
 

IN SILICO MODELLING AND MOLECULAR INTERACTION OF 
ELONGATION FACTOR RECEPTOR WITH PATHOGENIC ELONGATION 

FACTOR TU 18 
 
 

 

 

 

 

 

SHIVARANJINI A/P GUNASEKARAN 

 

 

 

 

 

 

A thesis submitted in fulfilment of the  

requirements for the award of the degree of 

Master of Philosophy 

 

 

 

 

 

 

Faculty of Science 

Universiti Teknologi Malaysia 

 

 

 

 

 

 

JUNE 2019 



 iv   
 

ACKNOWLEDGEMENT 
 
 
 
 
 

Hereby, I would like to take this golden opportunity to thank God for the 

wisdom and perseverance that He has been bestowed upon me to complete this 

Project Research, and indeed throughout my life. The completion of the research 

would not have been possible without the guidance and the help of several 

individuals who contributed and extended their valuable assistance during the 

research. 

 

First and foremost, I would like  to take this chance to express my deepest  

gratitude to Supervisor, Prof Madya Dr. Salehhuddin bin Hamdan in the School of 

Biomedical Engineering and Health Sciences, for continuously inspire, guiding and 

keeping me on the right track.. Dr. Salehhuddin always been a mentor in giving 

valuable advices on my research towards the problem I faced during these four 

semesters. My sincere appreciation to Dr Salehhuddin for all the experiences and the 

advices shared. I place on record, my sincere thanks to Puan Linda, Lab Assistant of 

Bioinformatics Lab, for providing me with all necessary facilities for the project.  

 

I owe my deepest gratitude to my lovely parents, Mr  Gunasekaran Poongan  

and Mrs. Devi Kannaiah and my brother, Shivaneswar Gunasekaran who have given 

me their unequivocal support throughout everything, as always for which my mere 

expression of thanks likewise does not suffice. My sincere  thanks to my late Uncle, 

Mr Pachiyapan Kannaiah for his continuous  encouragement and unfailing support to 

me all the time and for being my strongest pillar in my years of study from  

matriculation level, although he is not together during my completion of my 

research.  

 

I want to specially thank my friend, Sujay Balakrishnan, my senior sisters 

Amirah and Sayang binti Baba, my postgraduate friends, Zurfarahanim and Intan for 

giving me valuable suggestions, guidance and constant motivation to keep me going 

throughout the research journey. 

 



 v   
 

 

 

        
ABSTRACT 

Plants depend entirely on innate immunity system to protect them from 
various pathogenic bacteria, fungi, and viruses. The first layer defense mechanism is 
named as Pattern-triggered immunity (PTI) system. It is activated by Pathogen-
associated molecular pattern (PAMP) of the host plant by Pattern recognition 
receptor (PRR) with the aid of co-receptor. Elongation factor receptor (EFR), which 
is also known as PRR, is one of the most recognized receptor used to protect against 
disease in Brassica species. Although research on transgenic approach and wet labs 
experiments have been carried out to analyse the EFR model, but the full ectodomain 
interactions of EFR with PAMP elf18 protein and co-receptor Brassinosteroid 
Insensitive 1-associated receptor kinases (BAK1) protein through in silico has not 
been accomplished yet. The purpose of this study was to determine the interaction of 
EFR protein with elf18 protein through in silico analysis approach. In this study, 
PRR EFR protein and PAMP elf18 protein was constructed by homology modelling 
using HHpred Modeller, followed by docking and molecular dynamics (MD) 
simulation of EFR protein and elf18 protein with co-receptor BAK1 protein 
(PDB:3UIM) and apo BAK1 (PDB ID:3ULZ) as model for mutant protein using 
ZDOCK 3.0.2 server and GROMACS 5.0.4 respectively. Finally, superimposition 
was done between EFR-elf18-BAK1 complex with existed FLS2-flg22-BAK1 
crystal structure. Modelling results showed that multiple template modelling (MTM) 
generated best models compared to single template modelling (STM) due to their 
best quality of the protein structure obtained by HHpred Modeller generate best 
validation results of 71.123 ERRAT, 95.67% Verify3D and 92.8% in favoured 
region of Ramachandran Plot. Docking results showed that the complex interaction 
of BAK1 protein and elf18 protein binds at the concave surface of Leucine-Rich-
Repeat (LRR) EFR, compatible with the existed FLS2 complex binding interactions. 
For the EFR-elf18-BAK1 (normal) complex, about 20 hydrogen bonds were 
sustained which is higher compared to EFR-elf18-BAK1 (mutated) complex that 
only sustained 16 hydrogen bonds, proved that the mutated protein have less 
interaction after simulation. After 50ns MD Simulation, the results showed that all 
the docked complexes has significant reduction of H-bonds. For EFR-elf18-BAK1 
docked complex, H-bond between EFR protein and BAK1 protein reduced from 45 
to 22, and H-bond between elf18 protein and BAK1 protein were reduced from 9 to 0 
which caused by the conformational changes of the proteins during simulation. This 
study helps to understand the Brassica disease in detail and contribute significantly to 
early event of Pattern Triggered Immunity mechanism of EFR-elf18-BAK1 protein 
complex. 
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ABSTRAK 
 
 
 
 
Tumbuhan bergantung sepenuhnya pada sistem keimunan inat untuk 

mempertahankan diri dari serangan bakteria, kulat dan virus.Lapisan pertahanan 
pertama adalah dikenali sebagai sistem imuniti cetusan corak (PTI). Sistem tersebut 
diaktifkan melalui mikroorganisma tanggapan relatif patogen (PAMP) oleh reseptor 
pengesanan corak (PRR) tumbuhan perumah dan protin ko-reseptor. Reseptor faktor 
pemanjangan (EFR) adalah antara reseptor pengesanan corak (PRR) yang merupakan 
reseptor yang paling dikenali untuk melindungi daripada penyakit dalam spesies 
Brassica.Walaupun beberapa kajian melalui pendekatan transgenik dan eksperimen 
makmal telah dijalankan untuk menganalisis model EFR, namun interaksi penuh 
antara EFR dengan protin elf18 dan protin ko-reseptor BAK1 dalam kajian in silico 
masih belum dilakukan. Tujuan kajian ini dijalankan adalah untuk mengkaji 
hubungan interaksi di antara protin EFR dengan protin elf18 melalui pendekatan 
secara in silico . Dalam kajian ini, (PRR) protin EFR dan PAMP protin elf18 telah 
dibina melalui pemodelan homologi menggunakan HHpred Modeller diikuti proses 
mengedok menggunakan perisian Z-dock dan simulasi dinamik, GROMACS 
bersama protin ko-reseptor BAK1 (PDB: 3UIM) dan mutannya yang dikenali 
sebagai apo (PDB: 3ULZ). Akhir sekali, hasil keputusan dok iaitu komplek EFR-
ef18-BAK1 dibandingkan dengan struktur kristal yang telah sedia ada iaitu FLS2-
flg22-BAK1. Keputusan pemodelan menunjukkan bahawa templat tunggal tidak 
mampu memperoleh struktur model yang berkualiti dan hanya perisian Modeller 
yang berhubung dengan HHpred mampu memberi keputusan model yang terbaik 
iaitu sebanyak 71.123 ERRAT, 95.67% nilai Verify 3D and 92.8% asid amino di 
dalam kawasan yang dibenarkan dalam plot Ramachandran. Keputusan analisis 
menunjukkan mekanisma pelekatan oleh dok dengan protin BAK1 dan protin elf18 
menghasilkan bentuk permukaan cekung mengikat di sebelah sisi EFR LRR yang 
lebih serasi dengan komplek yang sedia ada iaitu FLS2. Bilangan ikatan hidrogen 
adalah tinggi (20) bagi komplek EFR-elf18-BAK1 (normal) berbanding komplek 
EFR-elf18-BAK1 (bermutasi) (16) di mana ini membuktikan kesan mutasi yang 
memberi interaksi yang kurang selepas proses simulasi. Keputusan simulasi 
dinamik pada 50ns menunjukkan kehilangan ikatan hidrogen pada kesemua struktur 
yang telah didok.  Bagi dok kompleks EFR-elf18-BAK1, ikatan hidrogen  antara protin 
EFR dan protin BAK1 berkurang daripada 45 kepada 22, dan ikatan hidrogen antara protin 
elf18 dan protin BAK1 berkurang daripada 9 kepada 0 yang mungkin berpunca daripada 
perubahan konformasi protin semasa proses simulasi dinamik. Hasil kajian ini 
membantu untuk memahami penyakit dalam tumbuhan Brassica dengan terperinci dan 
mungkin menyumbang kepada pemahaman peristiwa awal PTI oleh kompleks protin 
EFR-elf18-BAK1. 
 

 
 
 
 
 
 
 



 vii   
 

 
 

TABLE OF CONTENTS 

 TITLE PAGE 

 

DECLARATION ii 

       DEDICATION            

       ACKNOWLEDGEMENT 

ABSTRACT v 

ABSTRAK vi 

TABLE OF CONTENTS  vii 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF ABBREVIATIONS xv 

LIST OF SYMBOLS xvii 

LIST OF APPENDICES xvii 

CHAPTER 1 INTRODUCTION 1 

1.1 Background of the Study 1 

1.2 Problem statement 2 

1.3 Research Aim and Objectives 3 

1.4 Scope and Limitations of the Study 4 

1.5 Significance of study 5 

CHAPTER 2 LITERATURE REVIEW 7 

2.1 Arabidopsis Plant Disease 7 

2.1.1 Cause of the disease 7 

2.1.2 Symptoms of the disease 10 

2.2 Plant Immunity Systems 11 

2.2.1 Pattern triggered Immunity (PTI) 12 

2.2.2 Effector Triggered Immunity (ETI) 14 

2.3 Role of EFR in Pattern Triggered Immunity 15 

iii 

iv 



 viii   
 

2.3.1 Activation of EFR mediated immunity by 
PAMP elf18 17 

2.3.2 Regulation of EFR Complex in downstream 
activities 18 

2.3.3 Co-receptor BAK1 facilitates the EFR 
mediated immunity 19 

2.3.4 Transgenic expression of EFR and different 
Protein Recognition Receptor 22 

2.4 Other in silico complex approach 23 

2.5 Bioinformatics Approach in Protein 3D Structure 
Prediction 27 

2.5.1 Homology Modelling 28  

2.5.2 Ab-Initio Modelling 29 

2.5.3 Protein Fold Recognition or Threading 30 

2.6 Multiple template modelling approach (MTM) 30 

2.7 Protein Structure Validation 31 

2.8 Molecular Interaction between Proteins (Protein-
Protein Docking) 32 

2.9 Molecular Dynamics Simulation of proteins 32 

CHAPTER 3 RESEARCH METHODOLOGY 35 

3.1 Sequence based analysis of EFR protein 36 

3.2 Modeling of Pattern Recognition Receptor EFR  
protein 36 

3.2.1 Single template modelling 36 

3.2.2 Multiple template modelling 38 

3.3 Protein Structure Validation 41 

3.4 Structure refinement of EFR and elf18 42 

3.5 Molecular Interaction (Protein-protein Docking) of 
EFR, PAMP elf18 and co-receptor BAK1 43 

3.6 Comparative analysis of FLS2-flg22-BAK1 crystal 
structure and EFR-elf18-BAK1 protein complex 44 

3.7 Molecular dynamics simulation of docked complexes 45 

CHAPTER 4 RESULTS AND DISCUSSION 47 

4.1 Sequence based analysis and description of each 
domain of EFR protein. 47 



 ix   
 

4.2 Single template modelling 56 

4.3 Multiple template modelling 59 

4.4 Detail analysis and comparison of multiple template 
modelling and single template modelling method. 77 

4.5 Structure validation 79 

4.6 Molecular dynamics simulations of EFR protein and 
elf18 protein 83 

4.7 Molecular Interaction of EFR with PAMP elf18 and 
co-receptor BAK1 90 

4.7.1 Molecular interaction of EFR with PAMP  
elf18  

4.7.2 Molecular interaction of EFR with co-receptor 
BAK1 93 

4.7.3 Molecular interaction of EFR with co-receptor 
mutated BAK1 96 

4.7.4 Molecular interaction of EFR with elf18 and 
co-receptor BAK1 100 

4.7.5 Molecular interaction of EFR with elf18 and 
co-receptor mutated BAK1 104 

4.7.6 Comparative analysis of FLS2-flg22-BAK1 
crystal structure and EFR-elf18-BAK1 protein 
complex 109 

4.8 Molecular dynamics simulation of docked complexes 114 

4.8.1 Molecular Dynamics Simulation of EFR with 
PAMP elf18 114 

4.8.2 Molecular Dynamics Simulation of EFR with 
BAK1 complexes 116 

4.8.3 Molecular Dynamics Simulation EFR with 
PAMP elf18 and co-receptor BAK1 
complexes  

4.9 Summary 122 

CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 123 

5.1 Conclusion 123 

5.2 Recommendations for Future Study 123 

REFERENCES 125 

LIST OF PUBLICATIONS 180 

119 

90 



 x   
 

 

LIST OF TABLES 

   TABLE NO. TITLE     PAGE 

Table ‎3.1 Single template modelling approach for EFR protein 37 

Table ‎4.1 NCBI blastp analysis result of different domain in EFR 
protein 70 

Table ‎4.2 HHpred analysis for TM domain in EFR protein 72 

Table ‎4.3 Validation results of models of EFR protein by different 
tools for single template modelling 80 

Table ‎4.4 Validation results of model PAMP elf18 protein by 
different validation tools 81 

Table ‎4.5 Validation results of models of EFR protein by different 
tools for multiple template modelling 83 

Table ‎4.6 Polar contact measurements of EFR with PAMP elf18 
through PyMOL tool 91 

Table ‎4.7 Polar contact measurements of EFR with co-receptor 
BAK1 through PyMOL tool 94 

Table ‎4.8 Polar contact measurements of EFR with co-receptor 
mutated BAK1 through PyMOL tool 97 

Table ‎4.9 Polar contact measurements of EFR with elf18 and co-
receptor BAK1 through PyMOL tool 101 

Table ‎4.10 Polar contact measurements of EFR with elf18 and co-
receptor mutated BAK1 through PyMOL tool 105 

Table ‎4.11 Summary of interaction among EFR protein, PAMP elf18 
and co-receptor BAK1/mutated BAK1 113 

 

 

 

 

  

 

  



 xi   
 

LIST OF FIGURES 

FIGURE NO. TITLE PAGE 

Figure ‎2.1 Pest infestation during stages of cabbage growth in 
Cameron Highlands (Mazlan & Mumford, 2005) 9 

Figure ‎2.2 Symptoms of (A) leaf rot and (B) leaf ring spot caused by 
Rhizoctonia solani on Brassica species on Chinese 
Cabbage (Shim et al., 2013) 10 

Figure ‎2.3 Plant immunity system represented as zigzag model 
(Alizadeh & Askari, 2014) 12 

Figure ‎2.4 Recognition of PAMP in bacteria by different plant 
pattern-recognition receptor (PRR) (Zipfel, 2014) 13 

Figure ‎2.5 Immune output variations in Pattern Triggered Immunity 
(PTI) and Effector Triggered Immunity (ETI) (Cui et al., 
2015) 15 

Figure ‎2.6 Detailed structures of EFR and its domain; α-helix (shaded 
grey); conserved amino acids (green); β-strand (red 
brackets); N-glycosylation sites (blue) (Boller & Felix, 
2009) 16 

Figure ‎2.7 Testing of EF-Tu N-terminal active peptides through 
alkalization-inducing activity (G. U. Kunze, 2005) 18 

Figure ‎2.8 The predicted amino acid sequence and domains of BAK1 
(Nam & Li, 2002) 20 

Figure ‎2.9 Crystal structure of the SERK3/BAK1 kinase domain 
(PDB ID: 3UIM) (Yan et al., 2012) 21 

Figure ‎2.10 Detail structural domains of FLS2 protein (Robatzek & 
Wirthmueller, 2013) 24 

Figure ‎2.11 Cartoon structure of FLS2LRR (blue)-flg22 (pink)-
BAK1LRR (green) (Sun et al., 2013) 25 

Figure ‎2.12 Molecular mechanism of PAMP flg22 (pink) by PRR 
FLS2 (blue); (A), Interaction of the N-terminal portion of 
flg22 with FLS2LRR; (B), Interaction of the C-terminal 
portion of flg22 with FLS2LRR. (Sun et al., 2013) 26 

Figure ‎2.13 Molecular mechanism of Bak1LRR (green) by FLS2LRR 
(blue) (Sun et al., 2013) 27 

Figure ‎2.14 Brief flow of Homology modelling (Beer, 2008)   29 



 xii   
 

Figure ‎3.1 Detailed flowchart of the research 35 

Figure ‎3.2 Detailed flowchart of template selection for multiple 
template modelling of EFR protein 39 

Figure 3.3 Detailed flowchart of modelling method for multiple template              

modelling of EFR protein                

Figure ‎4.1 The secondary structure of EFR protein predicted by 
SOPMA server 48 

Figure ‎4.2 Conserved region prediction of EFR protein generated by 
ConSurf tool 50 

Figure ‎4.3 The domain architecture analysis of EFR protein 
generated by (a) SMART tool and (b) Inter Pro tool 52 

Figure ‎4.4 LRR domain analysis of EFR protein by (a) UniProt and 
(b) Lrrfinder.com 54 

Figure ‎4.5 Transmembrane region prediction of EFR protein by (a) 
TMHMM and (b) SOSUI 55 

Figure ‎4.6 Single template modelling approach of EFR protein by 
different modelling tools 58 

Figure ‎4.7 (a) MSA of full EFR protein with respective 5 selected 
template 61 

Figure ‎4.7 (b) MSA of LRR domain with respective 5 selected 
template 64 

Figure ‎4.7 (c) MSA of kinase domain with respective 5 selected 
template 67 

Figure ‎4.8 Multiple template modelling approach of EFR protein by 
different modelling tools; (a) LRR domain EFRlrr5 
(1OGQ_A); (b) TM domain, EFRtm1(2MOM_A); (c) 
Kinase domain EFRk5(6BFN_A); (d) HHpred Modeller; 
(e) AIDA; (f) Phyre2; (g) Raptor-X 75 

Figure ‎4.9 (a) Template structure used to model EFR protein by 
HHpred modeller; (b) Model of repetitive LRR region in 
detail; (c) LRR repeated structure of alpha helix (pink), 
extended helix (purple), beta strand (yellow), and coil 
(white)  76 

Figure ‎4.10 The detailed analysis of EFR protein modelling (a) 
Template alignment by SWISS-MODEL; (b) EFR model 
by SWISS-MODEL indicating the gaps, i,ii,iii,iv,v,vi 
between EFR sequence and template 4MN8_A ; (c) Detail 
image of LRR region of EFR protein by HHpred Modeller 78 

40 



 xiii   
 

Figure ‎4.11 RMSD analysis of  EFR protein model from different 
modelling tool 85 

Figure ‎4.12 RMSF analysis of EFR protein model from different 
modelling tool  86 

Figure ‎4.13 Radius of gyration analysis of  EFR protein model from 
different modelling tool 87 

Figure ‎4.14 RMSD analysis of  elf18 protein modelled by HHpred 
Modeller over 50ns period of time 88 

Figure ‎4.15 RMSF analysis of  elf18 protein modelled by HHpred 
Modeller over 50ns period of time 89 

Figure ‎4.16 Rg analysis of  elf18 protein modelled by HHpred 
Modeller over 50ns period of time 89 

Figure ‎4.17 (a-f) Detail illustration of polar contact measurements of 
EFR (green) with PAMP elf18 (blue) through PyMOL tool 92 

Figure ‎4.18 Cartoon representation of the complex of EFR (green), 
PAMP elf18 (blue) (g) before simulation and (h) after 
simulation 92 

Figure ‎4.19 (a-f) Detail illustration of polar contact measurements of 
EFR (green) with co-receptor BAK1 (blue) through 
PyMOL tool 95 

Figure ‎4.20 Cartoon representation of the complex of EFR (green),  
co-receptor BAK1 (blue) (g) before  simulation and (h) 
after simulation 95 

Figure ‎4.21 (a-n) Detail illustration of polar contact measurements of 
EFR (green) with mutated co-receptor BAK1 (blue) 
through PyMOL tool 98 

Figure ‎4.22 Cartoon representation of the complex of EFR (green),  
mutated co-receptor BAK1 (blue) (o) before simulation 
and (p) after  simulation 99 

Figure ‎4.23 (a-o) Detail illustration of polar contact measurements of 
EFR (green), PAMP elf18 (blue) and  co-receptor BAK1 
(pink) through PyMOL tool 102 

Figure ‎4.24 Cartoon representation of the complex of EFR (green),  
PAMP elf18  (blue) and co-receptor BAK1 (pink) (p) 
before simulation and (q) after simulation 104 

Figure ‎4.25 (a-r) Detail illustration of polar contact measurements of 
EFR (green), PAMP elf18 (blue) and mutated co-receptor 
BAK1 (pink) through PyMOL tool 107 



 xiv   
 

Figure ‎4.26 Cartoon representation of the complex of EFR (green),  
PAMP elf18  (blue) and mutated co-receptor BAK1 (pink) 
(s) before simulation and (t) after simulation 108 

Figure ‎4.27 (a) Superimposition of EFRLRR (Green)-elf18 (Blue)-
BAKLRR (Pink) as model protein complex and FLS2LRR 
(Yellow)-flg22 (Red)-BAK1LRR (Orange) as template 
protein complex ; (b) The overall superimposition results 
of QH, RMSD and Percent Identity for FLS2-flg22-BAK1 
complex and EFR-elf18-BAK1 crystal structure 110 

Figure ‎4.28 Binding mode of (a) FLS2 complex as template protein 
and (b) EFR complex as model protein, (a: i) Binding of 
FLS2 LRR (blue) with BAK1 (green), (a: ii), Binding of 
FLS2 LRR (blue) with flg22 (pink), (a: iii), Binding of 
flg22 (pink) with BAK1 (green);  (b: i) Binding of EFR 
LRR (green) with elf18 (blue), (b: ii) Binding of elf18 
(blue) with BAK1 (pink), (b: iii) Binding of EFR LRR 
(green) with BAK1 (pink) 112 

Figure ‎4.29 (a) RMSD ; (b) RMS fluctuation ; (c) Radius of gyration ; 
(d-f) Hydrogen Bonds formed over simulation period 
between protein-protein, protein-water and water-water for 
EFR and elf18 docked complexes respectively. Black 
curves shows the results for EFR and elf18 complex 115 

Figure ‎4.30 (a) RMSD; (b) RMS fluctuation; (c) Radius of gyration;   
(d-f) Hydrogen Bonds formed over simulation period 
between protein-protein, protein-water and water-water for 
EFR and BAK1 docked complexes respectively. Black 
curves shows the results for EFR and BAK1 docked 
complex where the red curves shows the results for EFR 
and mutated BAK1 docked complex 118 

Figure ‎4.31 (a) RMSD; (b) RMSF; (c) Rg; (d-f) Hydrogen Bonds 
formed over simulation between protein-protein, protein-
water and water-water for EFR, elf18 and BAK1 docked 
complex. Black curves shows the results for EFR, elf18 
and BAK1 docked complex where the red curves shows 
the results for EFR, elf18 and mutated BAK1 docked 
complex 121 

 

  



 xv   
 

LIST OF ABBREVIATIONS 

BAK1  - BRASSINOSTEROID INSENSITIVE 1-associated 

receptor kinase 1 

EFR  - Elongation Factor Receptor 

EF-Tu  - Elongation Factor Thermo unstable 

ETI  - Effector Triggered Immunity 

GROMACS  - Groningen Machine for Chemical Simulations 

H-bond                - Hydrogen Bond 

JM  - Juxtamembrane Domain 

LRR-RK  - Leucine Rich Repeat Receptor Kinases 

MD  - Molecular Dynamics 

PAMP  - Pathogen Associated Molecular Pattern 

PDB 

PRR 

 - 

- 

Protein Data Bank 

Pattern Recognition Receptor 

PTI 

Rg 

RMSD 

RMSF 

SERK 

TM 

 - 

- 

- 

- 

- 

- 

Pattern Triggered Immunity 

Radius of Gyration 

Root Means Square Deviation 

Root Means Square Fluctuations 

Somatic Embryogenesis Receptor Kinase 
 
Transmembrane Domain 
 

 

  



 xvi   
 

LIST OF SYMBOLS 

% - Percentage 

Aº  - Angstrom 

α     - Alpha 

β - Beta 

ns - Nano second 

ps - Pico second 

nm - Nano meter 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  



 xvii   
 

LIST OF APPENDICES 

APPENDIX TITLE PAGE 

Appendix A Multiple template modelling for EFR protein with 
different domains and its selected template. 134 

Appendix B Table I        Multiple template combination for LRR 
domain  

Appendix B Table II       Multiple template combination for TM 
domain  

Appendix B Table III     Multiple template combination for Kinase 
domain 139 

Appendix C Amino acid sequence of target protein EFR from UniProt 
tool 141 

Appendix D List of predicted Leucine rich repeat (LRR) domains in 
EFR protein by different tools together with predicted 
LRR domain reference 142 

Appendix E Validation of models from different domains in EFR 
protein 143 

Appendix F Ramachandran Plot summary from RAMPAGE of final 
model EFR (multiple template modelling) by HHpred 
server 146 

Appendix G Table I        Molecular interaction of EFR with PAMP 
elf18  

Appendix G Table II       Molecular interaction of EFR with co-receptor 
BAK1 150 

Appendix G Table III     Molecular interaction of EFR with mutated co-
receptor BAK1 158 

Appendix G Table IV      Molecular interaction of EFR with elf18 and 
co-receptor BAK1. 166 

Appendix G Table V      Molecular interaction of EFR with elf18 and 
mutated co-receptor BAK1. 173 

 

 

 

 

138 

139 

147 



1 
 

 
CHAPTER 1 

 
 
 

INTRODUCTION 
 
 
 

 
1.1 Background of study 
 
 

Arabidopsis plant consists of various disease resistances majorly in Brassica 

species. Brassica plant species such as Cabbage (Brassica oleracea var. capitata L.) 

is one of the main vegetables consumed in Malaysia as fresh market vegetable and 

also eaten fresh in food consumption such as coleslaw, sauerkraut and cabbage roll. 

It has contributed to greatest production in many parts of Malaysia, especially in 

Cameron Highland with 92% of total cabbage production annually. However, it also 

causes 11%  of crop loss each year since 1925 due to pest infestation (Mazlan & 

Mumford, 2005). The Brassica species mainly affected by diseases such as 

Xanthomonas campestris and Plamodiospora brassicae  causes by the most 

prominent insect pest, Plutella xylostella. There is a lot of research has been already 

done to control the disease such as transgenic crops as well as the usage of the 

biological insecticide and insect-resistant genetically modified crop which is  

ineffective  due to some of the factors such as short-lived of plant species, non-

environmental friendly and highly cost (Bravo Alejandro & Gill Sarjeet, 2008). 

 
 
Many research recently focused on in silico analysis study where all data of 

biological experiments are being carried out entirely using computer. Pattern 

recognition receptor (PRR) plays an important role in in silico study for rapid 

detection of potential danger caused by pests and microbes by pathogen-associated 

molecular pattern (PAMP). Arabidopsis thaliana is currently used to analyse the 

microbial-plant interaction through in silico analysis (Bigeard et al., 2015; Kunze, 

2004). From Arabidopsis plant, many PRR have their own specific binding with 

PAMP. Flagellin Sensitive2 (FLS2) and Elongation factor receptor (EFR) are the 

most-characterized membrane protein used for in silico study. However, the overall 

structure of protein complex FLS2LRR-flg22-BAK1LRR has already been analyzed 
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through in silico binding mechanism (Sun et al., 2013), in which LRR indicated as 

leucine rich repeat domain. 

 
 
The perception of bacterial elongation factor Tu (EF-Tu) by Elongation factor 

receptor (EFR) protein explains the well-studied PAMP/PRR pair specifically for 

Arabidopsis plant disease (Roux et al., 2011; Sato et al., 2000). Elongation factor Tu 

(EF-Tu) is the most abundant bacterial protein that acts as a pathogen-associated 

molecular pattern (PAMP).  Arabidopsis plants recognize the N terminus of the 

protein comprises the first 18 amino acids of elf18 as it is fully active in defence 

responses (Albert et al., 2010).  Additionally,  the co-receptor such as  

Brassinosteroid Insensitive 1-associated receptor kinases (BAK1) protein and related 

somatic embryogenesis receptor kinase (SERK) protein helps to regulate and activate 

the immune response (Newman, Sundelin, Nielsen, & Erbs, 2013). 

 
 
Previous research on transgenic expressions of LRR-RK EFR protein with 

different receptor protein of Flagellin Sensitive2 (FLS2) has been carried out through 

experiments such as binding assay, co-immunoprecipation, conservation mapping 

and others. Although most of PRR/PAMP have already been identified, however the 

full ectodomain analysis of EFR protein and its interaction with PAMP has not been 

carried out yet. Therefore, this current study attempts to interact LRR domain of EFR 

protein with elf18 protein and co-receptor BAK1 protein. This study significantly 

helps to analyse the brassica disease in detail and the interaction between EFR and 

elf18 in PTI system. Consequently, through the interaction, the similarity and 

differences with the existed complexes of FLS2-flg22-BAK1 is analyse through in 

silico analysis using bioinformatics approach.  

 
 
 
 
1.2 Problem statement  
 
 

The potential danger caused by insect pest, Plutella xylostella  trigger the 

Arabidopsis plant disease and crop loss in Brassica species especially in cabbage.  

EFR is the most-characterized membrane protein, that has specific ectodomain 



3 
 

binding towards elf18 protein is used for in silico study to control the disease. When 

the pathogen attacked the plasma membrane, EFR protein will recognise the 

conserved PAMP and undergo downstream activities (Bigeard et al., 2015; Che, 

2017).  Recent research has been done in many wet lab experiments on transpecies 

transfer of LRR-RK EFR protein and different PRR to test the effectiveness of 

different plant species. Previous research has demonstrated co-immunoprecipitation 

experiments through in-vivo to test the ability of transgenic expressions of EFR 

protein and Flagellin Sensitive2 (FLS2) receptor with somatic embryogenesis 

receptor kinase (SERK) co-receptor in tobacco and tomato (Helft et al., 2011; Roux 

et al., 2011).  Recent research also proved through conservation mapping method to 

predict suitable functional sites where it has been demonstrated through LRR domain 

of EFR protein and FLS2 receptor to test the resistance on bacteria Ralstonia 

solanacearum and Xanthomonas campestris pv. Vesicatoria  (Helft et al., 2011).  

However, the transgenic plants expressing EFR protein causes wilting symptoms. 

Moreover, chimeric receptor of FLS2 substitute with parts of EFR, which tested for 

functionality of ligand-binding-elf18 tobacco and tomato. Nevertheless, this research 

causes incompatible at the swap site and exchange of the LRR subdomain. Thus, due 

to the factors such as short-lived of plants because of high pressure of Bt Cry toxin, 

high cost and incompatible of swap site of protein domains, the previous research is 

considered ineffective. Thus, the current study proposed to investigate the random 

interaction of PRR of full EFR protein domain, without transpecies transfer of 

different receptor with elf18 and co-receptor BAK1 protein through in silico analysis 

approach by using various bioinformatics tool. This study concurrently helps to 

broaden the scope and increase the performance of the plant rather than 

experimenting using the same mainstream wet lab experiments.  

 
 
 
 
1.3       Research Aim and Objectives  
 
 

The overall aim of this research project is to understand the pattern-triggered 

plant immunity system to control disease in Brassica species mediated by EFR 

protein as pattern recognition receptor through in silico analysis study. The 

objectives of this research project are: 
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1. To evaluate structure reliability of single template models and multiple 

template models of PRR EFR protein and PAMP elf18 protein through 

structure validation analysis. 

2.  To determine random molecular interaction of complex of plant PRR EFR 

protein with PAMP elf18 protein through docking using ZDOCK 3.0.2 

server. 

3.  To determine molecular interaction of complexes of plant PRR EFR protein 

and PAMP elf18 protein with co-receptor BAK1 protein through docking. 

4.  To determine structure stability interaction of docked complexes between 

PRR EFR protein and PAMP elf18 protein, together with the co-receptor 

BAK1 protein through molecular dynamics simulation. 

 
 
 
 
1.4 Scope and Limitations of the Study  
 
 

In the beginning of this study, initially the PRR EFR protein and PAMP elf18 

protein was modelled using different tools, in which the amino acid sequence based 

analysis of EFR through multiple sequence alignment was done for EFR protein with 

its different template proteins. The homology modelling have been constructed to 

model the 3D structure of EFR protein and the final structure selected based on 

structure validation percentage using ERRAT, Verify3D and Ramachandran Plot. 

Following that, the random molecular interaction of PRR EFR protein, PAMP elf18 

protein and co-receptor BAK1 protein was done by using ZDOCK 3.0.2 server. 

Then, molecular dynamics simulation was done to analyse the conformational 

changes of the proteins and stability interactions using GROMACS 5.0.4, which 

generated results in root means square deviation (RMSD), root means square 

fluctuations (RMSF) and radius of gyration (Rg) graphs.  According to these 

measurement and other binding analysis measurements provided in methodology 

section, the results were assessed and discussed. For the binding interaction analysis, 

only LRR domain of EFR protein was taken into consideration since the mechanism 

happens outside membrane (R. Gupta & Bent, 2011). 
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The significant limitation for this study was that there is no research 

previously done for the in silico analysis study of EFR protein and interaction with 

its PAMP. Although EFR protein has been model previously, there is no reference 

on such interaction to PAMP elf18 protein as well for md simulation of pattern 

triggered immunity approach. The reference structure was only limited to FLS2 

crystal structure having PDB ID of 4m8A, FLS2 complex as PRR with its PAMP 

flg22 and BAK1 as co-receptor which share similar co-receptor with EFR protein 

complex (Koller & Bent, 2014).  

 
 

Another limitation of this study is that since this project mainly use online 

servers to accomplish work in order to model a protein, for the interaction and for 

simulation of protein. Moreover, not many free online modelling server could able to 

model full EFR protein together with all domains, thus separation of each domain 

has been done and has been model individually (Buenavista et al., 2012). As well for 

free docking tools, ZDOCK 3.0.2 was the most suitable to generate interaction 

between two or more different proteins compared to AutoDock 4.2.  

 
 
 
 
1.5 Significance of study 
 
 

The study of pattern-triggered immunity (PTI) system is important in order to 

understand the stages in plant defense mechanism in detail. Besides, PRR EFR is an 

important protein receptor in controlling major disease in Brassica species especially 

cabbage. Therefore, in silico study of EFR protein interact with PAMP elf18 protein 

and co-receptor BAK1 protein through proper modelling and molecular dynamics 

approach will significantly contributes knowledge to understand the plant defense 

mechanism. 
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