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Abstract: Two hydrocarbon degrading bacteria NJ276 and NJ341 were screened from 385 

Antarctic marine bacteria and their degrading characteristics were studied. Diesel oil as sole 

carbon source was used in this study. The results showed that the oil degradation rates of 

Antarctic psychrophile bacteria NJ276 and NJ341 were 23.47 % and 32.15 %, respectively, after 

20 days culturation at 5 °C, and the rates were 43.95 % and 62.47 % respectively after 20 days 

culturation at 15 °C. The oil degradation abilities were enhanced remarkably with the increasing 

culture temperature. GC - MSs indicated the residual oil contained C15 - C21 7 alkyls after 

degradation by NJ276, and C16, C17 and C18 3 alkyls after degradation by NJ341. The 16S rDNA 

gene sequences homology and phylogenetic analysis of the two Antarctic psychrophile bacteria 

showed that NJ276 belonged to the described genus Pseudoalteromonas and NJ341 belonged to 

the genus Colwellia. 
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Instruction 

 

Oil pollutions in the sea have been increasing serious and popular. Biodegradation holds the special 

superiority in oil pollution control, so cleaning up the oil pollution of the sea by marine microorganisms 

biodegradation has roused people's great attention. A lot of scholars have carried out many researches on 

the oil biodegradation using marine microorganisms, but most people focus on the oil biodegradation 

using mesophilic marine microorganisms 
[1, 2, 3]

. The sea oil biodegradation using psychrophile marine 

microorganisms have not been reported. 

 

There are abundant low temperature microbe resources in Antarctic. Many components of oil can be 

biodegraded in the land and sea ecosystem of Antarctic. Indigenous microorganisms, especially 

psychrophile bacteria play important roles in the biodegradation 
[4, 5]

. So the psychrophile bacteria have 

important biology and ecology meaning to oil pollutions bioremediation at low temperature. In this study, 

two biodegrading bacteria were screened from 385 Antarctic sea bacteria strains and their biodegradation 

abilities were studied. 
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1  Materials and methods 

 

1.1  Bacterial strains 

Bacterial strains were isolated and purified from Antarctic seawater, sea-ice and sea mug which 

were collected during the 19
th

 Chinese Antarctic Science Exploration in 2002-2003. Strains were 

conserved in the key Laboratory of Marine Bio-active Substances SOA． 

1.2  Reagents and culture medias 

Diesel used for degradation is No.0 on the sale. 

Isolation media 2216E: peptone 0.5 % and yeast extract 0.1 %, pH7.0 - 7.5. The media was 

autoclaved at 121 °C for 20 mins.  

Screening media (MMC): NaCl 24 g/dm
3
，MgSO4·7H2O 7.0 g/dm

3
，NH4NO3 1.0 g/dm

3
，KCl       

0.7 g/dm
3
，KH2PO4 2.0 g/dm

3
，Na2HPO4 3.0 g/dm

3
，pH 7.4. The media were supplemented some of 

microelements and diesel oil which is the sole carbon source after sterilization. Diesel oil and 

microelements were sterilized by 0.2 μm microfiltration membranes. 

1.3  Biodegradation ability assay  

The bacteria cultures were incubated at 7 °C on rotary shaker operated at 120 r/m for 24h, then 

bacteria cultures were washed twice with sterilized MMC. 1g pre-sterilized diesel oil was added to 100 ml 

pre-sterilized medium. These mediums were inoculated with bacterial suspension previously prepared 

and incubated at 5 °C, 10 °C and 15 °C on rotary shaker operated at 120 r/min for 20 days respectively. 

The MMC were centrifuged at 10 000 r/min for 10 mins and the supernatant liquids were filtrated with    

0.2 μm filter membrane. Uninoculated MMC liquid medium was controlled and incubated in parallel. The 

residues of diesel oil were assayed by fluorospectrophotometry 
[6]

. 

1.4  Growth curve assay 

5.0 ml activated bacteria suspension which have been washed by MMC twice were added both  

100 ml 2216E and 100 ml MMC (diesel oil is the sole carbon source). Then they were incubated at 5 °C on 

a rotary shaker operated at 120 r/min. Samples were performed on 540 nm with spectrophotometer every 

24 h. Make the growth curve with the sampling time as abscissa and the OD540nm values as vertical 

coordinate.  

1.5  GC-MS analysis 

2 ml MMC which used diesel oil as the sole carbon source has been cultured at 5 °C, 120 rpm for 20 

days and it was centrifuged with 10 000 r/min for 10 mins. The supernatants were filtrated with 0.1 

microfiltration membranes and be used for analysis. The MMC without bacteria was used as control. 
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6890N GC-5973N MS: HP-5 MS, 30 m × 0.25 mmID × 0.25 µm, FID, NIST. 

Helium (99.99 %) was used as a carrier gas with a flow rate of 1 ml/min, and 1 uL sample was 

injected for each analysis. Split injection was used and the split ratio was 100: 1. The injector temperature 

was at 250 °C. The initial temperature was set at 160 °C for 5 mins, then 15 °C /min to 250 °C for 7 mins. 

MS conditions included ionization mode IE70eV, connections bar temperature 280 °C, ion source 

temperature 200 °C, solvent delay time 5 mins. Selection ion mode was used and selected ions were 

m/z60 and m/z150. 

1.6  Isolation of genomic DNA 

DNA of two strains NJ276 and NJ341 was extracted and precipitated following the CTAB protocol for 

bacteria1 genomic DNA preparations 
[7]

. Polymerase chain reaction (PCR) products were amplified using 

the two PCR primers 16F27 (5’-dAGAGTTTGATCCTGGCTCAG-3’) and R1488 (5’-dGGTTACCTTGTT A 

CGACTT-3’). PCR were performed with a thermal cycler by using 20 μl reaction mixtures containing 

deoxynucleoside triphosphates at concentrations of 0.02 mM, 1.0 μM of primers, 2 μL reaction buffer, 1 μL 

of five strains’genomic DNA and 1 U Taq DNA polymerase(Takara).The program used for the PCR was as 

follows：94 °C for 5 mins, then denaturation at 94 °C for 1 min, annealing at 53 °C for l min, and extension 

at 72 °C for 1 min 30 s, 30 cycles，and extension at 72 °C for 10 mins. 

1.7  16S rDNA sequence analysis 

For sequence analysis, about 1, 500 bp PCR products were subcloned into the vector pMD18-T. 

The nucleotide data for NJ276 and NJ341 have been deposited in the GenBank nucleotide sequence 

database under the Accession No. AY781153, AY781156. The multiple sequence alignment analysis was 

performed using CLUSTALW program. The evolutionary distances were calculated by the MEGALIGN 

program of DNASTAR (DNASTAR Inc.). And the phylogenic tree was constructed by the neighbor-joining 

phylogenic tree (50 majority rule). A boot strap analysis of 1 000 replicates was performed. 

 

2  Result and analysis 

 

2.1  Screening for Antarctic petrolic-hydrocarbon degrading bacteria 

385 strains of Antarctic psychrophile bacteria were cultured in the MMC liquid substrate which used 

diesel oil for the only carbon source. And two strains of eugonic petrolic-hydrocarbon degrading bacteria 

were screened, and numbered NJ276 and NJ341 respectively. 

2.2  Mensuration of diesel oil-degradation capability 

The results of the oil degradation rate of 2 strains of Antarctic psychrophile bacteria are shown in  

Fig. 1. The test results showed both strains had good performances of removing diesel. Culture 

temperature is the biggest influencing factors for degradation ability. The degradation rate rises from 5 °C 

to 15 °C. The degradation rates of NJ276 and NJ341 cultured at 5 °C in 20 days are 23.47 % and 32.15 %, 
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and cultured at 15 °C for 20 days are 43.95 % and 62.47 %. 
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Fig. 1  Effect of temperature on the oil degradation rate of 2 Antarctic psychrophile bacteria 

 

2.3  Growth curve of petrolic-hydrocarbon bacteria 

Both strains NJ276 and NJ341 can grow well from 0 °C to 20 °C, and can’t survive at 25 °C. The 

optimum grow-temperature of them is 15 °C. Morita identified the psychrophile and psychrotrophic, based 

on their different upper limits of grow-temperature 
[8]

. Psychrophile bacteria could grow when the 

temperature is below 0 °C, and couldn’t grow when temperature is above 20 °C, and the optimum 

grow-temperature is below 15 °C. Psychrophilic could grow when the temperature is 0 °C, and the 

optimum grow-temperature is between 20 °C - 30 °C. The strains NJ276 and NJ341 are belonged to 

psychrophile bacteria on the basis of definiens. The growth curves of strains NJ276 and NJ341 are shown 

in Fig. 2. NJ276 and NJ341 reached exponential growth period and steady period after 3 days incubated 

in 2216E substrate, and started decline after 6 days. NJ276 and NJ341 grow relatively slow in MMC 

substrate, which use diesel oil as the only carbon source. NJ276 and NJ341 reached exponential growth 

period and steady period after 4 days and started decline after 7 days. Both these two strains have 

thickness in MMC substrate which use diesel oil as the only carbon source, so they could use diesel oil as 

the carbon source. 
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Fig.2  Effect of culture medium on the growth of 2 Antarctic psychrophilic bacteria 
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2.4  GC-MS Analysis of residual oil  

Residual oil of the MMC substrates was analyzed by GC-MS. The results showed that the MMC 

without bacteria included 18 kinds of alkanes from C9 to C26 (Fig. 3). Seven kinds of alkanes from C15 to 

C21 were detected in the residual oil components degraded by NJ276, and the kinds and contents of 

alkanes decreased significantly (Fig. 4). This has great relationship with the degradation ability of NJ276, 

and the high additive diesel oil could not be degraded in short time. But only 3 kinds of alkane C16, C17 and 

C18 were detected in the residual oil components degraded by NJ341 (Fig. 5). This shows NJ341 has very 

strong diesel oil degradation capability. 

 

 

Fig.3  GC-MS of residual oil of the blank 

 

 

Fig.4  GC-MS of residual oil after degradation by Antarctic psychrophile bacteria NJ276 

 

 

Fig.5  GC-MS of residual oil after degradation by Antarctic psychrophile bacteria NJ341 

 

2.5  16S rDNA gene sequence and phylogenetic analysis of two strains 

In order to contrast these two strains’16S rDNA sequence comparability, Clustalw software was used 

to translate those sequences to a format that PHYLIP could identify. The genetic distances of these 
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sequences were calculated by megAlian application from DNAstar software, and they were translated into 

the similarity. The similarity is 98.1% between strain NJ276 sequence and Pseudoalteromonas 

agarivorans sequence. Generally speaking, homology of 16S rDNA sequences below 97 % is considered 

belong to different species, and homology below 93 % - 95 % can be considered as different genus. So, 

strain NJ276 belongs to the genus Pseudoalteromonas. The sequence similarity between strain NJ341 

and Colwellia piezophila was 94.8 %, and the strain NJ341 belonged to the genus Colwellia on the basis 

of 16S rDNA gene sequence analysis. Phylogenetic analyses based on 1 6S rRNA gene sequence 

information are shown in Fig. 6. Two strains belonged to the γ-proteobacteria subclass which was one of 

the greatest group proteobacteria. The strain NJ276 should belong to Alteromonadales ， 

Aheromonadaceae ， Pseudoalteromonas. The strain NJ341 should belong to Alteromonadales, 

Alteromonadaceae, colwellia. Both of two strains were typical psychrophile bacteria. Previous result 

indicated that the dominant sea ice bacteria1 groups represented are from the gamma subdivision of the 

Proteobacteria and the flavobacteria，and that Colwellia was described among the psychrophiles, and was 

found the predominant groups in clean ice including 29 % Pseudoalteromonas 
[9]

. 

 

 

Fig. 6 Phylogenetic tree showing the relationships of strains of Antarctic hydrocarbon degradation 

bacterium producing protease with the sequences of relating genera constructed by the neighbour-joining 

method and based on 16S rDNA gene sequences, bootstrap values（above 50 %）are shown at the branch 

points. Submission number of the relating genera is available as supplementary data in IJSEM Online 

  

3   Discussion 

 

Oil pollution occurred more and more frequently and gave great harm to the sustainable 

development of the sea. With oil import increasing and development of the sea transportation year by year, 

the pollution to Chinese Coastal waters is becoming serious. Microbial degradation of petroleum 
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contaminants is considered to be the major decomposition process for decomposing petroleum 

contaminants in seawater. Many studies about marine hydrocarbon degradation bacteria were carried out 

in China, but most of them were mesophilic microorganism. There is no report on psychrophilic marine 

microorganism for petroleum hydrocarbon degradation in China. Low temperature is the key factor 

affecting biodegradation of petroleum in seawater of north China in winter. The seawater temperature is  

0 °C - 4 °C from Dalian to Qingdao in winter. And mesophilic microorganisms stop growing and degrading 

petroleum. Therefore, the petroleum contamination in the offing of north China is serious in winter. But 

Antarctic psychrophile microorganism can degrade petroleum effectively at low temperature, which can be 

used to clear away petroleum contaminants in cold seawater. 

Biodegradation of petroleum hydrocarbon at low temperature is attracting attached more and more 

attention all over the world. There are various microorganisms in the ice, snow, water, soil and rock in 

Antarctica. Psychrophile bacteria can grow at the temperature about 0 °C and can not grow above 20 °C. 

Their favorite temperature is below 15 °C 
[8]

. Some microorganisms for degrading hydrocarbon have been 

screened in many countries and their latency characteristics for biodegradation of hydrocarbon have been 

studied 
[4, 5]

. Petroleum hydrocarbon degrading bacteria NJ276 and NJ341 were screened from 385 

strains Antarctic psychrophile bacteria, and their degrading characteristics were preliminarily studied, and 

their genus were identified by 16S rDNA in our study, which enriches the resource of Antarctic 

microorganism in China and offers a good method for bioremediation of petroleum contamination in cold 

environment. The mechanism that Antarctic psychrophile bacteria degrades petroleum hydrocarbon 

needs more research combined with the environmental factors in the offing of north China in winter. These 

studies have important application prospect, and will provide new technology to clear away petroleum 

contaminants in the offing of north China in spring and in winter, and have a great significance in 

bioremediation of petroleum contamination in cold environment. 
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南极石油烃降解嗜冷菌的筛选及其降解特性的研究 
 

郑  洲 1,2，金 青 3，缪锦来 1,2，刘芳明 1,2 

（1．国家海洋局第一海洋研究所，山东 青岛 266061；2. 海洋生物活性物质国家海洋局重点实验室，山东 青岛 266061； 

3．青岛科技大学，山东 青岛 266042） 

 

摘 要：从 385 株南极海洋细菌中筛选出 2 株石油烃降解菌，并对其降解特性进行了初步研究。以柴油为唯一碳

源进行降解实验的结果表明，南极嗜冷菌 NJ276 和 NJ341 在 5 °C、20 d 内对柴油的降解率分别达到 23.47 % 

和32.15 %，在 15 °C、20 d 内降解率分别达到 43.95 % 和 62.47 %，其降解能力随着培养温度的升高而显著

增强；石油烃降解残油组分的GC ～ MS分析表明，柴油经过 NJ276 降解后的残油组分中能检测到 C15 ～ C21 七

种烷烃，柴油经过 NJ341 降解后的残油组分只能检测到少量 C16，C17 和 C18 三种烷烃。对它们进行 16S rDNA 

基因序列的同源性和系统发育分析表明，菌株 NJ276 属于假交替单胞菌属( Pseudoalteromonas)，NJ341 属于

科尔韦尔氏属(Colwellia)。 

   

关键词：南极嗜冷菌；石油烃；生物降解 

 
 

 

 

 

 

 

 

 

 

 


