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Studies on methane oxidation and C1 metabolism in propane-utilizing bacteria
Gordonia sp. strain TY-5 and Mycolicibacterium sp. strain TY-6
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The biological oxidation of methane to methanol is more energy-efficient and
environmentally friendly than conventional chemical processes. However, the use of
methanotrophs, which utilize methane as the sole carbon source, for the biological conversion
of methane to useful compounds is limited because most methanotrophs must consume
methanol produced from methane to support their growth. Consequently, there is a compelling
need to investigate microorganisms capable of oxidizing methane to methanol while lacking
one-carbon (C1) assimilation pathways.

Methane oxidation has traditionally been studied in the context of methanotrophy, and
reports of this activity in Actinomycetota are rare. Accordingly, methane oxidation in non-
methanotrophic bacteria remains largely unexplored. In this thesis, the author studied methane
oxidation and C1 metabolism in non-methanotrophic Gram-positive Actinomycetota,
Gordonia sp. strain TY-5 and Mycolicibacterium sp. strain TY-6, which were originally

isolated as propane utilizers.

Chapter I is dedicated to the study of methane oxidation and C1 metabolism in Gordonia
sp. strain TY-5. Previous studies revealed that methanol is produced as a metabolite of the
propane metabolism via 2-propanol, acetone, and methyl acetate in strain TY-5. To investigate
C1 metabolism in this strain, the author performed a comprehensive genome analysis using an
in-house draft genome sequence. Besides the NAD'-dependent alcohol dehydrogenases
(Adhs), strain TY-5 was found to possess the N, N-dimethyl-4-nitrosoaniline (NDMA)-
dependent methanol dehydrogenase (Mno). Strain TY-5 also possesses formaldehyde oxidation
pathways but lacks a C1 assimilation pathway, indicating that methanol is not utilized as a
carbon source but is used as an energy source. The author confirmed that strain TY-5 can
oxidize methane. Draft genome analysis revealed that strain TY-5 possesses the prmABCD
gene cluster encoding propane monooxygenase (Prm) but no other genes homologous to
methane monooxygenase (MMO). The AdprmB strain lost the methane oxidation activity,
indicating that Prm is responsible for methane oxidation. Next, to identify the enzyme(s)
responsible for methanol metabolism, Mno- and Adh2-encoding genes were disrupted.
Methanol consumption assays revealed that both Adh2 and Mno are involved in methanol
oxidation, with Mno contributing much more significantly than Adh2. The addition of methane
or methanol to the medium significantly reduced the growth yield of the Amno strain compared
to the wild-type strain, suggesting that Mno plays a major role in the oxidation of methanol for




energy generation. These findings provide new insights into the physiological significance of
C1 and hydrocarbon metabolism to adapt to natural environment where methane and propane

co-exist.

In Chapter II, the author identified the methane-oxidizing enzymes in Mycolicibacterium
sp. strain TY-6. Draft genome analysis revealed that strain TY-6 possesses five MMO
homologs but no C1 assimilation pathway. Genes for a Prm homolog, M-Prm, and a
membrane-bound particulate MMO (pMMO) homolog, M-Pmo, were selected for disruption.
Methane oxidation assays of the wild-type, AM-prmA, and AM-pmoB strains revealed that M-
Pmo is a major methane-oxidizing enzyme and M-Prm is partially responsible for methane
oxidation activity. In addition, the AM-pmoB strain did not grow on propane, suggesting that
M-Pmo is responsible not only for methane oxidation but also for propane oxidation. This is
the first report that a pMMO homolog is responsible for methane and propane oxidation in
non-methanotrophic bacteria.

Chapter III is dedicated to optimizing growth and reaction conditions for methanol
production from methane and to elucidating alcohol metabolism in Mycolicibacterium sp.
strain TY-6. Addition of 1-propanol to various culture media significantly increased biomass
yield, and the highest growth was achieved in the rich medium containing I-propanol.
However, the addition of 1-propanol to either the culture medium or the reaction mixture
reduced methanol production and accumulation from methane as the substrate. Next, the
author investigated alcohol metabolism in strain TY-6. To identify the enzyme(s) responsible
for methanol and 1-propanol oxidation, the author determined the relative transcript levels of
adh and mno genes of strain TY-6. Among these genes, only the mno gene was constitutively
expressed at high levels. This result suggests that Mno is mainly involved in methanol and 1-

propanol oxidation in strain TY-6.
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