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RESUMEN: Algunos microorganismos marinos pueden degradar contaminantes derivados del petróleo usándolos como única fuente 
de carbono y energía. Este grupo heterogéneo es llamado bacterias hidrocarburoclásticas. Sin embargo, se subestima a aquellas bacterias 
hidrocarburoclásticas que aun no han sido caracterizadas. En este contexto, se llevo a cabo un estudio de microcosmos simulando un ambiente 
marino impactado con petróleo, en Biorreactores de Flujo Ascendente (BFA). A partir de estos microcosmos fueron caracterizados once 
aislamientos bacterianos. Se determinó la ubicación taxonómica de las bacterias identificadas en 4 géneros principales por secuenciación 
parcial del gen ARNr 16S: Bacillus, Pseudomonas, Halomonas y Haererehalobacter. La investigación demostró la presencia de bacterias 
hidrocarburoclásticas reconocidas en consorcios y proporcionó información adicional acerca de Haererehalobater como un nuevo género 
de bacterias marinas hidrocarburoclásticas. Desde esta perspectiva, se pretendió aportar al conocimiento de la diversidad de las bacterias 
marinas hidrocarburoclásticas y su uso potencial en biorremediación y otros procesos biotecnológicos.

PALABRAS CLAVE: Petróleo; bacterias marinas hidrocarburoclásticas; biodegradación; ARNr 16S; microcosmos.

ABSTRACT: Some marine microorganisms can degrade oil pollutants by using them as their sole carbon and energy sources. Members of 
this heterogenic group are called hydrocarbonoclastic bacteria. However, an unestimated number of hydrocarbonoclastic marine bacteria 
have not yet been characterized. In this context, a microcosm study was carried out, simulating a marine environment contaminated with oil 
in Upstream Flow Bioreactors (UFB). Eleven bacterial isolates were characterized from these microcosms. The taxonomic position of the 
bacteria identified was determined by partial sequencing of the gene 16S rRNA in 4 major genera: Bacillus, Pseudomonas, Halomonas and 
Haererehalobacter. This research demonstrated the presence of hydrocarbonoclastic bacteria recognized in consortia and provides additional 
information about Haererehalobater a new genera of hydrocarbonoclastic marine bacteria. The outlook for better understanding of the 
diversity of hydrocarbonoclastic marine bacteria and potential uses in bioremediation and other biotechnological processes is discussed.
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1.  INTRODUCTION 

Marine pollution by oil discharges produces highly 
negative effects on biotic and abiotic processes [1]. On 
the Colombian Pacific coast, the Bay of Tumaco-Nariño, 
an important port with oil activities, is frequently 

exposed to the environmental impacts of oil discharges 
[2]. Most marine environments contain hydrocarbon-
degrading bacteria with different metabolic capabilities. 
These bacteria are categorized according to the carbon 
source used, as “obligate hydrocarbonoclastic” when 
they can grow only with a specific carbon source or 
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“facultative hydrocarbonoclastic” when they are able 
to grow with alternative carbon sources. A number of 
these bacteria may yet be undiscovered [3].

Physical, chemical, and biological techniques have been 
developed to deal with the effects caused by the presence 
of oil in marine ecosystems. These techniques are intended 
to remove as much pollutant as possible and reduce the 
environmental impact generated from an oil spill or the 
progressive accumulation of oil [4]. Nowadays, of all 
applied techniques, bioremediation is considered the 
cheapest and highest yielding alternative for transforming 
pollutants in almost any ecosystem. In most marine 
environments, it is possible to use a large variety of bacteria 
with complex enzymatic machinery for the transformation 
of persistent xenobiotics. These bacteria might be in vitro 
isolated and may need to be improved in their metabolic 
capability if they have been exposed to the contaminant [5].

A bacteria’s ability to degrade petroleum hydrocarbons 
can be assessed from its taxonomy and physiology. 
The use of partial sequences of the 16S ribosomal gene 
(16S rRNA) allows the determination of a taxonomic 
location [6], while on the other hand it is possible to 
learn some ecophysiological properties about nutritional 
requirements and other factors by growing and handling 
the bacteria in vitro. The sequence analysis obtained 
might be useful for describing novel taxonomical groups 
with interesting physiologies for biotechnological 
processes useful in applied bioremediation. However, at 
this stage of research, even if the ecological impact and 
biotechnological applications are relevant, the diversity 
of hydrocarbonoclastic bacteria is underestimated.

The aim of this research was to simulate a marine 
model ecosystem contaminated with oil discharge 
and to characterize hydrocarbonoclastic marine 
bacteria using 16S rRNA sequences to contribute to 
the understanding of the diversity and potential uses 
of this metabolic group. A microcosm system for the 
assessment of bacterial responses to contamination by 
petroleum hydrocarbons was set up in the Laboratory 
of Microbial Biotechnology at the University of 
Nariño. In previous studies [7,8] a microcosm-like 
closed system was developed to obtain ecological data 
such as relevant bacterial community characteristics, 
in order to understand the most relevant succession 
processes in the bacterial community. In this research, 
these microcosm systems were simulated using an 

Upstream Flow Bioreactor (UFB), which was operated 
as a continuous system, supplying oil as the carbon and 
energy source and seawater as the mineral substrate.

2.  MATERIALS AND METHODS

Bacterial strains and growth conditions

Type strains of Pseudomonas aeruginosa BUN010 
and Escherichia coli BUN001 were used as positive 
controls for 16S rRNA PCR, available in the Laboratory 
of Microbial Biotechnology. The strains belong to the 
University of Nariño collection, Laboratory of Microbial 
Biotechnology, the strains were cultured in nutritive agar 
(NA, OXOID) and incubated at 25˚C for 24 hours.

Oil degrading marine bacteria

The bacterial isolates were collected from the microcosm 
UFB system (Figure 1). The reactor consisted of a continuous 
culture operated with perfusion for an incubation time of 25 
days. Then 10 mL of oil and 9250 mL of seawater were added 
in the ratio of 1%:0.2-0.4% as carbon and micronutrients 
sources respectively. The pH was measured as 7.5. The 
experiment was carried out at 25°C and the retention time 
was calculated as 5 days. The seawater and the inoculums 
employed in the UFB system consisted of 9250 mL of 
seawater not contaminated with hydrocarbons and 750 mL 
of water samples from different areas in the Bay of Tumaco 
reported to be contaminated with hydrocarbon concentrations 
as a result of oil discharges [8].

Figure 1. Upstream Flow Bioreactor (UFB). The system 
is a perfusion oil-water solution used as a continuous 

microcosm system.



Revelo et al124

Bacteria were isolated from three different levels of 
sampling points from the UFB systems (Figure 1). Five 
mL samples were collected from each sampling point 
every five days. Isolation of marine bacteria was carried 
out using the serial dilution technique in physiological 
water 0.1%. Dilutions 10-3 to 10-7 were inoculated at 0.1 
mL on the surface of plates with Brito´s modified media 
[9]. The carbon source in this media was introduced 
by adding 1 mL.L-1 of diesel and gasoline, after the 
sterilization of the media. The inoculated plates were 
incubated aerobically at 25˚C for 24 hrs.

The bacterial isolates were described by macroscopy 
in pure cultures growing in solid media and the 
microscopic characteristics were performed by Gram 
coloration and observations using optical microscopy. 
Bacterial isolates were purified with an inoculation 
loop from pure colonies in petri dishes with nutrient 
agar (OXOID) 15g.L-1, ensuring that the bacteria 
would grow to full coverage. The cultures were 
incubated at room temperature and were subcultured 
every 15 days to maintain the viability of the isolates. 
The strains were conserved in triplicate using three 
different methods: (1) In criotubes containing 500 µL 
of glycerol-physiological water solution 30:70 and 500 
µL of strain cultures growing in nutrient broth (NB) 
15g.L-1. The criotubes were stored at -20oC. (2) In tubes 
containing 500 µL of liquid culture in NB and sterile 
porcelain beads with silica gel (60:40 w/w), and (3) 
by adding pure colonies with a bacteriological loop to 
inclined tubes with nutrient agar. 

Partial characterization of the 16S rRNA gene

Eleven bacterial isolates were identified using the 
16S rRNA gene. The DNA template used for all PCR 
reactions was obtained from bacterial lysate [10] and the 
amplification of about 744 bp fragments, was carried out 
using a protocol proposed for environmental bacteria 
[10]. Conventional PCR amplification was performed 
in a final volume of 25 μL. The final concentrations of 
the PCR reaction mix were: 1X Buffer, 1.5 mM MgCl2, 
0.18 mM dNTPs, 0.3 μM of each primer: A (forward): 
5`-GGAGCAAACAGGATTAGATACCC-3´ and J 
(reverse): 5´-TTCTCCTAGGGCTACC TTGTTAC-3´ 
(MWG Biotech USA), and 0.05 U/μL of taq DNA 
polymerase (Fermentas). A total of 2.5 µL of DNA 
bacterial lysate were added as a template. All PCR 
reactions were performed in a Multigen Gradient 

(Labnet) thermocycler following the reference 
conditions [10]. Electrophoresis of PCR products was 
amplified using agarose gel (1%) for 130 minutes at 60 
mV. Both pure DNA extracts and PCR products were 
conserved at -20 °C.

The sequencing process was carried out using 
purified PCR products. The amplicons were sent to 
the MACROGEN Company in Korea. The search for 
similarity amongst 16S rRNA gene partial sequences 
from bacterial strains was performed by alignment 
with the 16S rRNA sequence available in the public 
nucleotide databases at the National Center for 
Biotechnology Information (NCBI) by using its World 
Wide Web site (http://www.ncbi.nlm.nih.gov), as 
well as by using the BLAST algorithm [11], and the 
Ribosomal Database Project (RDP) with SeqMatch 
algorithm [12]. The 16S rRNA sequences from the 
bacterial strains were aligned using the ClustalW 
program [13]. The software MEGA 5.0 [14] was used 
to perform a dendogram using a similarity matrix as 
a base. The dendogram was createtd using the16S 
rRNA sequences by the Neighbor-Joining algorithm 
[15], using the P distance as the parameter. The matrix 
obtained was analyzed with Felsentein’ Bootstrap test.

3. RESULTS AND DISCUSSION

According to the methodology, all the bacterial isolates 
obtained in this study were identified as hydrocarbon-
degrading marine bacteria. The bacteria were selected 
according to the physicochemical conditions observed 
in natural oil-contaminated seawaters. The simulated 
environment in the microcosm provided these 
conditions [8]: a temperature of 17-25oC, salinity (due 
to the basal salt medium) of 0.6%, and crude oil added 
at 1% as the sole carbon substrate source. The biomass 
remained in perfusion.

From the microcosm, 53 hydrocarbon-degrading 
bacterial isolates were obtained. From these, 11 strains 
were initially characterized according to their ability to 
use an aliphatic hydrocarbon (n-octane) derived from 
petroleum, as their sole carbon and energy source. Six 
of these bacteria were Gram negative and five were 
Gram positive. In general, the Gram negative group 
has been reported as the most representative group of 
hydrocarbon-degrading bacteria [16]. According to the 
literature, the lipopolysaccharide produced in bacterial 
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membranes supports the formation and stabilization of 
oil in aqueous systems and contributes by increasing 
the attack surface on the pollutant for subsequent 
assimilation [17-18]. Novel metabolic pathways for 
polycyclic aromatic hydrocarbons (PAHs) with lower 
molecular weights such as phenanthrene and fluorene 
have recently been described in Gram negative bacteria, 
while on the other hand, a novel ortho-way has been 

identified at this point only in Gram positive bacteria 
[18]. Eleven bacterial isolates were characterized 
by 16S rRNA gene sequencing. Figure 2 shows the 
amplification of the gene fragment of the expected size 
according to the primers used. The fragment size was 
about 744 bp and non-specific bands were observed in 
the amplification.

 
Figure 2. PCR amplification of 16S rRNA gene fragment using A-J primers. The Ladder (L) consisted of molecular 

size marker HyperLadder™ IV. (1) strain 333(1). (2) strain 329A. (3) strain 329B. (4) strain 380. (5) strain 377C. (6) strain 
338B. (7) strain 394. (8) strain 371A. (-) The negative control consisted of the master mix with de-ionized sterile water. (+) 

Escherichia coli BUN001. (+) Pseudomonas aeruginosa BUN010. (L) consisted of molecular size marker HyperLadder™ IV.

According to the literature, there are several bacterial 
genera with the ability to degrade hydrocarbons 
in marine environments, such as Acinetobacter, 
Aeromonas, Bacillus, Burkholderia, Halomonas, 
Kocuria, Paracoccus, Pseudomonas, Rhodobacter, 

Rhodococcus, Staphylococcus, Vibrio [1], Alcanivorax, 
Marinobacter, and Cycloclasticus [19]. 

In this research, the analysis of 16S rRNA sequences 
indentified 4 genera (Table 1).

Table 1. Molecular characterization of bacterial isolates from the microcosm study. Similarity percentages 
are shown in two different databases. Four genera distributed in eleven strains were identified in this study.
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The strains 333(1), 333(2), and 380 showed 99% of 
similarity with the genus Pseudomonas (Table 1) 
and most probably correspond to P. aeruginosa for 
the strain 333(1), P. stutzeri for the strain 333(2), 
and P. putida for the strain (380). Pseudomonas 
species have been widely studied in the degradation 
of hydrocarbons. These species are known to degrade 
crude oil, diesel, and a variety of PAHs. P. aeruginosa, 
P. alcaligenes and P. putida are known for their 
efficiency in bioremediation [20-22]. Interestingly, P. 
aeruginosa is one of the species most frequently used in 
bioremediation research and presents several metabolic 
ways to deal with xenobiotics [23]. Pseudomonas 
bacteria are also rhamnolipid biosurfactant producers 
and are involve in oil decontamination [24].

The strains 329A, 329B, 377C, 371A, and FER1 
presented similarities of between 99 and 100% 
in relation with species of the genus Bacillus, 
particularly B. simplex for the strains 329A, 329B, 
371A, and 377C, and B. subtilis for the FER1 strain 

(Table 1). These species are widely distributed in 
areas with oil discharges due to their low nutritional 
requirements [25]. Bacillus is other dominant genera 
associated with hydrocarbon degradation besides the 
genus Pseudomonas [26, 27 y 28]. Some species of 
Bacillus have also been used in the bioremediation of 
contaminated marine environments [29], i.e. B. simplex 
is a well-known PAH reducer [30-31]. B. subtilis might 
reduce other complex hydrocarbons and paraffins [32] 
and produce rhamnolipid biosurfactants [33].

The strains 394 and 405 showed similarities of 87% 
and 89% respectively with Halomonas sp. (Table 
1). Halomonas sp. is considered a “facultative 
hydrocarbonoclastic bacteria” and degrades 
phenanthrene or chrysene. However, Halomonas 
sp. doesn’t have the capability to degrade alkanes 
and some aromatic compounds such as toluene and 
naphthalene [34]. Interestingly this genus is reported 
to be an exopolymer synthesizer, and they can emulsify 
different hydrocarbons and use them as carbon and 
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energy sources [35-36]. It has been shown that strains 
like Pseudomonas, Bacillus and Brevibacterium were 
more efficient as hydrocarbon-degrading marine 
bacteria, but on the other hand, Halomonas strains 
produced the highest amount of biopolymers with 
emulsifying activity using the same substrate [36]. 

The oil-degrading marine bacteria included here were 
grouped into 2 clusters (bootstrap tests presented 
98% and 99% confidence values for each cluster), 
corresponding to the Proteobacteria and Firmicutes 
phylum (Figure 3). The distribution of marine oil-
degrading bacteria agreed with the grouping recognized 
in the references [37-38]. The strains of Halomonas, 
Pseudomonas and Haererehalobacter obtained in this 
research were grouped into three clusters belonging 
to Proteobacteria phylum (the Gamma-proteobacteria 
class), which is now the largest and most diverse 
phylogenetic lineage. The strain identified as Bacillus 
sp. belongs to the Firmicutes phylum, and future studies 
are required to establish possible intraspecific diversity.

Figure 3. Dendogram of marine bacterial strain 
similarities based on 16S rRNA sequences.

The strain 338B has shown 98% similarity to 
Haererehalobacter sp. (Table 1). While, there are a few 

studies reporting this genus to be a halophilic bacteria 
found in several marine-like ecosystems, with optimal 
growth using a salt solution of approximately 15% as 
a mineral source [39], no reports have yet been made 
about Haererehalobacter sp. as a hydrocarbonoclastic 
marine bacteria. For this reason, this research permits us 
to report for the first time the strain Haererehalobacter 
sp. 338B to be a marine hydrocarbonoclastic bacteria, 
isolated from the Colombian Pacific coast as a novel 
genus representative of this metabolic group.

4.  CONCLUSIONS

This research characterized the Pseudomonas sp. strains 
333(1), 333(2) and 380, Bacillus sp. strains 329A, 
329B, 371A, 377C, and FER1, Halomonas sp. strains 
394 and 405, and the strain Haererehalobacter sp. 
338B. Therefore, the bioreactors provided the necessary 
conditions for the development of bacterial community 
growth. The presence of oil-degrading bacteria was 
observed in this community, and their potential 
biosurfactant production was deduced by hydrocarbon 
degradation. This study contributes significantly to the 
limited studies carried out in Colombia with respect to 
hydrocarbon-degrading bacteria in marine environments.

The strains selected in a mixed culture might have 
metabolic capabilities to tolerate high concentrations 
of hydrocarbons, absorb them, and degrade them. 
These characteristics are the starting points for further 
research about the metabolic diversity and intraspecific 
microbial interactions that may occur in a mixed 
culture. The mixed culture is likely related to the 
degradation of hydrocarbon pollutants; more research 
on this bioremediation application is necessary.

Through 16S rRNA sequentiation it was possible to 
identify a genus of marine hydrocarbonoclastic bacteria 
that has not been mentioned previously in the literature. 
We report in this research the strain Haererehalobacter sp. 
338B as a new hydrocarbonoclastic marine bacteria, which 
may play an important role in the bioremediation of oil-
contaminated seawaters on the Colombian Pacific coast.
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