement 

 

PAD4 catalyses citrullination reaction and is considered to be a promising target to 

treat RA. Based on the crystal structures available, known PAD4 ligand can be 

categorised into two classes: the front door ligands, which mimic natural PAD4 
substrate, benzoyl-arginine amide and bind covalently to the front door of PAD4 

catalytic pocket (Arita et al., 2004; Causey et al., 2011; Jones et al., 2012; Luo et 

al., 2007, 2006) and the back door ligands that binds non-covalently at the water 

channel or the back door of the catalytic pocket (Lewis et al., 2015). The front door 

ligands were proposed to follow competitive inhibition mechanism, which 

inactivates PAD4 by interacting with the catalytic residues (Kearney et al., 2005). 

Meanwhile, the back door ligand binding strongly dependent on the calcium ions 

environment and it works best when only two out of five calcium-binding sites were 

occupied.  

The crystallographic studies on PAD4-ligand complexes have provided insightful 
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observations on the structural features of PAD4 and the ligand binding mechanism. 

In addition, studies on the reaction mechanism of PAD4-ligand complexes have also 

been performed (Ke et al., 2009; Li et al., 2015). However, there is no work reporting 

on the dynamics of PAD4 in the presence and absence of ligand. It is indeed difficult 

to gain the dynamics information based on the crystal structure. In order to elucidate 

the ligand binding impact, further studies on the dynamical behaviour of PAD4 in 

its unbound and ligand-bound states at atomic level need to be acquired. This would 

provide understanding on the dynamics of PAD4 and PAD4-ligand complexes, 

together with the catalytic pocket dynamics and interaction between PAD4 and the 

ligand. This is essential particularly in discovering or designing suitable ligands to 

occupy the PAD4 catalytic pocket.  
 

 

Computational technique such as molecular dynamics (MD) simulations is proved 

to be a very useful and reliable way to study dynamics of biomacromolecular and is 

a complementary means to experimental study. The influence of ligand binding 

towards PAD4 dynamics can be investigated by simulating the PAD4-ligand 

interactions. By relating experimental evidences and known crystal structures with 

the atomistic observation provided by MD simulations, the mechanistic and 

dynamics properties of PAD4 and its relation with ligand can be fully elucidated. In 

addition, several predictions on the type of ligands that are suitable to occupy the 

front door, back door and both door based on the dynamics of the PAD4 catalytic 
pocket can be deduced for future successful drug design efforts against this enzyme. 

 

 

 Scope of Research 

 

In order to obtain the relation between ligand binding and PAD4, the atomistic 

features of unbound PAD4 should be first described. Concurrently, the investigation 

on the ligand binding impact on PAD4 was performed in the presence of two classes 

of PAD4 ligands: o-F-amidine (YFF) representing the front door ligand, and 

GSK147 as the back door ligand. Analyses related to structural and dynamics 

properties were performed on PAD4 and its catalytic pocket. In order to further 

investigate the type of ligand suitable to bind at the PAD4 catalytic pocket, a virtual 
screening using ensemble-based approach was performed. The ensemble-based 

approach was utilised to integrate the dynamics information of the PAD4 catalytic 

pocket obtained from the MD simulations. The compound library used during the 

screening was limited to the compounds from National Cancer Institute Diversity 

Set 3 (NCIDS3). The identified ligands were discussed based on their predicted 

mean binding affinities, drug-likeness properties and relevant enzyme-ligand 

interactions. 
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 Objectives 

 

The present research was aimed to elucidate the influence of ligands binding towards 

PAD4 stability and dynamics and to identify putative PAD4 binders using 

computational approaches. Therefore, these objectives were pursued: 

 

 

i. To study the PAD4 stability and dynamics 

ii. To investigate the effect of PAD4 ligands towards PAD4 stability 

and dynamics 

iii. To analyse the PAD4 catalytic pocket conformational ensemble 
iv. To study the type of potential ligands that bind to the PAD4 catalytic 

pocket ensemble 

 

 

In the next chapter, the literature related to the project is discussed. The theoretical 

background and methodologies that were used throughout the project are presented 

in Chapter 3. Chapter 4 presented the findings including the impact of ligand binding 

towards the stability and dynamics of PAD4 and its catalytic pocket. The type 

ligands that would bind to the PAD4 catalytic pocket ensemble are also discussed. 

The results are further correlated to the currently available findings whenever 

applicable. Overall conclusion from this study and some recommendations to 
improvise the study are presented in the last chapter.  



© C
OPYRIG

HT U
PM

 146 

REFERENCES 

Alder, B. J., & Wainwright, T. E. (1959). Studies in Molecular Dynamics. I. General 

Method. The Journal of Chemical Physics, 31(2), 459. 

Aletaha, D., & Machold, K. P. (2005). Therapeutic strategies in early rheumatoid 

arthritis. Best Practice & Research. Clinical Rheumatology, 19(1), 163–77. 

Aletaha, D., Neogi, T., Silman, A. J., Funovits, J., Felson, D. T., Bingham, C. O., 

Birnbaum, N. S., Burmester, G. R., Bykerk, V. P., Cohen, M. D., Combe, B., 

Costenbader, K. H., Dougados, M., Emery, P., Ferraccioli, G., Hazes, J. M. 

W., Hobbs, K., Huizinga, T. W. J., Kavanaugh, A., Kay, J., Kvien, T. K., 
Laing, T., Mease, P., Ménard, H. a, Moreland, L. W., Naden, R. L., Pincus, T., 

Smolen, J. S., Stanislawska-Biernat, E., Symmons, D., Tak, P. P., Upchurch, 

K. S., Vencovský, J., Wolfe, F., & Hawker, G. (2010). 2010 Rheumatoid 

arthritis classification criteria: an American College of 

Rheumatology/European League Against Rheumatism collaborative 

initiative. Arthritis Rheum., 62(9), 2569–81.  

Alonso, H., Bliznyuk, A. A., & Gready, J. E. (2006). Combining docking and 

molecular dynamic simulations in drug design. Medicinal Research Reviews, 

26(5), 531–568.  

Amadei, A., Linssen, A. B., & Berendsen, H. J. (1993). Essential dynamics of 

proteins. Proteins, 17(4), 412–25. 

Amaro, R. E., Baron, R., & McCammon, J. A. (2008). An improved relaxed complex 

scheme for receptor flexibility in computer-aided drug design. Journal of 

Computer-Aided Molecular Design, 22(9), 693–705.  

Amaro, R. E., & Li, W. W. (2010). Emerging methods for ensemble-based virtual 

screening. Current Topics in Medicinal Chemistry, 10(1), 3–13. 

Amaro, R. E., Swift, R. V, & McCammon, J. A. (2007). Functional and structural 

insights revealed by molecular dynamics simulations of an essential RNA 
editing ligase in Trypanosoma brucei. PLoS Neglected Tropical Diseases, 

1(2), e68.  

Arita, K., Hashimoto, H., Shimizu, T., Nakashima, K., Yamada, M., & Sato, M. 

(2004). Structural basis for Ca2+)-induced activation of human PAD4. Nat 

Struct Mol Biol, 11(8), 777–83. 

Arita, K., Shimizu, T., Hashimoto, H., Hidaka, Y., Yamada, M., & Sato, M. (2006). 

Structural basis for histone N-terminal recognition by human peptidylarginine 

deiminase 4. Proceedings of the National Academy of Sciences of the United 

States of America, 103(14), 5291–6. 



© C
OPYRIG

HT U
PM

 147 

Arnett, F. C., Edworthy, S. M., Bloch, D. A., McShane, D. J., Fries, J. F., Cooper, 

N. S., Healey, L. A., Kaplan, S. R., Liang, M. H., Luthra, H. S., Medsger, T. 

A., Mitchell, D. M., Neustadt, D. H., Pinals, R. S., Schaller, J. G., Sharp, J. T., 

Wilder, R. L., & Hunder, G. G. (1988). The American Rheumatism 

Association 1987 revised criteria for the classification of rheumatoid arthritis. 

Arthritis Rheum., 31(3), 315–324. 

 

Barakat, K., Mane, J., Friesen, D., & Tuszynski, J. (2010). Ensemble-based virtual 

screening reveals dual-inhibitors for the p53-MDM2/MDMX interactions. 

Journal of Molecular Graphics & Modelling, 28(6), 555–68.  

 
Baxter, J. (1981). Local Optima Avoidance in Depot Location. Journal of the 

Operational Research Society, 32(9), 815–819.  

 

Bello, A. M., Wasilewski, E., Wei, L., Moscarello, M. a, & Kotra, L. P. (2013). 

Interrogation of the Active Sites of Protein Arginine Deiminases (PAD1, -2, 

and -4) Using Designer Probes. ACS Medicinal Chemistry Letters, 4(2), 249–

53.  

 

Berendsen, H. J., Postma, J. P. M., van Gunsteren, W. F., DiNola, A. R. H. J., & 

Haak, J. R. (1984). Molecular dynamics with coupling to an external bath. The 

Journal of Chemical Physics, 81, 3684–3690.  
Berman, H. M. (2000). The Protein Data Bank. Nucleic Acids Research, 28(1), 235–

242.  

 

Boekel, M. A. van, Vossenaar, E. R., Hoogen, F. H. van den, & Venrooij, W. J. van. 

(2002). Autoantibody systems in rheumatoid arthritis: specificity, sensitivity 

and diagnostic value. Arthritis Res, 4(2), 87–93.  

 

Bozdag, M., Dreker, T., Henry, C., Tosco, P., Vallaro, M., Fruttero, R., Scozzafava, 

A., Carta, F., & Supuran, C. T. (2013). Novel small molecule protein arginine 

deiminase 4 (PAD4) inhibitors. Bioorganic & Medicinal Chemistry Letters, 

23(3), 715–9.  

 
Brenke, R., Kozakov, D., Chuang, G.-Y., Beglov, D., Hall, D., Landon, M. R., 

Mattos, C., & Vajda, S. (2009). Fragment-based identification of druggable 

“hot spots” of proteins using Fourier domain correlation techniques. 

Bioinformatics (Oxford, England), 25(5), 621–7. 

 

Bringmann, G., Reichert, Y., & Kane, V. V. (2004). The total synthesis of 

streptonigrin and related antitumor antibiotic natural products. Tetrahedron, 

60(16), 3539–3574. 

 

Bussi, G., Donadio, D., & Parrinello, M. (2007). Canonical sampling through 

velocity-rescaling. J. Chem. Phys., 126(1), 14101. 
 

Carlson, H. a, Masukawa, K. M., & McCammon, J. A. (1999). Method for Including 

the Dynamic Fluctuations of a Protein in Computer-Aided Drug Design. J. 

Phys. Chem. A, 103, 10213–10219.  



© C
OPYRIG

HT U
PM

 148 

Cascella, M., & Vanni, S. (2015). Toward accurate coarse-graining approaches for 

protein and membrane simulations. In Chemical Modelling (pp. 1–52).  

 

Causey, C. P., Jones, J. E., Slack, J. L., Kamei, D., Jones, L. E., Subramanian, V., 

Knuckley, B., Ebrahimi, P., Chumanevich, A. A., Luo, Y., Hashimoto, H., 

Sato, M., Hofseth, L. J., & Thompson, P. R. (2011). The development of N-α-

(2-carboxyl)benzoyl-N(5)-(2-fluoro-1-iminoethyl)-l-ornithine amide (o-F-

amidine) and N-α-(2-carboxyl)benzoyl-N(5)-(2-chloro-1-iminoethyl)-l-

ornithine amide (o-Cl-amidine) as second generation protein arginine 

deiminase (PAD) inhibit. Journal of Medicinal Chemistry, 54(19), 6919–35.  

 
Chang, H. H., & Meuillet, E. J. (2011). Identification and development of mPGES-

1 inhibitors: where we are at? Future Medicinal Chemistry, 3(15), 1909–1934.  

 

Chang, M. W., Ayeni, C., Breuer, S., & Torbett, B. E. (2010). Virtual screening for 

HIV protease inhibitors: A comparison of AutoDock 4 and Vina. PLoS ONE, 

5(8), 1–9. 

 

Chang, X., Han, J., Pang, L., Zhao, Y., Yang, Y., & Shen, Z. (2009). Increased 

PADI4 expression in blood and tissues of patients with malignant tumors. 

BMC Cancer, 9(1), 40.  

 
Cheng, L. S., Amaro, R. E., Xu, D., Li, W. W., Arzberger, P. W., & McCammon, J. 

A. (2008). Ensemble-based virtual screening reveals potential novel antiviral 

compounds for avian influenza neuraminidase. Journal of Medicinal 

Chemistry, 51(13), 3878–94.  

 

Côté, B., Boulet, L., Brideau, C., Claveau, D., Ethier, D., Frenette, R., Gagnon, M., 

Giroux, A., Guay, J., Guiral, S., Mancini, J., Martins, E., Massé, F., Méthot, 

N., Riendeau, D., Rubin, J., Xu, D., Yu, H., Ducharme, Y., & Friesen, R. W. 

(2007). Substituted phenanthrene imidazoles as potent, selective, and orally 

active mPGES-1 inhibitors. Bioorganic & Medicinal Chemistry Letters, 

17(24), 6816-6820.  

 

Darden, T., York, D., & Pedersen, L. (1993). Particle mesh Ewald: An N⋅ log(N) 

method for Ewald sums in large systems. The Journal of Chemical Physics, 
98(12), 10089–10092. http://doi.org/10.1063/1.464397 

 

Daura, X., Gademann, K., Jaun, B., Seebach, D., van Gunsteren, W. F., & Mark, A. 

E. (1999). Peptide Folding: When Simulation Meets Experiment. Angewandte 

Chemie International Edition, 38(1–2), 236–240.  

 

Davidson, A., & Diamond, B. (2001). Autoimmune Diseases. New England Journal 

of Human Genetics, 345(5), 340–350.  

 

Dreyton, C. J., Anderson, E. D., Subramanian, V., Boger, D. L., & Thompson, P. R. 

(2014). Insights into the mechanism of streptonigrin-induced protein arginine 
deiminase inactivation. Bioorganic & Medicinal Chemistry, 22(4), 1362–9.  

 

http://doi.org/10.1063/1.464397


© C
OPYRIG

HT U
PM

 149 

Durrant, J. D., Hall, L., Swift, R. V, Landon, M., Schnaufer, A., & Amaro, R. E. 

(2010). Novel naphthalene-based inhibitors of Trypanosoma brucei RNA 

editing ligase 1. PLoS Neglected Tropical Diseases, 4(8), e803.  

 

Durrant, J. D., & McCammon, J. A. (2011). Molecular dynamics simulations and 

drug discovery. BMC Biology, 9, 71.  

 

Fernández, A., Sosnick, T. R., & Colubri, A. (2002). Dynamics of Hydrogen Bond 

Desolvation in Protein Folding. Journal of Molecular Biology, 321(4), 659–

675.  

 
Fiser, A., & Sali, A. (2003). ModLoop: automated modeling of loops in protein 

structures. Bioinformatics, 19(18), 2500–2501. 

 

Fletcher, R., & Powell, M. J. D. (1963). A Rapidly Convergent Descent Method for 

Minimization. The Computer Journal, 6(2), 163–168.  

 

Frauenfelder, H. (1989). The Debye-Waller factor: From villain to hero in protein 

crystallography. International Journal of Quantum Chemistry, 35(6), 711–

715.  

 

Friedman, A. J., Durrant, J. D., Pierce, L. C. T., McCorvie, T. J., Timson, D. J., & 
McCammon, J. A. (2012). The molecular dynamics of Trypanosoma brucei 

UDP-galactose 4’-epimerase: a drug target for African sleeping sickness. 

Chemical Biology & Drug Design, 80(2), 173–81.  

 

Fuhrmann, J., Clancy, K. W., & Thompson, P. R. (2015). Chemical Biology of 

Protein Arginine Modifications in Epigenetic Regulation. Chemical Reviews, 

115(11), 5413–5461.  

 

Gabriel, S. (2001). The epidemiology of rheumatoid arthritis. Rheum Dis Clin North 

Am, 27(2), 269–281. 

 

Gasteiger, J., & Marsili, M. (1980). Iterative partial equalization of orbital 
electronegativity—a rapid access to atomic charges. Tetrahedron, 36(22), 

3219–3228.  

 

Gaulton, A., Bellis, L. J., Bento, A. P., Chambers, J., Davies, M., Hersey, A., Light, 

Y., McGlinchey, S., Michalovich, D., Al-Lazikani, B., & Overington, J. P. 

(2012). ChEMBL: A large-scale bioactivity database for drug discovery. 

Nucleic Acids Research, 40(D1), 189–191.  

 

Giroux, A., Boulet, L., Brideau, C., Chau, A., Claveau, D., Côté, B., Ethier, D., 

Frenette, R., Gagnon, M., Guay, J., Guiral, S., Mancini, J., Martins, E., Massé, 

F., Méthot, N., Riendeau, D., Rubin, J., Xu, D., Yu, H., Ducharme, Y., & 
Friesen, R. W. (2009). Discovery of disubstituted phenanthrene imidazoles as 

potent, selective and orally active mPGES-1 inhibitors. Bioorganic & 

Medicinal Chemistry Letters (Vol. 19). 

 



© C
OPYRIG

HT U
PM

 150 

Hajduk, P. J., Huth, J. R., & Fesik, S. W. (2005). Druggability indices for protein 

targets derived from NMR-based screening data. Journal of Medicinal 

Chemistry, 48(7), 2518–25.  

 

Hayward, S., & Berendsen, H. J. C. (1998). Systematic analysis of domrain motions 

in Proteins from conformational change: new results on citrate synthase and 

T4 lysozyme. Proteins: Struct. Funct. Gen., 30(December 1996), 144–154. 

 

Hayward, S., & Groot, B. L. (2008). Normal Modes and Essential Dynamics (pp. 

89–106).  

 
Helmick, C. G., Felson, D. T., Lawrence, R. C., Gabriel, S., Hirsch, R., Kwoh, C. 

K., Liang, M. H., Kremers, H. M., Mayes, M. D., Merkel, P. A., Pillemer, S. 

R., Reveille, J. D., & Stone, J. H. (2008). Estimates of the prevalence of 

arthritis and other rheumatic conditions in the United States. Part I. Arthritis 

and Rheumatism, 58(1), 15–25.  

 

Hess, B., Bekker, H., Berendsen, H. J. C., & Fraaije, J. G. E. M. (1997). LINCS : A 

Linear Constraint Solver for Molecular Simulations. Journal of 

Computational Chemistry, 18(12), 1463–1472. 

 

Hess, B., Kutzner, C., van der Spoel, D., & Lindahl, E. (2008). GROMACS 4: 
Algorithms for Highly Efficient, Load-Balanced, and Scalable Molecular 

Simulation. J. Chem.Theory Comput., 4(3), 435–447.  

 

Hockney, R. W., Goel, S. P., & Eastwood, J. W. (1974). Quiet high-resolution 

computer models of a plasma. Journal of Computational Physics, 14(2), 148–

158. 

 

Hoet, R. M., Boerbooms, A. M., Arends, M., Ruiter, D. J., & van Venrooij, W. J. 

(1991). Antiperinuclear factor, a marker autoantibody for rheumatoid arthritis: 

colocalisation of the perinuclear factor and profilaggrin. Annals of the 

Rheumatic Diseases, 50(9), 611–8. 

 
Hoet, R. M., & van Venrooij, W. J. (1992). The Antiperinuclear Factor (APF) and 

Antikeratin Antibodies (AKA) in Rheumatoid Arthritis. In J. S. Smolen, J. R. 

Kalden, & R. N. Maini (Eds.), Rheumatoid Arthritis (pp. 299–318). Berlin, 

Heidelberg: Springer Berlin Heidelberg.  

 

Hornak, V., Abel, R., Okur, A., Strockbine, B., Roitberg, A., & Simmerling, C. 

(2006). Comparison of multiple Amber force fields and development of 

improved protein backbone parameters. Proteins, 65(3), 712–25.  

 

Huang, C. C., Couch, G. S., Pettersen, E. F., & Ferrin, T. E. (1996). Chimera: An 

Extensible Molecular Modeling Application Constructed Using Standard 
Components. Pacific Symposium on Biocomputing, 1, 724. 

 

Humphrey, W., Dalke, A., & Schulten, K. (1996). VMD: Visual molecular 

dynamics. Journal of Molecular Graphics, 14(1), 33–38.  



© C
OPYRIG

HT U
PM

 151 

Hünenberger, P. H., Mark, A. E., & van Gunsteren, W. F. (1995). Fluctuation and 

cross-correlation analysis of protein motions observed in nanosecond 

molecular dynamics simulations. Journal of Molecular Biology, 252(4), 492–

503.  

 

Ivetac, A., & McCammon, J. A. (2009). Elucidating the Inhibition Mechanism of 

HIV-1 Non-Nucleoside Reverse Transcriptase Inhibitors through Multicopy 

Molecular Dynamics Simulations. J Mol Biol., 388(3), 644–658.  

 

Ivetac, A., & McCammon, J. A. (2010). Mapping the druggable allosteric space of 

G-protein coupled receptors: a fragment-based molecular dynamics approach. 
Chemical Biology & Drug Design, 76(3), 201–17.  

 

Jakalian, A., Jack, D. B., & Bayly, C. I. (2002). Fast, efficient generation of high-

quality atomic charges. AM1-BCC model: II. Parameterization and validation. 

Journal of Computational Chemistry, 23(16), 1623–41.  

 

Jansen, A. L. M. A., van der Horst-Bruinsma, I., van Schaardenburg, D., van de 

Stadt, R. J., de Koning, M. H. M. T., & Dijkmans, B. A. C. (2002). Rheumatoid 

factor and antibodies to cyclic citrullinated Peptide differentiate rheumatoid 

arthritis from undifferentiated polyarthritis in patients with early arthritis. J 

Rheumatol, 29(10), 2074–2076. 
 

Jardine, N., & Sibson, R. (1971). Mathematical taxonomy. London etc: John Wiley. 

 

Jogalekar, A. (2013). Computational chemistry wins 2013 Nobel Prize in Chemistry. 

Retrieved May 2, 2016, from http://blogs.scientificamerican.com/the-curious-

wavefunction/computational-chemistry-wins-2013-nobel-prize-in-chemistry/ 

 

Jones, J. E., Causey, C. P., Knuckley, B., Slack-Noyes, J. L., & Thompson, P. R. 

(2009). Protein arginine deiminase 4 (PAD4): Current understanding and 

future therapeutic potential. Current Opinion in Drug Discovery & 

Development, 12(5), 616–27. 

 
Jones, J. E., Slack, J. L., Fang, P., Zhang, X., Subramanian, V., Causey, C. P., 

Coonrod, S. a, Guo, M., & Thompson, P. R. (2012). Synthesis and screening 

of a haloacetamidine containing library to identify PAD4 selective inhibitors. 

ACS Chemical Biology, 7(1), 160–5.  

 

Jorgensen, W. L., Chandrasekhar, J., Madura, J. D., Impey, R. W., & Klein, M. L. 

(1983). Comparison of simple potential functions for simulating liquid water. 

The Journal of Chemical Physics, 79(2), 926.  

 

Jorgensen, W. L. discovery. Science (New York, N.Y.), 303(5665), 1813–8.  

 
Kalva, S., Singam, E. R. A., Rajapandian, V., Saleena, L. M., & Subramanian, V. 

(2014). Discovery of potent inhibitor for matrix metalloproteinase-9 by 

pharmacophore based modeling and dynamics ... Journal of Molecular 

Graphics and Modelling, 49(January), 25–37.  

http://blogs.scientificamerican.com/the-curious-wavefunction/computational-chemistry-wins-2013-nobel-prize-in-chemistry/
http://blogs.scientificamerican.com/the-curious-wavefunction/computational-chemistry-wins-2013-nobel-prize-in-chemistry/


© C
OPYRIG

HT U
PM

 152 

Kapetanovic, I. M. (2008). Computer-aided drug discovery and development 

(CADDD): in silico-chemico-biological approach. Chemico-Biological 

Interactions, 171(2), 165–76.  

 

Kataoka, M., Tokunaga, F., Kuwajima, K., & Goto, Y. (2008). Structural 

characterization of the molten globule of α-lactalbumin by solution X-ray 

scattering. Protein Science, 6(2), 422–430.  

 

Ke, Z., Wang, S., Xie, D., & Zhang, Y. (2009). Born-Oppenheimer ab initio 

QM/MM molecular dynamics simulations of the hydrolysis reaction catalyzed 

by protein arginine deiminase 4. The Journal of Physical Chemistry. B, 
113(52), 16705–10. 

 

Ke, Z., Zhou, Y., Hu, P., Wang, S., Xie, D., & Zhang, Y. (2009). Active site cysteine 

is protonated in the PAD4 Michaelis complex: evidence from Born-

Oppenheimer ab initio QM/MM molecular dynamics simulations. The Journal 

of Physical Chemistry. B, 113(38), 12750–8.  

 

Kearney, P. L., Bhatia, M., Jones, N. G., Yuan, L., Glascock, M. C., Catchings, K. 

L., Yamada, M., & Thompson, P. R. (2005). Kinetic characterization of 

protein arginine deiminase 4: a transcriptional corepressor implicated in the 

onset and progression of rheumatoid arthritis. Biochemistry, 44(31), 10570–
82.  

 

Kinloch, A., Lundberg, K., Wait, R., Wegner, N., Lim, N. H., Zendman, A. J. W., 

Saxne, T., Malmström, V., & Venables, P. J. (2008). Synovial fluid is a site of 

citrullination of autoantigens in inflammatory arthritis. Arthritis Rheum., 

58(8), 2287–95.  

 

Klareskog, L., Malmström, V., Lundberg, K., Padyukov, L., & Alfredsson, L. 

(2011). Smoking, citrullination and genetic variability in the 

immunopathogenesis of rheumatoid arthritis. Seminars in Immunology, 23(2), 

92–98.  

 
Klareskog, L., Rönnelid, J., Lundberg, K., Padyukov, L., & Alfredsson, L. (2008). 

Immunity to citrullinated proteins in rheumatoid arthritis. Annual Review of 

Immunology, 26, 651–75.  

 

Klareskog, L., Stolt, P., Lundberg, K., Källberg, H., Bengtsson, C., Grunewald, J., 

Rönnelid, J., Harris, H. E., Ulfgren, A. K., Rantapää-Dahlqvist, S., Eklund, A., 

Padyukov, L., & Alfredsson, L. (2006). A new model for an etiology of 

rheumatoid arthritis: Smoking may trigger HLA-DR (shared epitope)-

restricted immune reactions to autoantigens modified by citrullination. 

Arthritis and Rheumatism, 54(1), 38–46.  

 
Knuckley, B., Jones, J. E., Bachovchin, D. A., Slack, J., Causey, C. P., Brown, S. J., 

Rosen, H., Cravatt, B. F., & Thompson, P. R. (2010). A fluopol-ABPP HTS 

assay to identify PAD inhibitors. Chemical Communications (Cambridge, 

England), 46(38), 7175–7. 



© C
OPYRIG

HT U
PM

 153 

Kubinyi, H. (1998). Structure-based design of enzyme inhibitors and receptor 

ligands. Curr. Opin. Drug Discov. Dev, 1(1), 4–15. 

 

Landon, M. R., Amaro, R. E., Baron, R., Ngan, C. H., Ozonoff, D., McCammon, J. 

A., & Vajda, S. (2008). Novel druggable hot spots in avian influenza 

neuraminidase H5N1 revealed by computational solvent mapping of a reduced 

and representative receptor ensemble. Chemical Biology & Drug Design, 

71(2), 106–16. 

 

Landre-Beauvais, A. J. (2001). The first description of rheumatoid arthritis. 

Unabridged text of the doctoral dissertation presented in 1800. Joint, Bone, 
Spine: Revue Du Rhumatisme, 68(2), 130–143.  

 

Laskowski, R. A., & Swindells, M. B. (2011). LigPlot+: Multiple Ligand–Protein 

Interaction Diagrams for Drug Discovery. Journal of Chemical Information 

and Modeling, 51(10), 2778–2786.  

 

Lawrenz, M., Wereszczynski, J., Amaro, R., Walker, R., Roitberg, A., & 

McCammon, J. A. (2010). Impact of calcium on N1 influenza neuraminidase 

dynamics and binding free energy. Proteins: Structure, Function and 

Bioinformatics, 78(11), 2523–2532.  

 
Levitt, M., & Warshel, A. (1975). Computer simulation of protein folding. Nature, 

253(5494), 694–698. http://doi.org/10.1038/253694a0 

 

Levitt, M. (1976). A simplified representation of protein conformations for rapid 

simulation of protein folding. Journal of Molecular Biology, 104(1), 59–107.  

 

Lewis, H. D., Liddle, J., Coote, J. E., Atkinson, S. J., Barker, M. D., Bax, B. D., 

Bicker, K. L., Bingham, R. P., Campbell, M., Chen, Y. H., Chung, C.-W., 

Craggs, P. D., Davis, R. P., Eberhard, D., Joberty, G., Lind, K. E., Locke, K., 

Maller, C., Martinod, K., Patten, C., Polyakova, O., Rise, C. E., Rüdiger, M., 

Sheppard, R. J., Slade, D. J., Thomas, P., Thorpe, J., Yao, G., Drewes, G., 

Wagner, D. D., Thompson, P. R., Prinjha, R. K., & Wilson, D. M. (2015). 
Inhibition of PAD4 activity is sufficient to disrupt mouse and human NET 

formation. Nature Chemical Biology, 11(3), 189–91.  

 

Li, D., Liu, C., & Lin, J. (2015). Theoretical study of the mechanism of protein 

arginine deiminase 4 (PAD4) inhibition by F-amidine. Journal of Molecular 

Graphics and Modelling, 55, 25–32. 

 

Lim, S. V., Rahman, M. B. A., & Tejo, B. A. (2011). Structure-based and ligand-

based virtual screening of novel methyltransferase inhibitors of the dengue 

virus. BMC Bioinformatics, 12(Suppl 13), S24.  

 
Lin, J. H., Perryman, A. L., Schames, J. R., & Mccammon, J. A. (2002). 

Computational Drug Design Accommodating Receptor Flexibility : The 

Relaxed Complex Scheme, 5632–5633. 

 

http://doi.org/10.1038/253694a0


© C
OPYRIG

HT U
PM

 154 

Lin, J. H., Perryman, A. L., Schames, J. R., & McCammon, J. A. (2003). The relaxed 

complex method: Accommodating receptor flexibility for drug design with an 

improved scoring scheme. Biopolymers, 68(1), 47–62.  

 

Lingenheil, M., Denschlag, R., Reichold, R., & Tavan, P. (2008). The “Hot-

Solvent/Cold-Solute” Problem Revisited. Journal of Chemical Theory and 

Computation, 4(8), 1293–1306.  

 

Linsky, T., & Fast, W. (2010). Mechanistic similarity and diversity among the 

guanidine-modifying members of the pentein superfamily. Biochimica et 

Biophysica Acta, 1804(10), 1943–53.  
 

Lipinski, C. A., Lombardo, F., Dominy, B. W., & Feeney, P. J. (2001). Experimental 

and computational approaches to estimate solubility and permeability in drug 

discovery and development settings. Advanced Drug Delivery Reviews, 46(1–

3), 3–26. 

 

Liu, Y. L., Chiang, Y. H., Liu, G. Y., & Hung, H. C. (2011). Functional role of 

dimerization of human peptidylarginine deiminase 4 (PAD4). PloS One, 6(6), 

e21314.  

 

Liu, Y. L., Tsai, I. C., Chang, C. W., Liao, Y. F., Liu, G. Y., & Hung, H. C. (2013). 
Functional roles of the non-catalytic calcium-binding sites in the N-terminal 

domain of human peptidylarginine deiminase 4. PloS One, 8(1), e51660.  

 

Luo, Y., Arita, K., Bhatia, M., Knuckley, B., Lee, Y.-H., Stallcul, Michael, R., Sato, 

M., & Thompson, P. R. (2007). Inhibitors and Inactivators of Protein Arginine 

Deiminase 4: Functional and Structural Characterization. Biochemistry, 

45(39), 11727–11736. 

 

Luo, Y., Knuckley, B., Lee, Y. H., Stallcup, M. R., & Thompson, P. R. (2006). A 

fluoroacetamidine-based inactivator of protein arginine deiminase 4: design, 

synthesis, and in vitro and in vivo evaluation. Journal of the American 

Chemical Society, 128(4), 1092–3.  
 

Malaysian Society of RheumatologyMalaysian Society of Rheumatology. (2011). 

Many with RA not aware of condition. 

 

Mangat, P., Wegner, N., Venables, P. J., & Potempa, J. (2010). Bacterial and human 

peptidylarginine deiminases: targets for inhibiting the autoimmune response 

in rheumatoid arthritis? Arthritis Research & Therapy, 12(3), 201–209.  

 

Masson‐ Bessière, C., Sebbag, M., Durieux, J. J., Nogueira, C., Vincent, E., Girbal‐
Neuhauser, E., Cantagrel, A., & Serre, G. (2000). In the rheumatoid pannus , 

anti-filaggrin autoantibodies are produced by local plasma cells and constitute 

a higher proportion of IgG than in synovial fluid and serum. Clinical & 

Experimental Immunology, 119(3), 544–552. 
 

 



© C
OPYRIG

HT U
PM

 155 

McCammon, J. A, & Karplus, M. (1980). Simulation of Protein Dynamics. Annual 

Review of Physical Chemistry, 31(1), 29–45.  

 

Mikuls, T. R., Payne, J. B., Reinhardt, R. A., Thiele, G. M., Maziarz, E., Cannella, 

A. C., Holers, V. M., Kuhn, K. A., & O’Dell, J. R. (2009). Antibody responses 

to Porphyromonas gingivalis (P. gingivalis) in subjects with rheumatoid 

arthritis and periodontitis. International Immunopharmacology, 9(1), 38–42.  

 

Morris, G. M., Goodsell, D. S., Halliday, R. S., Huey, R., Hart, W. E., Belew, R. K., 

& Olson, A. J. (1998). Automated docking using a Lamarckian genetic 

algorithm and an empirical binding free energy function. Journal of 
Computational Chemistry, 19(14), 1639–1662.  

 

Morris, G. M., Huey, R., Lindstrom, W., Sanner, M. F., Belew, R. K., Goodsell, D. 

S., & Olson, A. J. (2009). AutoDock4 and AutoDockTools4: Automated 

docking with selective receptor flexibility. Journal of Computational 

Chemistry, 30(16), 2785–91.  

 

Mullin, R. (2014). Cost to develop new pharmaceutical drug now exceeds $2.5 B. 

Scientific American, 24 

 

National Cancer Institute. (2012). NCI Diversity Set 3. Retrieved February 13, 2015, 
from http://dtp.nci.nih.gov 

 

Nijenhuis, S., Zendman, A. J. W., Vossenaar, E. R., Pruijn, G. J. M., & VanVenrooij, 

W. J. (2004). Autoantibodies to citrullinated proteins in rheumatoid arthritis: 

clinical performance and biochemical aspects of an RA-specific marker. 

Clinica Chimica Acta, 350(1–2), 17–34.  

 

Nobel Media AB. (2014a). The Nobel Prize in Chemistry 1998. Retrieved 

February 4, 2016, from 

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1998 

 

Nobel Media AB. (2014b). The Nobel Prize in Chemistry 2013. Retrieved 
February 5, 2016, from 

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013 

 

Nocedal, J., & Wright, S. (1999). Numerical Optimization (2nd ed.). Berlin: Springer 

Series in Operations Research: Springer-Verlag. 

 

O’dell, J. R. (2004). Therapeutic strategies in rheumatoid arthritis. New England 

Journal of Medicine, 350(25), 2591–2602.  

 

Ong, K. L., Wu, B. J., Cheung, B. M. Y., Barter, P. J., & Rye, K.-A.Ong, K. L., Wu, 

B. J., Cheung, B. M. Y., Barter, P. J., & Rye, K.-A. (2013). Arthritis: its 
prevalence, risk factors, and association with cardiovascular diseases in the 

United States, 1999 to 2008. Annals of Epidemiology, 23(2), 80–86 

http://dtp.nci.nih.gov/
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1998
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2013


© C
OPYRIG

HT U
PM

 156 

Ortar, G., Morera, E., De Petrocellis, L., Ligresti, A., Schiano Moriello, A., Morera, 

L., Nalli, M., Ragno, R., Pirolli, A., & Di Marzo, V. (2013). Biaryl tetrazolyl 

ureas as inhibitors of endocannabinoid metabolism: modulation at the N-

portion and distal phenyl ring. European Journal of Medicinal Chemistry, 63, 

118–32.  

 

Ou-Yang, S. S., Lu, J. Y., Kong, X. Q., Liang, Z. J., Luo, C., & Jiang, H. (2012). 

Computational drug discovery. Acta Pharmacologica Sinica, 33(9), 1131–40.  

 

Pérez-Cano, L., Solernou, A., Pons, C., & Fernández-Recio, J. (2010). Structural 

prediction of protein-RNA interaction by computational docking with 
propensity-based statistical potentials. Pacific Symposium on Biocomputing. 

Pacific Symposium on Biocomputing, 293–301.  

 

Philippopoulos, M., & Lim, C. (1999). Exploring the dynamic information content 

of a protein NMR structure: comparison of a molecular dynamics simulation 

with the NMR and X-ray structures of Escherichia coli ribonuclease HI. 

Proteins, 36(1), 87–110.  

 

Robertson, J., & Hurley, N. (2013). Expanding the druggable space of the 

LSD1/CoREST epigenetic target: new potential binding regions for drug-like 

molecules, peptides, protein partners, and Chromatin. PLoS Computational 
Biology, 9(7), e1003158.  

 

Salaffi, F., Carotti, M., Gasparini, S., Intorcia, M., & Grassi, W. (2009). The health-

related quality of life in rheumatoid arthritis, ankylosing spondylitis, and 

psoriatic arthritis: a comparison with a selected sample of healthy people. 

Health and Quality of Life Outcomes, 7(1), 25.  

 

Sanner, M. F. (1999). Python: a programming language for software integration and 

development. Journal of Molecular Graphics & Modelling, 17(1), 57–61. 

 

Schellekens, G. A., de Jong, B. A., van den Hoogen, F. H., van de Putte, L. B., & 

van Venrooij, W. J. (1998). Citrulline is an essential constituent of antigenic 
determinants recognized by rheumatoid arthritis-specific autoantibodies. The 

Journal of Clinical Investigation, 101(1), 273–81.  

 

Schellekens, G. A., Visser, H., de Jong, B. A., van den Hoogen, F. H., Hazes, J. M., 

Breedveld, F. C., & van Venrooij, W. J. (2000). The diagnostic properties of 

rheumatoid arthritis antibodies recognizing a cyclic citrullinated peptide. 

Arthritis and Rheumatism, 43(1), 155–63.  

 

Schrodinger, L. (2002). The PyMOL Molecular Graphics System, Version 1.4.1. 

 

Scopus - Analyze search results. (2016). Retrieved from 
https://www.scopus.com/term/analyzer.uri?sid=E556164E4CA2C3F803144

EA69480680A.wsnAw8kcdt7IPYLO0V48gA%3A10&origin=resultslist&src

=s&s=TITLE-ABS-

KEY%28%22computational+chemistry%22%29&sort=plf-

https://www.scopus.com/term/analyzer.uri?sid=E556164E4CA2C3F803144EA69480680A.wsnAw8kcdt7IPYLO0V48gA%3A10&origin=resultslist&src=s&s=TITLE-ABS-KEY%28%22computational+chemistry%22%29&sort=plf-f&sdt=b&sot=b&sl=40&count=6397&analyzeResults=Analyze+results&tx
https://www.scopus.com/term/analyzer.uri?sid=E556164E4CA2C3F803144EA69480680A.wsnAw8kcdt7IPYLO0V48gA%3A10&origin=resultslist&src=s&s=TITLE-ABS-KEY%28%22computational+chemistry%22%29&sort=plf-f&sdt=b&sot=b&sl=40&count=6397&analyzeResults=Analyze+results&tx
https://www.scopus.com/term/analyzer.uri?sid=E556164E4CA2C3F803144EA69480680A.wsnAw8kcdt7IPYLO0V48gA%3A10&origin=resultslist&src=s&s=TITLE-ABS-KEY%28%22computational+chemistry%22%29&sort=plf-f&sdt=b&sot=b&sl=40&count=6397&analyzeResults=Analyze+results&tx
https://www.scopus.com/term/analyzer.uri?sid=E556164E4CA2C3F803144EA69480680A.wsnAw8kcdt7IPYLO0V48gA%3A10&origin=resultslist&src=s&s=TITLE-ABS-KEY%28%22computational+chemistry%22%29&sort=plf-f&sdt=b&sot=b&sl=40&count=6397&analyzeResults=Analyze+results&tx


© C
OPYRIG

HT U
PM

 157 

f&sdt=b&sot=b&sl=40&count=6397&analyzeResults=Analyze+results&tx 

 

Shankar, R., Frapaise, X., & Brown, B. (2007). Lean Drug Development in R & D. 

Drug Discovery & Development, 1–8. 

 

Shaw, D. E., Bowers, K. J., Chow, E., Eastwood, M. P., Ierardi, D. J., Klepeis, J. L., 

Kuskin, J. S., Larson, R. H., Lindorff-Larsen, K., Maragakis, P., Moraes, M. 

A., Dror, R. O., Piana, S., Shan, Y., Towles, B., Salmon, J. K., Grossman, J. 

P., Mackenzie, K. M., Bank, J. A., Young, C., Deneroff, M. M., & Batson, B. 

(2009). Millisecond-scale molecular dynamics simulations on Anton. In 

Proceedings of the Conference on High Performance Computing Networking, 
Storage and Analysis - SC ’09 (p. 1). New York, New York, USA: ACM Press.  

 

Shi, J., Koeppe, J. R., Komives, E. A., & Taylor, P. (2006). Ligand-induced 

conformational changes in the acetylcholine-binding protein analyzed by 

hydrogen-deuterium exchange mass spectrometry. The Journal of Biological 

Chemistry, 281(17), 12170–7.  

 

Shiro, T., Kakiguchi, K., Takahashi, H., Nagata, H., & Tobe, M. (2013). 7-Phenyl-

imidazoquinolin-4(5H)-one derivatives as selective and orally available 

mPGES-1 inhibitors. Bioorganic & Medicinal Chemistry, 21(11), 2868–2878.  

 
Sinko, W., de Oliveira, C., Williams, S., Van Wynsberghe, A., Durrant, J. D., Cao, 

R., Oldfield, E., & McCammon, J. A. (2011). Applying molecular dynamics 

simulations to identify rarely sampled ligand-bound conformational states of 

undecaprenyl pyrophosphate synthase, an antibacterial target. Chemical 

Biology & Drug Design, 77(6), 412–20.  

 

Smolen, J. S., Landewé, R., Breedveld, F. C., Dougados, M., Emery, P., Gaujoux-

Viala, C., Gorter, S., Knevel, R., Nam, J., Schoels, M., Aletaha, D., Buch, M., 

Gossec, L., Huizinga, T., Bijlsma, J. W. J. W., Burmester, G., Combe, B., 

Cutolo, M., Gabay, C., Gomez-Reino, J., Kouloumas, M., Kvien, T. K., 

Martin-Mola, E., McInnes, I., Pavelka, K., van Riel, P., Scholte, M., Scott, D. 

L., Sokka, T., Valesini, G., van Vollenhoven, R., Winthrop, K. L., Wong, J., 
Zink, A., & van der Heijde, D. (2010). EULAR recommendations for the 

management of rheumatoid arthritis with synthetic and biological disease-

modifying antirheumatic drugs. Annals of the Rheumatic Diseases, 69(6), 

964–75.  

 

Sousa da Silva, A. W., & Vranken, W. F. (2012). ACPYPE - AnteChamber PYthon 

Parser interfacE. BMC Research Notes, 5(1), 367.  

 

Swope, W. C. (1982). A computer simulation method for the calculation of 

equilibrium constants for the formation of physical clusters of molecules: 

Application to small water clusters. The Journal of Chemical Physics, 76(1), 
637.  

 

Tai, K., Shen, T., Börjesson, U., Philippopoulos, M., McCammon, J. A., Borjesson, 

U., Philippopoulos, M., & McCammon, J. A. (2001). Analysis of a 10-ns 

https://www.scopus.com/term/analyzer.uri?sid=E556164E4CA2C3F803144EA69480680A.wsnAw8kcdt7IPYLO0V48gA%3A10&origin=resultslist&src=s&s=TITLE-ABS-KEY%28%22computational+chemistry%22%29&sort=plf-f&sdt=b&sot=b&sl=40&count=6397&analyzeResults=Analyze+results&tx


© C
OPYRIG

HT U
PM

 158 

Molecular Dynamics Simulation of Mouse Acetylcholinesterase. Biophys J, 

81(2), 715–724.  

 

Taylor, D., Cawley, G., & Hayward, S. (2014). Quantitative method for the 

assignment of hinge and shear mechanism in protein domain movements. 

Bioinformatics, 30(22), 3189–3196.  

 

Teo, C. Y., Abdul Rahman, M. B., Chor, A. L. T., Salleh, A. B., Pedro, J. B., & Tejo, 

B. A. (2013). Ligand-Based Virtual Screening for the Discovery of Inhibitors 

for Protein Arginine Deiminase Type 4 (PAD4). Journal of Postgenomics 

Drug & Biomarker Development, 3(1), 1–5. 
 

Teo, C. Y., Shave, S., Chor, A. L. T., Salleh, A. B., Abdul Rahman, M. B., 

Walkinshaw, M. D., & Tejo, B. A. (2012). Discovery of a new class of 

inhibitors for the protein arginine deiminase type 4 (PAD4) by structure-based 

virtual screening. BMC Bioinformatics, 13 Suppl 1(Suppl 17), S4.  

 

The UniProt Consortium. (2014). UniProt: a hub for protein information. Nucleic 

Acids Research, 43(D1), D204-212.  

 

Trott, O., & Olson, A. J. (2010). AutoDock Vina: improving the speed and accuracy 

of docking with a new scoring function, efficient optimization, and 
multithreading. Journal of Computational Chemistry, 31(2), 455–61.  

 

Van de Waterbeemd, H., & Gifford, E. (2003). ADMET in silico modelling: towards 

prediction paradise? Nature Reviews. Drug Discovery, 2(3), 192–204.  

 

Van Venrooij, W. J., & Pruijn, G. J. M. (2008). An important step towards 

completing the rheumatoid arthritis cycle. Arthritis Research & Therapy, 

10(5), 117.  

 

Van Venrooij, W. J., & Pruijn, G. J. M. (2000). Citrullination : a small change for a 

protein with great consequences for rheumatoid arthritis. Arthritis Res, 2, 249–

251. 
 

Verlet, L. (1967). Computer “experiments” on classical fluids. I. Thermodynamical 

properties of Lennard-Jones molecules. Physical Review.  

 

Vincent, C., de Keyser, F., Masson-Bessière, C., Sebbag, M., Veys, E. M., & Serre, 

G. (1999). Anti-perinuclear factor compared with the so called “antikeratin” 

antibodies and antibodies to human epidermis filaggrin, in the diagnosis of 

arthritides. Annals of the Rheumatic Diseases, 58(1), 42–8. 

 

Vossenaar, E. R., Zendman, A. J. W., Van Venrooij, W. J., & Pruijn, G. J. M. (2003). 

PAD, a growing family of citrullinating enzymes: Genes, features and 
involvement in disease. BioEssays, 25(11), 1106–1118.  

 

Vossenaar, E. (2004). Anti-CCP antibodies, a highly specific marker for (early) 

rheumatoid arthritis. Clin. Appl. Immunol., 4(4), 239–262.  



© C
OPYRIG

HT U
PM

 159 

Votapka, L., & Amaro, R. E. (2013). Structural bioinformatics Multistructural hot 

spot characterization with FTProd. Structural Bioinformatics, 29(3), 393–394.  

 

Wang, C., Xu, D., Zhang, L., Xie, D., & Guo, H. (2007). Molecular dynamics and 

density functional studies of substrate binding and catalysis of arginine 

deiminase. The Journal of Physical Chemistry. B, 111(12), 3267–73.  

 

Wang, J., Wolf, R. M., Caldwell, J. W., Kollman, P. A., & Case, D. A. (2004). 

Development and testing of a general amber force field. Journal of 

Computational Chemistry, 25(9), 1157–74.  

 
Wegner, N., Lundberg, K., Kinloch, A., Fisher, B., Malmstro¨m, V., Feldmann, M., 

& Venables, P. J. (2009). Autoimmunity to specific citrullinated proteins gives 

the first clues to the etiology of rheumatoid arthritis. Immunol Rev, 233, 1–21. 

 

Wei, L., Wasilewski, E., Chakka, S. K., Bello, A. M., Moscarello, M. A., & Kotra, 

L. P. (2013). Novel inhibitors of protein arginine deiminase with potential 

activity in multiple sclerosis animal model. Journal of Medicinal Chemistry, 

56(4), 1715–22.  

 

Wei, Y., Liu, R., Liu, C., Jin, J., Li, D., & Lin, J. (2016). Identification of novel 

PAD4 inhibitors based on a pharmacophore model derived from transition 
state coordinates. Journal of Molecular Graphics and Modelling.  

 

Wolf, A., Baumann, S., Arndt, H.-D., & Kirschner, K. N. (2012). Influence of 

thiostrepton binding on the ribosomal GTPase associated region characterized 

by molecular dynamics simulation. Bioorganic & Medicinal Chemistry, 

20(24), 7194–205.  

 

Zhao, H., Gartenmann, L., Dong, J., Spiliotopoulos, D., & Caflisch, A. (2014). 

Discovery of BRD4 bromodomain inhibitors by fragment-based high-

throughput docking. Bioorganic & Medicinal Chemistry Letters, 24(11), 

2493–2496.  

 
Zimmermann, K. (1991). ORAL: All purpose molecular mechanics simulator and 

energy minimizer. Journal of Computational Chemistry, 12(3), 310–319.  

 


	0
	ZALIKHA BINTI IBRAHIM can print
	Blank Page
	Blank Page
	Blank Page




