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ABSTRACT 

 

3-Deoxy-D-manno-octulosonate 8-phosphate (KDO8P) synthase is the enzyme 

responsible for catalyzing the first reaction in the biosynthesis of KDO.  KDO is an 

essential component in the cell wall of Gram-negative bacteria and plants. This 

compound is not present in mammals; therefore the enzymes responsible for its 

biosynthesis are potential targets for the development of new antibiotic agents. KDO8P 

synthase catalyzes the condensation reaction between phosphoenol pyruvate (PEP) and 

D-arabinose 5-phosphate (A5P) to form KDO8P.  

 
Two types of KDO8P synthase have been identified; a metal-dependent type and a non 

metal-dependent type. KDO8P synthase from the organism Chlorobium tepidum (Cte) 

has been partially purified and partially characterized. In line with predictions based on 

sequence alone, the activity of this enzyme is dependent on the presence of a divalent 

metal ion and is sensitive to the presence of the metal chelating agent EDTA. Cte 

KDO8P synthase was found to have the highest activity in the presence of Mn2+ or 

Cd2+. 

 

KDO8P synthase from the organism Acidithiobacillus ferrooxidans (Afe) has also been 

cloned, purified and biochemically characterized. Afe KDO8P synthase was also found 

to be a metallo enzyme and the catalytic activity is highest in the presence of Mn2+ or 

Co2+. Afe KDO8P synthase was found to exist as a tetramer in solution and is most 

active within the pH range of 6.8 to 7.5 and within a temperature range of 35 ºC to 40 

ºC. Sequence analysis suggests that this enzyme has characteristics conserved 

throughout the metallo and the non-metallo KDO8P synthases and is closely related to 

the metal-dependent 3-deoxy-D-arabino-heptulosonate 7-phosphate (DAH7P) 

synthases. The role of several active-site residues of Afe KDO8P synthase has been 

investigated. A C21N mutant of Afe KDO8P synthase was found to retain 0.5% of wild-

type activity and did not require a divalent metal ion for catalytic activity. This suggests 

that the metallo and non-metallo KDO8P synthases have similar catalytic mechanisms. 



ii 

ACKNOWLEDGEMENTS 

 

Thank you to my supervisor Emily Parker for all the help and guidance and for 

encouraging me to pursue postgraduate studies. She has provided me with a great 

environment to learn and introduced me to some great people along the way. Also 

thanks for the coffee and lunch shouts. I will look forward to catching up with you over 

a wine or two in Lorne sometime in the future. 

 

Thank you to my co-supervisor Geoff Jameson for helping with my work both in this 

project and throughout my time at Massey University. I wish I had some more exciting 

crystals for you to help me work with, but thanks for the help at the end and for the 

pretty pikkies!! Thank you also to Mark Patchett for providing the C. tepidum KDO8P 

synthase for me to work on. We couldn’t have chosen a worse protein to try and purify, 

but thanks anyway! 

 

Thanks to all the team in the EJP research group at Massey University. It has been great 

to be able to work with a vibrant group of students and researchers. Special thanks to 

Fiona Cochrane for looking over my shoulder for the first six months of my masters, 

showing me the way around a research lab, and giving me the odd Post-It note if I had 

done something wrong! And to Linley Schofield, two words – chocolate cake! I have 

learnt a lot from everybody in this group. 

 

Thanks to my family for supporting me for five years at Massey University and for all 

the free meals when I was living off a student allowance! Thanks especially to my wife 

Monique who encouraged me to go and do what I wanted to do and for doing her best to 

stay out of my way during the last few weeks of writing up! 

 

 

 

 



iii 

TABLE OF CONTENTS 

 
 

Abstract.............................................................................................................................i 

Acknowledgements..........................................................................................................ii 

Index of figures...............................................................................................................vi 

Index of tables.................................................................................................................ix 

Abbreviations...................................................................................................................x 

 

CHAPTER 1 

Introduction 

1.1 KDO8P synthase overview……..................................................................…1 

1.2 Relationship between KDO8P synthase and DAH7P synthase......................3 

1.3 Metal dependency of KDO8P synthase…....................................……...........6 

1.4 Functional and structural studies of KDO8P synthase………........…............9 

1.5 Mechanism of KDO8P synthase......………….......……………....……......13 

1.6 The role of the metal ion in KDO8P synthase..............................................18 

1.7 Aims of this project.......................................................................................22 

 

CHAPTER 2  

Expression and Purification of Chlorobium tepidum KDO8P Synthase 

 2.1 Introduction...................................................................................................23 

 2.2 Expression and solubility of Cte KDO8P synthase 

  2.2.1 Initial expression trials...................................................................24 

2.2.2 Effect of DTT, PEP and KCl on solubility……………….............25 

2.2.3 Effect of Thesit™ and Complete™ protease inhibitor on 

         solubility of Cte KDO8P synthase.................................................27 

2.2.4 Effect of temperature on expression and solubility........................28 

2.2.5 Effect of growth time on expression and solubility........................29 

2.3 Attempted two step purification of Cte KDO8P synthase 



iv 

 2.3.1 Purification by anion exchange chromatography...........................30 

 2.3.2 Purification by cation exchange chromatography..........................31 

 2.3.3 Purification by hydrophobic interaction chromatography..............32 

2.4 Stability of Cte KDO8P synthase..................................................................34 

2.5 Metal dependency of Cte KDO8P synthase..................................................36 

2.6 Cloning and expression of C24N Cte KDO8P synthase and D246A Cte 

KDO8P synthase............................................................................................37 

2.7 Discussion......................................................................................................39 

 

CHAPTER 3 

Cloning, Expression, Purification and Biochemical Characterization of 

Acidithiobacillus ferrooxidans KDO8P Synthase 

 3.1 Introduction...................................................................................................41 

3.2 Cloning of the Afe KDO8P synthase open reading frame.............................42 

3.3 Expression and solubility of Afe KDO8P synthase......................................44 

 3.4 Two step purification of Afe KDO8P synthase 

 3.4.1 Purification by anion exchange chromatography...........................45 

3.4.2 Purification by hydrophobic interaction chromatography..............47 

3.5 Purification summary...................................................................................48 

3.6 Characterization of wild type Afe KDO8P synthase....................................50 

 3.7 Quaternary structure of Afe KDO8P synthase in solution............................50 

 3.8 Metal dependency of Afe KDO8P synthase.................................................51 

 3.9 pH profile of Afe KDO8P synthase..............................................................55 

 3.10 Temperature profile of Afe KDO8P synthase.............................................56 

 3.11 Kinetic parameters for Afe KDO8P synthase.............................................57 

  3.12 Crystallography trials 

  3.12.1 Purification by size exclusion chromatography...........................58 

  3.12.2 Initial crystal screening................................................................59 

3.13 Summary of characterization......................................................................61 

 



v 

CHAPTER 4 

Investigating the Role of Important Amino Acids in and around the Active Site of 

Acidithiobacillus ferrooxidans KDO8P Synthase 

 4.1 Introduction...................................................................................................63 

 4.2 Cloning of Afe KDO8P synthase mutants.....................................................67 

 4.3 Expression and solubility of Afe KDO8P synthase mutant proteins.............69 

 4.4 Purification of Afe KDO8P synthase mutant proteins...................................69 

 4.5 Catalytic activity of Afe KDO8P synthase mutant proteins..........................70 

 4.6 Metal activation of Afe KDO8P synthase mutants........................................71 

 4.7 Metal independent activity of C21N Afe KDO8P synthase..........................74 

 4.8 Kinetic parameters for Afe KDO8P synthase mutants..................................74 

 4.9 Conclusions and future directions.................................................................77 

 

CHAPTER 5  

Experimental 

5.1General methods.............................................................................................81 

5.2 Experimental for chapter 2............................................................................90 

5.3 Experimental for chapter 3............................................................................93 

5.4 Experimental for chapter 4............................................................................97 

 

 

 

REFERENCES..............................................................................................................99 

 

 

 

 

 

 



vi 

INDEX OF FIGURES 

 

Figure                       Page 

 

1.1 Reaction catalyzed by KDO8P synthase                       1 

1.2 Schematic diagram of the molecular organization of the outer envelope             2   

of Gram-negative bacteria           

1.3 Phylogenetic relationship between KDO8P synthase and class 1 DAH7P           5 

synthase             

1.4 Metal binding site of A. aeolicus KDO8P synthase                                                  6 

1.5 ClustalW alignment of KDO8P synthase amino acid sequences                    8 

1.6 Comparison of monomer fold of E. coli KDO8P synthase and A. aeolicus       10 

KDO8P synthase to monomer fold of P. furiosus DAH7P synthase and      

T. maritima DAH7P synthase  

1.7 The active site of A. aeolicus KDO8P synthase with A5P, PEP and Cd2+          12 

bound         

1.8 Proposed mechanisms of KDO8P synthesis via a linear intermediate                14 

1.9 The bi-substrate inhibitor API and the proposed intermediate of the                 16 

KDO8P synthase catalyzed reaction 

1.10 Proposed mechanisms of KDO8P synthesis via a linear intermediate      17                   

1.11 A. aeolicus KDO8P synthase structure with Cd2+, A5P and PEP bound      18 

1.12 Two different conformations of A5P in the active site of KDO8P synthase      19 

1.13 Overlay of E. coli (Ec) and A. aeolicus (Aa) metal binding sites in                    21 

KDO8P synthase 

 

2.1 Expression and solubility of Cte KDO8P synthase in varying lysis        26 

conditions  

2.2 Effect of Thesit™ and Complete™ protease inhibitor on expression and          27 

solubility of Cte KDO8P synthase       



vii 

2.3 Effect of growth temperature on expression and solubility of Cte KDO8P      28  

synthase          

2.4 Effect of growth time on expression and solubility of Cte KDO8P synthase     29 

2.5 SDS-PAGE analysis of soluble Cte KDO8P synthase after anion exchange      31 

chromatography 

2.6 SDS-PAGE analysis of Cte KDO8P synthase after cation exchange                 32 

chromatography            

2.7 SDS-PAGE analysis of Cte KDO8P synthase after hydrophobic interaction     33 

chromatography            

2.8 Effect of divalent metal ions on Cte KDO8P synthase activity                          36 

2.9 Expression and solubility of C24N and D246A Cte KDO8P synthase              38 

 

 

3.1 Agarose gel electrophoresis of amplified Afe KDO8P synthase gene                42 

3.2 Map of pT7-7 vector                                                                                            43 

3.3 Expression and solubility of Cte KDO8P synthase in varying lysis conditions  45 

3.4 SDS-PAGE analysis of Afe KDO8P synthase after anion exchange                  46 

chromatography 

3.5 SDS-PAGE analysis of Afe KDO8P synthase after hydrophobic interaction     47 

chromatography 

3.6 SDS-PAGE summary of two step purification of Afe KDO8P synthase            49 

3.7 Standard curve of log molecular mass vs. elution time for Afe KDO8P             51 

synthase  

3.8 Effect of divalent metal ions on Afe KDO8P synthase activity                          52 

3.9 Binding affinity for Mn2+, Co2+ and Cd2+                                                           54 

3.10 pH profile of Afe KDO8P synthase                                                                     55 

3.11 Temperature profile of Afe KDO8P synthase                                                     56 

3.12 Michaelis-Menten plots for determination of Km for A5P and PEP                    57 

3.13 SDS-PAGE analysis of Afe KDO8P synthase after size exclusion                     59 

chromatography   



viii 

3.14 Initial crystallization of Afe KDO8P synthase                                                     61 

 

4.1 Active site of A. aeolicus KDO8P synthase with A5P, PEP and Cd2+ bound     66 

4.2 Agarose gel analysis of pT7-7-Afe KDO8P synthase plasmid DNA                  67 

after site-directed mutagenesis 

4.3 Gradient PCR of N57A primers with pT7-7-AfeKDO8P synthase template      68 

4.4 Expression and solubility of Afe KDO8P synthase mutant proteins                   69 

4.5 Metal activation profile of Afe KDO8P synthase mutants                                  71 

4.6 Michaelis-Menten plots for the determination of Km of P243A                          76 

and D243E Afe KDO8P synthase mutants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

INDEX OF TABLES 

 

Table                                  Page 

 

2.1 Summary of attempted purification of Cte KDO8P synthase                              34 

2.2 Relative activity of Cte KDO8P synthase in the presence of divalent                37 

metal ions 

3.1 Summary of two step purification of Afe KDO8P synthase                           50 

3.2 Realtive activity of Afe KDO8P synthase in the presence of divalent        53 

metal ions 

3.3 Comparison of properties of microbial KDO8P synthases                                 58 

 4.1 Comparison of mutant Afe KDO8P synthase specific activity after                   70 

purification 

4.2 Metal activation of Afe KDO8P synthase mutants                                         73 

 4.3 Comparison between kinetic parameters of wild type and Afe KDO8P             77 

synthase mutants 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

ABBREVIATIONS 

 

AEC   Anion exchange chromatography 

Afe   Acidithiobacillus ferrooxidans 

Amp   Ampicillin 

ATP   Adenosine triphosphate 

A5P   D-Arabinose 5-phosphate 

BTP   1,3-bis(tris(hydroxymethyl)methylamino)propane 

bp   Base pairs 

CEC   Cation exchange chromatography 

Cte   Chlorobium tepidum 

Da   Dalton 

DAH7P  3-deoxy-D-arabino-heptulosonate 7-phosphate 

DNA   Deoxyribo nucleic acid 

dNTP   Deoxyribo nucleotide triphosphate 

DTT   Dithiothreitol 

EDTA   Ethylene diamine tetra-acetic acid (di-sodium salt) 

E4P   D-Erythrose 4-phosphate 

FPLC   Fast protein liquid chromatography 

HCl   Hydrochloric acid 

HIC   Hydrophobic interaction chromatography 

IEC   Ion exchange chromatography 

IPTG   Isopropyl-1-thio-β-D-galactopyranoside 

kcat   Turnover number 

KCl   Potassium chloride 

KDO8P  3-deoxy-D-manno-octulosonate 8-phosphate 

Km   Michaelis constant 

LB broth  Luria-Bertani broth 

LPS   Lipopolysaccharide  



xi 

MW   Molecular weight 

MWCO  Molecular weight cut-off 

NaCl   Sodium chloride 

(NH4)2SO4  Ammonium sulfate 

NMR   Nuclear magnetic resonance 

OD   Optical density 

PAGE   Polyacrylamide gel electrophoresis 

PCR   Polymerase chain reaction 

PEG   Polyethyleneglycol 

PEP   Phosphoenolpyruvate 

pI   Isoelectric point 

Pi   Inorganic phosphate 

Psi   Pounds per square inch 

SDS   Sodium dodecyl sulfate 

SEC   Size exclusion chromatography 

Thesit   Polyethyleneglycol dodecyl ether 

UV   Ultra violet 

Vmax   Maximum reaction velocity 

 


