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Patsy Rani 
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ABSTRACT 

Carbazole is a significant environmental pollutant and represents a severe health threat. Many 
coastal areas that are contaminated by petroleum hydrocarbon are heavily impacted by 
carbazole. This study was conducted to isolate CAR-degrading bacteria from marine 
environment. Seawater samples were collected from Miri, Sarawak and the presence of 
marine CAR-degrading bacteria was confirmed through enrichment culture of the seawater 
sample. Isolate PI was characterized using phenotypic and molecular techniques. The blast 
result suggested that PI is a Thalassospira profimdimaris with 97% identity similarity. T. 
profundimaris is not an established marine CAR-degrader. However, T. profundimaris and 
their close relatives were frequently detected in petrol-oil-degrading consortia which indicate 
they may play some role in carbazole degradation. 

Keyword : I6S rRNA, carbazole, marine CAR-degrading bacteria, manne environment, 
molecular characterization. 

ABSTRAK 

Karbazol merupakan satu agen peneemar alam sekitar dan memberikan impak serius 
terhadap kesihatan. Kebanyakan kawasan marin yang tereemar dengan hidrokarbon 
petroleum mempunyai kandungan karbazol yang tinggi. Tujuan kajian ini dilakukan adalah 
untuk meneari bakteria pengurai karbazol dari marin. Sampel air laut telah diambil dari 
Miri, Sarawak dan kehadiran bakteria pengurai karbazol telah disahkan melalui 
pengkulturan sampel air laut berkenaan. Identiti bagi isolat P 1 telah dikenal pasti melalui 
kajian fenotipik dan kajian molekular. Keputusan blast telah meneadangkan isolat P 1 
sebagai Thalassospira pro(undimaris dengan 97% persamaan identiti. T. pro(undimaris 
bukan merupakan bakteria pengurai karbazol dari marin yang asas. Walaubagaimanapun, T. 
pro(undimaris dan spesis terdekatnya sering dijumpai di kawasan perindustrian yang 
mempraktikkan penguraian minyak petrol. Ini menandakan bahawa T. pro(undimaris 
mempunyai peranan dalam penguraian karbazol. 

Kata kunci: 16S rRNA, karbazol, bakteria marin pengurai karbazol dari marin, persekitaran 
marin, kajian molekular. 



1.0 Introduction 

The global pollution of water bodies, mainly the seas and the oceans by hazardous organic 

compounds have been gaining attention in the field of environmental remediation. Organic 

contamination results from uncontrolled releases from manufacturing and refining 

installations, spillages during transportation, direct discharges from effluent treatment plants 

and run-off from terrestrial sources. It has been estimated that between 1.7 - 8.8 x 106 tons of 

petroleum hydrocarbons impact marine waters and estuaries annually (Head & Swanell, 

1999). Carbazole (CAR) is one example of organic contaminant present in greatest 

abundance in many petroleum fractions (Kilbane et al., 2002). According to Trinh (2008), 

several thousand tons of carbazole from crude anthracene fractions of coal tar and crude oil 

are produced each year. 

The contamination of carbazole caused by industrial activities has captured the public 

attention as it possesses risks for both human health and the environment (Wang et al., 2007). 

The most concerned issues regarding carbazole is its toxicity (O'Brien et al., 2002) and 

mutagenic (Jha & Barti, 2002) property. Besides, Benedik et al. (1998) claimed that this 

substance can readily undergo radical chemistry to generate the more lethal 

hydroxynitrocarbazoles. Therefore, effective treatment has to be established to clean up 

carbazole to protect the marine environment. . 

Since last three decades, many reports on the ability of bacteria to utilize 

hydrocarbons as source of carbon and energy to degrade crude oil have been appearing 

(Horowitz et al., 1975). In addition, previous studies by Habe et al., (2001b) and Wid ada et 

al., (2002) have reported CAR-degrading bacteria have the ability to breakdown carbazole 

and various other contaminants in vivo. Due to this, bioremediation is being increasingly seen 

as an effective, environmentally benign treatment for contaminated marine as a result of 
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organic contamination. By introducing specific microorganisms to a site, they can help to 

transform hazardous contaminants to a less harmful form. Besides, capital and operational 

costs for biological treatment is way cheaper compared to those mechanical and chemical 

remediation methods (Schultz, 2005). 

Most CAR-degrading bacteria that have been isolated previously are mainly from 

onshore and freshwater sites such as soils, river water and activated sludge, and thus are not 

useful for bioremediation in marine environments (Maeda et ai., 2009). A search for isolates 

from marine environments using molecular techniques is therefore essential for organic 

compounds bioremediation in marine environment. In this study, two techniques were used to 

effectively isolate marine CAR-degrader. First, bacterial concentration in seawater sample 

was concentrated by filtration. Second, an artificial seawater media ONR7a supplemented 

with carbazole was used to isolate marine diagnostic strain. 

The objectives of this project are: 

1. 	 To isolate marine bacteria capable ofdegrading carbazole. 

2. 	 To examine the physico-chemical properties of isolate through morphological and 

biochemical characterization. 

3. 	 To identify isolate by comparison of its 16S rRNA gene with the available 16S rRNA 

gene sequences deposited in the NCB! GenBank. 
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2.0 Literature Review 

2.1 Bioremediation 

Bioremediation is a technology that applied biological treatment, mainly by using living 

microorganisms, for the recovery and cleaning up of hazardous contaminants in soil, 

sediment and water surface or subsurface. These microorganisms can be used to transform 

hazardous contaminants to a less harmful form. Bioremediation may involve biostimulation 

and bioaugmentation. Biostimulation involves the modification of the environment to 

stimulate existing bacteria capable of bioremediation. An example of a more general 

approach is the cleanup of oil spills by the addition of nitrate and/or sulfate fertilizers to 

facilitate the decomposition of crude oil by indigenous bacteria. Bioaugmentation is the 

introduction of a group ofnatural microbial strains or a genetically engineered variant to treat 

an area that has been contaminated with an unwanted substance. Biostimulation can be 

enhanced by bioaugmentation. This process, overall, is referred to as bioremediation for 

reversing the presence ofoil or gas spills. 

Bioremediation is attractive because of several advantages that its application has 

over conventional technology. Bioremediation technique is typically more economical than 

traditional method (Schultz, 2005). Additionally, by using in situ bioremediation, the risk of 

exposure to cleanup personnel is greatly reduced. In bioremediation technology, 

microorganisms use these wastes as food for their growth and eventually tum them into 

water, carbon dioxide and bacterial biomass which are rich in protein. Wastes can be 

converted into natural food for fish and invertebrates (Ad nan, 2010). 

4 



Pusal Khidmst Maklum t A"'~I:i .. . :k 
",I. E~& fl MALAYSIA ARA 'AK 

2.2 Carbazole 

Carbazole (CI2H9N) is a group of organic heterocyclic compounds containing nitrogen atom 

in dibenzopyrrole system. It has a tricyclic structure, consisting of two six-membered 

benzene ring fused on either side of a five-membered nitrogen-containing ring. Carbazole is 

also known as 9-azafluorene. The molecular structure of carbazole is shown in Figure 1. 

Figure 1: Molecular structure of carbazole (C'2H9N). 

Carbazole is the basic substance of fluorescent properties. Due to extended pi-electron 

bond, carbazole is used in luminescence chemistry as a photosensitizing and additional 

charge transport material. Other than that, carbazole is also used widely in the synthesis of 

dyes, pharmaceuticals, pigments and plastics. Carbazole is produced during coal gasification 

and even in cigarette smoke. Production of coal tar occurs at high temperature and contains 

an average of 1.5% carbazole (Trinh, 2008). Wang et al. (2007) claimed that carbazole is an 

environmental contaminant suspected of posing human health risks. 

2.3 Carbazole-degrading Bacteria 

CA -degrading bacteria are microorganisms that capable of utilizing carbazole as a sole 

source of carbon, nitrogen and energy. As reported previously, CAR-degrading bacteria have 
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the ability to degrade carbazole to 2' -aminobiphenyl-2,3-diol via angular dioxygenation 

catalyzed by 1,9a-dioxygenase (CARDO), which also able to transform dioxin compounds 

and PAHs (Nojiri et al., 1999; Habe et al., 2001a; Inoue et al., 2006 & Urata et aI., 2006). 

Due to its significant characteristic, CAR-degrading bacteria are being studied by many in 

order to establish effective methods for the cleanup of carbazole and its derivatives in the 

environment. Two examples of reported CAR-degraders are Pseudomonas resinovorans 

CAI0 and Nocardioides aromaticivorans IC177. 

Pseudomonas resinovorans is a gram-negative CAR-degrading soil bacterium that is 

commonly found in the lubricating oils of wood mills (Delaporte et al., 1961). Members of 

the genus Pseudomonas often displays to be rod-shaped, have single or multiple polar flagella 

for motility, and are aerobic and non-spore forming microorganisms (Krieg & Noel, 1984). 

According to Anzai et al. (2000), Pseudomonas resinovorans has been positioned in the 

Psedomonas aeruginosa group based on the i6S rRNA analysis. 

Nocardioides aromaticivorans IC177 is a gram-positive CAR-degrader belongs to the 

Actinomycetales (Inoue et al., 2006). Nocaidioides species has proven of having the ability to 

degrade diverse of aromatic compounds, including 2,4,6-trinitrophenol, 2,4,5

trichlorophenoxyacetic acid, p-nitrophenol, phenanthrene and dibenzofuran (Cho et al., 1998; 

Futamata et al., 2004; Golovleva et aI., 1990; Iwabuchi et al., 1998; Kubota et al., 2005 &. 
Rajan et al., 1996). 

2.4 Carbazole Degradation Pathway and Mechanism 

According to studies done by Ouchiyama et al. (1993), CAR-degrading bacteria are able to 

transform carbazole to 2-aminobenzoate (or anthranilic acid) and 2-hydroxipenta-2,4

dienoate via angular dioxygenation, meta-cleavage and hydrolysis pathways. The initial 
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pathway in carbazole degradation is the dioxygenation at the angular position flanking to the 

nitrogen atom to give the 2'-aminobiphenyl-2,3-diol. Transformation of carbazole to 2' 

aminobiphenyl-2,3-diol is catalyzed by CARDO, which is encoded by the carAa, carAc and 

carAd genes. The second pathway enzyme, 2'aminobiphenyl-2,3-diol 1,2-dioxygenase 

(CarB) encoded by both carBa and carBb genes, is an extradiol dioxygenase that attacks the 

hydroxylated ring of the compound 2'-aminobiphenyl-2,3-diol at the meta position to 

produce 2-hydroxy-6-oxo-6-(2' -aminophenyl)-hexa-2E,4Z-dienoate (Larentis et al., 2005). 

Hydrolysis of the meta-cleavage compound yields anthranilic acid and 2-hydroxipenta-2,4

dienoate. The 2-hydroxipenta-2,4-dienoate is spontaneously converted to 2-oxopentenoate. 

Both anthranilate and 2-oxopentenoate will eventually undergo anthranilate degradation and 

2-oxopentenoate degradation, respectively to generate pyruvate and acetaldehyde, which is 

then converted to acetyl-CoA. Acetyl-CoA can be used as substrate in Krebs cycle by most 

microorganisms. The pathway and mechanism for carbazole degradation has been simplified 

in Appendix A. 

2.5 The 16S rRNA Gene 

The need for an accurate and precise method for microbial identification is a priority in any 

research laboratory. Confirming the identity of a microorganism in a research laboratory is 

one ofthe reasons to perform 16S rRNA analysis. 16S rRNA is a component of the subunit of . 

prokaryotic ribosomes. It is encoded by the 16S rDNA gene located at the 5' terminus of an 

rrn operon and is followed by the larger 23S rDNA and the small 5S rDNA. These genes are 

separated by spacers that may contain genes for transfer RNA. During translation, the pre

rRNA is fo lded under the influence of ribosomal proteins into tertiary and quaternary 

structures, and these become the basis for the maturation process. The 5' and 3' flanking 

region of the rRNA genes are digested by specific enzymes during maturation, and the 
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resulting RNA and ribosoma1 proteins are assembled to form the two ribosomal subunits 

which then forms one ribosome. The two ribosomal subunits consist of the small 30S 

ribosomal subunit containing the 16S rRN A and 21 proteins, and the larger 50S subunit 

containing the 23S rRNA and 32 proteins (Stackebrandt, 2001). 

The 16S rRNA has some unique features that enable it to be used for the identification 

of unknown bacteria. The gene itself is universally present among all cellular life forms and 

the relatively small size of about 1540 nucleotides makes it an easy target to analyse. The 

primary structure of the gene comprises an alternating sequence of invariant regions from the 

conserved to the highly variable region. Ideally, the sequence in the variable region should 

allow for the identification or relatedness of bacteria. As the function of ribosomes has not 

changed for about 3.8 billion years i.e. the rate of change is constant over long periods and 

among diverse organisms, inferences of evolutionary distance relatedness can be made 

(ReIman, 1998; Stackebrandt, 2001). 

The 16S rRNA gene sequence can be retrieved using a primer that targets a specific 

gene sequence which captures a base sequence sample (Matzinger, 2004). The data can then 

be compared to the same base sequence database in such genetic libraries as 

DDBJ/EMBLIGenBank. This comparison results in a "percentile difference" from the library 

database and identifies the specific base positions that are different. . 


2.6 Polymerase Chain Reaction 

Polymerase chain reaction (PCR) was developed by Kary Mullis in the mid-1900s and it is a 

powerful technique to amplify segments of DNA. It is similar to cloning DNA using vector 

but PC'R is more sensitive and quicker than cloning (Russell, 2006). PCR starts from a pair of 

oligonucleotide primers that are designed so that a forward primer can direct the synthesis of 
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DNA towards a reverse primer and vice versa. During PCR, Taq DNA polymerase catalyzes 

the synthesis ofa new DNA strand that is complementary to a template DNA from the 5' to 3' 

direction by primer extension reaction, resulting in the production of the DNA region flanked 

by the two primers (Wu et ai., 1997). PCR has many applications including amplifying DN A 

for cloning or sub-cloning, amplifying DNA from genomic DNA preparation for sequencing 

without cloning, mapping DNA segments, diagnosis of diseases, sex determination of 

embryos, studies of forensics and molecular evolution (Russell, 2006). 
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3.0 Materials and Methods 

3.1 Sampling 

Marine water samples were brought to the laboratory for the isolation of marine CAR

degrading bacteria that was present in the sample. Seawater samples were collected at Miri, 

Sarawak. 

3.2 Enrichment and Isolation of Bacteria 

3.2.1 First and Second Stage Enrichments 

Initially, marine bacteria were collected from the seawater sample through filtration. 

About 20L of seawater sample was filtered. Collected marine bacteria were then 

suspended in 10ml of filtered seawater. First enrichment of bacteria was done by 

inoculating 1 ml of the suspended bacteria into 100ml of artificial seawater media 

ONR7a supplemented with 0.1 % (w/v) carbazole as the sole source of carbon, 

nitrogen and energy. The sample was incubated with agitation for four weeks at room 

temperature until degradation can be confirmed through coloration of media. After 

four weeks of incubation, second stage enrichment was carried out by transferring 

1ml of bacteria sample from the first stage enrichment into another 100ml ofthe same 

media supplemented with 0.1 % (w/v) carbazole. The sample was subjected to 

incubation for another tour weeks. 

Basic components of ONR7a (giL) were NaCI, 22.79; Na2S04, 3.98; KCI, 

0.72' NaBr, 0.083; NaHC03, 0.031; H3B03, 0.027; NH4CI, 0.27; Na2HP04, 0.04715; 

MgCb.6H20, 11.18; CaCh, 1.102; SrCh.6H20, 0.0024 and FeS04.7H20, 0.002. 
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3.2.2 Isolation of Marine CAR-degrading Bacteria 

At the end of the incubation period, bacterial culture from the second stage 

enrichment was inoculated onto ONR7a agar supplemented with carbazole. Besides 

ONR7a, the culture has been inoculated onto Marine agar (Difco, USA) without 

supply of carbazole in order to distinguish the growth of bacteria between different 

media. Both samples were done in duplicate and incubated for several days at room 

temperature. Subculture of bacteria on ONR7a was carried out by using the same 

media in order to isolate the suspected marine CAR-degrader completely. Within the 

duration ofsubculture, growing bacteria colonies was observed. 

3.3 Working Culture and Maintenance of Bacteria 

3.3.1 Stock Culture 

The suspected strain was inoculated in a bijou bottle containing Marine agar s]ant and 

incubated for overnight at room temperature before stored at 4DC. Subculture of 

bacteria was carried out for every two months interval. 

3.3.2 Glycerol Stock 

The suspected marine CAR-degrader was inoculated into screwed cap tube consisting 

5ml of Marine broth and incubated for overnight at room temperature. O.5ml of 5% 

filter-sterilized glycerol and 1ml of the overnight culture were deposited into a 

micro centrifuge tube and stored at -2oDe. Preparation of glycerol stocks was done due 

to its ability to be stored in a longer period. 
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3.3.3 Working Culture 

Prior to each subsequent analysis, working culture was prepared by inoculating 

bacteria from stock culture onto either Marine agar or Marine broth and incubated at 

room temperature for overnight. The choice of media (either solid or liquid) relied on 

the requirement ofthe following experiment. 

3.4 Morphological Tests 

3.4.1 Morphological Examination 

The colour and growth pattern of bacteria on ONR7a agar were examined. 

Morphological examination is the basis of most examination and preliminary 

identification of bacteria. 

3.4.2 Gram Staining 

A single bacterial colony from overnight culture was obtained usmg a sterile 

inoculating loop and mixed with two drops of distilled water to form a smear on a 

microscope slide. The smear on the glass slide was covered with few drops of primary 

stain, crystal violet. After a minute of exposure to the staining solution, the slide was 

washed with distilled water. Next, ,the smear was treated with few drops of gram's 

iodine and allowed to act for a minute. The slide was washed again with distilled 

water and then decolorized with 70% ethanol. After the smear decolorized, the slide 

was washed with distilled water without any delay. The smear was finally treated with 

few drops of safranin for 1 minute before rinsing with distilled water. Excess water 

was removed by blotting paper, dried in air and heated fix before examined under 

light microscope. 

12 




Biochemical Tests -

biochemical tests were carried out also for the preliminary identification of the 

susoec:tea isolate. These tests include methyl red test, voges-proskauer test, hydrogen sulfide 

motility test, catalase test, oxidase test and citrate test. 

3.5.1 Methyl Red Test 

A single bacteria colony was inoculated into 5ml of MR-VP broth (Oxoid, England) 

and incubated at room temperature tor two days. After the incubation, 3 drops of 

methyl red dropped into the MR-VP culture. Red colour change indicates a positive 

reaction, while yellow colour indicates a negative reaction. 

3.5.2 Voges-proskauer Test 

Half of the culture from MR-VP broth was transferred into a sterile bijou bottle before 

the methyl red test was conducted. 9 drops of Baritt's A following 3 drops of Bariu's 

B were added into the culture. Development of a deep rose colour within 20 minutes 

indicates a positive reaction. Contrarily, the absence of rose colour indicates a 

negative reaction. 

3.5.3 Hydrogen Sulfide Test 

A single bacteria colony was taken by using a stabbing needle and stabbed into the 

SIM agar (Oxoid, England). The culture was incubated at room temperature for 

overnight. The production of hydrogen sulfide can be determined by observing the 

formation of black colour within the agar, whereas no formation of blackish in the 

a indicates a negative reaction. 
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3.5.4 Motility Test 

The growth pattern of bacteria in the SIM agar was examined. A negative reaction is 

observed when bacteria can only grow along the stabbed line, whereas positive 

reaction is observed when bacteria are capable of spreading from the stabbed region 

into the bottom ofthe agar. 

3.5.5 Catalase Test 

A single bacteria colony was inoculated onto Marine agar and incubated at room 

temperature for overnight. After the incubation, 3 drops of hydrogen peroxide were 

added directly onto the colonies. Immediate development of bubble indicates a 

positive reaction. Contrarily, the absence of bubble indicates a negative reaction. 

3.5.6 Oxidase Test 

A piece of Whatman paper was placed on a petri dish. The paper was moistened with 

2 drops of oxidase reagent namely N,N,N,N-tetramethyl-p-phenylenediamine. A 

single bacterial colony was touched with a wooden toothpick and smeared onto the 

Whatrnan paper. Change to purple colour within a few seconds indicates a positive 

reaction, while negative reaction is observed when oxidase reagent remains 

colourless. 

3.5.7 Citrate Test 

A single bacterial colony was inoculated onto Simmons citrate agar (Oxoid, England) 

and incubated at room temperature for overnight. Colour change of the Simmons 

citrate to blue indicates a positive reaction, whereas negative reaction is obtained 

when the agar remains green. 
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