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 Halophilic bacteria which adapted to live under extreme conditions are worthy 
sources of enzymes in industrial microbiology and bioremediation. This study aimed to isolate 
halophilic bacteria which are able to use crude oil as the only carbon source. Fifteen soil 
samples were collected from Alborz oil field near city Qom, Iran. Liquid mediums containing 
soil samples, 5,10 and 15% of artificial sea water (ASW) and crude oil as the sole carbon source 
incubated at 37 °C for one week. Two gram negative moderately halophilic bacteria designated 
BM1 and BM2 were isolated. Supplementary molecular analysis using 16S rDNA sequencing 
revealed that they belong to Halomonas and Ochrobactrum genera, respectively. Biochemical 
tests showed they are both positive for extracellular lipase activity. Considering to cleanup the 
majority of oil contamination at Alborz oil field, further efforts should be focused on research 
to understand the degradation mechanism and identification of the enzymes involved in this 
process.
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 Hypersaline environments are distributed 
in a variety of terrestrial and aquatic ecosystems1. 
Halophiles, the microorganisms dwelling at high 
salt concentrations are members of Archaea, 
Bacteria, and Eukarya domains. They have 
evolved properties to adopt high osmotic pressure, 
pH and salinity2. In recent years, a verity of 
industrial, biotechnological and commercial 
applications has been described for halophiles3. A 
common propose is finding new strains to design 
functional consortium to cleanup greater amounts 
of hydrocarbon contamination4. The efficiency 
of bioremediation of oil spill ranged from 1 to 
100 percent depending on the type of halophilic 
microorganisms5. 

 Many studies have been planned to 
cleanup the polluted sites after the hydrocarbon 
contamination6. A variety number of expensive 
technologies like soil washing and filling, land 
farming and soil vapor extraction are used for 
contaminated water and soil remediation although 
most of them lead to incomplete decomposition 
of hydrocarbons7. Detoxification or removing of 
complex contaminant using microorganisms are 
the main approaches to oil spill bioremediation8; 
the growth and proliferation of oil degrader 
bacteria stimulated by adding growth-promoting 
substrates to the polluted sites (biostimulation) 
and inserting them to the contaminated locations 
(bioaugmentation)7. With the aim of microbial 
bioremediation, screening and introducing 
microorganisms which are able to degrade 
hydrocarbons efficiently has found a priority in 
recent industrial microbiology studies9. Many 
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hypersaline environments belong to oil rich sites 
and the inhibitory effects of salt on microbial 
growth is the serious obstacle in bioremediation 
procedures in these area. As a result, salt resistant 
microorganisms are the incomparable source to 
cleanup petroleum contaminated soil10.
 The major salt sequence in the central 
plateau of Iran (between the Alborz mountains in 
the north and the Zagros mountains in the south) 
is known as Kuh-e-namak (mountain of salt in 
Persian) near the city of Qom which formed of 
thick beds of KCl and NaCl. Alborz oil field 
situated 15 kilometers to the east of city Qom, 
Iran, had been discovered in the early 1960s11. 
The well number 5 located on the crest of the 
Alborz Anticline blew out through salt after drill 
had penetrated five centimeters into hard rock at 
a depth of 2600 meters. Oil and gas shot about 
50 meters in the air and sprinkled the countryside 
for many kilometers. In addition to closing beside 
road and railway, a lake of oil with considerable 
branches flowing into the surrounding salty lands 
and plains caused an emergency state in the city 
Qom12. Despite the partial control after 25 days, 
flowing oil last for 80 days and it was estimated 
80,000 barrels per day13. With the passage of nearly 
six decades, only a trace of contamination remains. 
Considering the slow rate of natural degradation of 
oil spill, the halophilic microorganisms inhabiting 
the soil would play a key role in decontaminating 
the area. In accordance with this view, screening 
and characterization of halophilic microorganisms 
which were able to breakdown oil contamination at 
location around well number five had been carried 
out in this study.

MATERIAL AND METHODS

 Saline soil samples were collected from 
fifteen different zones of Kuh Sefid area near 
to Alborz oil field located 15 kilometers east of 
city Qom, Iran, (longitude 50º 88' E and latitude  
34º 72' N) on 24 May 2013. All samples were 
put in sterile plastic bags and transported to the 
laboratory for further analysis. Samples were taken 
from the surface and various depths (5-30 cm) with 
maximum distance of 10 km.
 The medium containing 5, 10 and 15% of 
artificial sea water with the following composition 
(g/L): 175 g NaCl, 20 g MgCl

2
.6H

2
O, 5 g K

2
SO

4
, 

0.1 g CaCl
2
.2H

2
O, adjusted pH to 7–7.5, were 

amended with 1% filter sterilized crude oil (v/v). 
1 g of each soil sample was added into each 
medium and incubated for a week by continuous 
shaking with 120 rpm at 37°C. The range of 
NaCl concentration for growth was tested in solid 
medium with NaCl concentration between 5% to 
15%. To determine the optimal temperature and pH 
for growth, broth cultures were incubated at 4-37°C 
at intervals of 5°C and at pH 6–8 at intervals of 0.5 
pH units. 
 Cell morphology and spore formation 
were examined by using light microscopy (model 
BH 2; Olympus) and phase-contrast microscopy 
(Zeiss), respectively. Gram staining was carried out 
according to the method described by Doetsch et al. 
(1981)14. Catalase production was determined by 
adding 3% (v/v) H

2
O

2
 and observing its hydrolysis 

and the consequent gas formation15. The oxidase 
activity was detected according to Kovacs (1956)16. 
Tests for use of glucose and sucrose as sole carbon 
sources at a concentration of 1 g were performed 
in 5 ml liquid media in which yeast extract was 
reduced to 0.1 g, amended with 0.5 g NH4Cl. 
Extracellular amylase activity was assayed using 
1% starch agar medium (Merck) following the 
protocols of Gonzalez et al. (1978)17. To detect 
the hydrolysis of starch, I2–0.6% KI solution 
or Lugol’s iodine was used. After incubation at 
37°C for 7 days, presence of dark blue, purple, or 
black color represented amylolytic activity. The 
urease activities were checked as recommended 
by Smibert & Krieg (1994)18. Lipase activity was 
detected using sterilized basal nutrient agar medium 
containing 2.5% olive oil (w/v) at 60°C. Then, 
0.001% rhodamine B was added to homogenized 
mixture at 50°C and poured. Observation of shinny 
colonies under UV irradiation after incubation 
of bacteria at 37°C for 7 days indicated lipolytic 
activity17. 
 The 16S rRNA gene of the isolates 
were amplified using the universal primers 8F 
(5´-AGAGTTTGATCCTGGCTCAG-3´) and 
1492R (5´-GGTTACCTTGTTACGACTT-3´). 
PCR mixtures of 50 µL contained 17 µL dH

2
O, 1 

µL primers, 1 µL dNTP, 0.75 µL MgCl
2
 (50mM), 

25 µL PCR amplification buffer (1X), 2 U Taq DNA 
polymerase, 5 µL template DNA. The amplification 
was done by initial denaturation 95° C for 5 min 
and {95° C 1 min, 56° C 1 min, 72° C 1.5 min (30 
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cycles)} and 72° C for 10 min (final cycle). PCR 
products of 16S rRNA gene were sequenced in 
both directions using an automated sequencer by 
bioron (Korea). Multiple sequence alignment was 
performed using BLAST and Ribosomal Database 
Project (RDP) with the published sequences of 
closely related bacteria in the GenBank database of 
the National Center for Biotechnology Information. 
Phylogenetic tree was constructed by neighbor-
joining and UPGMA method with MEGA719-20. 
Bootstraping analysis21 was used to evaluate the 
tree topology by performing 1000 resampling. The 
16S rRNA gene sequences of the strains have been 
deposited in the GenBank database. 

RESULTS AND DISCUSSION

 Using crude oil as sole carbon source, 
only two halophilic oil-degrading bacterial strains 
designated BM1 and BM2 were isolated from 15 
samples. Both were gram negative rods which 
produced similar cream colonies. Table 1 lists the 
biochemical features of the two isolates. BM1 
colonies were observed in all mediums containing 
5 to 15 percent of ASW in less than an overnight. 
While BM2 colonies were appeared after one 
week in mediums with 5 and 10 percent of ASW 
concentration. 
 Phylogenetic analysis of 16S rDNA 
sequences of the isolates revealed two completely 
different taxonomic groups. With bootstrap 
values (22-100%), BM1 belongs to class 
Gammaproteobacteria, genus Halomonas and BM2 
was a member of class Alphaproteobacteria, genus 
Ochrobactrum. Figure 1 shows the phylogenetic tree 
of the isolates. Numerous studies in this regard have 
been conducted in recent decades. Similar study in 
Gulf of Mexico Beach Sands identified members 
of the Gammaproteobacteria (Alcanivorax, 
Marinobacter)  and Alphaproteobacteria 
(Rhodobacteraceae) as fundamental players in 
petroleum degradation22.
 Although a great number of halophilic 
and halotolerant microorganisms have been 
found to be hydrocarbon degrader, most of them 
affiliated to the class Gammaproteobacteria23. To 
exemplify, characterization of polycyclic aromatic 
hydrocarbon (PAH)-degrading bacteria from 
sediments of the Bizerte lagoon, Tunisia, led to 
screening 100 bacteria which three-quarters of them 

were affiliated to the Gammaproteobacteria24. A 
Halomonas strain obtained from saline wastewater 
samples collected in a petroleum rig was able to 
use crude oil, diesel and lubricant oil as the only 
carbon source25. Halomonas sp. ANT-3b isolated 
from seawater in Antarctica used diesel fuel as 
a sole carbon and energy sources and was able 
to break down n-hexadecane to nanodroplets 26. 
Increasingly, Halomonas was among 25 isolated 
strains from Persian Gulf and the Caspian 
Sea based on a high growth rate on crude 
oil and on hydrocarbon degradation ability27. 
Aromatic compounds were degraded as carbon 
and energy sources by Halomonas campisalis in 
high pH and salt systems28. Besides, Halomonas 
shengliensis sp. SL014B-85T isolated from saline 
soil Shengli oilfield, China, showed to be a crude 
oil degrader29. Equally, a mixture of Halomonas sp. 
and Alcanivorax sp. strains isolated from the spilled 
oil in Japan Sea displayed a high rate degradation 
of heavy oil30.
 In spite of the fact that the pioneer oil-
degrader bacteria are mostly Gammaproteobacteria, 
Betaproteobacteria and Actinobacteria, in 
present study we found a new member of 
Alphaproteobacteria which was able to use crude 
oil as the sole source of carbon9. In harmony with 
our results, an Ochrobactrum intermedium was 
obtained from soils contaminated by transformer 
oil31. Also, a 79% crude oil degradation rate 
in saline solution was observed by microbial 
consortium including Ochrobactrum sp. N132. 

Phenotypic characteristics of two isolates from Alborz 
oil field, Qom, Iran

 BM1 BM2

Color Cream Cream
Gram staining - -
Shape Rod Short rod
Spore forming - -
Optimum pH 7.5 7.5
Optimum temperature 37°C 37°C
Optimum salinity 10% (ASW) 10% (ASW)
Glucose + +
Sucrose + +
Catalase - +
Oxidase - +
Urease - -
Amylase - +
Lipase + +
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Fig. 1. Phylogenetic tree showing the position of the halophilic isolates, based on the partial 16S rDNA sequence 
comparison, obtained by the neighbor-joining method. The accession numbers for the reference strains are included 
in brackets. Bootstrap values are indicated on the branches.

Further to this, in a consortium composed of 
Ochrobactrum sp., Rhodococcus strain NTU-1 
and Bacillus fusiformis L-1 which was isolated 
from an oil-contaminated field, the degradation of 
the alkane was stimulated by Ochrobactrum sp. 33. 
Ochrobactrum anthropi strain AD2 was identified 
as an efficient oil degrader and isolated from the 
waste water treatment plant of an oil refinery34. In 
contrast, an Ochromonas sp. isolated from a diesel 
oil contaminated soil which was not an oil degrader 
showed the inhibitory effect on the degradation of 
diesel oil by P. aeruginosa strain WatG35.
 Our isolates were positive for extracellular 
lipase production which is one of the key enzymes in 

oil degradation process36. As some studies reported, 
Halomonas bacteria isolated from hypersaline 
environments showed hydrolase producing ability 
particularly amylase and lipase37-39. However, in 
this study Halomonas sp. BM1 was negative for 
amylase activity. The Ochrobactrum isolates from 
saline sediment of mangrove areas of São Paulo 
State, Brazil, showed extracellular lipase activity 
but was negative for amylase production40. On 
the contrary, in a screening study, Ochrobactrum 
anthropi BMO-111 had not expressed any 
extracellular activities such as amylase and lipase 
production41. 

CONCLUSION

 Two distant bacteria belonging to genus 
halomonas (Gammaproteobacteria) and genus 
ochrobactrum (Alphaproteobacteria) were isolated. 
Both were able to use crude oil as the sole source 
of carbon. Halomonas sp. BM1 showed speed 

growth rate on mediums containing 5, 10 and 
15% artificial sea water. Ochrobactrum sp. BM2 
appeared on mediums with 5 and 10% ASW 
concentration after one week. They were able to 
produce extracellular lipase which is one of the 
key enzymes in petroleum degradation. Further 
study on hydrocarbons degradation processes and 
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lipase structure make them potentially useful for 
application in bioremediation of oil contaminated 
area.
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