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Isolation of Heterocyclic Hydrocarbon from Mangrove Environment 

Nur Syahirah Binti Othman 

Resource Biotechnology Programme 

Faculty of Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 


Heterocyclic hydrocarbon contamination is a serious issue occurring throughout the world. To-date, only a few 
studies have been conducted on the heterocyclic hydrocarbon-degrading bacteria from mangrove environment. 
The soil sample was taken from mangrove environment at Asajaya, Sarawak. In this research, Dibenzofurans 
(DBF)-degrading bacteria, SI, Dibenzothiophene (DBT)-degrading bacteria, S2, and Fluorene-degrading 
bacteria, S3, was detected and isolated from the mangrove soil sample. ONR7a media and marine broth and agar 
were used for culture emichment, microorganism screening and isolation of the microbes. Polymerase Chain 
Reaction (PCR) was used for the detection of the hydrocarbon-degrading bacteria at molecular level. 
Physiological and biochemical tests were also performed for detection and characterization of the bacteria. All 
the bacteria were Gram positive bacteria, positive catalase test, negative oxidase test and negative production of 
indole. SI bacteria were motile and able to reduce sulphur into hydrogen sulphide whereas S2 and S3 bacteria 
were non-motile and not able to reduce SUlphur into hydrogen sulphide. 

Key Terms: Heterocyclic hydrocarbon-degrading bacteria; Dibenzofurans (DB F)-degrading bacteria; 
Dibenzothiophene (DBT)-degrading bacteria; Fluorene-degrading bacteria. 

ABSTRAK 

Pencemaran hidrokarbon heterocyclic adalah isu yang serius yang ber/aku di selunlh dunia. Sehingga kini, 
hanya beberapa kajian telah dijalankan ke atas bakteria yang boleh mengurangkan hidrokarbon heterocyclic 
daripada persekitaran bakau. Sampel tanah telah diambil dari persekitaran bakau di Asajaya. Sarawak. Dalam 
kajian ini. bakteria yang mngurangkan DibenzoJurans (DBF). Sl. bakteria yang mngurangkan Dibenzothiophene 
(DBT) ,Sl. dan bakteria yang mengurangkan Fluorene. S3. telah dikesan dan diasingkan daripada sampel tanah 
bakall. ONR7a media dan marin broth dan agar digunakan untuk memperkayakan kultur. pemeriksaan 
mikroorganisma dan pengasingan mikrob. Polymerase Chain Reaction (PCR) digunakan untllk mengesan 
bakteria yang mengurangkan hidrokarbon pada peringkat moleklli. Ujian fisiologi dan biokimia juga dilakukan 
untuk mengesan dan mencirikan bakteria. Semua bakteria adalah bakteria Gram positif, positif ujian catalase. 
negative ujian oxidase dan negatif dalam penghasilan indole. Sl Bakteria boleh bergerak dan boleh menukarkan 
slllfur kepada hidrogen sulfide manakala S2 dan S3 bakteria tidak boleh bergerak dan tidak boleh menukarkan 
sulfur kepada hidrogen sulfide. 

Kata Kunci: Bakteria yang mengurangkan hidrokarbon heterocyclic; Bakteria yang mengllrangkan 
DibenzoJurans (DBF); Bakteria yang mengllrangkan Dibenzothiophene (DBT); Bakteria yang 
mengurangkan Fluorene. 
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CHAPTER 1 


INTRODUCTION 


1.1 Introduction 

Soil, sea and rivers are always contaminated by aromatic compounds. These contaminations 

are resulted from either human activities such as industrial processes or from natural events 

such as volcanic eruptions and forest fIres. Aromatic compounds like polycyclic hydrocarbons 

and heterocyclic carbons consist of at least 2 or more carbon rings. They are either saturated or 

unsaturated. 

Pollutants usually consist of these compounds are hazardous due to their toxicity, 

carcinogenic and mutagenic properties. According to Pasternak et al., 2012, heterocyclic 

compounds could remain in environment as hazardous and resistant pollutants. They are not 

only harmful to the environment but also to human who consumed foods that have been 

contaminated by these compounds. For example, indole is not only highly toxic to the aquatic 

organisms but also can cause irritation and damage to the skin (Pasternak et aI., 2012). 

However, there are some bacteria and fungi which have unique ability to degrade the 

aromatic compounds and thus neutralizing the hazardous pollutants that reside in the 

environment. Scientists make used of these bacteria and fungi to overcome the pollution 

problems. The usage of bacteria to degrade these compounds is known as bioremediation. 

Bioremediation rely on the ability of microorganisms present naturally which are highly 

efficient due to their simplicity and cost-effectiveness when compared to other technologies 

(Jyothi et aI., 2012). Thus, studies and researches about these bacteria have been carried out to 

have better understanding about the bacteria. For examples are studies about carbazole
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degrading bacteria and polycyclic aromatic hydrocarbon (P AH)-degrading bacteria. These 

bacteria have the ability to degrade carbazole and polycyclic hydrocarbon in the pollutants. 

Environmental pollution by heterocyclic hydrocarbon is a serious problem. A research 

for detection of hydrocarbon and a search for new hydIocarbon-degrading bacteria will be 

very useful for the research in bioremediation and thus will helps to restore the environment. 

Thus, this project focused on isolation of heterocyclic hydrocarbon degrading bacteria in 

mangrove environment. It is hope that it will give information and awareness to people about 

these hazardous compounds in the pollutant. 

1.2 Objectives 

Novel bacteria with high degradation activity will be isolated and useful for varIOUS 

bioremediation applications. The objectives of this project are: 

to isolate the hydrocarbon-degrading bacteria from the sample taken from mangrove 

environment. 

- to characterize hydrocarbon-degrading bacteria in the sample. 

2 



CHAPTER 2 


LITERATURE REVIEWS 


2.1 Polycyclic aromatic hydrocarbons (PAHs) 

Polycyclic aromatic hydrocarbons (P AHs) are compounds made up of two or more fused 

benzene rings. P AHs can be found in soil and sediment. These molecules are persistent 

pollutants due to their hydrophobicity and low water solubility (Bamforth et ai., 2005) and 

they are thermodynamically stable due to their large negative resonance energy. P AHs can be 

found in the environment and often associated with the burning of fossil fuels such as coal and 

diesel. P AHs are formed due to incomplete combustion of organic materials. 

According to Bamforth et ai., 2005, the persistence of P AHs compounds is due to 

few factors such as the chemical structure, concentration of the P AHs, bioavailability of the 

contaminant, soil type and structure, pH, temperature and presence of adequate levels of 

oxygen, nutrients and water for the pollutant-degrading microbial community activity. 

It is well known that P AHs can cause serious affects to human health. It is rapidly 

absorbed into the gastrointestinal tract when ingested. This is due to its high lipid solubility 

and thus resulted in a high potential for biomagnifications in the food chain (Bam forth et ai., 

2005). 

2.2 Bioremediation 

Heterocyclic carbon compounds such as carbazole and polycyclic aromatic hydrocarbons are 

hazardous and persistent pollutants which can cause harm not only to the nature but also to 

human. According to Bamforth et ai., 2005, bioremediation use the indigenous 

microbiological community of the contaminated environment to remove pollutants from the 
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natural environment by converting the pollutants to a less harmful product. The strategies in 

bioremediation are developed to promote the microbial metabolism of contaminants, by 

adjusting the water, air and nutrient supply using the biostimulation (the addition of a bulking 

agent such as wood chips and/or nutrients such as NIPIK) and bioaugmentation (often an 

inoculum of microorganisms with known pollutant transformation abilities) of the 

contaminated environment (Bamforth et al., 2005). Most of the hydrocarbons degrading 

bacteria were isolated from contaminated environments. 

2.3 Polycyclic aromatic hydrocarbons (PAHs)-degrading bacteria 

Many bacteria from different genus have been identified to be able to degrade P AHs 

compounds such as Cycloclasticus sp. According to Geiselbrecht et aI., 1998, members of the 

aromatic hydrocarbon-degrading genus Cycloclasticus appear to be widespread in Pacific 

nearshore coastal environments. For example, Cycloclasticus oligotrophus RB 1 has been 

isolated by the dilution culture technique from the water column in Resurrection Bay, Alaska 

(Button et al., 1993). 

In mangrove environment, most of the isolates belonged to the genera of 

Sphingomonas and Mycobacterium, and the other included Rhodococcus, Paracoccus and 

Pseudomonas (Guo et aI., 2010). According to Guo et aI., 2010, all the isolated 

Mycobacterium strains could completely degrade a mixture of polycyclic aromatic 

hydrocarbons (P AHs) while the Sphingomonadsdiffered in the extent to which mixed P AHs 

were degraded from 3% to 79%. 

The ability of (PAHs)-degrading bacteria to degrade these aromatic compounds can 

be used in bioremediation to overcome the pollution cause by these compounds. Thus, the 
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study to isolated and understand the degradation ability of (P AHs)-degrading bacterial strains 

have interested the researchers. 

2.4 Carbazole (CAR)-degrading bacteria 

Carbazole is a heteroaromatic compound containing two benzene ring fused with nitrogen-

containing ring. Pollutants which consists carbazole are persistent and can remain in the 

environment for a long time. Bioremediation is a good alternative in removing the carbazole 

compound from the polluted sites. 

According to Nagashima et al., 2009, CAR-degrading bacteria such as Pseudomonas 

resinovorans, Novosphingobium sp., lanthinobacterium sp., Pseudomonas stutzeri, 

Sphingomonas sp.,NocardioidesaromaticivoransandNeptuniibactersp. have been isolated and 

studied. Bacteria species such asPseudomonas resinovorans CA10 and Spingomonas sp. strain 

KA1 consist of CAR 1,9a-dioxygenase (CARDO) that can transforms not only CAR but also 

dioxin compounds and polycyclic aromatic hydrocarbons (Nojiri et al., 1999; Habe et al., 

2001; Inoue et al., 2006; Urata et aI., 2006). 

The bacteria ability to degrade can be used as a tool in bioremediation. Thus, many 

study and research have been carried out to either discover new types of carbazole-degrading 

bacteria or gained understanding of the bacteria properties to improve the degradation ability 

of the bacteria. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1. Sample collection 


Soil sample was collected from mangrove environment at Asajaya, Sarawak. The sample was 


collected on November 2012. The soil was collected from undisturbed sites and put into 


plastic bags. The sample was stored in the refrigerator after arrived at the laboratory. 


3.2. Preparation of ONR7a media 


The ONR7a media was prepared for the isolation of heterocyclic carbon degrading bacteria. 


Table 3.1 shows the solutions used for the media preparation. 


Table 3.1: Solutions needed for ONR7a media preparation 

Solutions Weight (g) 
NaCI 22.79 


Na2S04 3.98 


KCI 0.72 


KBr 0.083 


NaHC03 0.031 


0.027H3B03 

0.27NH4CI 

0.04715NazHP04 

1.30TAPSO 
11.18

MgCh.6HzO 
1.102 

CaCh.2HzO 
0.0024 

SrCh 
0.002 

FeCh.7H2O 
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All the solutions were added into aIL beaker and 1 L of distilled water was added into it and 

mixed well. Fifteen g of Bacto, Difco, agar was added for solid ONR7a media. The pH was 

adjusted at pH 7.8 by using NaOH. The media was autoclaved and cooled to about 50°C. 

ONR7a media containing Bacto agar (solid media) was stored in a refrigerator. 

3.3. Preparation of marine agar 

2.5 g of Bacto ,Difco, agar and 9.35 g of marine broth were added into 250 mL of distilled 

water and mixed well. The pH was adjusted at pH 7.8 by using NaOH. After the media was 

autoclaved and cooled to about 50°C, the media was poured into petri dish. The marine agar 

was stored in the refrigerator for further use. 

3.4. Substrates preparation 

Three different substrates were used in this experiment which are fluorine (FLN), 

dibenzothiophene (DBT), and dibenzofurans (DBF) as sole carbon sources and 0.1 g of each 

substrate was weighted and added into three different tubes. One ml of dimethylformamide 

was added into the substrates and mixed well. 

3.5. Culture enrichment and bacteria isolation in ONR7a liquid media 

During first culture enrichment, the soil sample was diluted using distilled water and three 

conical flasks were prepared containing 100 ml of ONR7a liquid media and three different 

substrates which are fluorene (FLN), dibenzothiophene (DBT), and dibenzofurans (DBF) as 

sole carbon sources. One ml of sample suspension was added into each of the ONR7a media. 

7 

.... 



Three controls containing the substrates without sample suspension are also prepared. The 

media were incubated at room temperature and put on rotary shaker at 155 rpm for two weeks 

to promote the growth of hydrocarbon degrading microorganism. 

Second culture enrichment was done after the ONR7a liquid media in flrst enrichment 

shown color changes. Three conical flasks were prepared containing 100 ml of ONR7a liquid 

media in each flask. Like in the flrst culture enrichment, different substrate (FLN, DBT and 

DBF) was added in each test tube. One ml of sample from flrst enrichment was added into 

each conical flask and incubated at room temperature and put on rotary shaker at 155 rpm for 

14 days until color changed was observed. 

3.6 Culture enrichment on marine agar 

After culture enrichment on ONR7a, the hydrocarbon degrading microorganism was allowed 

to be growth on marine agar. This procedure was carried out in the laminar flow hood and 

under sterile condition to avoid contamination from other microorganism. Sterile loop was dip 

into second culture enrichment and streak onto marine agar. The step was repeated for 

different culture enrichment. The petri dish then was sealed using parafilm and labeled 

properly. They were incubated at room temperature for two to three days. 

3.7 Inoculation of culture in marine broth 

The hydrocarbon degrading microorganism was then grown in the marine liquid media. Thirty 

ml of marine liquid media was prepared in three different test tubes. Half full loop of bacteria 
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grown on each of the marine agar was added into the marine liquid media and incubated at 

room temperature for three days. 

3.8 DNA extraction using Phenol-Chloroform Isoamyl alcohol method (PCI method) 


This procedure is the universal procedure with several modification made. Three ml of culture 


from marine broth was inserted into centrifuge tube and centrifuged for 2 minutes. The 


supernatant was discarded and 567 III of TE buffer was added into the tube and vortex it. 


Thirty III of 10% SDS and 100 III of 5 M Nacl was added into the tube and mixed well. The 


tube was incubated at 80·C for 5 minutes. Equivalent volume which was 697 J.tI of PCI was 


added. The solution was vortex for I minute and spin for 5 minutes. There was 2 phases were 


formed and only the bottom phase was transferred into a new centrifuge tube. CI was added 


into the new tube with equivalent volume of the solution transferred. The solution was vortex 


for 1 minute and spin for 5 minutes. Aqueous solution formed was then transferred into 


another centrifuge tube and the volume transferred was measured. Isopropanol was added with 


60% out of volume of the transferred solution. The solution was centrifuged for 5 minutes and 


all the supernatant was removed. One ml of ethanol was added to the pellet formed and 


inverted slowly. Then, the ethanol was removed and the tube with the pellet was left to dry for 


a few minutes. Thirty III of TE buffer was added into the tube and mixed well. The tube was 


then stored in a freezer (-20·C) for further used. 


3.9 Polymerase chain reaction (PCR) 


Bacteria DNA extracted from the PCI method was first subjected to PCR to amplify the DNA. 


In this study, universal primers were used which were 27f and 1492r. 


9 



Table 3.2: Primer sequence for PCR 

Primer Sequence (Eschericia coli numbering 

system) 

27f 5'-AGTTTGATCCTGGCTC-3' 

1492r 5' -GGCTACCTTGTTACGA-3' 

PCR amplification was performed in 25 JlI of a reaction mixture. The PCR mixture was 

listed in the Table 3.3. 

Table 3.3: PCR mixture 

Reagent Volume 

(/Jlltube) 

Template 2 

Forward primer (E.co/i) 

Reverse Primer (E.coli) 1 

Taq Polymerase enzyme 1 

dNTPs 4 

MgCh 4 

Taq Polymerase buffer 5 

Sterile distilled water 32 

Total volume 50 

PCR was performed using the cycling conditions as specified in following Table 3.4. 

10 



Table 3.4: The thermal cycling parameters for peR 

Steps Cycle Conditions 

Initial denaturation 30 seconds at 94°C 

Denaturation 30 30 seconds at 94°C, 

Annealing 30 30 seconds at 60°C, 

Extension 30 2 minutes at noc 
Final extension 5 minutes at noc 

The PCR products were then subjected to gel electrophoresis. 

3.10 Gel Electrophoresis 

For visualization of extracted DNA and PCR products, 5 ,.d of the suspensIon was 

electrophoresed on 1.0% agarose gel in 1 X T AE buffer at 100 V for 45 minutes. The gel was 

stained with 1 ,.d Ethidium bromide (EtBr) and viewed under ultraviolet (UV) light. 

3.11 Physiological and biochemical tests 

3.11.1 Gram staining 

The procedure was taken from Gephart et al.,1981 with few modifications. A loop full of 

distilled water was put onto a slide and bacteria sample was picked and emulsified with the 

distilled water. The slide was let air dried and fixed with flame. The slide was flooded with 

crystal violet for 1 minute and washed with run tap water for 5seconds. The slide was flooded 

with iodine for 1 minute. Then, alcohol was run down to the slide until the blue stain faded 
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off. Safranin was added onto the slide for 1 minute and washed with run tap water. The slide 

was let air dried and results were observed using a microscope. 

3.11.2 Sulphur Indole Motility (SIM) test 

Motility test was used to detennine the motility of the microorganism and the ability of the 

bacteria to reduce sulpur. The motility of isolated was detennined by examine the growth of 

the microorganism in the sulphide indole motility (SIM) medium. Single colony was picked 

and stab into the SIM medium and left for few days. A black color will formed in the medium 

if hydrogen sulphide was produced. 

3.11.3 Catalase test 

Bacteria was inoculated onto marine agar and incubated at room temperature overnight. Single 

colony was then picked and streaked onto a slide. Three drops of 3% hydrogen peroxide was 

added on top of the bacteria. The reaction was observed and immediate effervescence (bubble 

fonnation) was fonned for positive reaction. 

3.11.4 Oxidase test 

Oxidase test strip was used for this test. The oxidase test strip was moistened with sterile 

water. Then, the colony was picked using toothpick and scraped onto the strip. The color 

changed of the filter paper was observed after 15 to 30 seconds. 
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CHAPTER 4 

RESULTS 

4.1 Bacteria cultures on marine agar 

The bacteria were streaked onto a marine agar and left for 48 hours to allow the growth of the 

bacteria. Several restreaked were done to obtain pure culture. Figure 4.1 , Figure 4.2 and 

Figure 4.3 show the result of hydrocarbon-degrading bacteria cultures on marine agar. 

Bacteria cultures can be observed from the result obtained. 

Figure 4.1: DBF-degrading bacteria (S I) grown on marine agar. 

13 


