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ABSTRACT 
 
 Polycyclic aromatic hydrocarbons (PAHs) are the organic matters that have been considered due to their 
toxic, mutagenic and carcinogenic properties. Some environment such as mangrove forests are exposure to these 
contaminants. Microbial degradation is the main process to eliminate these compounds from sediments. The 
propose of this study is to isolate and identify phenanthrene degrading bacteria from mangrove sediments and 
survey their growth kinetics and degradation ability. Sampling was done from mangrove sediments. After 
bacterial counting, enrichment was done in MSM medium. Isolated bacteria were purified on blood agar. 
Identification was done by different biochemical tests and PCR. Bacteria growth kinetics was examined and 
finally their phenanthrene biodegradation ability were measured by HPLC. Brevibacterium iodinum, 
Acinetobacter calcoaceticus,  Corynebacterium variabile, Enterobacter sp and Acinetobacter lowffi were 
isolated from mangrove sediments. HPLC results showed 86.2, 81.4, 75.2, 57.3 and %55.8 of substrate was 
degraded by these bacteria respectively. According to results of growth studies Brevibacterium iodinum, 
Acinetobacter calcoaceticus, Corynebacterium variabile  showed the highest growth after 72 hours and 
Enterobacter sp and Acinetobacter lowffi  had the maximum growth after 84 hours of incubation. 
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Introduction  
 
 PAHs are a large group of organic compounds 
with two or more fused aromatic rings in linear, 
angular or cluster arrangements. Many of these 
compounds have toxic, mutagenic and carcinogenic 
properties [11]. Their biochemical persistence to 
nucleophilic attack, low aqueous solubility promote 
their accumulation in the solid phases of the 
sediments. These compounds cause serious problems 
and several detriments for environment owing to 
their persistent and stability that makes them as 
recalcitrant pollutant for very long period of time 
[20]. 16 PAH have been classified as priority 
pollutants by Environmental Protection Agency 
(EPA) such as phenanthrene [1]. This three rings 
aromatic hydrocarbon that named from the 
combination of phenyl and anthracene is carcinogen 
and toxic for aquatic organisms [16]. 
 Bioremediation is the most effective option to 
clean up this class of environmental pollutant. This 
method is an economical and efficacious option 
which is based on microorganisms ability to convert 
the contaminations into harmless or non-toxic 
products and utilize them as carbon source [6,7].  
 The catabolism of phenanthrene by bacteria has 
been extensively studied, and, in general, 

phenanthrene is metabolized by initial dioxygenation 
at the 3,4-position. After dioxygenation at the 3,4-
position, phenanthrene is metabolized to 1-hydroxy-
2-naphthoic acid and then mineralized through two 
different pathways. In one pathway, 1-hydroxy-2-
naphthoic acid is oxidized to 1,2-
dihydroxynaphthalene, which is further metabolized 
via salicylic acid. It has been demonstrated that a 
common set of enzymes is responsible for the 
conversion of phenanthrene to 1-hydroxy-2-
naphthoic acid as well as that of naphthalene to 
salicylic acid. In another pathway, 1-hydroxy-2-
naphthoic acid undergoes ring-cleavage and is 
further metabolized via o-phthalic acid and 
protocatechuic acid [16].  
 The Persian Gulf that located in the west south 
of Asia is the most strategic waterways in the world 
due to its importance in the global oil transportation. 
Tankers traffic, high rate of water evaporation, 
extended drilling, oil extraction, exist of oil quarries, 
and oil leakage from coastal installation intensify 
water pollution with PAHs in this region [13]. 
 Mangroves are trees or shrubs located in tidal 
tropical regions and delta margins and drowned in 
salty waters [5].  Iran mangrove forests are in the 
south of Persian Gulf and Oman sea coasts [17]. 
Mangrove ecosystems are one of the most sensible 
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marine regions because of their biophysical sources, 
rare and endanger species, habitat importance, 
biodiversity, living creatures’ food, sensibility to the 
contaminants, slow restoration and problems due to 
contaminants removal [3,4]. 
 The propose of this study is to isolate and 
identify phenanthrene degrading bacteria from 
mangrove sediments in Persian Gulf and survey of 
their growth kinetics and degrading ability.  
 
Materials and Methods  

Sampling: 
 
 Three sampling stations were selected in 
Nayband Gulf located in northern coasts of Persian 
Gulf. Triplicate sampling was done in depth of 0-2 
cm of sediments surface in autumn and winter. 
Samples were put into sterile capped dishes and 
transferred to the laboratory in an icebox 
immediately. Geographical situation of the sampling 
stations was defined by GPS (Table 1).  

 
Table 1: Geographical situation of the sampling stations. 

 
StationA 

 
Bidkhoon 

N27°27.464' 
E 052°40.527' 
N 27°27.426' 
E 052°40.516' 
N 27°27.392' 
E 052°40.559' 

 
StationB 

 
Yadegare emam 1 Jetty 

N 27°27.563' 
E052°39.300' 
N 27°27.542' 
E 052°39.295' 
N 27°27.553' 
E 052°39.284' 

 
StationB 

 
Yadegare emam2 Jetty 

N27°27.515' 
E052°39.836' 
N27°27.492' 

E 052°39.804' 
N27°27.502' 
E052°37.814' 

 
Bacterial counting: 
 
 Bacteria were counted by viable plate count 
method. Each sample was diluted from 10-1 to 10-9. 
Samples were cultured by surface plate method on 
two different nutrient agar medium, with and without 
phenanthrene. After 48 hours, colonies were counted 
and numbers of bacteria were multipled in taken 
liquid volume (0.1ml) and dilution number with 
positive power to have bacterial number by virtue of 
CFu/ml and CFu/g [22]. 
 
Enrichment and Isolation of phenanthrene degrading 
bacteria: 
  
 Sediment samples were added to MSM medium 
containing phenanthrene and kept at 24oC in a shaker 
incubator. After 10 days, 10 ml of these mediums 
were transferred to new MSM and incubated at 
previously described condition. Theses process were 
done three times. Then 1 ml of the last enriched 
medium were cultured on MSM agar and incubated 
at 24oC. Isolated bacteria were purified on blood agar 
and identified with different biochemical tests and 
PCR [19]. Strongest bacteria were selected based on 
their growth rate in presence of phenanthrene [9]. 
 
Growth assessment of isolated bacteria in different 
concentrations of phenanthrene: 
  
 MSM medium containing 0.5, 0.6, 0.7 and 0.8 g 
phenanthrene per liter were prepared. 5 ml of 

bacterial suspension prepared based on 0.5 
McFarland standard, were added to these media. 
Flasks were agitated at 24oC for 12 hours then 
bacterial growth in presence of phenanthrene was 
measured every 12 h by measuring optical density of 
media using a spectrophotometer (Model: Milton 
Roy) at 600 nm [8]. 
 
Phenanthrene degradation study: 
 
 Degradation quantitative analysis of existent 
phenanthrene in the medium was accomplished with 
high performance liquid chromatography (HPLC). 
Cell suspensions were inoculated into MSM medium 
containing 100 ml/lit phenanthrene. Similar cultures 
with no inoculation were incubated at the same 
condition in order to evaluate abiotic degradation in 
sterile media such as volatilization, physicochemical 
or photo oxidation process. After 10 days of 
incubation, 5 ml of each cultures were picked up and 
residual phenanthrene were extracted with 2 ml 
hexane. Upper liquid was transferred to the clean 
flasks and after evaporation of hexane 5 ml of 
acetonitril were added to residual pellet. Samples 
were injected to HPLC by particular syringe. 
Phenanthrene concentrations were measured with 
compression of peak area of standards and unknown 
samples [2]. 
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PCR: 
 
 16S rRNA gene sequence of the powerful 
phenanthrene degrading bacteria were designated. 
DNA was extracted by special kit for DNA 
extraction and polymerase chain reaction achieved 
by thermocycler. 16S_27F and 16S_1492R primers 
were used in 5'-AGAGTTTGATCMTGGCTCAG-3' 
and 5'-ACGGYTACCTTGTTACGACTT-3' 
sequence.  
 In order to see the product band model of PCR, 
electrophoresis was done on %1 agarose gel (w/v) 
with 70 voltages for one hour. TAE buffer was used 
for this process. Then it was sent to Ampliqon 
Company in South Korea in order to determine the 
sequence. The sequence modified and analyzed and 
the phylogenetic tree was drawn.  
 
Results: 
  
 Five phenanthrene degrading bacteria were 
isolated from Persian Gulf mangrove sediments. 
According to biochemical tests and PCR these 
bacteria were identified as  Brevibacterium iodinum, 
Acinetobacter calcoaceticus, Corynebacterium 
variabile, Enterobacter  and Acinetobacter lowfii . 
  Comparison between seasons, the most and the 
least numbers of bacteria were 4.873 in autumn and 
4.775 in winter respectively. There was significant 
difference at 1% level between two seasons.  Among 
the sampling stations, the most counted bacteria were 
in the station ‘A’ (4.870) and the least ones were in 
the station ‘B’ (4.781). All the stations showed 
significant difference at 5% level. The most numbers 
of bacteria was in the group without phenanthrene 
(4.931) and the least one was in the group with 
phenanthrene (4.717). There was significant 
difference at 1% level between these two groups.  

 A comparison between the groups with and 
without phenanthrene in different seasons showed 
that the most numbers of bacteria belonged to the 
group without phenanthrene in autumn (4.959) and 
the least one belonged to the group with 
phenanthrene in winter (4.646). Between stations, in 
different seasons the most numbers of bacteria were 
in the station ‘A’ in autumn (4.944) and the least 
ones were in the station ‘B’ in winter (4.743). 
Comparison between with and without phenanthrene 
groups in 3 stations indicated that the most bacteria 
were in the station ‘A’ without phenanthrene (5.001) 
and the least ones were in the station ‘B’ with 
phenanthrene (4.699).  
 The isolated negative-gram bacteria (56%) were 
more than positive-gram ones (44%) but there was 
no significant difference between these groups. 
 The most bacteria abundance percentage related 
to Corynebacterium (29.60) and Acinetobacter 
calcoaceticus (25.90) in autumn. Also, Enterobacte 
sp and Acinetobacter lowfii showed the least 
abundance percentage in autumn. 
 Results of growth study showed that 
Brevibacterium iodinum and Acinetobacter 
calcoaceticus are the most able isolated bacteria to 
growth in the presence of phenanthrene. As figures 1 
to 5 show, Brevibacterium iodinum, Acinetobacter 
calcoaceticus and Corynebacterium variabile had 
maximum optical density and the highest growth 
about in hour 72. With depletion of phenanthrene as 
sole carbon source and increasing the toxicity of 
secondary metabolic the growth rate was decreased 
after this time. Also, Maximum optical density of 
Enterobacte sp and Acinetobacter lowfii was 
observed after 84 hours. So growth curves showed 
ascendant situation and after that the growth of 
bacteria was declined.  

 

 
 
Fig. 1: Growth curve of Brevibacterium iodinum in the presence of phenanthrene. 
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Fig. 2: Growth curve of Acinetobacter calcoaceticus in the presence of phenanthrene. 
 

 
 
Fig. 3: Growth curve of Corynebacterium variabile in the presence of phenanthrene. 
 

 
 
Fig. 4: Growth curve of Enterobacter sp in the presence of phenanthrene. 
 

 
Fig. 5: Growth curve of Acinetobacter lowfii in the presence of phenanthrene. 
 
 HPLC results showed the most powerful 
penanthrene degrading bacteria are Brevibacterium 
iodinum  and Acinetobacter calcoaceticus that 
degraded %86.2 and %81.4 of phenanthrene during 

10 days of incubation, respectively. Also, %75.2, 
%57.3 and %55.8 of whole concentration of 
phenantherene was degraded by Corynebacterium 



2222 
Adv. Environ. Biol., 7(9): 2218-2224, 2013 

 

variabile , Enterobacte sp and Acinetobacter lowfii 
respectively within this period. 
 
The findings of the molecular identification: 
 The first strain 16S rRNA genetic sequence 
resembled more the Brevibacterium iodinum strain 
DSM 2062; however, by virtue of the phylogenetic 
tree, it seems that this strain may be a new type of 
Brevibacterium.    
 Considering the 16S rRNA genetic sequence 
resemblance the second strain resembles more the 
Corynebacterium variabile strain DSM 20132. With 
regarding phylogenetic tree this strain belongs to 
Corynebacterium variabile genus .    
 Considering the 16S rRNA genetic sequence 
resemblance the third strain resembles more the 
Acinetobacter strain: NCCB 22016. Phylogenetic 
tree showed this strain belongs to the Acinetobacter 
calcoaceticus genus.    
 The 16S rRNA genes of the three selected 
bacteria were registered in the NCBI genetic bank in 
following registration number:  
Corynebacterium variabile:JX486708 
Brevibacterium iodinum:JX4867709 
Acinetobacter calcoaceticus;JX486707 
 
Discussion and conclusion: 
 
 Oil hydrocarbons especially PAHs have 
unfavorable influences on Hara forests animals and 
plants. Bacterial degradation is a major pathway for 
removal of PAHs in the nature. This process can 
promote with isolating efficient bacteria from 
contaminated sites and use them for purifying such 
places. So, isolation of bacteria with high ability for 
contaminants decomposition is the most important 
purpose of bioremediation experiments [23]. 
 In the current study 5 bacterial species, 
Brevibacterium iodinum, Acinetobacter 
calcoaceticus, Corynebacterium variabile, 
Enterobacter and Acinetobacter lowfii, were isolated 
to evaluate the ability of these bacteria for 
degradation experiment and their growth in the 
presence of phenanthrene as sole source of carbon 
and energy. 
 Abundance percentage of negative gram bacteria 
was more than the positive gram ones. Negative 
gram bacteria have external membrane with low 
permeability in their cell walls that prevent entrance 
of toxic materials and make these bacteria more 
resistant. Many scholars isolated and identified 
different positive and negative gram bacteria that 
some of them are similar to bacteria isolated in this 
research. 
 Samanta et al. [18] isolated Acidovorax, 
Arthrobacter and Brevibacterium as phenanthrene 
degrading bacteria [18]. Okoro et al. [15] succeeded 
to isolate five bacteria with ability to grow in 
presence of phenanthrene and dibenzothyophone as 
sole carbon and energy source. The isolates were 

Acinetobacte lwoffi, Corynebacterium sp, 
Enterobacter sp, Pseudomonas sp, Pseudomonas 
aeroginosa and Vibrio sp. [15]. In a study by Noori 
et al. 16 positive gram phenanthrene degrading 
bacteria were isolated from Amirabad and Noshahr 
ports in north of Iran. Seven of these bacteria 
belonged to Corynebacterium sp. [14]. Yu et al. [24] 
isolated rodococcus , Acinetobacter and 
Pseudomonas as PAH degrader from mangrove 
sediments [24]. In 2012, Lors et al. identified 
Acinetobacter, Enterobacter,  Pseudomonas , 
Klebsiella,  erithromicrobiom, alcaligenes and  
Aerococcus   as PAHs degrading bacteria from 
contaminated soils [10]. 
 Results of the current study indicate that 
different seasons have considerable influence on 
bacterial population in mangrove forests sediments. 
The most numbers of bacteria was in autumn due to 
optimal temperature for bacterial growth. The most 
numbers of bacteria was in the station 'A' and the 
least was in the station 'B'. According to results in 
station 'B' with the most pollution, bacterial growth is 
difficult due to toxic effect of pollutant so, less 
species are able to grow there. 
 Comparison of bacteria number mean between 
groups showed the most number of bacteria were in 
the medium without phenanthrene and the least ones 
were in the medium with this substrate. Just a few 
numbers of bacteria could degrade phenanthrene as 
carbon source because it is toxic for bacteria, stops 
their growth, and decreases their number. Microbial  
adaptation depends on many factors, such as the 
induction or derepression of specific enzymes for 
degradation pathways or an adaptation of existing 
catabolic enzymes to the degradation of novel 
compounds. In the present research Brevibacterium 
iodinum and Acinetobacter calcoaceticusand had the 
fastest and highest growth in the presence of 
phenanthrene within 7 days of incubation that it 
could be a result of their compatibility and degrading 
ability.  
 Degrading ability of isolated bacteria was 
determined by measuring the amount of degraded 
phenanthrene. HPLC results showed that 86.2, 81.4, 
75.2, 57.3 and 55.8 percent of Phenanthrene was 
degraded by Brevibacterium iodinum, Acinetobacter 
calcoaceticus,  Corynebacterium variabile, 
Enterobacter sp and Acinetobacter lowffi 
respectively. Between isolated bacteria 
Brevibacterium iodinum  and  Acinetobacter 
calcoaceticus  had the highest potentional to degrade 
phenanthrene. 
 Bacterial ability for phenanthrene degredation 
has been reported by several scholars. Moody et al. 
[12] reported that Mycobacterium sp is able to 
degrade %90 – %92 of phenanthrene and 
anthrancene [12]. 
Yu et al. [34] studied the biological degradation of a 
PAH mixture containing florene, phenanthrene and 
pyrene. The isolated bacteria were able to degrade 
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%50 of florene and %70 of phenanthrene after one 
week. Also results showed phenanthrene and florene 
were decreased more than %99 and pyrene was 
degraded about %30 after three weeks of incubation 
[24]. 
 In 2005, Guo et al. gathered sediments samples 
of mangrove slough and isolated phenanthrene 
degrading bacteria. Isolates degraded %90 and %40 
of phenanthrene in two sediment samples after 10 
days of inoculation [6]. 
 In another study Tian et al. (2008) reported that 
a mixture of indigenous microorganisms in 
mangrove sediments of Jiulong River Estuary in 
China can degrade %100 of phenanthrene after ten 
days [21].  
 In conclusion, the results of the present research 
have shown that there are some bacteria with 
potentional for PAHs utilization as sole source of 
carbon and energy among the Persian Gulf microbial 
community; so they have an important role to 
degradation and removal of PAHs from Persian Gulf 
mangrove sediments. So as a mention to these 
isolates degradation ability, it’s better to use them for 
elimination of oil compounds in contaminated sites 
especially in Persian Gulf. 
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