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The intrinsic propensity of each amino acid residue forming α-helices in a 

protein determines the stability of a protein. The purpose of this study is to 

improve the stability of the protein by stabilizing the N-terminal α-helix.  

Therefore, mutations were focused on N-terminal helix of J15 lipase derived 

from Photobacterium sp. strain J15. The structure of J15 lipase was modeled 

based on M37 lipase crystal structure as a template. Asp6 of N-terminal helix 

was chosen as competition of Asp6 with the adjoining main chain hydrogen 

bonding interaction could destabilize the N-terminal helical structure. In silico 

analysis using SDM and I-mutant 2.0 revealed that D6L and D6I enhanced the 
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stability of mutated J15 lipases with G of 5.12 kcal/mol and 0.82 kcal/mol 

respectively. In order to validate the in-silico prediction, the gene encoding J15 

lipase was cloned into pEasy-E2 expression vector and transformed into 

Escherichia coli BL21(De3). Point mutation was generated using Fast 

Mutagenesis System to increase the mutation efficiency. The Aspartate residue 

at the sixth position of the N-terminal α-helix was substituted with Isoleucine 

and Leucine. The wild-type and mutants were induced with 0.015 mM IPTG at 

30°C for 16 h. The expected size of the protein was approximately 40.11kDa. 

Both the wild-type and mutants showed low expression level and most of the 

proteins were present as insoluble bodies. The specific activity of the crude 

protein calculated for J15 lipase is 1.953 U/mg, D6I is 1.55 U/mg and D6L is 

1.429 U/mg. Overall, the specific activity was low. Due to time constraint, 

further experimental work could not be performed on time and it was not able 

to validate the result with the in-silico protein stability predictions.  
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Kecenderungan intrinsic daripada setiap residu asid amino yang membentuk heliks 

alfa dalam protein menentukan kestabilan protein. Oleh itu, mutasi difokuskan kepada 

heliks N-termini lipase J15 yang didapati daripada spesies Photobacterium strain J15. 

Struktur lipase J15 dimodelkan berdasarkan struktur kristal lipase M37 sebagai 

templat. Asp6 daripada heliks N-termini dipilih sebagai tapak mutasi kerana 

persaingan di antara Asp6 dan rantaian ikatan hydrogen utama boleh menjejaskan 

kestabilan struktur heliks N-termini. Dalam analisis silico menggunaka SDM dan I-

mutant 2.0, ia mendedahkan bahawa D6L dan D6I meningkatkan kestabilan lipase J15 

bermutasi dengan bacaan G 5.12 kcal/mol dan 0.82 kcal/mol. Dalam usaha untuk 
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mengesahkan ramalan dalam silico, kajian eksperimen telah dijalankan. Gen yang 

mengandungi lipase J15 telah diklonkan ke dalam pEasy-E2 vektor ekspresi dan 

ditransformasikan ke dalam Escherichia coli BL21(DE3). Titik mutasi telah dijanakan 

dengan menggunakan Sistem Mutagenesis cekap untuk meningkatkan kecekapan 

mutasi. Residu Aspartate di kedudukan keenam N-termini telah α-heliks digantikan 

dengan Isoleucine dan Leucine. Lipase J15 jenis liar dan mutan telah diaruhkan 

dengan 0.015 mM IPTG pada 30°C selama 16 jam. Jangkaan saiz protein adalah lebih 

kurang 40.11kDa. Lipase J15 jenis liar dan mutan mempunyai tahap ekspresi yang  

rendah dan sebahagian besar daripada protein adalah tidak larut. Aktiviti spesifik 

protein mentah dikira untuk jenis liar J15 lipase adalah 1,953 U/mg, D6I adalah 1.55 

U/mg dan D6L adalah 1.429 U/mg. Secara keseluruhannya, aktiviti khusus adalah 

rendah. Oleh kerana kekangan masa, kerja eksperimen lanjut tidak dapat dilakukan 

pada masa ini dan ia tidak dapat mengesahkan keputusan dengan ramalan dalam silico. 

 

Kata kunci : mutagenesis, lipase, Photobacterium, kestabilan 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 
 

APPROVAL LETTER 

 

This thesis was submitted to the Department of Cell and Molecular Biology, Faculty 

of Biotechnology and Biomolecular Sciences and has been accepted as fulfilment of 

the requirement for the degree of Bachelor of Science (HONS.). The member of the 

Supervisory Committee was as follows:  

 

 

 

Dr. Adam Leow Thean Chor, PhD 

Faculty of Biotechnology and Biomolecular Sciences,  

Universiti Putra Malaysia. 

 

 

 

 

 

 

___________________________________________ 

Associate Prof. Dr. Janna Ong Abdullah, PhD. 

Head of Department of Cell and Molecular Biology, 

Faculty of Biotechnology anf Biomolecular Sciences, 

Universiti Putra Malaysia. 

Date:   



© C
OPYRIG

HT U
PM

vi 
 

DECLARATION 

Declaration by undergraduate student 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned by 

the Department of Cell and Molecular Biology; 

 written permission must be obtained from supervisor before thesis is published 

(in the form of written, printed or in electronic form) including books, journals, 

modules, proceedings, popular writings, seminar papers, manuscripts, posters, 

reports, lecture notes, learning modules or any other materials; 

 there is no plagiarism or data falsification/fabrication in the thesis. This thesis 

has undergone plagiarism detection software (TURNITIN). 

 

Signature: ______________________  Date: ____________________ 

Name and Matric No.: ________________________________________________ 

 

Declaration by Supervisor 

This is to confirm that: 

 the research conducted and the writing of this thesis was under supervision. 

 

Signature: _______________________ 

Name of Chairman of Supervisory Committee: _____________________________ 

 



© C
OPYRIG

HT U
PM

vii 
 

ACKNOWLEDGEMENTS 

First and foremost, I am very grateful to my supervisor, where no words could 

describe how thankful I am except to express my sincerest gratitude to Dr. Adam 

Leow Thean Chor for his support, guidance and patience. He has always been there to 

help and guide me in every possible way. 

Special thanks to all my seniors in Enzyme and Microbial Technology Research group 

for their contributions, knowledge and friendship. I would like to specially thank my 

lab mentor, Ang Thiau Fu, for his guidance and help throughout the whole 

experimental process. Not forgetting my coursemates who are always there to discuss 

and see through my problems.  

I wish to express my deepest gratitude to my parents for they are always there to 

support me in every possible way and they will always keep me in their prayers. 

Without my parents’ support and encouragement, I would never be here.  

Sincerest thanks to everyone who have helped me throughout my final year project. 

Thank You.  

 

 

 

 

 



© C
OPYRIG

HT U
PM

viii 
 

TABLE OF CONTENTS 

                    Page 

 

ABSTRACT                      i 

ABSTRAK                    iii 

ACKNOWLEDGEMENT                  vii 

LIST OF TABLE AND FIGURES                   x 

LIST OF ABBREVIATIONS                 xi 

 

CHAPTER  
        

1 INTRODUCTION   

   

2 LITERATURE REVIEW  

                   2.1   Lipase        3 

                   2.2   Mechanism of protein stability      

          2.2.1    Ion Pair       5 

           2.2.2    Hydrophobic interactions     6 

          2.2.3    N- & C- terminal substitution    7 

                   2.3   Site- directed mutagenesis      9 

  

3      MATERIALS AND METHODS 

3.1  Materials   

3.1.1 Computer Software      10          

                          3.1.2      Reagents                  10 

3.2  Methods 

3.2.1 Computer Simulation                11 

3.2.2 Preparation of LB broth                12 

3.2.3 Cloning of J15 lipase into pEasy-E2 expression vector        12 

3.2.4 Site-directed mutagenesis                13 

3.2.5 Plasmid Extraction               14 

3.2.6 Transformation into BL21(DE3)             14 

3.2.7 Expression of wild-type and chimeric J15 lipase           14 

3.2.8 SDS-PAGE analysis of lipase expression                      15 

3.2.9 Bradford Assay      16 

3.2.10 Lipase Assay       16 

 

4      DISCUSSION  

4.1 Homology Modelling       17 

4.2 In-silico protein stability prediction     20 

4.3 Cloning of J15 lipase into pEasy-E2 expression vector  23 

4.4 Site-Directed Mutagenesis      27 

4.5 Expression of J15 lipase      29 

 

   

1 



© C
OPYRIG

HT U
PM

ix 
 

5   CONCLUSION AND RECOMMENDATIONS   33 

 

 

REFERENCES         34 

APPENDICES         38 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 
 

LIST OF TABLE AND FIGURES 

                  

       Page 

 

Table 
 

1 Change in free energy variation upon mutation (kcal/mol) of the          22 

variants by SDM and I-mutant 2.0 

Figure 

1 Multiple sequence alignment between J15 lipase and M37 lipase.          18 

2 The predicted structure of J15 Lipase with the secondary structure          19 

rendered as ribbon. 

3 Agarose gel electrophoresis of amplified PCR product of            25 

J15 lipase gene. 

4 Agarose gel electrophoresis of colony PCR of J15 lipase cloned           25 

into pEasy-E2 expression vector.  

5 Sequencing result of the J15 lipase (Sequence 1) and J15 lipase          26 

 cloned into pEasy-E2 vector (Sequence 2). 

6 Sequencing result of mutants D6I and D6L.             28 

7 SDS-PAGE (12%) of crude protein of wild-type J15 lipase           31 

and mutants. 

 

 



© C
OPYRIG

HT U
PM

xi 
 

LIST OF ABBREVIATIONS 

 

PCR    Polymerase Chain Reaction 

SDS   Sodium dodecyl sulphate 

SDS-PAGE  Sodium dodecyl sulphate- polyacrylamide gel electrophoresis 

IPTG   Isopropyl-β-D-tiogalactopyranoside 

Å   Armstrong 

RMSD   Root Mean Square Deviation 

rpm    Rotation per minute 

TEMED  Tetramethylethylenediamine 

U/mg   Unit per milligram 

U   Unit of enzyme activity 

w/v   Weight per volume 

v/v   Volume per volume 

sp.    Species



© C
OPYRIG

HT U
PM

1 
 

CHAPTER 1 

INTRODUCTION 

 

Lipases catalyze the hydrolysis of triacylglycerol to glycerol and fatty acids (Sharma 

et al., 2011). Lipase will only be activated when interface between the aggregated 

substrates and aqueous solution is formed. This is known as the interfacial activation. 

The active sites of the enzyme are shielded from the solvent (Brady et al., 1990). 

Some lipases are stable in organic solvents, which in turn giving them a chance for 

their exploitation in organic synthesis such as esterification, transesterification and 

aminolysis (Drauz and Waldman, 1995). Lipases are being utilized as cheap and 

versatile biocatalysts as the enzymes are widely spread in nature such as plants, 

animals and microorganisms (Gandhi, 1997). Besides, lipases are also widely used in 

many industrial applications such as in the production of fats and oils, detergents, food 

processing and production of cosmetics (Rubin and Dennis, 1997a,b). 

In an α-helix, the first four amine group and the last four carboxyl group lacks internal 

hydrogen bonds. Instead, they are often capped by an alternative hydrogen bond 

partner (Aurora and Rose, 1998). Presta and Rose (1998) hypothesized that helix end 

capping plays an important role in helix stabilization. Basically, by substituting one or 

several amino acids at the N- or C- terminal will help to improve the protein stability 

by increasing the thermal stability of the protein. 

Most of the enzymes are marginally stable under cellular environments and are hardly 

stable under harsh condition such as high temperature. Mutation was introduced at the 
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N-terminus so that enzymes with improved properties and desired characteristics can 

be obtained. Point mutation was modeled first and protein stability was analysed in-

silico. Experimental studies were then carried out to validate the in-silico protein 

stability prediction results.  

 

Objectives 

1.1        To clone J15 lipase gene into pEasy-E2 expression vector 

1.2 To model point mutation in-silico 

1.3 To analyse the protein stability in-silico 

1.4 To generate point mutation through site-directed mutagenesis 

1.5 To study the effect of mutation on the stability of J15 lipase 
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