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ABSTRACT 

Carbazole is a significant environmental pollutant and not a biodegradable compound that has impact 
environment and human health. This project was conducted to examine the ability of marine CAR -degrading 
bacteria from marine environment in the carbazole degradation rate analysis. The isolated strains M02 of 
Thalassospira projimdimaris was obtained from previous undergraduate student. M02 was enriched with 
ONR7a liquid media before proceed to other processes. The isolated strain was cultured with [0.1 %] of 
carbazole in 14 days and the sample was taken on every two days from day two to the day 14. Degradation of 
the compound. was quantified by using Gas Chromatography-Mass Spectroscopy (GC-MS) method after the 
extraction with combination of Dichloromethane and Ethyl acetate chemical substances. CFU numbers 
increase as the concentration of the substrate increase from 0.1 % to 0.7%. Biphenyl shown positive of 
growth in different substrate test compared to fluorene, dibenzofuran and dibcnzothiophene. 

Keyword: carbazole, marine CAR-degrading bacteria, degradation rate analysis, GC-MS method, 
dichloromethanc. 

ABSTRAK 

Karbazol menlpakan satu agen pencemar alam sekitar dan merupakan bahan kimia yang memberi impak 
kepada persekilaran serta kesihatan manusia kerana tidak melllpunyai keupayaan Un/uk mengurai secara 
sendirinya. Projek ini dijalankan untllk mengetahui keupayaan bakteria pengllrai karbazol di dalam analisa 
kadar penguraian karbazol yang diambil dari lallt masin. Strain Thalassospira proJundimaris M02 ini 
diambil dari Projek Tahun Akhir pelajar sebelumnya. M02 telah dikayakan dengan menggllnakan cecair 
media ONR7a sebelum ditentskan dengan proses yang lain. Strain yang ~Tah melalui proses pengasingan 
dikultur dengan [0.1 %Jkandungan karbazol dalam 14 hari dan sampeltelah diambil setiap dlla hari berm lila 
dari hari ke-2 sehingga hari ke-14. Kadar pengllraian karbazole ditentukan" dengan menggunakan kaedah 
GC-MS selepas proses pengekstrakan dengan gabungan bahan kimia dichloromethane dan ethyl acetate. 
Pembentukan koloni bacteria meningkat apabila kepekatan substrat meningkat daripda 0.1%-0.7% Biphenyl 
memmjukkan penllmbukan yang positiJ di dalam ujian perbezaan substrat berbandingflorin, dibenzoJuran 
dan dibenzothiopin. 

Kata kzmci: karbazol, bacteria pengurai karbazole, analisa kadar penguraian, GC-MS, dichloromethane. 
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1.0 Introduction 

Nowadays, as the science knowledge and modern technology increasing all over the 

world, but there is a problem that may infect health and the environment. Water 

pollution, such as seas and the oceans by the chemical compounds that are not bio

degradable gained the world attention. There are several sources of the hazardous 

organic compounds, especially the uncontrolled release from manufacturing and 

refining installations, direct discharge from effluent treatment plant, oil spillage and 

run-off from terrestrial sources. It has been estimated that between 1.7 - 8.8xl06 tons . 

of the petroleum hydrocarbons has impact marine waters and estuaries annually (Head 

& Swanell, 1990). One of the examples of hazardous organic compounds is carbazole 

(CAR) which is present in greatest abundance in many petroleum fractions (Kilbane et 

al., 2002). National Hydraulic Research Institute of Malaysia (NAHRIM) reported that 

possible of contaminants in marine environment are oil, grease and heavy metals such 

as cadmium, copper, lead and mercury. 

-• . 

O'Brien et aI., (2002): Jha and Barti (2002) claimed that the most concerned 

issue on the carbazole compound are its toxicity content. Other than that, the carbazole 

compound may undergo radical chemistry and produce more genotoxic 

hydroxynitrocarbazoles (Wang et aI., 2007). The lethality of carbazole will be harmful 

to the marine organism such as prawns, fishes and others that very important as protein 

sources. Bioremediation was introduced to clean up the carbazole in the marine 

environment. 



Since the 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 aI., 1975). Moreover, a research by Habe et at., (2001) and Widada et at., 

(2002) have reported that carbazole degrading bacteria have the ability to breakdown 

carbazole and others contaminants in marine environment. Therefore, bioremediation is 

chosen as the best method if compared to the physical and chemical remediation 

method due to its relatively low cost and minimal impact to the marine environment. 

Chemical remediation will create negative impact to the environment. Besides that, the 

environmental problems associated with the formation of acid rain and the destruction 

of the ozone layer as the impact from the presence of these compounds in oil and other 

fuels include the generation and the emission of oxides and nitrogen (NOx) (Larentis et 

al.,20 11). 

One of the techniques that apply in bioremediation techniques is bio

augmentation which is the addition of bacteria to a contaminated environment to 

enhance the degradation of pollutants is attracting attention (Habe et aI., 2001). In this 

. 
study, two techniques were used to effectively analyze the degtadation rate analysis of 

marine CAR-degrader. First, grow the isolated strain M02 in the Artificial Seawater 

Mineral Salts Medium (ONR7a) . Secondly, by used of GC-MS method to analyze the 

rate of micro bial degradation. 

2 




The objectives of this project are: 

1. 	 To set-up an experiment for measurmg degradation rate of 

heterocyclic compounds by marine bacteria. 

2. 	 To detect the ability of marine bacteria (Thalasosspira 

prefundimaris) in carbazole degradation. 

3. 	 To determine the cell growth of marine CAR-degrader. 

4. 	 To study the growth of the marine CAR-degrader in difference 

substrate concentration. 

5. 	 To examine the growth of the marine CAR-degrader in different 

substrates. 
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2.0 Literature Review 

2.1 Bioremediation 

Bioremediation is the process of recovery or cleaning up that applied to contaminated 

environment such as soil, sediment and water by using living microorganisms. A 

research by Environmental Protection Agency (200 I), stated that bioremediation is a 

treatment process that uses naturally occurring microorganisms (yeast, fungi, or 

bacteria) to break down or degrade, hazardous substances into less toxic or nontoxic 

substances under aerobic or anaerobic condition (Figure I). 

Microorganisms eat 011 
or other organic 

contaminant 

Microorganisms diges1 011 and 
convert it to carbon dioxide (CO2) 

and water (H2O) 

Mlcrooganlsms 
give off CO2 and 

H2O 

Figure 1: Schematic diagram of aerobic biodegradation (EPA, 2001). 

The process of bioremediation might involve introduction of new organisms to 

a chosen site, or adjustment of environmental conditions to enhance degradation rates 

of indigenous fauna (Williams et aI., 2011). In the other hand, this process may define 

as to return the contaminated environment to the original condition. There are two 

groups of bioremediation which are in situ and ex situ. Both groups are differentiated 

by treating the contaminated material at the site and the other one is treating the 
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contaminated not on the site ( elsewhere) such as in the laboratory. In-situ, 

bioremediation is the application of biological treatment to the cleanup of hazardous 

chemicals present in the subsurface and the ex-situ teclmiques usually applied to wide 

range of the soil contamination which is faster and easier to control (Suthersan, 1999). 

In addition, a good condition with suitable temperature, nutrient and the amount 

of carbon presence influence the effectiveness of microorganisms to clean up harmful 

chemicals and allow the microorganisms to grow, mUltiply and eat more chemicals 

(Figure 2) (EPA, 200 1). 

Compound 
Structure 
Properties 

BIodegradatIon 

Figure 2: Biodegradation triangle shown the parameters needed for biodegradation processes (Suthersan, 
1999). 
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Bioremediation compnses of several techniques such as bioventing, land farming, 

bioreactor, compo sting, bioaugmentation and biostimulation. Bioremediation technique 

is typically more economical than traditional method (Schultz, 2005). Furthermore, 

Bioremediation is very safe because it relies on microbes that naturally occurring in 

that particular water or soil and it is very helpful and pose no threat to people at the site 

or in the community (EPA, 2001). 

2.2 Carbazole 

Carbazole (C12H9N) 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 3. 

Figure 3: Molecular structure of carbazole (CI2H9N). 
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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 widely used as as 

herbicides, fungicides , insecticides the, synthesis of dyes, pharmaceuticals, organic 

conductors, pigments and plastics (Hans & Melvin, 1992). 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 aI., 

(2007) claimed that carbazole is an environmental contaminant suspected of posing 

human health risks. Information from the Material Safety Data Sheet (2008) stated that 

carbazole compound can cause eye irritation, skin inflammation of some individual, 

respiratory irritation if inhaled and cause further lung damage and very toxic to aquatic 

organisms, may cause long-term adverse effects in the aquatic environment. 

Material Safety Data Sheet (2008) also list the carbazole as a compound that 

have the ability to cause Folliculitis (skin follicle inflammation) and comedos (plugged 

sebaceous glands) have been reported by workers with carbazole contact and list 

carbazole as the agen that can cause cancer or mutations but ~ave limited evidence to 

make an assessment toward this issue. In addition, the nitrogen compounds also have 

the ability to provide economic impacts on oil refining process as it is poison the 

catalyst used in the refming activity such as cracking, inhibit hydrodesulfurization 

(HDS) and alter the quality of the products (Benedik el al., 1998; Kilban~ II, 2006). 

According to Grosser et al., (1991), carbazole also known as a polycyclic aromatic 

nitrogen hererocycle that impact the environment via several ways such as combustion 

processes, power generation, garbage incineration, coal burning processes and oil 
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spills. Usually, the heavier the oil, the higher the nitrogen contents as the percentage of 

nitrogen in petroleum is about 0.1 % to 2% by weight (Speight, 1990). 

2.3 Carbazole degrading bacteria 

Carbazole degrading bacteria are microorganisms that already described in the 

literature which is have the potential to degrade carbazole compounds (Nojiri and 

Omori, 2007). The example of Pseudomonas degrading bacteria is Pseudomonas 

resinovorans, a gram negative bacteria that capable to degrade carbazole to 2' 

aminobiphenyl-2, 3-diol via angular dioxygenation catalyzed by 1,9a-dioxygenase 

(CARDO) and also able to transform dioxin compounds and Polycyclic Aromatic 

Hydrocarbons (P AHs) (Nojiri et aI., 1999; Habe et aI. , 2001 a; Inoue et al., 2006 & 

Urata et al., 2006). Previous studies by Maeda et al (2009) indicated that, eleven 

carbazole degrading bacterial strains were isolated from marine environment and 

closely related to the genera closely related to the genera Erythrobacter, Hyphomonas, 

Sphingosinicella, Caulobacter, and Lysobacter. 

Thalassospira profundimaris is a class of alp~a:!}roteobacteria that use 

hydrocarbons as the sole source and mostly detected in petrol-oil-degrading consortia 

which is indicate that play some role in the degradation ofpetroleum hydrocarbons (Liu 

el al., 2007). Thalassospira profundimaris pronounce as (pro.fun.di.ma'ris), profundus 

means 'deep' and the word maris meaning that it was from the sea, combination of 

these two word profundimaris reflecting from where the strain was isolated. This 

bacterial cell is a gram-negative with curved rod shape about 0.8 to 2.3 Jlm long and 0.3 

to 0.8 Jlm wide and the cells are non-motile, non-flagellated and non-spore forming that 
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usually grows in range from lOoC to 37°C and required Sodium Chloride (NaCl) for 

growth (Liu et al., 2007). 

2.4 GC-MS 

Gas Chromatography-Mass Spectrometry is an analytical tool that involved 

identification and quantification of volatile and semivolatile organic compounds in 

complex mixtures, molecular weights and structural determination of organic 

compound or unknown compound in a complex mixture (Hites, 1993). There are 

several types of chromatography depending on the type of sample involved. Generally, 

GC has the ability to separate volatile and semivolatile components without identifying 

them, while MS has the potential to come with detailed structural information and 

identify the compound very well but cannot separate them. Therefore, it was not 

surprising that the combination of the two techniques was suggested shortly after the 

development ofGC in the mid-1950s (Hites & Biemann, 1968). 

The organic compound that wants to be , identified or separated by GC-MS 

technique must be in solution and the solvent need to be in voJatile and organic form 

such as hexane or dichloromethane (Vincent & Peter, 1992). 

The essentials required for the method are an injection port through which 

samples are loaded, a "column" on which the components are separated, a regulated 

flow ofa carrier gas (often helium) which carries the sample through the instrument, a 

detector, and a data processor. In gas chromatography, the temperature of the injection 

port, column, and detector are controlled by thermostatted heaters. Figures 4 is picture 

of the instrument from the front view. 
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Figure 4: Front view of Gas Chromatography-Mass Spectrometry (GC-MS) QP2010 PLUS 
(SHIMADZU) was used in this study. 

2.5 Carbazole degrading pathway 

A research done by Ouchiyama et al. (1993) shown that, carbazole degrading 

bacteria have the potential to transform carbazole to 2-aminobenzoate (or anthranilic 

acid) and 2-hydroxipenta-2, 4-dienoate via angular dioxygenation, meta-cleavage and 

hydrolysis pathways. The first step in carbazole degradation pathways 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 at., 

2005). 

IO 



Hydro lysis 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. 
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3.0 MATERIALS AND METHODS 

3.1 Enrichment Culture Condition 

3.1.1 Preparation of ONR7a 

Artificial Seawater Mineral Salts Medium prepared by weighed all the 

ingredients followed the amounts listed in Table 1 in 1 liter of Schot Durhan 

Bottle. The ONR7a was dissolved with lliter of the distilled water (dH20) and 

was stirred with the use of magnetic stirrer until all the substances completely 

dissolved. O.Olg of the yeast extract was dissolved with ONR7a at pH 7.8. 

Table 1: ONR7a compositions. 

Materials 

NaCI 

MgCl. 6H20 


Na2S04 

TAPSO 


CaCl 

KCl 


NRtCI 

NaBr 


Na2HP04 

NaHC03 


H3B03 


SrCh. 6H20 

FeS04. 7H20 


Quantity (g) 

22.79 
11.18 
3.98 
1.30 

.1.102 
- '0.72 

-0.27 
0.0830 

0.04715 
0.0310 
0.0270 
0.0024 
0.0020 

12 




3.1.2 Preparation of Substrate concentration 

0.1 % of substrate concentration was prepared by following calculation 

O.I%=X/IOOmlofmedia 

x = (0.1 x 100ml) / 100 

= 0.1 g of substrate 

O.lg of substrate was weighed and transferred into a test tube. Then, I ml of 

dimethyl sulfoxide (DMSO) was pipetted into the test tube to dissolve the 

substrate completely. 

3.1.3 Inoculation 

100 ml of the ONR7a was transferred into 500 ml conical flask and autoclaved 

for I hour and 30 minutes. After that, 0.1 % of substrate was transferred into 
. .. 

sterile media in laminar flow hood. All the proc«,sses must be in sterile 

condition. Flamed the inoculation loop and the bacterial colony was inoculated 

into the flask. The conical flask was sealed with parafilm and was rotated on a 

shaker at 140 rpm. The colour changes was observed and recorded. 
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3.2 Growth Confirmation of Isolate 

3.2.1 Growth on ONR7a (Liquid media) 

lOO ml ofONR7a was autoclaved and Iml of enrichment culture was put in a 

500 ml of conical flask. 0.1 % of substrate was mixed into the flask. The culture 

was rotated about 140 rpm at room temperature. The growth of isolated was 

conflfmed by the colour changes. 

3.2.2 Growth on ONR7a (Solid media) 

250 ml ofONR7a was put into 500 ml of schott duran bottle. The solid medium 

was prepared by the addition of Bacto agar to the respective medium (Supaka et 

aI. , 2001). The following calculation was carried out to find out the amounts of 

Bacto agar needed. 

1000mi ofONR7a = 15g ofBacto agar 

If250ml = X g ofBacto agar 

X = (15g x 250 ml) / 1000ml. .. . 
X = 3.75g of Bacto agar needed 

3.75g of Bacto agar was added to 250ml ONR7a and the mixture was dissolved 

completely by hot plate magnetic stirrer. The media was autoclaved for 1 hour 

and 30 minutes before poured into plates in laminar flow hood. The plates were 

leaved about 15 minutes for solidifying processes. The enrichment culture of 

the bacteria was inoculated into two or three plates. About O.lg of carbazole 

was put into inoculated plates as the source of carbon. The plates were sealed 
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