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Due to high levels of toxicity and pollution, oil�
slimes are dangerous industrial wastes. They are
formed in the course of mechanical treatment of
wastewaters of the oil and gas industry and are stored
in special collectors as concentrated sediments. The
autochthonous microflora of these wastes is of interest
due to the requirements of decontamination and pro�
cessing, as well as to the basic issues of biodiversity in
anthropogenic environments. Oil�slime stored for
decades is known to contain viable microorganisms.
Their number may be is high as 106–108 CFU/g [1, 2].
Most isolates obtained from oil�slimes were found to
have biotechnologically important properties, includ�
ing multiple resistance, ability to degrade various
hydrocarbons, and stimulation of plant growth [2, 3].
Available data on the microflora of industrial slimes do
not provide information concerning the structure of
the microbial community and its genetic diversity.
Molecular biological techniques make it possible to
characterize the composition of a bacterial commu�
nity from oil�slime and to determine the microorgan�
isms which are most resistant to combined chemical
contamination.

The goal of the present work was to analyze the 16S
rRNA gene sequences in the total DNA from oil�slime
and to reveal the dominant members of the cultured
part of the microbial community.

MATERIALS AND METHODS

Hydrocarbon slime from the Kazanorgsintez
chemical company was the subject of investigation. It
contained up to 250 g/kg of chloroform�extractable
matter and up to 350 g/kg of bichromate�oxidized
matter. The samples from the slime stored for 10 years
were collected from 1–1.5 m depth. The numbers and
diversity of the microbial community were determined
by plating on nutrient agar (NA) and mineral medium
with oil�slime (20 g/L) as the sole carbon and energy
source.

Morphological characteristics of the colonies were
used to assess the diversity of the cultured microbial
community. The dominant aerobic heterotrophs and
specific degraders were isolated in pure cultures for
further characterization. The isolates of heterotrophs
and degraders were marked as G and D, respectively.
Species identification of the predominant isolates was
carried out by analyzing their 16S rRNA sequences.
Total bacterial diversity was assessed by the number of
terminal restriction fragments of the 16S rRNA gene
(terminal restriction fragment length polymorphism,
T�RFLP) amplified with the total DNA from the
slime.

Genomic DNA of pure cultures was isolated by
phenol–chloroform extraction [4]. Total DNA from
slime samples was isolated using the PowerSoil DNA
Isolation Kit (MO BIO, United States) according to
the manufacturer’s recommendations. DNA concen�
tration in the solution was determined on a NanoDrop
1000 spectrophotometer (Thermo Fisher Scientific,
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United States). The samples were stored at –20°C.
The 16S rRNA gene fragments were amplified with the
universal primers 8F (5'�AGAGTTTGATCCTG�
GCTCAG�3') and 1492R (5'�ACGGCTACCTTGT�
TACGACTT�3') [5].

For T�RFLP analysis, the 1492R primer labeled
with 5�carboxytetramethylrhodamine (TAMRA, Syn�
tol, Russia) at the 5' terminus was used [6]. Polymerase
chain reaction (PCR) was carried out on an MJ Mini
Gradient Thermal Cycler (Bio�Rad, United States) in
the following mode: initial denaturation for 5 min at
95°C; 35 cycles of 30 s at 95°C, 30 s at 53°C,
and 2 min at 72°C; and final elongation for 7 min at
72°C. Sequencing of the 16S rRNA gene fragments
and T�RFLP analysis were carried out by Syntol (Rus�
sia) on an automatic capillary sequencer. The MspI

restriction endonuclease was used for T�RFLP analy�
sis. The marker enzyme kit used was GS600LIZ
(Applied Biosystems, United States); Peak
Scanner 1.0 software package (Applied Biosystems,
United States) was used to analyze the results.

The 16S rRNA gene sequences were compared to
the sequences from NCBI database using the BLAST
software package (http://blast.ncbi.nlm.nih.gov). The
sequences were aligned using the CLUSTAL W func�
tion in the BIOEDIT 7.0.4 software package (http://
jwbrown.mbio.ncsu.edu/BioEdit/bioedit.html) [7].
The phylogenetic tree was constructed by the maxi�
mum economy method using the PHYLIP 3.5 soft�
ware package (http://evolution.genetics.washington.
edu/phylip/getme.html). The TreeView software
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Fig. 1. Phylogenetic tree of the 16S rRNA genes showing the taxonomic position of the dominant isolates from the oil�slime
microbial community.
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Fig. 2. Diversity of the operational taxonomic units obtained by restriction analysis of the 16S rRNA gene amplified with the total
DNA from the oil�slime.

package (http://taxonomy.zoology.gla.ac.uk/rod/
treeview.html) was used for visualization.

RESULTS AND DISCUSSION

Plating of suspensions of the oil�slime revealed
high numbers of aerobic heterotrophic microorgan�
isms and specific oil�slime degraders (up to 108 and
107 CFU/g dry slime, respectively). The diversity of
colony morphotypes revealed on NA did not exceed
10–12, with 90% of the colonies belonging to three
morphotypes (table). The colonies obtained on the
medium with oil�slime belonged to two morphotypes.
According to [8], a similar procedure used to study
microbial diversity in soil yielded tens of morphotypes.
Thus, cultural techniques were used to obtain the first
impression of the oil�slime microbial community. It
differs from the well�studied soil communities in high
abundance of specific degraders, as well as in their
limited diversity and high share among the culture
microorganisms.

Members of the dominant morphotypes were iso�
lated in pure cultures and identified based on their 16S
rRNA gene sequences. The isolates were shown to
belong to the genera Pseudomonas, Stenotrophomonas,
and Enterobacter within the class Gammaproteobacte�
ria (table, Fig. 1). Gammaproteobacteria were previ�
ously shown to predominate in the microbial commu�
nity of oil industry slimes and oil�contaminated soils
[9, 10].

T�RFLP analysis of the total DNA confirmed the
limited microbial diversity. Three phylotypes predom�
inated among the 20 revealed (Fig. 2). T�RFLP anal�
ysis of marine sediments yielded similar results [11]. In
the case of hydrocarbon contamination, microbial
diversity did not exceed 20 phylotypes, while uncon�

taminated samples contained over 100 taxonomic
units [11].

Our results demonstrate the diversity of bacteria in
hydrocarbon slimes, which, according to their chemi�
cal and biological properties, are ecological niches
with an extreme anthropogenic load. Such limited
diversity has been shown for naturally extreme envi�
ronments, such as saline lakes and hot springs, where
one class of microorganisms predominated [12, 13].
Thus, minimization of the species diversity with pre�
dominance of the few forms most resistant to stress
factors (associated, for example, with heavy hydrocar�
bon contamination) is the universal strategy of adapta�
tion of microbial communities to extreme environ�
ments.
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