
 

vi 

ACKNOWLEDGMENT 

Praise be to sovereign God who is able to do above all that we ask or think, 

for His grace and blessing alone this thesis titled “MOLECULAR DOCKING OF 

Vpr, A FIBRIN DEGRADING ENZYME FROM Bacillus subtilis G8, WITH 

FIBRIN” has been finished in a timely and satisfactory manner. 

This thesis is written based on research that has been done from March until 

August 2021. The thesis is the last requirement for students according to the 

curriculum of the Biology Study Program, Science and Technology Faculty, 

Universitas Pelita Harapan. It is also beneficial for the author in the application of 

previously-obtained knowledge and furthering of knowledge and skills that would 

not have been possible in the classroom alone.  

In the writing of this thesis, the author has received much support from 

various parties. Hence, I would like to express my gratitude to: 

1. Mr. Eric Jobiliong, Ph.D., Dean of Faculty of Science and Technology; 

2. Dr. Nuri Arum Anugrahati, Vice Dean of Faculty of Science and 

Technology; 

3. Mr. Laurence, M.T., Director of Administration and Student Affairs of 

Faculty of Science and Technology; 

4. Dr. Reinhard Pinontoan, Head of Biology Study Program and supervisor 

of this project, who was a constant source of support and help for this 

thesis, as well as the past four years of my studies; 

5. Ms. Astia Sanjaya, M.Sc., co-supervisor of this project, who was always 

not too busy to lend out a hand and help me out for the whole duration of 

the thesis production; 

6. Ms. Ariela Samantha, S. Si, M. Phil., for without her great support and 

willingness to help in her busy schedule I wouldn’t have gotten this far 

in my thesis; 

7. My family (Papi, Mami & Calvin) whom I appreciate most dearly for 

being supportive in everything that I do and being my number one 

supporters, as well as my dogs Chiko and Fifi, for being my long-distance 

emotional support throughout the whole process;  



 

vii 

8. My thesis partners, Erika and Moses, in the molecular docking gang. 

Moses for being patient with my questions and supporting me even 

though you had your own tasks to handle, Erika for your constant 

presence while we experience this new and crazy unchartered land called 

“Molecular docking”; 

9. To all my friends, especially the Biology 2017 batch, for your constant 

encouragement and support; 

 

In conclusion, the author acknowledges that this thesis is far from 

perfect. For that reason, the author is open to any criticism and advice that the 

reader can offer to the bettering of this thesis. May this document benefit the 

reader.  

 

 

 

Tangerang, September 15, 2021  

 

 

 

(Christa Anggelia Sulistio) 

  



 

viii 

TABLE OF CONTENTS 

Page 

TITLE PAGE……………………………………………………………………... i 

FINAL ASSIGNEMTN STATEMENT AND UPLOAD AGREEMENT.…........ ii 

APPROVAL BY THESIS SUPERVISORS…………………………………….. iii 

APPROVAL BY THESIS EXAMINATION COMMITTEE…………………..... iv 

ABSTRACT…………………………………………………………...……...….. v 

ACKNOWLEGDGEMENTS…………………………………………………… vi 

TABLE OF CONTENTS…....…………………………………………………. viii 

LIST OF FIGURES…………………………………….………………………… x 

LIST OF TABLES………………………………………………….……….….... xi 

LIST OF APPENDICES…………………………………………….…………... xii 

 

CHAPTER I INTRODUCTION  

1.1 Background………….………………..…….………................1 

1.2 Problem Statement………………………….…………………3 

1.3 Purpose………….……………...……..…….…………………3 

         1.3.1 General Purpose …………………………………...……3 

      1.3.2 Specified Purpose…………………….……….................4 

 

CHAPTER II LITERATURE REVIEW  

2.1 Degradation of Clot (Fibrinolysis) 

      2.1.1 Structure of Fibrin………………………………….……5 

      2.1.2 Enzymatic Pathway in Fibrinolysis……………………...7 

2.2 Minor Extracellular Serine Protease Vpr 

      2.2.1 Classification and Function of Vpr……………………...9 

      2.2.2 Catalytic Triad & Proposed Mechanism of Vpr……….10 

2.3 In silico Molecular Modeling and Docking Study with 

Fibrinolysis……………………………………………………….12 

2.4 Software or Webservers Applied 

      2.4.1 Bioinformatics Analysis………………………………..13 

      2.4.2 Structural Modeling & Validation …………………….14 

      2.4.3 Molecular Docking Study……………………………...16 

 

CHAPTER III METHODOLOGY  

3.1 Tools and Materials……………………………….………….17 

3.2 Research Procedure…………………………………………..17 

      3.2.1 Bioinformatics analysis………………………………...18 

      3.2.2 Structural modeling and validation……………..... ……18 

      3.2.3 Molecular docking study……………………………….19 

3.3 Research Location and Schedule……………….....................20 

 

CHAPTER IV RESULTS AND DISCUSSION ………………………...............21 

   4.1 Bioinformatics Analysis……………………………………...21 

   4.2 Structural Modeling………………………………………….24 



 

ix 

   4.3 Structure Validation……………………………………..….. 25 

   4.4 Structure Modification……………………………………… 29 

   4.5 Protein-Protein Docking…………………………………….. 31 

   4.6 Protein-Ligand Docking…………………………………….. 33 

   4.7 Discussion 

         4.7.1 Robetta Model Inactive Conformation………………... 39 

         4.7.2 Change in Rotamer Conformation Upon Binding……..40 

 

CHAPTER V CONCLUSION AND SUGGESTIONS 

   5.1 Conclusion…………………………………………………... 42 

   5.2 Suggestions…………………………………………………. 42 

 

REFERENCES……………………………………………………………...........43 

 

APPENDIX……………………………………………………………………..A-1 

   



 

x 

LIST OF FIGURES 

page 

Figure 2.1 The fibrinogen dimer………………………………………… 5 

Figure 2.2 The structure of fibrinogen & the polymerization and 

structure of fibrin………………………….………………..... 

 

6 

Figure 2.3   Simplified fibrin degradation pathway (Fibrinolysis)……….. 8 

Figure 2.4   Mechanism of subtilisin (BPN’)……………………………... 11 

Figure 3.1 Flow diagram of the research procedure……………..………. 18 

Figure 4.1 Multiple sequence alignment of the Vpr protein from B. 

subtilis G8 with other homologues………….……………….. 

 

23 

Figure 4.2   VPR model from Robetta & SWSS-MODEL………………... 25 

Figure 4.3   Subtilisin BPN’, Vpr................................................................ 26 

Figure 4.4 Ramachandran plots……………………..……………..……. 27 

Figure 4.5 VERIFY-3D results…………………..……………………… 28 

Figure 4.6 Z-score placement…………………..……………………….. 29 

Figure 4.7 Docking conformations of Vpr with chains ɑ, β and γ………. 30 
Figure 4.8  (A) Superposition of Vpr with subtilisin BPN’ (B) Catalytic 

triad……………………………………………………….…. 
 

31 
Figure 4.9  (A) The difference in bound and unbound enzyme 

conformation (B) Change in rotameric conformation for 

Ser374……………………………………………………….. 

 

 

32 
Figure 4.10 Conformation of Ser374 before change in rotamer, and 

after………………………………………………………….. 
 

33 

Figure 4.11 PyMol diagram of Vpr with fragment G35, of the γ-

chain…………………………………………………………. 

 

34 

Figure 4.12 LigPlot+ diagram of Vpr with fragment G35, of the γ-

chain…………………………………………………………. 

 

35 

Figure 4.13 PyMol diagram of Vpr with fragment G89, of the γ-

chain…………………………………………………………. 

 

36 

Figure 4.14 LigPlot+ diagram of Vpr with fragment G89, of the γ-

chain…………………...…………………………………….. 

 

37 

 

  



 

xi 

LIST OF TABLES 

page 

Table 4.1 Comparison of nattokinase ProtParam results with Vpr……….. 24 
Table 4.2 Comparison of validation scores between VPR SWISS-

MODEL & Robetta………………………………………......... 
 

27 

Table 4.3 HADDOCK and PRODIGY scores of the successful enzyme 

bound ligands………………………………………………….. 

 

38 
Table 4.4 Fibrin fragments and their subsequent BLASTp 

results…...................................................................................... 
 

39 

 

  



 

xii 

LIST OF APPENDICES 

page 

Appendix A   

                   Whole protein sequence of Vpr……………………………….. A-1 
Appendix B   
                   ProtParam Analysis…………………………………………… B-1 

Appendix C   

                   ProSite Analysis…………………………………………......... C-1 
Appendix D   
                   SOPMA Result………………………………………………... D-1 
Appendix E  
                   Fibrin Fragmentation Result from RPG……………………….. E-1 

 

 


