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Abstract — Methane is a promising carbon source for
biosynthesis of biotechnologically useful compounds using
aerobic methanotrophic bacteria as biocatalysts. Despite more
than a century-long history of discovering and studying of
methanotrophic microorganisms, knowledge of the molecular
mechanisms of gene expression regulation by transcription
factors in these bacteria is very limited with only a few isolated
cases being published. Therefore, the identification of potential
transcription factors for methanotrophic organisms and their
target genes is not only a foreground fundamental problem in
the research field of methanotrophy, but it is also especially
relevant for the active development of biotechnological
application of methane-oxidizing microorganisms. In this study
a comparative genomics approach together with the structural
modeling techniques were applied to reveal the TFs in the 20ZR
genome and predict their target regulatory genes.
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Introduction

Haloalkaliphilic  aerobic methanotrophs, including
Methylotuvimicrobium alcaliphilum 20ZR strain (20ZR) are
standing out as the 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 [1-3]. Moreover, the use of modern genetic
engineering approaches, methods of genomics and system
biology allows to significantly expand the scope of their
application in the production of biofuels, biodegradable
polymers and other valuable commercial products.

Functional annotation and search for new transcription
factors (TFs) of 20ZR present enormous fundamental and
applicable interest in understanding the life-cycle and
biochemical pathways regulation. In the current work a
comparative genomics approach together with the structural
modeling techniques were applied to reveal the TFs in the
20ZR genome and predict their target regulatory genes.

Methods

Identification of potential TFs encoding in 20ZR genome

Prediction of TFs and DNA-binding proteins was carried
out using tools that analyze the level of homology and

Nikita V. Ivanisenko
FRC Institute of Cytology and Genetics
SB RAS
Novosibirsk, Russia
n.ivanisenko@gmail.com

Tamara M. Khlebodarova
FRC Institute of Cytology and Genetics
SB RAS
Novosibirsk, Russia
tamara@bionet.nsc.ru

43

Ivan S. Evshin
BIOSOFT.RU, LLC
Institute of Computational Technologies
SB RAS
Novosibirsk, Russia
ivan@developmentontheedge.com

Ilya R. Akberdin
BIOSOFT.RU, LLC
FRC Institute of Cytology and Genetics
SB RAS
Novosibirsk State University
Novosibirsk, Russia
akberdinir@gmail.com

similarity with known DNA-binding proteins and TFs.
InterProScan package was applied to identify TFs and DNA-
binding domains in the set of protein sequences [4]. To
improve the quality of putative TFs identification, a list of
HMM models of DNA-binding protein and TF domains for
subsequent filtering of the InterProScan results was made
based on information from the P2TF [5] and DBD [6]
databases. Additionally to identify putative transcription
factors in the set of proteins with unknown function DBD-
Threader [7] and TFPredict [8] were used.

Identification of transcription factor target genes

To solve the problem of searching for TF target genes, an
analysis of the scientific publications on transcriptional
regulation of the genes expression of 20ZR and closely related
groups of bacteria were carried out. The obtained set of
regulated genes was expanded to include genes located in the
same operons as the identified target genes. Information on the
structure of 20ZR operons was obtained from the database of
prokaryotic operons (Prokaryotic Operon DataBase;
ProOpDB) [9].

In order to identify potential TF binding sites (TFBSs),
promoter regions of 20ZR genes and their orthologs were
analyzed using the RSAT software package [10] and
frequency matrices of TF binding sites (PFM) from the
PRODORIC2 [11] and RegulonDB [12] databases.
Additionally a comparative analysis of putative 20ZR TFs and
TFs of prokaryotes with known PFMs of TFs (DBs
PRODORIC2 and RegulonDB) was conducted. Based on the
obtained data on the level of homology, a consensus PFMs for
the 20ZR TFBSs were constructed. The resulting consensus
PFMs were used to search for potential TFBSs. The set of
target genes under consideration will be expanded based on
the obtained list of TFBSs.

To reconstruct 20ZR regulons based on the available
genome-wide gene expression profiles (RNA-seq), correlation
dependencies were analyzed and the corresponding clusters of
coexpressed putative target genes and TFs were identified.

A structural annotation of TFs was carried out using
homology modeling techniques, including MODELLER
software [13]. Prediction and analysis of TFs interaction with
target DNA fragments were analyzed using FoldX [14] and
Rosetta molecular modeling software [15].



Results And Discussion

Functional and structural annotations of TFs of 20ZR were
carried out for the first time. The comparative genomics
approach together with molecular modeling techniques
allowed to reveal the majority of TFs and assign its potential
regulatory function.

The screening for DNA binding domains in the 20ZR
proteome allowed us to predict the new putative TFs with
unknown function. For these proteins the potential regulons in
the 20ZR were predicted and ranked using in silico protein-
dna binding energy estimations.

Obtained results provide essential data to reconstruct gene
regulatory networks operating 20ZR metabolism and reveal
their unique features for haloalkaliphilic aerobic
methanotrophs.
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