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ABSTRACT 

Polycycl ic aromatic hydrocarbons (PAHs) are carcinogenic and toxic compounds thaI exisl in the marine 
environment especiall y in the aquatic e nviro nment. Dibenzothiophene (DBT) is one of the compound s of 
complex thiophene and is an element of creosote and petroleum waste contamination. Thus, this study aims 
to quantify the DBT using enzymes from marine bacteria. Bacteria strain FNSOl is used to detect and 
measure DBT through the enzymatic mechanisms of dioxygenation, meta-cleavage and hydrolysis. In this 
study, pH and salinities of ONR7a medium, artificial marine wa ter medium are altered. T he effect of pH and 
salinities towards enzymatic reactions of the marine bacteria are determined; ultraviolet-visible 
spectropho tometer (UV-VfS spectrophotometer) is used to determioe the rate of DBT transformatioo. Results 
show tha t the efficient pH fo r the enzymatic reaction of DBT degrad ing bacteria is in the range o f pH 7.5 
until 85 and the bacteria is less effec tive in DBT degradatio n wi th the pH less than 5.5. In addition, the 
optimum salinity for the DBT degrada tio n is in the range of 2.0 % (w/v) to 4.0 % (w/v). The quantification o f 
DBT using UV-VIS spectrophotometer shows the oplimal pH and salinity which enhance the enzymallc 
reactions of microorgani sms and lead to high efficiency of the transformation or degradation of DBT. 

Key words: Polycyclic aromatic hydrocarbon, Dibenzothiophene, pH, Salinity, UltravlOlet-visible 
spectrophotometer. 

ABSTRAK 

Hidrokarbon aromatik polisiklik (PAR) adalah sebatian karsinogenik dan toksik yang lVujud dalam 
persekilarall marin terutama dalam persekitaran akuatik. Dibenzothiophene (DBI) adalah sa lah satu 
daripada sebatian thiophene rUlnit dan merupakan demen kTeosol dan pencemaran sisa petroleum. Oleh itu, 
kajian ini bertujuan untuk menya takan kuantiti DBT menggunakan enzim daripada bakteria laut. Bakteria 
FNSOl digunakan untuk mengesall dan mengukur DBT melalui mekanisme enzimatik dioxygenation, meta
belahan dan hidrolisis. Dalam kajian mi, pH dan kemasinan daripada ONR7a medium, tiruan medium air 
laut adalah diu bah. Kesan pH dan kemasinan ke arah tindak balas enzim daripada bakteria Law ditentHkan; 
ultraungu spektroJotometer kelihatan (UV-VIS spektroJotometer) digunl!.kan untuk menentllkan kadar 
trans/ormasi DBT. Keputllsan transJormasi DBT memmjukkan bahawa pH yang cekap bagi tindak balas 
enzim bakteria terhadap degradasi DBT adalah dalam jlliat pH 7.5 hingga 8.5 dan bakteria adalall kurang 
berkesan dalam degradasi DBI dengan pH kllrang dari 5.5. Se/ain ilU, kemasinan optimum umuk degradast 
DBT adalah pada julat 2.0% (IV / v) kepada 4. 0 % (w I v). Kuantifikasi DBT menggunakan UV- VIS 
spektroJotometer mellunjukkan pH yang optimum dan kemasinan yang meningkatkan tindak ba La s enz{m 
mikroorganisma dan membawa kepada kecekapan yang tinggi transJormasi atau degradasi DBT 

Kata kunci: Hidrokarbon aromatik polisiklik, Dibenzoth iophene, pH, Kemasinan, Ultra ungu 
spektroJotometer kelihatan. 
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1.0 Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are toxic and carcinogenic and extensively 

dispersed in the environment. They originated mainly from two sources, which are natural 

and anthropogenic (Bamforth & Singleton, 2005). They are coming naturally and produced 

during the partial combustion of solid and liquid fuels , for examples, coal and oil or 

resulted from the administration of industrial activities. Since 1970s, research on 

biodegradation of PAHs that spread in the environment were generally carried out by 

bacteria, fungi and algae (Juhasz & Naidu, 2000). Bioremediation was established using 

microorganisms to degrade environmental contaminants into less toxic compounds 

(Samanta et aI. , 2002). 

Dibenzothiophene (DBT) is one of the compounds in complex thiophene and is an element 

of creosote and petroleum waste contamination. DBT and its derivatives comprise a wide 

range of sulfur heterocyclic compounds found in petroleum (Li et at., 2008). The burning 

of fossil fuels that contained sulfur compounds are pOlluting the environment and followed 

by releasing the sulfur dioxide into the atmosphere (Wardencki, 1998). The releasing of 

sulfur into the environment boosted the production of acidic sulfur oxides (SOx) together 

with acidic nitrogen oxides, lead to lower air quality and the formation of acid rain 

(Oldfield et al. , 1998). Hence, this study was carried out to quantify the DBT using the 

enzymes from marine bacteria. 

In this study, bacterial strain FNS01 was used to degrade the DBT. The DBT degradation 

is mainly consists of three mechanisms reacted with three enzymes and genes. The 

enzymatic reactions that occurred are dioxygenation , meta-cleavage and hydrolysis. The 

enzymes of bacteria react wi th DBT and transformed through reactions that come about as 

a part of bacteria metabolic processes (Vidali, 2001). 
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ONR7a medium, artificial marine water medium was used in this study in order to grow 

the marine bacteria under optimum conditions. The pH of the medium is around 7.6-7.8 

(Dyksterhouse et ai. , 1995). The bacteria were cultu red under optimum temperature, which 

is 30 °C, approximately to the room temperature in order to reach the maximum growth of 

the bacteria. Then, the medium was treated with diffe rent pH and salinities to determine 

the effects of them towards the degradation pathways. The effectiveness of the degradation 

of DBT depends on the enzymes from microorganism that react with on it in order to 

transfo rm them into harmless products to the environment (Validi , 2001). 

Ultraviolet-visible spectro photometer (UV-VIS spectrophotometer) was used to determine 

the rate of DBT transformation. The wavelength of max imum absorbance of DBT ring 

cleavage product is speclrophotometricall y at 475 nm (Foght & Westlake, 1990). 

The objectives of the study were to: 

1. Quantify the rate of DBT transformation using UV-VIS spectrophotometer. 

2. Determine the effects of pH on the DBT detection. 

3. Determine the effects of salinities on the DBT detection. 
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2.0 Literature Review 

2.1 BioremediatioD 

Bioremediation is a process where orgamc wastes are biologically degraded under 

controlled conditions to a harmless state (Bamforth & Singleton, 2005). Genera lly , 

microorganisms are used to degrade the environmental contaminants into less toxic forms; 

bacteria, fun gi and algae are involved in bioremediation (Haritash & Kaushik, 2009). The 

microorganisms may be native to a contaminated area or they may be isolated from another 

place and be used to treat the contaminants (Vidali , 2001). The contaminated compounds 

are transformed by microorganisms throughout reactions that arise as a part of their 

metabolic processes. 

According to Vidali (2001), factors of bioremediation include the presence of degrading 

microorganisms, the existence of contaminants to the microbial population and 

environment components such as pH, temperature, aeration and nutrients. The 

effectiveness of the bioremediation depends on the enzymes from microorganism that react 

with the contaminant compounds and degraded or transformed them into harmless 

products. However, the component of the microorganisms is affected by the environmental 

facto rs and the component of the hydrocarbons (Admon et aI., 2001). Hence, the 

environmental conditions and parameters for the enzymatic activity are manipulated to 

enhance the efficiency of bacterial growth and the rate of degradation. 

Bioremediation is a low cost technology used to clean·up the environmental pollutants or 

contaminants. It is a natural process which the contaminants degrading microbes increase 

in numbers as the contaminant is present, while, the microbial population is decreased after 

the contaminants are degraded. The bioremediation of PARs produces by-products like 

carbon dioxide, water and cell biomass that are harmless to the environment (Shah, 2013). 
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2.2 Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs are hydrocarbons made up of two or more fused benzene rings in the linear, 

clustered or angular arrangement (Juhasz & Naidu, 2000; Habe & Omori, 2003). PAHs are 

toxic and carcinogenic. The compounds are relatively low soluble in water (Ron & 

Rosenberg, 2002). The hydrophobicity, toxicity and the environmental perseverance of 

P AH molecules is directl y proportional to the molecular weight of the molecule (Bamforth 

& Singleton, 2005). Apart from that, according to Samanta et al. (2002) , PAHs are highly 

lipid-soluble, which eas ily been absorbed by gastrointestinal of mammals. 

Based on Bamforth and Singleton (2005), P AHs exists in the environment, mainly 

originated from two sources, which are natural (b iogenic and geochemical) and 

anthropogenic. PAHs are naturally present in fossil fuels. Besides, natural processes like 

volcanic eruptions and fo rest fires produced PAHs. In addition, during pyrolysis, PAHs are 

formed as the sediments are exposed to high temperature. (Bamforth & Singleton, 2005) 

Most of the PAHs are toxic and carcinogenic and accumulate in the environment due to the 

anthropogenic activities. PAHs are generated during solid and liquid fuel s' incomplete 

burning such as coal and oil or resulted from the disposal of industrial activities (Eibes et 

aI., 2006; Shemer & Linden, 2007). PAHs also distributed into the environment through 

automobile exhausts, emissions from electricity-generating power plants, cigarette smoke, 

wood combustion, and agricultural burning (Samanta et at., 2002). 
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2.3 Heterocyclic Hydrocarbon 

Heterocyclic hydrocarbon is an orgamc compound. Organic compounds have a huge 

diversity of structu re as many of them contain ring systems (Brase et aI. , 2005). The 

compounds can be classed as heterocyclic if the ring system is made up of carbon atoms 

and at least one other element, commonly nitrogen, oxygen and sulfur (Herrmann & 

Koecher, 1997). The heterocycl ic compounds with nitrogen- , oxygen- or sul fur -containing 

aromatic compounds, for examples, carbazole (CAR), dibenzofuran (DBF) and 

dibenzothiophene (DBT), together with their degradation products can be found in the 

groundwater, marine water, sed iments, soil sites due to the spills of petroleum and wood 

wastes (Connell , Miller, & Farrington, 1980; Gai et aI. , 2007). The mu tagenic and 

carcinogenic potential of the heterocyclic compounds caused environmental problem 

which may lead to health risks (Eibes et aI. , 2006). 

According to Wang and Fingas (2003), heterocyclic aromatic compounds (HACs) and 

PAHs caused DNA damage. PAHs and HACs are undergone three major pathways for the 

metabolic activation to activate the electrophilic metabolites to release the effect of 

mutagenic and carcinogenic; first pathway is th rough bay region dihydrodiol epoxide with 

the use of cytochrome P450 enzymes (CYPs), second pathway is through radical cation via 

one-electron oxidation and lastly is the ortho-quinone pathway with dihydrodiol 

dehydrogenase (DO). The reactive metabolites produce through the metabolic activation 

pathway lead to DNA damages. (Wang & Fingas, 2003) 
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2.4 Dibenzotbiophene (DBT) 

DBT has alkyl substitutions adjacent to the sulfur atom and it is a generally found sulfur 

heterocyclic that made up the condensed thiophene (Bressler & Fedorak, 2001). Thiophene 

is the simplest sulfur-containing aromatic compound that consist of five-membered 

aromatic heterocyclic rings, with the molecular formula of C4~S; there are benzene rings 

which resembled in their chemical and physical properties (Mishra et aI., 2011). The 

structure of DBT is shown in Figure 1. 

DBT is a colorless solid. DBT and its derivatives comprise a wide range of sulfur 

heterocyclic compounds found in petroleum (Li et aI., 2008). The widely used of fossil 

fuel s for energy generation lead to the environmental pollution. The combustion of sulfur 

compounds in the fossil fuels pollutes the euvironment by the releasing of sulfur dioxide 

into the atmosphere (Kampa & Castanas, 2008). The releasing of sulfur into the 

environment enhances the production of acidic sulfur oxides (SO,) together with acidic 

nitrogen oxides contributed to poor air quality and the formation of acid rain, one of the 

serious environmental problems (Oldfield et aI., 1998; Khan et aI., 2009). 

Due to the increases in the average sulfur content of petroleum and stricter environmental 

regulations regarding the sulfur content and carbon dioxide emissions, studies of 

biodesulfurization (BDS) are promoted to improve fossil fuels (Li et aI., 2008). 

Figure 1: The structure of dibenzothiophene (DBT). 
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2.5 Dibenzothiophene (DBT) Degradation Pathway 

In the crude oil and its distillates, low molecular mass of organosulfur compounds is 

present (Carrano et aI., 2001). Microbial degradation techniques are developed to treat the 

pollutants. Based on the research studies done by the researches, most known of bacterial 

P AHs degraders had been isolated from the environments (Samanta et al., 2002) such as 

Pseudomonas, Comamonas, Acinetobacter and Sphingomonas (Chung & King, 2001). 

Microorganisms especially bacteria act a crucial role in the biodegradation of the spilled 

oil (Kasai et al., 2002). The preferable microbial degradation is to release the sulfur atom 

by specific cleavage of carbon-sulfur bonds in order to remove sulfur and carbon and 

calorific values are remained unbroken (Nojiri et aI., 2001). DBT has acted as a sole source 

of su lfur, carbon and energy (Leon & Kumar, 2005). 

Three mechanisms associated with three different enzymes with different genes are 

functioning to degrade the DBT. The most common enzymatic reactions are dioxygenation, 

meta-cleavage and hydrolysis. The overview of the bacterial degradative pathway for DBT 

thorugb angular dioxygenation is shown in Figure 2. 

According to Nojiri et al. (2001), in dioxygenation, su lfite is released and further oxidized 

into su lfate. After that, DBT-sulfone and 9-fluorenone are provided to the bacterial culture. 

9-fluorenone is changed into dioxygenation product, which is I-hydro-l , la-dihydroxy-9

flu orenone. This is the fonnation of chemically unstable hemimercaptal in the su lfur

oxidized form. Subsequently, the unstable compounds decayed and fonned 2', 3' 

dihydroxybiphenyl-2-sulfinate. In addition, 2', 3' -dihydroxybiphenyl-2-sulfinate play a 

role as substrates for the bacterial growth. After that, meta-cleavage is occurred for further 

degradation. The ring fission is degraded into benzoate and sulfite. (Nojiri et al., 2001) 
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Figure 2: Overview of bacterial degrada tive pathway for DBT through angular diaxygenatian. 

(Nojiri et aI., 2001) 
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2.6 Ultraviolet-Visible Spectrophotometer (UV-VIS Spectrophotometer) 

Spectrophotometric instruments are used in laboratory, educational settings and industrial 

environment as a qualitative tool to identify substances and as a quantitative tool to 

measure the concentration of colored substances, chromospheres in a transparent solvent 

(Baker, 2004; Schwab el ai., 2007). It is used to measure the concentration of the solutes 

inside the solution through the absorption of light by the solution placed in the cuvette 

inside the spectrophotometer (Williams el al., 1983). 

The wavelength of the substance is obtained using a spectrophotometer. Most of the 

organic compounds are transparent at the electromagnetic spectrum, which are ultraviolet 

(UV) and visible (VIS) regions (Kalsi, 2007) The region has a wavelength range of 190 

nm to 800 nm (Kasparian et al., 2003). The absorption spectroscopy that used the 

electromagnetic radiations is divided into ultraviolet, which is between 190 nm until 400 

nm; while, the visible region is between 400 nm to 800 nm (Wiedershain, 2007). The 

absorption spectroscopy is restricted in these ranges of wavelength. 

The metabolic intenued iates of DBT, which will degrade into reddish color can be 

identified and quantifi ed through UV-VIS spectrophotometer with different absorbance of 

light (Monticello el al., 1985). The wavelength of maximum absorbance ,)f DBT ring 

cleavage product with the rate of DBT transfonuation is determined 

spectrophotometrically at 475 nm (Foght & Westlake, 1990). 
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3.0 Materials and Methods 

3.1 Bacterial Strains 

In this experiment, the bacteria strain FNS01 was isolated from the marine envirorunent by 

final year project student from Envirorunental and Plant Biotechnology Laboratory in 

UNIMAS. This bacteria had been isolated and able to degrade DBT. 

3.2 Media Preparation 

3.2.1 ONR7a Broth 

The basal medium, ONR7a medium as an artificial marine water medium was prepared as 

a medium to grow bacteria; the compositions in the medium are similar to the marine water 

(Dyksterhouse el ai. , 1995). The compositions of ONR7a medium were shown in Table l. 

The chemical compounds were weighed using digi tal balance before transferred into 1 L 

medium bottle with 1 L of distilled water. Then, the solution was stirred using a magnetic 

stirrer on the hot plate to make sure the chemical compounds completely soluble in the 

solution. The pH of the medium was adjusted to pH 7.8 for the maximum growth of the 

cultures (Cerniglia, 1993). The adjustment of pH was done by adding sodium hydroxide 

(NaOH) to make the medium became more alkaline and hydrochloric acid (HCI) for the 

medium to become more acidic. 100 mL of ONR7a medium was transferred into 250 mL 

conical flasks and wrapped with aluminium foi l. Then, the conical flask with the medium 

was autoclaved at 121°C with 15 atm for 1 hour. The conical fl ask was free from 

contaminati on and can be used for bacteria culturing. 
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3.2.2 ONR7a Agar 

The medium was prepared in the form of broth and agar plate for the growth of bacteria. 

The preparation of the broth was by adding all the compositions of ONR7a medium (Table 

1) and undergone autocl aved. However, for the preparation of ONR7a agar plate, Bacto 

Agar (Difco, USA) was added to the ONR7a medium. 300 mL of ONR7a medium was 

poured into 500 mL medium bottle (Schott Duran bottle) added to Bacto Agar. The 1.5 % 

of solid medium was prepared as shown below: 

1000 mL of ONR7a = 15 g of Bacto Agar 

300 mL of ONR7a =X g of Bacto Agar 

The amount of Bacto Agar (X) = (15 g X 300 mL) / 1000 mL 

= 4.5 g 

4.5 g of Bacto Agar was added into the ONR7a medium and autoclaved at 121°C with 15 

atm for 1 hour. After autoclav ing and let it cool down, the medium was poured on the plate 

for the solidification of the medium. The solidification of agar took around 15 minutes. 

The plates were sealed properly to prevent contam ination. The agar plates were stored in 

4°C in the fridge for further use. 
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Table 1: Compositions of ONR7a medium per L. 

Solutions 	 Compositions Amount (Unit) 

Solution 1 NaCI 22.79 g 

Na,SO, 3.98 g 

KCI O.72g 

NaBr 83.00 mg 

NaHCO, 31.00 mg 

H,BO, 27.00 mg 

NaF 2.60 mg 

NH,Ci 0.27 g 

N a,HPO, x 7 H2O 89.00 mg 

TAPSO 1.30 g 

Solution 2 	 MgCl, x 6 H2O 11.18 g 

CaCl, x 2 H,O 1.46 g 

SrCl,x 6 H, O 24.00 mg 

Solution 3 FeCI, x 4 H, O 	 2.00 mg 
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3.3 Bacterial Growth 

After the preparation of the medium, the bacteria strains were cultured on the agar plate 

with ONR7a medium spread with DBT as carbon source or substrate for the bacterial 

growth. All the procedures were done under free contaminated environment with laminar 

flow hood by the applying of aseptic techniques. The apparatus used were autoclaved and 

the working bench was wiped with the 70% of ethanol to kill off the con taminants. After 

that, a single colony of bacteria was inoculated and grown on the agar plate. Streaking 

technique was used. A sterile loop of wire was burned over the flame. After cooling, the 

sterile loop of wire was used to pick a bacteria colony and streaked it across the surface of 

the agar. The loop should be avoided dig into the agar. The bacteria were deposited on it. 

0.1 g of DBT in powder foml was put on the Petri dish lid as the growth factor of the 

bacteria cu ltures. Then, the cultivated plates we re sealed with parafilm. After that, the 

plates were placed on the bench for the cuI tivation at room temperature. The cultures on 

the plates took around one month to grow. Then, the grown bacteria were transferred into 

the broth. 

The bacteria that grew on the agar plates are then inoculated into a conical flask with 100 

mL of ONR7a broth in the laminar flow hood. Sterilization techniques were applied to 

transfer the bacteria colonies on the plate inside the ONR7a broth. DBT as substrate was 

prepared and added into the flasks. 

The preparation of 0.1 % of substrate concentration shown in the calculation below: 

0.1 % = X / 100 mL of ONR7a medium 

X = 0.1 g of substrate 
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0.1 g of substrate in powder form was weigbed using digital balance and transferred into 

test tubes. 1 mL dimethyl sulpboxide (DMSO) was added into tbe test tubes to dissolve the 

substrate powder. 

1 mL of substrate prepared was added in 100 mL of ONR7a medium with the bacteria 

cultures. Then, the conical flasks were shaken on a rotary shaker at 150 rpm until the 

medium changed into red color. The color changes indicated the DBT transformation as 

reacted with the enzymes of DBT degrading bacteria. The conical flasks were shaken on 

the shaker for around 10 to 14 days for the bacterial growth. 

3.3.1 pH Effects 

The pH value was determined using thermo scientific pH meter. Different pH was used to 

determine the effects of pH on the enzymatic degradation of DBT by the bacteria. pH is 

one of the effects that influenced the enzymatic reaction of microorganisms. A variety of 

mediums with differing in pH were used: pH 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5. 

Commonly, the pH was altered to the optimum pH, which is 7.8. The pH of the medium 

was altered by using 0.1 M and 1.0 M of HCI and 0.1 M and 1.0 M of NaOH that adjusted 

the pH to be more acidic and alkaline respectively. The medium was stirred using a 

magnetic stirrer on the hot plate once the HCl, or NaCI was added into the ::nedium to 

ensure proper mixing. After that, the 15 mL adjusted pH medium was transferred into test 

tubes using a pipette respectively. Then, test tubes were autoclaved at 121°C with 15 atm 

for 1 hour and kept for the further use. 
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