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Chapter 1: Introduction

Butanol, the next-generation biofuel with an energy density (27 MJ/L) comparable to
gasoline (32 MJ/L), was traditionally produced by acetone-butanol-ethanol (ABE)
fermentation using Clostridium acetobutylicum. However, clostridia are sirict
anaerobes and have a complicated life cyele invelving spore formation; therefore,
unfavorable complex operational controls are indispensable in the conventional ABE
fermentation process. This limitation has motivated many researchexs to install a
butanol production pathway in heterologous microorganisms; however, these attempts
often suffer from flux imbalances caused by as yet unidentified regulatory mechanisms
of natural metabolisms. One of the possible strategies to overcome this problem is to
construct the simplified model of the pathway-of-interest rm vitro using only the
limited number of enzymes. The heat-treatment of recombinant mesophiles having
heterologous thermotolerant enzymes enables the one-step preparation of biocatalytic
modules that are as highly selective as purified enzymes. By rationally combining
those modules, in vitre metabolic pathways specialized for chemical manufacturing
could be designed and constructed.
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Chapter 2: fp vitro production of n-butanol from glucose

The in vitro production of nm-butanol from glucose was achieved through a newly
designed, cofactor-balanced, and oxygen-insensitive pathway consisting of 186
thermotolerant biocatalytic modules. Jn vitro n-butanol pathway was constructed by
combination of 3 pathways involving 1) chimeric glycolytic pathway (Ye et al., 2012
Micribial Cell Fact 11:120), 2) bypassed pyfuvate decarboxylase pathway, and 3)
artificial n-butanel production pathway. Pyruvate could be converted to acetyl-CoA
through the bypassed pyruvate decarboxylation pathway, which is consisting of the
pyruvate decarboxylase from Acetobacter pasteurianus and the CoA-acylating
aldehyde dehydrogenase from Thermus thermophilus. Furthermore, to avoid the use of
highly-oxygen sensitive butyryl-CoA dehydrogenaselEthB, the author designed an
alternative pathway by reordering the reduction round of crotonyl-CoA wusing the
CoA-acylating aldehyde dehydrogenase and NADH-dependent flavinoxidoreductase of
T, thermophilus. Through the optimized pathway, the direct conversion of glucose to
n-butanecl (CeH1:0s — CsHsOH + 2C0z + H20; AGO’ = -282 kJ mol'! ) could be produced
with a molar yield of 82% (mol n-butanol/ mol glucose) at a rate of 8.2 pmol 1'* min-l.



Chapter 3: Conclusions

The heat treatment of recombinant mesophiles having heterclogous thermotelerant
enzymes results in the one-step preparation of highly selective biocatalytic modules,
The assembly of these modules enables us to readily construct an artificial metabolic
pathway Jin viftro. The metabolic flux through this in wvitro pathway could be
spectrophotometrically monitored in real time, which enabled us to experimentally
optimize the level of each enzyme to achieve the desired production rxate. Qur
approach would be widely applicable to the rational optimization of artificial
metabolic pathways as well as to the in vitro production of value-added biomolecules.
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