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Abstract: Members of many species of the genus Gordonia are known for their ability to utilize com-

pounds of different structures. The aim of the work was to study the ability of nine G. alkanivorans 

strains to degrade persistent organic pollutants and to analyze the genomic peculiarities of these 

strains. The genomes of nine Gordonia alkanivorans strains were sequenced and assembled. Based on 

the unique genes in the genomes, the strains can be divided into two subgroups. The strains can be 

used in biotechnologies of the environmental treatment as alkane degraders. Additionally, they all 

utilize benzoate. 
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1. Introduction 

Gordonia strains are known for their ability to adapt to various environmental condi-

tions and their extensive metabolic capabilities due to the remarkable plasticity of the ge-

nomes of this genus [1–3]. It can be said that Gordonia strains are ubiquitous. 

Members of many species of the genus Gordonia are known for their ability to utilize 

compounds of a different structure, including persistent organic pollutants. This makes 

Gordonia strains promising for application in the field of environmental biotechnology. 

The species Gordonia alkanivorans was introduced in 1999 due to the isolation of a type 

strain of this species, HKI 0136T, from tar- and phenol-contaminated soil [4]. Currently, 

G. alkanivorans strains are known mainly as degraders of two types of compounds: thio-

phenes as a sulfur source [5,6] and alkanes as carbon and energy sources. 

Previously, it was thought that thiophene catabolism in G. alkanivorans was only car-

ried out using the operon dsz [5,7]. However, we have shown that there are G. alkanivorans 

strains that utilize thiophenes without dsz genes [8,9]. Alkane catabolism by G. alkan-

ivorans strains is performed by P450 hydroxylases (CYP153); the absence of the alkB ge-

netic system is characteristic of all the known representatives of this genus [8]. 

The aim of the work is to study the ability of nine G. alkanivorans strains to degrade 

persistent organic pollutants and to analyze the genomic peculiarities of these strains. The 

results will make it possible to assess the prospects for the application of these strains in 

biotechnologies for the remediation of contaminated soil ecosystems. 
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2. Materials and Methods 

2.1. Bacterial Strains and Cultivation Conditions 

We used 9 bacterial strains (Table 1) isolated from oil-contaminated soils and G. al-

kanivorans strain 135 [8,10] as a reference to investigate the catabolic properties. 

Table 1. Information about the strains used in the study. 

Strain Collection Number Isolation Source Previously Identified as 

96 IEGM 96 crude oil-contaminated soil, Ukraine G. rubripertincta 

144 IEGM 144 crude oil-contaminated soil, Lvov, Ukraine G. terrae 

129 IEGM 129 crude oil-contaminated soil, Ivano-Frankovsk, Ukraine G. rubripertincta 

132 IEGM 132 crude oil-contaminated soil, Ivano-Frankovsk, Ukraine G. rubripertincta 

133 IEGM 133 crude oil-contaminated soil, Ivano-Frankovsk, Ukraine G. rubripertincta 

134 IEGM 134 crude oil-contaminated soil, oilfield, Lvov, Ukraine G. rubripertincta 

142 IEGM 142 crude oil-contaminated soil, Ukraine G. rubripertincta 

12 - oil-polluted soil, Moscow, Russia G. alkanivorans 

152 - oil-polluted soil, Moscow, Russia G. alkanivorans 

The ability of the strains to utilize thiophenes as the only sulfur source was tested by 

the method described in [8]. The ability of the strains to grow on even alkanes (C6–C20) 

and aromatic compounds (naphthalene, phenol, benzoate, catechol) was tested using min-

eral medium of the following composition: K2HPO4—8.71 g/L, 5 M NH4Cl solution—1 

mL/L, 0.1 M Na2SO4 solution—1 mL/L, 62 mM MgCl2 solution—1 mL/L, 1 mM CaCl2 so-

lution—1 mL/L, 0.005 mM of (NH4)6Mo7O24 × 4H2O solution, micronutrients—1 mL (mi-

cronutrient composition in g/L: ZnO—0.41 g, FeCl3 × 6H2O—5.4 g, MnCl2 × 4H2O—2 g, 

CuCl2 × 2H2O—0.17 g, CoCl2 × 6H2O—0.48 g, H3BO3—0.06 g), and pH 7.0. Alkanes were 

added at 7.5 mL/L, naphthalene, phenol, and benzoate at 1 g/L, and catechol at 0.1 g/L. 

2.2. Genome Sequencing and Analysis 

Genomic DNA of strains was isolated from a biomass grown on LB [11] agar using a 

DNeasy Blood & Tissue Kit (QIAGEN, 69506). Sequencing was performed on a MGI plat-

form (DNBSEQ-G400) using the DNBSEQ-G400RS High-throughput Sequencing Set (FCL 

PE150) (2 × 150 bp). A paired-end library was prepared with the MGIEasy Universal DNA 

Library Prep Set. The information of the generated data is presented in Table 2. 

Table 2. Number of sequencing data before and after filtration. 

Strain Read Pairs before Filtration Read Pairs after Filtration Read Pairs after Filtration (%) 

96 2,962,813 2,835,521 95.70 

144 5,382,881 5,150,561 95.68 

129 3,147,953 3,003,848 95.42 

132 4,354,967 4,162,088 95.57 

133 5,192,473 5,019,737 96.67 

134 5,815,565 5,558,107 95.57 

142 3,330,918 3,171,608 95.22 

12 9,985,963 8,692,673 87.05 

152 6,985,286 4,928,247 70.55 

The raw reads were filtered using Trimmomatic v. 0.39 [12] and assembled using 

SPAdes v. 3.15.4 [13]. Contigs shorter than 500 bp were removed (Table 3). 

  

http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip96.html
http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip114.html
http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip129.html
http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip132.html
http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip133.html
http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip134.html
http://iegmcol.ru/strains/gordonia/rubrip/g_rubrip142.html


Eng. Proc. 2023, 5, x FOR PEER REVIEW 3 of 6 
 

 

Table 3. Assembly metrics of the strains. 

Strain Genome Length, Mb Number of Contigs N50, bp 

96 4.9 80 167,760 

144 4.2 303 27,240 

129 4.9 86 265,593 

132 5.0 85 256,904 

133 5.0 87 225,227 

134 5.1 75 182,877 

142 5.0 96 142,845 

12 4.9 82 285,499 

152 5.0 91 169,160 

The Average Nucleotide Identity (ANI) value with the type strain G. alkanivorans 

NBRC16433 (BACI00000000.1) was calculated using the EzBioCloud ANI Calculator [14]. 

DNA-DNA hybridization (DDH) was calculated using the Genome-to-Genome Distance 

Calculator (GGDC) [15]. The genome was annotated with the NCBI Prokaryotic Genome 

Annotation Pipeline (PGAP) version 4.6 [16], Prokka [17] and RAST [18]. 

3. Results and Discussion 

3.1. Identifiyng the Strains 

Based on the results of whole genome sequencing data, several strains were reidenti-

fied (Table 4). 

Table 4. Species identification of the strains. 

Strain 

ANI Value with the 

Type Strain of G. ru-

bripertincta, % 

DDH Value with the 

Type Strain of G. ru-

bripertincta, % 

ANI Value with the 

Type Strain of G. al-

kanivorans, % 

DDH Value with the 

Type Strain of G. al-

kanivorans, % 

Taxonomic Posi-

tion of the Strain 

96 92.58 76.20 98.45 89.70 G. alkanivorans 

144 92.42 66.80 98.63 78.10 G. alkanivorans 

129 92.45 76.00 98.42 88.60 G. alkanivorans 

132 92.40 76.30 98.42 88.60 G. alkanivorans 

133 92.40 76.10 98.37 88.50 G. alkanivorans 

134 92.25 76.80 98.23 87.60 G. alkanivorans 

142 92.54 76.30 98.23 91.00 G. alkanivorans 

12 92.38 76.20 98.40 90.10 G. alkanivorans 

152 92.48 76.60 98.34 88.00 G. alkanivorans 

Thus, all the strains reliably belong to Gordonia alkanivorans. The difference in the 

DDH value between the studied strains and the type of strain G. alkanivorans NBRC16433 

indicates some heterogeneity of the species, but all the strains pass the species threshold 

by both ANI (>96%) and DDH (>70%). 

3.2. Physiological and Biochemical Characteristics of Strains 

On agarized rich media (LB), all the strains form small round colonies of a pink-or-

ange color. When growing on mineral media with alkanes as a carbon source or thio-

phenes as a sulfur source, lighter orange colonies are formed. The color change possibly 

indicates that when growing on mineral media with energy sources that are difficult to 

access, microorganisms expend energy for basic metabolic processes and substrate utili-

zation, but not for the biosynthesis of secondary metabolites (carotenoids) which give cells 

their color. 
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Crude oil is a complex mixture of components, those being aliphatic and aromatic 

hydrocarbons, as well as their sulfur-, nitrogen-, and oxygen-containing derivatives. In 

this regard, we assumed that the strains isolated from areas contaminated with crude oil 

may be capable of utilizing compounds of each of these groups. All strains were capable 

of utilizing alkanes from C10 to C20 and benzoate; some strains are capable of using diben-

zothiophene (DBT) as the sole source of sulfur (Table 5). 

Table 5. Substrate specificity profile of strains. 

Strain Alkanes C10–C16 Alkanes C18–C20 Benzoate Phenol Naphthalene Catechol DBT 

96 ++ + + - - - ± 

144 + + + - - - - 

129 + + + - - - - 

132 + + + - - - ± 

133 + + + - - - - 

134 ++ ++ + - - - - 

142 + + + - - - - 

12 ++ + + - - - ± 

152 ++ + + - - - - 

135 ++ ++ + - - - + 

++ very good growth, + good growth, ± weak growth, - no growth. 

Thus, there is still no strain of G. alkanivorans capable of utilizing PAHs (naphthalene) 

or their metabolites (catechol) known at this time. 

3.3. Peculiarities of G. alkanivorans Genome Organization and Pangenome Analysis 

Of the nine strains of G. alkanivorans, two (strains 142 and 152) have plasmid ele-

ments. The plasmid of strain 142 (p142) is 67,219 bp in length; the plasmid of strain 152 

(p152) is 44,937 bp. We assume that they are circular, since Gordonia in general is not char-

acterized by the maintenance of large linear plasmids as, for example, in rhodococci. 

In total, 98% of the entire length of plasmid p142 is a 99% repeat of plasmids pCP89 

(CP094666.1) of the Gordonia amicalis G2 strain (percent identity (PI) 99.70%) and pCP86 

(CP096597.1) of the G. amicalis 6-1 strain (PI 99.98%) (Figure 1). It is interesting to note this 

relatedness between plasmids whose hosts are strains of different species. 

 

Figure 1. Mauve alignment demonstrating relatedness of the plasmids p142 (strain G. alkanivorans 

142), pCP86 (G. amicalis 6-1) and pCP89 (G. amicalis G2). Vertical bars mark boundaries between 

elements. 
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The plasmid of strain 152 has a relatedness with the plasmid pG135. The ANI value 

between the plasmids p142 and p152 is 80.00%. 

Based on the results of genome analysis and individual unique genes, the strains can 

be divided into two groups within the species. The representatives of the first group 

(strains 129, 144, 132, 133) are characterized by unique genes of tyrocidine and gramicidin 

biosynthesis. The representatives of the second group have a greater catabolic potential: 

the genomes of the strains contained (1) operons for the biosynthesis of steroid com-

pounds, (2) additional copies of genes involved in dibenzothiophene catabolism, and (3) 

genes of aromatic compound catabolic process: cytochrome P450-pinF2 and phenol hy-

droxylase P5. All the studied G. alkanivorans strains lack alkB genes in their genomes; there-

fore, we assume that the ability to utilize alkanes in these strains is controlled by the 

CYP153 genetic system. The CYP153 hydroxylases have at least a 99% identity between 

strains and contain one amino acid substitution each: one hydroxylase has A/T variants at 

position 239, the other hydroxylase has A/S variants at position 7, and they are in the first 

and second strain groups, respectively. 

4. Discussion 

In general, we can say that the strains of G. alkanivorans species are similar in terms 

of their physiological properties and degradative potential. They utilize alkanes with dif-

ferent chain lengths, and, among the compounds with an aromatic structure, benzoate is 

available to them. Nevertheless, representatives of this species have no metabolic path-

ways of naphthalene degradation. 

It is interesting to note that Gordonia plasmids do not appear to be species-specific. 

The function of plasmid p142 in strain 142 is currently unclear, but the fact that copies of 

the plasmid have been observed in members of another species (G. amicalis) may indicate 

the importance of this plasmid for the vital activity of Gordonia. We plan to obtain a plas-

mid-free eliminant of strain 142 in the future in order to obtain a better understanding of 

the functions of this plasmid. At this point, we can assume that plasmids such as p142 are 

required by strains for metal transport and resistance. 

Based on the pangenome analysis, we were able to trace some regularities of strain 

distribution within the species. Nine representatives of G. alkanivorans can be divided into 

two subgroups, which are distinguished by unique genes. Considering the presence of a 

greater number of catabolic genes and operons in the representatives of the second sub-

group (strains 96, 134, 142, 12, 152), we can assume that these strains can be promising in 

the field of biotechnologies for the purification of the environment from, for example, ster-

oid compounds. 

5. Conclusions 

The genomes of nine strains of Gordonia alkanivorans isolated from oil-contaminated 

soils were sequenced and assembled. The genomes are about 5 Mb in size. Some of the 

strains contain plasmids, but the functions of these plasmids are currently not fully un-

derstood. A pangenome analysis of the strains has shown that, within the species, there 

are differences between the strains, allowing them to be conditionally divided into two 

subgroups according to the unique genes of each strain. The strains can be used in envi-

ronmental treatment biotechnologies as alkane degraders. Additionally, all of the strains 

also utilize benzoate. 
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