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Abstract

As an emerging area, systems biology provides a new paradigm not only for

studying the cellular organization and regulation, but also for investigating how

the systemic behaviors emerge in biological systems. One of the main objectives

of systems biology is to understand mechanism and principle of the strategy that

is applied in the metabolic network response to the environment and resources

availability. Mass spectrometry (MS) was employed as the high-throughput

technique tools to collect reliable data to obtain a quantitative understanding of

the regulation of metabolic network in different cases.

A LC-MS based method was developed and optimized for the measurement of

central carbon metabolites in Escherichia coli. It could avoid the leakage problem

and the "false high level" caused by the metabolites excreted to the medium, and

provides better coverage as well as more accurate quantitative results of

intracellular metabolites from different conditions. The developed method was

employed to investigate the metabolic response to the nutrition stress. Intracellular

concentrations of central carbon metabolites were measured under different

nutrition conditions. The FBP concentration revealed the carbon influx because it

served as a sensor of glycolytic flux and the α-ketoglutarate served as a

coordinator of carbon and nitrogen flux response to the nutrient availabilities. A

scenario was made that cell coordinated the catabolic and anabolic metabolism

under different conditions by α-ketoglutarate and cAMP signaling.

The overflow metabolism of E. coli was studied. A robust linear relation between
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acetate excretion rate and growth rate was observed. Gene expression level and

quantitative proteomics approach were employed under perturbations such as

mutants and increased energy demand (drained the energy by DNP). Acetate

overflow in E. coli results from the tradeoff between efficient utilization of carbon

resources by respiration and efficient utilization of proteome resources by

fermentation.

The physiology-driven approach was employed to investigate the potential targets

of sRNA RyhB and the function of chaperon Hfq. Construction of a truncated

RyhB mutant (RyhBt) was performed to confirm the necessity of hfq to RyhB.

The expression of RyhB and RyhBt can both slow the growth rate. However, after

the deletion of hfq, the growth defects induced by RyhB disappeared but still

existed in the RyhBt strain without Hfq. It indicated that RyhB played its function

by binding with Hfq at the special regions. Proteomics approach discovered some

target genes of RyhB and RyhBt in both TCA cycle and nitrogen assimilation

pathway. The relative abundance of proteins reflected that the RyhB and RyhBt

affected the target differently because they had different binding sites with

chaperons or targets. It will provided valuable information for revealing the inner

mechanism of the physiology changes caused by sRNAs.

GC-MS method was developed to identify and quantify the metabolites in E.coli

cells. Three different derivatization methods for GC-MS were compared and

optimized. The pool size of glutamine and glutamate was stable in the wild type

strain at certain conditions but changed significantly in the GOGAT- strain

especially the nitrogen was limited.



VI

Table of Contents

Declaration……………………………………………………………...…........... I

Abstract……………………………………………………….…………………..II

Acknowledgement…………………………………………… …………………IV

Table of Contents...................................................................................................VI

List of Tables.…………………………………………………………................ XI

List of Figures……………………………………………………………..…...XIII

List of Abbreviations………..………………………………………...............XVIII

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

1.1 Systems biology.........................................................................................1

1.2 Escherichia coli .........................................................................................5

1.3 Metabolic network regulation ....................................................................8

1.3.1 Metabolism in the cell.....................................................................9

1.3.2 Central carbon metabolism ...........................................................10

1.3.3 Metabolic flux and regulation.......................................................11

1.4 Mass spectrometry based experimental platform ....................................17

1.4.1 Introduction of GC-MS.................................................................18

1.4.2 Introduction of LC-MS .................................................................21

1.5 Organization of thesis ..............................................................................23

Chapter 2 Development of LC-MS method for quantification of central carbon

metabolites of Escherichia coli..............................................................................24

2.1 Introduction..............................................................................................24

2.2 Materials and methods .............................................................................27

2.2.1 Bacterial strains and culture conditions ........................................27



VII

2.2.2 Cell sampling methods..................................................................28

2.2.3 Quenching and extraction .............................................................29

2.2.4 Sample clean-up............................................................................31

2.2.5 LC-MS/MS analysis .....................................................................32

2.3 Results and discussion .............................................................................36

2.3.1 Cell sampling by fast filtration method ........................................36

2.3.2 Simultaneous quenching and extraction .......................................39

2.3.3 Sample clean-up for protein removal............................................42

2.3.4 LC-MS/MS determination of intracellular metabolites ................43

2.4 Chapter summary.....................................................................................46

Chaper 3 Metabolic response of E. coli to nutrition stress ....................................48

3.1 Introduction..............................................................................................48

3.2 Materials and methods .............................................................................50

3.2.1 Strains and growth of bacterial culture .........................................50

3.2.1.1 Strain construction .............................................................50

3.2.1.2 Mediums and growth measurements .................................52

3.2.2 Sample preparation for quantification of intracellular metabolites

...............................................................................................................53

3.2.3 LC-MS/MS analysis of intracellular metabolites .........................54

3.3 Results and discussion .............................................................................55

3.3.1 Growth rate at different nutrition conditions ................................55

3.3.2 The carbon flux changes to nutrition stress revealed by

fructose-1,6-biphosphate (FBP) levels ..................................................60

3.3.3 The α-ketoglutarate (αKG) coordinates the carbon and nitrogen

flux .........................................................................................................65



VIII

3.3.4 The different behaviors of glycolytic and TCA intermediates

between carbon and nitrogen limitation.................................................71

3.4 Chapter Summary ....................................................................................76

Chapter 4 Application of LC-MS based proteomics for acetate over flow in

Escherichia coli .....................................................................................................78

4.1 Introduction..............................................................................................78

4.2 Materials and methods .............................................................................81

4.2.1 Strains and growth of bacterial culture .........................................81

4.2.2 15N-labeled proteomic mass spectrometry....................................83

4.2.2.1 Sample collection and preparation.....................................83

4.2.2.2 Mass spectrometry .............................................................85

4.2.2.3 Protein identification..........................................................85

4.2.2.4 Relative protein quantitation..............................................86

4.2.2.5 Absolute protein quantitation.............................................87

4.2.3 Total protein measurements ..........................................................88

4.2.4 -Galactosidase Assay ..................................................................88

4.3 Results and discussion .............................................................................89

4.3.1 Growth rate and acetate excretion: The acetate line .....................89

4.3.2 Two energy-generating pathways .................................................94

4.3.3 Gene expression and proteomics data for grown in various carbons

and titratable carbon influx ....................................................................98

4.3.4 Gene expression proteome allocation under energy drained

conditions.............................................................................................103

4.4 Chapter summary...................................................................................106

Chapter 5 Physiological and proteomics study of the role of small RNA chaperon



IX

Hfq .......................................................................................................................107

5.1 Introduction............................................................................................107

5.2 Materials and methods ........................................................................... 111

5.2.1 Bacterial strains and culture conditions ...................................... 111

5.2.2 Strain construction ......................................................................112

5.2.3 Mass spectrometry based quantitative proteomics .....................113

5.3 Results and discussion ...........................................................................114

5.3.1 Physiological behavior of different strains in different conditions

.............................................................................................................114

5.3.2 Mass spectrometry based proteomics approach for ryhB and ryhBt

targets...................................................................................................123

5.4 Chapter summary...................................................................................128

Chapter 6 Development and application of GC-MS method for quantification of

metabolites ...........................................................................................................129

6.1 Introduction............................................................................................129

6.2 Materials and methods ...........................................................................130

6.2.1 Chemicals and reagents ..............................................................130

6.2.2 Bacterial strains and culture conditions. .....................................131

6.2.3 Sample preparation .....................................................................131

6.2.4 Derivatization method.................................................................132

6.2.4.1 Ethyl chloroformate (ECF) derivatization method ..........132

6.2.4.2 MSTFA derivatization......................................................133

6.2.4.3 BSTFA derivatization ......................................................133

6.2.5 Instrumental conditions...............................................................134

6.3 Results and discussion ...........................................................................135



X

6.3.1 Method optimization and validation ...........................................135

6.3.2 Metabolites identification with MSTFA derivatization method .139

6.3.4 Metabolites identification by ECF derivatization method ..........144

6.3.5 Comparison of different derivatization methods ........................148

6.3.6 Measurements of glutamine and glutamate pools in E.coli cells by

MSTFA method....................................................................................149

6.4 Chapter summary...................................................................................152

References............................................................................................................154

Curriculum Vitae..................................................................................................183


