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oReport summary (English)

Principal investigator: Nagoya University Professor Katsutoshi Hori
R & D title: “Methane/Methanol Conversion by an Innovative Bioprocess with
Microbial Gas-phase Reaction”

1. Purpose of R & D

This study aimed to develop “gas-phase bioprocess for a rapid one-pass conversion of low-quality
methane to methanol”. Here, low-quality methane means impure methane that cannot be used for
fuel or power generation without preprocessing such as desulfurization. By using methane-oxidizing
bacteria, low-quality methane can be converted to methanol without the preprocessing. In Japan, 1
million tons of methane, which has a global warming potential of 25-CO,-equivalents, is released
into the atmosphere every year. Besides, if we assume that all organic wastes generated in Japan will
be treated by methane fermentation, the potential for low-quality methane would exceed 10 million
tons, which is equivalent to 1/9th of equivalent of the sum of domestic production and imports of
natural gas. When the amounts of atmospheric emission and potential of low-quality methane are
added together, we can expect to reduce greenhouse gas emissions by 44.2 million tons of CO2
equivalent. However, there are a number of bottlenecks in conventional bio-based methane/methanol
conversions, for example, slow reaction rate, fragility, unitability, and low mass transfer of gaseous
substrate due to their low water-solubility. Here we proposed a new game-changing technology
“Microbial gas-phase reaction" and have conducted research in order to overcome these bottlenecks

2. Outline of R & D

(1) Contents:

A prototype of the bioreactor for microbial gas-phase reaction was designed and constructed. Using
this reactor, we performed the direct conversion of gaseous methane to liquid methanol. When the
mutant cells capable of producing methanol was immobilized with 70 g-DCW/L-support, the
maximum methane consumption rate of 0.50 m3-CHa4/m3-gas phase/h and the maximum methanol
production rate of 11.2 umol/h were achieved. In addition, the bioreactor was continuously operated
for more than one week while monitoring the intracellular reducing power. The achievements of
each group are listed below.

(2) Achievements:

e A prototype of the bioreactor for microbial gas-phase reaction was designed and constructed
(NU).

e A method to immobilize the large cell amount of methane oxidizing bacteria was developed and
the rapid methane degradation by microbial gas-phase reaction was realized. (NU)

e  Mutants of methane oxidizing bacteria, which are capable of regulating the expression of
methanol dehydrogenase (MDH), were constructed. By regulating the expression of MDH,
methanol production and the restore of a reducing power were successfully switched. (TITEC)

e  The intracellular NADH/NAD" ratio of methane oxidizing bacteria was successfully visualized
by a genetically encoded fluorescence probe. (OU)

e A system for real-time monitoring of intracellular redox state of methane oxidizing bacteria was
successfully developed using an electron mediator secreted from them. (OU)

(3) Future developments:

The bioreactor for microbial gas-phase reaction will be scaled up to a practical size in stages. In
addition, we will investigate whether the bioreactor can be used with low-quality methane, which is
generated from wastewater treatment at a factory. After these investigations, the modified gas-phase
bioreactor will be connected to a wastewater treatment process for an on-site investigation.



