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Abstract

In this study, metabolic engineering approaches were applied to understand the regulatory mechanism of glutamate
production and to improve glutamate production in Cozyneb 7um gl Z To identify the protein(s) responsible for
glutamate production in C glutamicum, proteomics analysis was performed using two-dimensional gel electrophoresis.
Because Odhl protein was the most upregulated protein during glutamate production, the odhl:overexpressing strain was
constructed, resulting in glutamate production without any triggers. To investigate the effect of modulation of 2-oxoglutarate
dehydrogenase complex (ODHC) specific activity on glutamate production in C. glutamicum, the additional decrease of ODHC
specific activity by the odhA antisense RNA expression was also conducted, resulting in the enhanced glutamate production
triggered by Tween 40 addition. Moreover, the protein expression changes during glutamate production in C. glutamicum were
also investigated, resulting in the increased unphosphorylated Odhl expression.
Chapter 1. General introduction

Metabolic engineering is an approach to understanding and using metabolic processes in order to achieve a

particular desired goal. C. glutamicum, a glutamate-producing bacterium, is one of the most important model microorganisms.
It has been used for the industrial production of amino acids such as glutamate, lysine, and so forth. Glutamate production by C.
glutamicum is induced by some triggers such as biotin limitation, Tween 40 addition, and penicillin addition. It was also
reported that metabolic change at the branching point of 2-oxoglutarate in the TCA cycle is important for glutamate production
by decrease in ODHC specific activity. Moreover, the novel protein Odhl, an inhibitory protein for ODHC, was also identified,
regulating ODHC specific activity. However, the regulatory mechanism of glutamate production by C. glutamicum is still not
completely understood. Therefore, metabolic engineering approaches for glutamate production in C. glutamicum
was considered in order to understand the regulatory mechanism of glutamate overproduction in C. glutamicum
and to improve glutamate production. Moreover, for a better understanding of a cellular state in C. glutamicum,
the protein expression change was also comprehensively analyzed during glutamate production in C.
glutamicum in this study.
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Chapter 2. Requi t of de nov thesis of the OdhI protein on glutamat duction by C. gl

For a better understanding of a cellular state, the protein production change was investigated in C. glutamicum
during glutamate production. Firstly, the effect of chloramphenicol, an inhibitor of de novo protein synthesis, on
penicillin-induced glutamate production was examined, showing that the de novo protein synthesis after penicillin addition is
absolutely required for glutamate production. To identify the de novo protein(s) responsible for penicillin-induced glutamate
production in C. glutamicum, proteomics analysis was performed using two-dimensional gel electrophoresis. Of more than 500
proteins detected, 13 proteins including Odhl protein were significantly increased by penicillin addition. Therefore, the most
upregulated Odhl protein was targeted to determine whether de novo synthesis of Odhl protein is necessary for
penicillin-induced glutamate production in C. glutamicum. As results, the odhFoverexpressing strain as a metabolic
engineering approach was constructed and examined, resulting in glutamate production without any triggers with the

decreased ODHC specific activity. Moreover, continuous glutamate production was also achieved by the odhFoverexpressing

strain. In these respects, the overexpression of odhl gene as metabolic i ing in C. gl is useful for efficient
glutamate production.
Chapter 3. Effect of odh4 ion and odhA anti RNA ion on glutamate production by C. glut:

To investigate the effect of modulation of ODHC specific activity on glutamate production in C. glutamicum, the
expression of the odhA gene and its product, encoding the Elo subunit OdhA of ODHC and adjacent to the OdhI protein in the
regulatory mechanism in glutamate production by C. glutamicum, was controlled by using the odhA overexpression or odhA
antisense RNA expression, respectively. As results, the odhA overexpression led to the increased ODHC specific activity,
resulting in dramatically reduced glutamate production despite Tween 40 addition, indicating that a decrease in ODHC specific
activity is required for glutamate production. Moreover, the odh4 antisense RNA expression alone as a metabolic engineering
approach did not result in glutamate production in spite of the decrease in ODHC specific activity. Rather, the odhA4 antisense
RNA expression as a metabolic engineering approach achieved the enhanced glutamate production triggered by Tween 40
addition due to the additional decrease in ODHC specific activity, suggesting that the odhA antisense RNA expression as
metabolic engineering is effective in enhancing Tween 40-triggered glutamate production.

Chapter 4. Expression changes of OdhA and Odhl proteins during gl duction in C. gl

The changes of protein expression and its phosphorylation status play important roles in prokaryotic signaling and
regulation. However, the dynamic of protein expression and its phosphorylation status during glutamate production in C.
glutamicum is not yet fully reported. Therefore, the expression changes of OdhA and OdhI proteins to understand a cellular
state during glutamate duction in C. gl
glutamate production by Western blotting. As results, the overexpression of odhl gene showed the strongly increased
expression of unphosphorylated and phosphorylated Odhl proteins with the almost constant OdhA expression, resulting in the
enhanced glutamate production. Moreover, Tween 40 addition resulted in the increased unphosphorylated Odhl expression
with the constant OdhA expression, leading to glutamate production. In these respects, the increased expression of
unphosphorylated Odhl is functionally involved in glutamate production in C. glutamicum.

Chapter 5. Conclusion

Metabolic engineering techniques based on the better understanding of the cellular state by comprehensive analysis for
glutamate production in C. glutamicum were applied to understand the regulatory mechanism of glutamate production in C.
glutamicum and to improve glutamate production. As results, the de novo synthesis of the Odhl protein is required for
glutamate production in C. glutamicum. Therefore, the overexpression of odhl gene alone as a metabolic engineering approach

were investigated to correlate between protein expression changes and

can produce glutamate without any triggers, possessing the increased unphosphorylated Odhl protein and the decreased
ODHC specific activity. Moreover, the additional decrease of ODHC specific activity by the odhA4 antisense RNA expression as a
metabolic engineering approach is effective for the enhancement of glutamate production triggered by Tween 40 addition. In
these respects, the increased expression of unphosphorylated Odhl and the decreased ODHC specific activity is functionally
involved in glutamate production in C. glutamicum. As a result, glutamate production in C. glutamicum was successively
improved by metabolic engineering using the odhl overexpression and odhA antisense RNA expression in this study,
respectively. Therefore, metabolic engineering approaches used in this study can be applied as a promising tool for production of
targeted materials.
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