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Abstract — The gene expression levels for bacteria are
largely determined by the efficiency of translation elongation.
We have performed bioinformatic elongation efficiency analysis
of NRP biosynthetic gene clusters (BGCs) obtained from
ANTISMASH-DB using whole-genome sequences of bacterial
genomes that are available at NCBI Genbank. The analysis has
provided the information about distribution of nonribosomal
peptide biosynthetic gene clusters in bacteria and their putative
translation elongation efficiency.
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Motivation and Aim

It is hard to underestimate the crucial role that efficiency
of gene expression plays in synthetic biology and genome
engineering. Though being affected at several levels such as
transcription, translation, posttranslational modification, etc.,
the gene expression levels for bacteria are largely determined
by the efficiency of translation elongation [1]. Nonribosomal
peptides (NRPs) constitute an important fraction of bacterial
peptidomes acting as antibiotics, toxins, surfactants,
siderophores, anti-tumor agents and immune response
modifiers [2]. Biosynthesis of NRPs is dependent on particular
enzymes - nonribosomal peptide synthetases (NRPSs), which
are encoded by clusters of genes in bacterial genomes [3].

Methods and Algorithms

The EloE software [4] is a tool for gene ranking based on
their putative translation elongation efficiency inferred from
their nucleotide sequences taking into account such factors as
codon composition, presence and stability of secondary
structures in mRNA [1]. The obtained predicted values
correlate with available experimental data on gene expression
in different microorganisms [4]. Thus, EloE is useful as a
bioinformatic tool for genome annotation that enables a
researcher with a capacity to infer a priori estimates of gene
expression efficiency based on whole-genome nucleotide
sequences only. We have performed bioinformatic analysis of
NRP biosynthetic gene clusters (BGCs) obtained from
ANTISMASH-DB [5] using whole-genome sequences of
bacterial genomes that are available at NCBI Genbank. The
analysis is based on the method predicting gene translation
elongation efficiency that is implemented in the EloE software
[4]. Statistical and bioinformatic analysis scripts have been
developed on Python using software library Biopython.
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Results

The statistical analysis has revealed the taxa possessing
genomes enriched by BGCs. The analysis of predicted
efficiency of translation elongation has shown that while only
6.6% NRPS genes fall into the category of high predicted
efficiency of translation, there is a number of BGCs
distinguished by both large absolute number of genes with
high predicted efficiency of translation and their percentage.
These BGCs belong to such genera as Pseudomonas,

Staphylococcus, Corynebacterium, Streptomyces,
Amycolatopsis, Paenibacillus, Rhodococcus and
Burkholderia.

Conclusion

The performed bioinformatic analysis has provided the
information about distribution of nonribosomal peptide
biosynthetic gene clusters in bacteria and their putative
translation elongation efficiency. Thus, the analysis of
translation elongation efficiency is useful as a high-throughput
technique for gene ranking in bacterial genomes, which can be
regarded as a rough estimate of expression level for various
groups of genes of interest.
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