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ABSTRACT

A number of active site residues of a Delta class glutathione transferase (GST:
E.C.2.5.1.18) from Anopheles dirus, adGSTD4-4, were characterized for functional
and structural properties toward glutathione conjugation activity. Three amino acid
residues Tyr-111, Tyr-119 and Phe-123 were investigated as putative hydrophobic
substrate binding residues. Substitutions to Tyr-111 demonstrated influences on
either the glutathione binding or the hydrophobic substrate binding; depending on the
substituted amino acid. Surprisingly, most Tyr-111 mutant recombinants showed
minimal effects on the hydrophobic substrate-binding site (H-site); but the charged
amino acid replacements exhibited major effects on glutathione binding including
positive co-operativity. Tyr-119 is likely to manipulate substrate binding since
different amino acid substitutions can strengthen or weaken binding affinity in a
substrate-dependent manner. All Phe-123 recombinants displayed lower binding
affinity toward CDNB with positive co-operativity for CDNB binding. Thus, Tyr-111
seems to regulate subunit communication through the G-site while Phe-123 appears
to have influence on subunit communication through the H-site. In addition, two
amino acid residues involved in the unique lock-and-key ‘Clasp’ motif, Phe-104 and
Val-107, were investigated by site-directed mutagenesis. All amino acid substitutions
to the ‘key’ residue Phe-104 deteriorates glutathione binding and most of the mutant
recombinants (except Phel04Met) displayed positive co-operativity upon GSH
binding. Therefore the pi-pi interaction of Phe-104 in the dimeric interface is likely to
regulate subunit communication through the G-sites. Almost all amino acid
substitutions to Val-107 enhanced structural stability of the enzyme, particularly in
Vall07Ala. Changes at Val-107 may contribute to stabilizing forces between
subunits and weaken conformational strain of the dimerization. Both Phe-104 and
Val-107 involved in the Clasp motif demonstrate a pivotal role in subunit
communication between active sites as well as stabilizing the quaternary structure of
the enzyme.

A highly stable enzyme Vall07Ala and the wild-type enzyme were subjected
to X-ray crystallographic study. The crystals of Vall07Ala and the wild type enzyme
both in complex with glutathione were diffracted to an atomic resolution of 2.47 and
2.05 A, respectively. The datasets were processed and the molecular replacement
method will be used to obtain three dimensional structures of the enzymes to gain
understanding of the structural-functional relationship, particularly in the aspect of
substrate binding and enzyme stability.

KEY WORDS : GLUTATHIONE TRANSFERASE/ ANOPHELES DIRUS/ H-SITE/
SITE-DIRECTED MUTAGENESIS/ PROTEIN CRYSTALLIZATION
122 P.




	ACKNOWLEDGEMENTS
	ABSTRACT
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	PREFACE
	CHAPTER I
	INTRODUCTION
	1.1  Glutathione transferases
	1.2  Cytosolic GST classification and nomenclature 
	1.3  GST functions
	1.3.1  Enzymatic functions
	GST Detoxification
	GST Metabolic functions

	1.3.2  Non-enzymatic functions
	Ligandin function
	Regulation of signal transduction pathways


	1.4  GST Structures
	1.4.1  Dimeric interface of GSTs
	Lock-and-key motif
	Electrostatic interactions

	1.4.2  Substrate binding site

	1.5  Background and objectives

	CHAPTER II
	MATERIALS AND METHODS
	2.1  Plasmid DNA extraction by Cetyltrimethylammonium bromide (CTAB) method
	2.2  Agarose gel electrophoresis of DNA
	2.3  Site-directed mutagenesis of adGSTD4
	2.3.1  Mutagenic primer design
	2.3.2  Polymerase chain reaction (PCR)
	2.3.3  Parental DNA template digestion
	2.3.4  Transformation of competent cells by heat shock

	2.4  Preparation of competent cells
	2.4.1  CaCl2 method
	2.4.2  Simple and efficient method (SEM)

	2.5  Restriction enzyme digestion 
	2.6  DNA sequencing
	2.6.1  PCR reaction for DNA sequencing
	2.6.2  DNA precipitation of sequencing reactions

	2.7  Protein expression
	2.8  SDS-polyacrylamide gel electrophoresis
	2.8.1  Protein sample preparation
	2.8.2  SDS-polyacrylamide gel 
	2.8.3  Electrophoresis of protein samples 

	2.9  Protein assay
	2.10  Protein purification
	2.10.1  Glutathione affinity chromatography (GSTrap™)
	2.10.2  Cation exchanger and hydrophobic interaction chromatography

	2.11  Determination of GST activity
	2.12  Determination of substrate specificities
	2.13  Thermal stability assay
	2.14  Circular Dichroism spectroscopy
	2.15  Fluorescence spectroscopy
	2.16  X-ray crystallography
	2.16.1  Protein crystallization
	2.16.2  X-ray diffraction and data processing
	2.16.3  Model building by molecular replacement method


	CHAPTER III
	RESULTS: AN INTERSUBUNIT LOCK-AND-KEY ‘CLASP’ MOTIF IN THE DIMER INTERFACE OF DELTA CLASS GLUTATHIONE TRANSFERASE
	3.1  Generation of lock-and-key ‘clasp’ motif mutants
	3.2  Protein expression and purification
	3.3  Kinetic parameter determination
	3.4  Substrate specificity determination
	3.5  Thermal stability assay
	3.6  Structural studies
	3.6.1  Circular Dichroism
	3.6.2  Intrinsic fluorescence
	3.6.3  ANS binding


	CHAPTER IV
	RESULTS: CHARACTERIZATION OF HYDROPHOBIC SUBSTRATE-BINDING RESIDUES IN ADGSTD4-4
	4.1  Generation of hydrophobic substrate-binding residue mutants
	4.2  Protein expression and purification
	4.3  Kinetic parameter determination
	4.4  Substrate specificity determination
	4.5  Thermal stability assay

	CHAPTER V
	RESULTS: CRYSTALLOGRAPHIC STUDIES OF ADGSTD4-4 AND A HIGHLY STABLE MUTANT OF VAL107ALA
	5.1  Protein preparation
	5.2  Protein crystallization
	5.3  X-ray data collection and processing

	CHAPTER VI
	DISCUSSION
	Part I: An intersubunit lock-and-key ‘clasp’ motif in the dimer interface of delta class glutathione transferase
	Part II: Characterization of hydrophobic substrate-binding residues in adGSTD4-4
	Part III: Crystallography studies of adGSTD4-4 and a highly stable mutant of Val107Ala

	CHAPTER VII
	CONCLUSION
	CHAPTER VIII
	FUTURE PERSPECTIVES
	REFERENCES
	APPENDIX
	BIOGRAPHY



