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Abstract — Aerobic methane-oxidizing bacteria or
methanotrophs have the unique ability to grow on methane as
their sole source of carbon and energy. The main metabolic
steps of the methane utilization by microorganisms have been
identified and well-studied to date. However, a detailed
understanding of molecular genetic mechanisms that provide
an adaptive response at the level of transcription regulation to
various growth conditions, high and low pH, temperature, and
salinity is still elusive. To solve the issue we have conducted a
detailed theoretical study of the molecular mechanisms of gene
expression regulation in the bacterium Methylotuvimicrobium
alcaliphilum 20ZR (hereinafter 20ZR) based on the integration
of original omics data into genome-scale metabolic model of the
20ZR.
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Introduction

Methane is a valuable source of energy, but on the other
hand, it is a significant global product of recyclable waste
and one of the most dangerous greenhouse gas [1]. In turn,
methane is a promising carbon source for biosynthesis of
biotechnologically useful compounds using aerobic
methanotrophic bacteria as biocatalysts, and its oxidation by
microbial communities of methanotrophic organisms is, in
fact, the only biological mechanism for regulation and
reduction of its content in the atmosphere [2-4].

In last decades, laboratory isolates of new pure cultures
of methanotrophs were discovered and obtained, including
facultative methanotrophs, extremophilic species and
anaerobes, which greatly expanded our ideas and knowledge
about both the taxonomic diversity of these microorganisms
and their physiological capabilities [5-7]. Among them,
haloalkaliphilic aerobic methanotrophs like 20ZR are
standing out as the most promising microbial “factories” in
industrial research as new sources of enzymes and protein
based materials that are resistant to high salt and pH levels,
and natural producers of amino acids, sugars, and
osmoprotectants [8-11].
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Over the past two decades of intensive experimental-
theoretical studies in the field of methanotrophy outstanding
progress has been made in understanding of mechanisms for
methane capture from the environment by methane-
consuming bacteria, identification of key metabolic steps of
its utilization and the impact of various factors on both
methane consumption rate and activity of metabolic
pathways for its bioconversion. However, detailed
understanding of molecular regulatory mechanisms and
diversity of regulatory relationships in molecular-genetic
machinery of methanotrophs (metabolic systems -
transporters and donors of electrons for the first methane
oxidation reaction; influence of the specific intracytoplasmic
membrane structure on rate and mechanisms of enzymatic
reactions; mechanisms and ability for methanotrophic
fermentation; the impact of quorum sensing on metabolic
modes) has still been elusive. Elucidation of these
fundamental principles of the methane utilization and
bioconversion will provide economically reasonable use of
methanotrophs in industrial biotechnology [4; 12].

Recent advances in high throughput experimental
technologies and its application to investigations of
structural-functional ~ organization of  methanotrophs
metabolism not only resulted in significant progress in
understanding of crucial mechanisms of the methane
utilization by these bacteria, but also led to the establishment
of a holistic vision of all cellular functions of methanotrophs
on different hierarchical level of their organization (genome,
transcriptome, proteome and metabolome levels). The latter,
to a large extent, is due to the possibility to use modern
methods of bioinformatics and systems biology, which allow
ones to integrate accumulated datasets and bulk of
knowledge on molecular-genetic systems of the methane
bioconversion into mathematical models [13-14]. Developed
genome-scale metabolic models for methane-consuming
bacteria, in turn, enable both in silico predictions of features
of metabolic systems of the methane utilization for a certain
representative of the aerobic methanotrophs and evaluation
of their biotechnological capabilities as a producers of value-
added target compounds [15-24].



Methods

Transcriptomics data analysis

To analyze original transcriptomic data on the growth of
M. alcaliphilum 20Z® under various cultivation conditions,
obtained as part of a collaboration with Prof. Marina
Kalyuzhnaya (San Diego California State University, USA),
the already published protocol [25] has been used.

Development of the genome-scale metabolic model

Original transcriptomic data [25] have be incorporated
into our previously developed metabolic flux model of
Methylotuvimicrobium alcaliphilum 20Z% [20] using the
COBRAme approach [26], which is a part of the popular tool
for the development and analysis of genome-scale metabolic
models, COBRApy [27].

Results

Original published transcriptomics data generated in
different growth conditions of the methanotroph’s cultivation
have been integrated into ecarlier developed genome-scale
20ZR metabolic model [20]. It is the first attempt to integrate
this type of experimental data into the metabolic model of
methanotrophic bacterium. Extended version of the model
have enabled more precise predictions for growth of the
methanotroph, its metabolic potential as a producer of target
biotech compounds depending on both growth conditions
(copper and/or lanthanum presence, methane or methanol as
a carbon source) and corresponding levels of genes
expression.
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