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ABSTRACT 

 Glutathione S-transferase is a detoxifying enzyme that responsible in catalyzing the 

conjugation of electrophilic xenobiotics compound with the thiol group of glutathione by 

biotransforming it into hydrophilic compound that can be eliminated from the cells via ion 

channel transport system. In Drosophila melanogaster, its GSTs have been divided into 

many classes in which two of them are organism specific, delta and epsilon.  Members of 

delta GSTs which consist of 10 members are located at 3R chromosome. However, in delta 

isoform 3, there is truncation of several amino acids including conserved tyrosine residue at 

positions 5 and 6. Since D3 has been confirmed and observed to be expressed in pre adult 

development, therefore, I hypothesized that there is other tyrosine residue from different 

positions that have replaced the missing tyrosine. In order to determine the catalytic 

residue, homology modeling of D3 was carried out by taking 3EIN as template sequence. 

The template was obtained from UniProt database provided that stores protein sequences 

and functional information of the protein. Since I was interested in selecting the template 

with the experimental determined structure, therefore, 3EIN was selected as the suitable 

template. This is because, the sequence identity between target and template sequence was 

63% whereby the model generated from this value could regarded as a good model. In 

building the model structure for query sequence, Modeller program command prompt was 

employed and the model was evaluated by PROCHECK program implemented by 

PDBSum database. After model evaluation, Swiss-PDBViewer and RasMol were used to 

visualized, manipulate and calculate the force field energy of the model. 3D structure of D3 

showed that it consists of 2 beta sheets which were different from template, which consist 

of 4 beta sheets. Since GSTs usually work in homodimeric form, therefore, I suggested that 

D3 paired up with D3 by sharing their beta sheets. In term of catalytic residue, it suspected 
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that other tyrosine residues from different position had compensated the missing tyrosine of 

positions 5 and 6. From the model visualization, it shows that side chain from tyrosine of 

positions 89 and 97 were projecting into the GSH binding site. Referring to the force field 

energy calculated, it shows that tyrosine of position 97 is more suitable since it has the 

lowest energy.  
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ABSTRAK 

 Glutation S-transferase ialah sejenis enzim detoksifikasi yang bertanggungjawab 

dalam menjadi pemangkin untuk tindak balas konjugasi bagi menukar kompaun yang 

bersifat elektrofilik toksik, dengan bantuan kumpulan thiol yang terdapat pada glutation, 

kepada kompaun yang bersifat hidrofilik yang mana ia boleh disingkirkan daripada sel-sel 

melalui sistem pengangkutan saluran ion. Di dalam Drosophila melanogaster, GSTs telah 

dibahagikan kepada beberapa kelas di mana dua daripada kelas tersebut adalah khusus 

untuk organisma, iaitu delta dan epsilon. Ahli-ahli GSTs kelas delta terdiri daripada 10 ahli 

yang terletak pada kromosom 3R. Walau bagaimanapun, di delta isoform 3, terdapat 

kehilangan beberapa asid amino termasuk tyrosin yang terpelihara pada kedudukan 5 dan 6. 

Memandangkan terdapat kajian yang dilakukan oleh para saintis berkenaan D3 di mana 

mengikut hasil penemuan mereka, D3 adalah sejenis protin yang diekspresikan di dalam 

genom lalat dewasa. Oleh itu, hipotesis saya mengatakan bahawa terdapat tyrosin dari 

kedudukan yang berbeza yang telah menggantikan tyrosin yang hilang. Untuk menentukan 

asid amino yang mana menjadi pemangkin, maka pemodelan homologi D3 telah 

dijalankan. Rujukan-rujukan asid amino ini diperolehi daripada pangkalan data UniProt 

yang disediakan oleh NCBI. Memandangkan 3EIN mempunyai persamaan identiti dengan 

sasaran D3 iaitu sebanyak 63%, oleh itu 3EIN telah dijadikan sebagai rujukan. Bagi 

membina struktur model untuk D3, pemodel program, iaitu Modeller telah digunakan dan 

diaplikasi bagi membina model-model untuk D3. Model-model ini telah dinilai oleh 

program PROCHECK yang dilaksanakan oleh pangkalan data PDBSum. Selepas penilaian 

model dilakukan, Swiss-PDBViewer dan RasMol telah digunakan untuk menggambarkan, 

memanipulasi dan mengira daya tenaga model tersebut. Struktur tiga dimensi D3 

menunjukkan bahawa ia terdiri daripada 2 lembaran beta yang berbeza daripada rujukan, 
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yang terdiri daripada 4 helai beta. GSTs biasanya berfungsi dalam bentuk homodimerik, 

oleh itu, saya menyimpul bahawa D3 akan berpasangan dengan D3 yang lain bagi 

berkongsi lembaran beta mereka. Berkenaan dengan asid amino yang bertanggungjawab 

dalam menentukan aktiviti mangkin, ia disyaki bahawa tyrosin lain yang berasal dari 

kedudukan yang berbeza telah menggantikan tyrosin yang hilang pada kedudukan 5 dan 6. 

Dari visualisasi model, ia menunjukkan bahawa rantaian sampingan tyrosin pada 

kedudukan 89 dan 97 telah mengunjur kedalam tapak yang mengikat GSH. Merujuk 

kepada medan daya tenaga yang dikira, ia menunjukkan bahawa tyrosin di kedudukan 97 

adalah lebih sesuai kerana ia mempunyai tenaga terendah. 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

 

ACKNOWLEDGEMENT 

 

 

 

 

Alhamdulillah, thanks to the merciful and gracious one, with His consent, I am able to 

finish my research project. I would like to express my deepest gratitude to Dr Saharuddin 

Mohamad and Dr Zazali Alias for their supervision, advice, and guidance in completing 

this work. I also would like to thank my beloved parents, families, and friends for 

supporting and encouraging me to pursue this degree. 

 

 

 

 

 

 

 

 

 

 



viii 
 

Table of Contents 

Original literary work declaration .......................................................................................... ii 

Abstract  ................................................................................................................................ iii 

Abstrak  ................................................................................................................................. v 

Acknowledgement................................................................................................................ vii 

List of Figures ........................................................................................................................ x 

List of Tables........................................................................................................................ xii 

List of Symbols and Abbreviations ..................................................................................... xiii 

List of Appendices .............................................................................................................. xiv 

Chapter 1 Introduction ........................................................................................................ 1 

1.1 Overview ........................................................................................... ………..……1 

1.2 Cell detoxification and function of glutathione S-transferases ......... ………..……3 

1.3 Classification of glutathione S-transferases ................................................................. 8 

1.3.1 Cytosolic GSTs ...................................................................................................... 9 

1.3.2 Microsomal GSTs ................................................................................................ 15 

1.3.3 Mitochondrial GSTs ............................................................................................ 16 

1.4 Glutathione S-transferase in insects ...................................................................... 17 

1.5 Glutathione S-transferases in Drosophila melanogaster ....................................... 18 

1.6 Structure prediction using homology modeling .................................................... 23 

1.7 Research Objectives .............................................................................................. 26 

Chapter 2 Literature Review ............................................................................................ 28 

2.1 Introduction ........................................................................................................... 28 

2.2 Types of chemical treatments being used in insecticides and modes of actions ... 28 

2.3 Effects of insecticides towards glutathione S-transferase ..................................... 30 

2.4 Evolution of GST along Drosophila species ......................................................... 34 

2.5 Protein active site prediction ................................................................................. 35 

Chapter 3 Methodology ..................................................................................................... 37 

3.1 Research Design .................................................................................................... 38 

3.2 Searching for target sequence ................................................................................ 39 

3.3 Searching for template sequences ......................................................................... 39 

3.4 Modeling the target sequence ................................................................................ 40 

3.5 Model Evaluation using PDBSum Generate ......................................................... 42 



ix 
 

Chapter 4 Results & Discussion ........................................................................................ 43 

4.1 Target sequence ..................................................................................................... 44 

4.2 Template sequences ............................................................................................... 50 

4.2.1 Selecting the appropriate templates ............................................................... 52 

4.2.2 Analysis of template structure, 3EIN. ............................................................ 58 

4.3 Modeling the query sequence ................................................................................ 66 

4.4 Model Evaluation .................................................................................................. 67 

4.4.1 Ramachandran plot......................................................................................... 67 

4.4.2 G-Factors ........................................................................................................ 67 

4.5 GSTD3 Secondary Structure Prediction ................................................................ 68 

4.5.1 Comparisons of query and target ................................................................... 68 

4.6 3D structure of target sequence ............................................................................. 75 

4.7 Control Experiment ............................................................................................... 83 

Chapter 5 Conclusion ........................................................................................................ 86 

References ........................................................................................................................... 87 

Appendices .......................................................................................................................... 91 

 

 

 

 

 

 

 

 

 

 

 



x 
 

List of Figures 

Figure 1.1: Biotransformation of electrophilic substrate into hydrophilic compounds .......... 6 

Figure 1.2: Schematic representation of mechanism of GSTs ................................................ 7 

Figure 1.3: Common chain fold of GST superfamily ........................................................... 12 

Figure 1.4: Schematic diagram of thioredoxin fold .............................................................. 13 

Figure 1.5: Delta class GST cluster....................................................................................... 22 

Figure 3.1: Flowchart of Methodology ................................................................................. 37 

Figure 3.2: Comparative model building programmed by MODELLER ............................. 43 

Figure 4.1: GST isoform 3 from fruit fly (NCBI Protein) .................................................... 46 

Figure 4.2: Positions of N-terminal, C-terminal, GSH binding site, and substrate binding  

        pocket in GSTD3 ............................................................................................... 48 

Figure 4.3: Multiple sequence alignment of D1 until D10 of D. melanogaster ................... 49 

Figure 4.4: Weighted pair-group average clustering based on distance matrix .................... 55 

Figure 4.5: Pairwise sequence alignment between GSTD3 and GSTD1 .............................. 56 

Figure 4.6: Pairwise sequence alignment between GSTD3 and GSTD10 ............................ 57 

Figure 4.7: Quaternary structure of 3EIN ............................................................................. 60 

Figure 4.8: Positions of N-terminal, C-terminal, GSH binding site, and substrate binding  

        pocket in GSTD1 ............................................................................................... 61 

Figure 4.9: Secondary structure of GST isoform 1 ............................................................... 62 

Figure 4.10: Structure of ligand binding and residues involved ........................................... 63 

Figure 4.11: 3D structure of 3EIN ........................................................................................ 64 

Figure 4.12: Structure of glutathione .................................................................................... 65 

Figure 4.13: Ramachandran plot of target structure.............................................................. 70 

Figure 4.14: Results of G-factors .......................................................................................... 71 

Figure 4.15: Residues involved in ligand binding ................................................................ 72 

Figure 4.16: Comparisons of secondary structure of query and 3EIN  ................................. 73 

Figure 4.17: Topology of query sequence............................................................................. 77 

Figure 4.18: 3D structure of query sequence ........................................................................ 78 

Figure 4.19: Sequence alignment between query and template ............................................ 79 

Figure 4.20: 3D structure of query sequence with sidechain of tyrosine 89 and 97 ............. 80 

Figure 4.21: 3D structure of query sequence with sidechain of tyrosine 82, 89, 95, 96 and     

          97 ...................................................................................................................... 81 

Figure 4.22: Sequence alignment between query1 and template sequence .......................... 84 



xi 
 

Figure 4.23: 3D structure of query1 ...................................................................................... 85 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



xii 
 

List of Tables 

Table 1.1: List of common and specific cytosolic GSTs ...................................................... 14 

Table 1.2: Summary of D. melanogaster GST ..................................................................... 21 

Table 4.1: Amino acid length of Delta members .................................................................. 47 

Table 4.2: Information about template sequences obtained from UniProt database............. 51 

Table 4.3: Sequence identity among templates using Modeller ........................................... 54 

Table 4.4: Comparison of secondary structure between query and 3EIN based on residues 

      important in ligand binding .................................................................................. 74 

Table 4.5: Force field energy for tyrosine position 89 and 97 .............................................. 82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

List of Symbols and Abbreviations 

DmGSTD3 – Drosophila melanogaster glutathione S-transferase delta  

GST – glutathione S-transferase 

GSH – glutathione 

MAPEG – Membrane Associated Proteins in Eicosanoid and Glutathione metabolism 

LTC4S – leukotriene C4 synthase 

FLAP – 5 lipoxigenase activating protein  

PGESI – prostaglandin E synthase Ι 

cDNA – complementary deoxyribonucleic acid 

HCCA – 2-hydroxychromene-2-carboxylate  

DDT – dichlorodiphenyltrichloroethane  

NCBI – National Center for Biotechnology Information 

BLAST – Basic Local Alignment Search Tool 

UniProt – Universal Protein Resource 

PBO – piperonyl butoxide 

3D – three dimensional 

PIR – protein information resource 

DOPE – Discrete Optimized Protein Energy 

 

 

 

 

 

 



xiv 
 

List of Appendices 

1. PIR file 

2. comparetemplates.py 

3. targetemplatealign.py 

4. buildmodel.py 

 

 
 

 

 

 

 

 


