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Systems biology is an approach to biology that seeks to understand and predict the
quantitative features of a multicomponent biological system. However there is still
lack of powerful technique for accurate comparable analysis of complex endogenous
networks. In order to conduct a transition form a descriptive to a quantitative
understanding in endogenous regulation network of Escherichia coli, I tried to perform
the single-cellular analysis in lysine biosynthesis. The activation of promoters involved
in the lysine biosynthesis was analyzed by single fluorescence experiments and
dual-fluorescence system via flow cytometry. This thesis consists of 4 chapters.

In chapter 1, the background of this study is represented in areas of systems biology,
biological noise and lysine biosynthesis, respectively. An overview of the thesis

objectives is provided.

In chapter 2, by constructing reporter strains expressing the green fluorescence
protein gene(gfp) under the control of the promoter regions of those genes associated
with lysine biosynthesis, time-dependent changes in gene expression in response to
changes in 1-lysine concentration in the medium were monitored by flow cytometry.
The dynamic behavior of promoter activation was well visualized and quantitatively
analyzed at single cell level. Time-dependent gene expression data were fitted to\ a
simple dynamical model of gene expression to estimate the parameters of the gene
regulatory system. The parameters in deterministic process gave us a quantitative

answer in the maximal promoter activation and the sensitivity to the stimuli. .

In chapter 3, a dual-fluorescence system for promoter strength analysis was developed
to involve the biological noise information. This system includes two parts, the vector
pGRFP and simulation tool. By fitting the expression and intrinsic noise getting from
pGRFP vector, simulation tool can easily get appropriate transition rate of the
activation/inactivation state for the target promoter based on a stochastic formulation
of chemical kinetics. We applied this system to analyze the kinetics of promoters
involved in lysine biosynthesis. We found that /ysAp has slow transition rate which
indicates the transcriptional bursting also could be a source of noise in prokaryotic
cells.

Chapter 4 includes a summary of all the results and future perspectives.
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