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Synthetic metabolic engineering (SME) is a novel, simple, and universal strategy
which uses heated mesophilic cells having thermostable enzymes as biocatalyst.
Heating up the recombinant cells producing thermophilic enzymes at 65-90°C for 15-30
min results in the irreversible denaturation and inactivation of relative unstable
indigenous enzyme, which can minimize undesired side reactions. Additionally, the cell
membrane barrier of the mesophilic host is partially disrupted by heat treatment so
that a better accessibility of substrate to target enzyme can be achieved.

This thesis addresses a feasibility study of the SME-based bioproduction, which
particularly focused on an ATP-regenerating reaction catalyzed by Thermus
thermophilus HB27 polyphosphate kinase (TtPPK). The production of glycerol
3-phosphate (G3P) from glycerol wusing Escherichia coli recombinants having
thermophilic enzymes was used as a model reaction. The phosphorylation of glycerol to
G3P, catalyzed by an ATP-dependent enzyme of Thermococcus kodakaraensis KODI1
glycerol kinase (TkGK), was coupled with the ATP regeneration system using TtPPK.
The objective of this work is to demonstrate the basic advantages of SME, such as the
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increase of membrane permeability, no byproduct formation, eliminaticon of complex
process control, and the repetitive use of the biocatalyst.

Overview of this thesis can be described as follows: the chapter 2 deals with the
feasibility study of ATP-regenerating system of TtPPK in G3P preduction from glycerol.
The heat-treated E. coli recombinants having TtPPK were able to regenerate ATP at
rates similar to those detected in cell-free extracts, suggesting the exogenous polyP
and ADP could freely access TtPPK through the heat-damage cell envelope. More than
80% of TtPPK activity was retained in the heated cells after incubation at least 40 min
at 70°C, whereas TkGK was readily released out of the cells. This result indicated that
TtPPK was associated to the membrane fraction and could be easily recovered and
repetitively used as catalyst. Using the mixture of E. coli recombinants expressing
TkGK and TtPPK, the production of G3P from glycerol was examined. When polyP was
added to the reaction mixture in a fed-batch mode, 100 mM glycerol was
stoichiometrically converted to 80 mM G3P (a molar yield of 80%).

The chapter 3 describes the construction of membrane-anchoring fusion proteins of
TkGK and their application to repetitive batchwise reactions. In this study, TkGK was
fused with either TtPPK or an E. coli membrane-intrinsic protein, YedZ, to minimize
the heat-induced leakage of TkGK. When the Z. coli recombinants having these fusion
proteins were incubated at 70°C for 2 h, more than 80% of TkGK activity was retained
in the heated E. coli cells. However, the yield of G3P production by £. colf having the
fusion proteins of TtPPK and TkGK was only less than 35%. Polyphosphate (polyP) is a
strong chelator for metal ions and has an inhibitory effect on TkGK which requires
magnesium. Insufficient space between TtPPK and TkGK might enhance the inhibitory
effect of polyP on TkGK activity of the fusion protein. The mixture of E. coli cells
having TtPPK and those having TkGK fused with YedZ converted 80% of glycerol into
G3P. These recombinant cells could be easily recovered from the reaction mixture by
centrifugation and repeatedly used without a significant loss of enzyme activities.
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