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Abstract: A dibenzothiophene (DBT) utilizing bacteria, as the sole source of sulfur, were isolated from 

soil  samples contaminated with hydrocarbons. In this study, an effective enrichment technique was 

applied to isolate bacterial isolates with capabilities to utilize dibenzothiophene (DBT) as a model 

compound of polyaromatic sulfur heterocyclic compounds (PASHs). From forty samples, sixty three 

bacterial isolates were obtained and three of them were characterized as biodesulfurising Pseudomonas 

aeruginosa. A convenient spectrophotometric assay (Gibbs’ assay) was used to determine the quantity of 

desulfurized product (Hydroxybiphenyl HBP) by these isolates, also these isolates were capable to utilize 

ethanol as C- source.  
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Introduction 

 

Accidental and deliberate crude oil 

spills have been, and still continue to 

be, a significant source of 

environmental pollution, and poses a 

serious environmental problem, due to 

the possibility of air, water and soil 

contamination (1). Combustion of 

petroleum-derived fuels leads to the 

release of vast amount of sulfur dioxide 

(SO2) into the atmosphere, which is a 

principle source of acid rain and air 

pollution. Thus, most countries have 

imposed strict regulations to control 

these releases mainly by enforcing 

stringent restrictions on the levels of 

sulfur in transportation fuels. However, 

a common problem, petroleum 

refineries are facing around the world is 

that crude oil reserves being used as 

feedstock for refining process are 

becoming heavier day after day with 

elevated sulfur contents (2, 3). 

Currently, hydrodesulfurization (HDS) 

is employed to remove sulfur from 

fossil fuels. HDS operates at high 

temperature and pressure, and besides it 

cannot remove completely sulfur from 

the heterocyclic organosulfur 

compounds such as dibenzothiophene 

)DBT(  (4). Biodesulfurization (BDS) 

through microbial activities can solve 

this problem (5). Compared with HDS 

process, the biodesulfurization (BDS) 

process using microorganisms and/or 

enzymes could be carried out more 

safely, under mild conditions (6). This 

process of microbial desulphurization or 

biodesulfurization is expected to 

overcome the technical and economic 

problems associated with HDS as it has 

the potential benefits of lower capital 
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and operating costs and will produce 

lesser greenhouse gases (7). 

Research on biodesulfurization using 

dibenzothiophene has resulted in the 

elucidation of two different biochemical 

pathway, named Kodama and 4S. 

Kodama pathway is considered 

unsuitable because in this pathway 

water-soluble sulfur compounds are 

produced, which are then unavailable 

for burning and are therefore forfeited 

from the caloric value of the fuel. 

through 4S-pathway, dibenzothiophene 

is transformed to 2-hydroxybiphenyl 

and sulfite as end-products. Microbial 

systems have been reported to 

selectively take up the sulfur from the 

DBT molecule by consecutive 

enzymatic steps, leaving intact the 

carbon skeleton of DBT is released 

intact as 2-hydroxybiphenyl (2-HBP); 

therefore, fuel value is not lost (8, 9).  

Therefore this study was aimed to 

isolating and identifying bacteria with 

ability to utilize DBT as a sole source of 

sulfur.  

 

Materials and Methods 

 

Bacterial Isolation 

 

The microbial selection procedure was 

performed in basal salt medium (BSM)  

(sulfur-free) consisting of: K2HPO4 (4 

g); Na2HPO4 (4 g); NH4Cl (2 g); 

MgCl2.6H2O (0.2 g); CaCl2.2H2O 

(0.001 g) and FeCl3.6H2O (0.001 g) per 

liter of distilled water (pH 7.5). This 

medium was used for isolation and 

growth of the microorganisms under 

sulfur deficient conditions (10). 

Glycerol (10 mM) was used as the 

carbon source. Soil samples and 

subsequently isolated bacteria were 

inoculated in BSM supplemented with 

0.1 mM DBT. The sulfur source was 

added to the medium from sterile stock 

solutions before inoculation (100 mM 

DBT in ethanol). All cultures were 

incubated at 30°C with shaken at 150 

rpm.  

Cell suspensions were inoculated (1: 

200) in DBT liquid medium for sulfur 

bioavailability assay (10,11). Positive 

and negative controls consisted of BSM 

with or without MgSO4. After two days 

of incubation, subcultures were made in 

fresh media (1: 500) and shaken for four 

more days (12). Cultures with 

significant growth in DBT media as 

compared to the negative controls were 

centrifuged, the supernatants were used 

for Gibbs assay and the pellets were 

streaked on LB (Luria-Bertani) agar 

plates for colony isolation. Individual 

colonies were then inoculated in DBT 

medium and incubated at 37°C with 

shaking (150 rpm). Samples were taken 

during a period of 2 to 4 days and tested 

with Gibbs assay. 

 

Identification of the Isolate(s) 
 

The selected isolates were identified 

based on their morphological and 

biochemical characteristics. The 

morphological characterization involved 

culturing the isolates on LB (Luria-

Bertani) agar plates for studying 

appearance of the colonies. Following 

that, smears from the colonies were 

Gram stained to study the isolate 

cells shapes and Gram reaction. 

Biochemical characterization of the 

isolates was based on the results of 

Catalase, Oxidase, Indole, Methyl red, 

Voges-Proskauer, Citrate utilization and 

Motility tests, in addition to growing the 

isolates on the King A, King B and 

cetrimide agar. These tests were 

performed according to the Bergey’s 

Manual of Determinative Bacteriology 

(13). 
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Gibb’s Assay  

 

The cell- free culture supernatant was 

obtained at different time intervals from 

bioavailability assay (as mentioned 

above). 1ml of each cell-free 

supernatant was transferred to clean 

eppendorf and adjusted to pH 8 by 

adding 60 µl of 1 M NaHCO3 (14) or by 

adding 3 µl of 4 M of Na OH. Detection 

of the end products of the 

desulfurization of thiophene compound, 

was carried out in microtiter plates by 

adding 3 µl of Gibb's reagent to 300 µl 

of adjusted cell- free supernatant 

(1:100) and mixture was kept at room 

temperature for 30 min. Bacterial 

culture capable of desulfurizing 

thiophene compound, accumulated 

phenolic compound in cultural 

supernatant and gave blue color in the 

presence of Gibb's reagent. 

 

Utilization of Ethanol and MgSO4 as 

Alternative Carbon and Sulfur 

Sources by DBT Biodesulfurizing 

Bacteria 

 

Since DBT was added to BSM from 

stock solution of DBT (100 mM ) in 

ethanol, the utilization of ethanol as an 

alternative carbon source was tested in 

the presence of an inorganic sulfur 

source such as MgSO4. The growth of 

DBT biodesulfurizing bacterial isolates 

at 37
o
 C in BSM containing 0.1 mM 

DBT plus 6 mM ethanol (control flask) 

was compared to the growth in medium 

containing 6 mM ethanol and 0.2 mM 

MgSO4. Flasks (250 ml) containing 100 

ml of the respective medium were 

inoculated and incubated under shaking 

(150 rpm) at 37 
o
C. At different time 

intervals, samples (2 ml) of bacterial 

cultures were withdrawn and the growth 

was measure at 580 nm. 

 

Results and Discussion 
 

Identification of Isolates 

 

A DBT utilizing bacteria were isolated 

on the basis of its ability to utilize DBT 

as the sole source of sulfur. Forty soil 

samples were collected from different 

oil refineries in Iraq. Sixty three isolates 

were obtained but only three of these 

isolates were able to utilizing DBT as 

sole source of sulfur. These isolates 

were tentatively identified as 

Pseudomonas sp. on the basis of a 

number of morphological, cultural and 

physiological characteristics. The 

isolates were non-spore former, gram 

negative, aerobic, coccobacilli bacteria 

with unipolar motility (15). Colonies 

which were suspected to be belong to 

the genus Pseudomonas sp. were grown 

on LB agar plates (figure1), and 

characterized by produce pyocyanian 

(blue-green) and have a grape like odor. 

Also, the shape of the colony appears 

like a fried egg shape, smooth in shape 

with flat edges and elevated center, 

green in color, these results are 

reasonable with the result demonstrated 

by (16,17).   
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Figure (1): Growth of Pseudomonas sp on LB agar plates 

 

 

Results of cultural, morphological and 

biochemical characteristics (table 1) of 

these isolates were in agreement with 

Bergey’s Manual of Systematic 

Bacteriology (13). Depending on these 

results the isolates were classified as 

Pseudomonas aeruginosa. 

 

 
Table (1): Biochemical characteristics of bacterial isolates 

Test S-25 M-9 M19 

Catalase + + + 

Oxidase + + + 

Motility + + + 

Growth on cetrimide + + + 

urease - - - 

Gelatinase + + - 

Citrate  utilization + + + 

Growth on King-A + + + 

Growth on King-B + + + 

MR w + + 

VP w - w 

Indol - - - 

 

TSI 

 

H2S - + + 

CO2 - + - 

Acid Alk/ Alk Alk /Acid Alk/ Acid 

 
+: Positive result      (-): Negative result     N: Not tested       W: Weak test         

TSI: Triple sugar iron agar          MR: Methyl  red     VP :Vogas-Proskauer   
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Gibb's Assay- Guided Desulfurization 

Activity 

 

The capability of DBT- desulfurizing 

bacteria to specifically break C-S-C 

bonds in DBTs liberating the phenolic 

end products 2-HBPs in the case of 

DBTs was testing using Gibb's reagent 

(2,6-dichloroquinone-4chromide). This 

reagent reacts with phenolic compound 

forming blue-color compound (2,6- 

dichloro benzenoneindophenol). 

Accordingly, bacterial isolate capable of 

only desulfurizing DBTs (cleavage of 

C-S bond only) and accumulating 

phenolic end product could be 

distinguished from strain capable of 

degrading (C-C bond cleavage) and/or 

desulfurizing and degrading (C-S and 

C-C bond cleavage) thiophene 

compound . 

The obtained result revealed the 

desulfurization (blue color) with all 

(three) Pseudomonas aeruginosa 

isolates grown on DBTs (fig 2). Only 

these isolates gave positive result from 

all DBT- grown cultures. This 

preliminary result suggests the 

involvement of the 4S pathway in the 

utilization of DBT via the specific 

cleavage of only the C-S bond by the 

bacterial cultures exhibiting positive 

results with Gibb's reagent (18).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (3): Gibb's assay guided desulfurization. The formation of blue color is an indication of 

desulfurization and formation of phenolic end products 

 

 

Utilization of Ethanol and MgSO4 as 

Alternative Carbon and Sulfur 

Sources 

    

To confirm that the isolates able to 

utilize ethanol as C-source, all bacterial 

isolates were grown in BSM containing 

DBT plus ethanol and in BSM 

containing ethanol plus MgSO4. Results 

indicated that the growth density 

(O.D580) of bacterial isolates was a little 

more in medium containing ethanol plus 

MgSO4 compared to the second media. 

his mean that these isolates were 

S-25  M-19  M-9 
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capable to utilize ethanol as C- source. 

The utilization of ethanol as a carbon 

source was reported for Rhodococcus 

erythropolis KA2-5-2 (19) and 

Gordonia sp. CYKSI (20), which is 

DBT desulfurizing bacteria. The 

cultures containing 0.1 or 1.0 % ethanol 

exhibited a shorter lag time and more 

rapid exponential growth than cultures 

grown with glucose alone. However, the 

presence of ethanol in media at 

concentrations higher than 1.0 % 

produced progressively decreased 

exponential growth rates and slightly 

reduced extents of growth (21). The 

little difference in the capability of  

these isolates in utilizing both DBT and 

MgSO4 as S-source, could be related to 

the fact that MgSO4 is a simple source 

of sulfur compared to DBT. However, 

the presence of ethanol increase the 

solubility (bioavailability) of DBT. It 

was suggested that NADH, which is 

produce by the biochemical reaction of 

NAD with ethanol catalyzed alcohol 

dehydrogenase, might contributed to the 

conversion of FMN to FMNH2, which 

is coenzyme for the activities of  

desulfurization enzymes (22). It was 

reported that the addition of DBT 

dissolved in ethanol provided more 

rapid growth and desulfurization than 

DBT powder only (23). 

 

Conclusions 
 

1-The DBT- desulfurizing bacteria 

isolated in this study showed broad 

spectrum for desulfurization of 

organosulfur model (DBT).  

2-DBT is attacked via the specific 

cleavage of only the C-S bond resulting 

in formation of 2- HBP which is the end 

product of the common 4S 

biodesulfurization pathway. Thus, not 

carbon loss is observed. 

3-Our DBT- biodesulfurizing bacterial 

isolates possess some promising 

features that make them potential 

candidates for developing a biocatalytic 

desulfurization process for fuels. 
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