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ABSTRACT 

Fossil fuels are the major source of energy on earth. Sulfur emission due to combustion of 

these fossil fuels is a global problem. These emissions cause various environmental and health 

hazards. Reduction in sulfur emissions is highly desirable and many countries have, therefore, 

established stringent sulfur emission standards. Conventionally sulfur is removed from 

petroleum fractions by hydrodesulfurization (HDS) which is capable of removing most of the 

inorganic as well as some organic sulfur compounds. Some organosulfur compounds such as 

dibenzothiophene, benzothiophenes and their derivatives, however, are not removed 

completely by this process. For their removal, a modified HDS method, referred as deep HDS, 

is needed, which requires a higher temperature i.e. 400-450 oC and presence of some 

specialized catalysts. Due to this the process becomes more expensive. While 

dibenzothiophenes and benzothiophenes are removed by this process, their alkylated 

derivatives such as 4,6- dimethyl dibenzothiophene, 4- methyl dibenzothiophene etc. are not 

removed, they are termed as persistent/ recalcitrant organosulfur compounds.  For removal of 

such type of compounds biodesulfurization is an attractive alternative. Biodesulfurization, 

where in microorganisms are used to break the target compounds to release sulfur from 

petroleum fractions, offers the advantage of removing the sulfur selectively without affecting 

the calorific value of fuel. It is energy efficient, and is therefore environmentally and 

economically favorable. In the past several bacterial strains have been isolated that have the 

capability to remove sulfur from such persistent organosulfur compounds.  The bacteria 

isolated so far have limited substrate range, low activity and less solvent tolerance. For 

commercialization, the desired rate of biodesulfurization should be 3 mM/gDCW/h. whereas 

the maximum rate achieved till date is 320 µM/gDCW/h. A bacterial strain Gordonia sp. 

IITR100 was isolated in our lab from petroleum contaminated soil by enrichment culture using 

4,6-dimethyl dibenzothiophene as the sulfur source. The biodesulfurization genes were also 
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identified. The present work involves a) determination of the efficacy of the strain towards 

biodesulfurization of persistent organosulfurs such as Benzonaphthothiophene and 4,6 

dimethyl dibenzothiophene, b) elucidation of the biodesulfurization pathway of 

benzonaphthothiophene c) development of molecular tools for gene expression in Gordonia 

and d) construction of a recombinant Gordonia with improved biodesulfurization activity.  

The bacterium was found to desulfurize benzonaphthothiophene and 4,6 dimethyl 

dibenzothiophene efficiently. A novel method was developed for elucidation of the 

biodesulfurization pathway of benzonaphthothiophene. The set of constructed plasmids can be 

used for the determination of biodesulfurization pathway of any organosulfur compound.  

For constructing a recombinant strain, an improved protocol for electroporation in Gordonia 

was developed. A new promoter was isolated from Gordonia and characterized in detail. To 

the best of our knowledge this is the first report on the detailed characterization of a stationary 

phase promoter from Gordonia.  

An expression vector was constructed using the isolated promoter. Expression of 

biodesulfurization genes was achieved. A recombinant Gordonia strain was constructed which 

had many useful features. The constructed recombinant strain has high potential for 

applications in biodesulfurization of diesel and crude oil. 
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