
























 Organic acids produced through fermentation readily 
dissolve carbonates and can greatly enhance 
permeability in limestone reservoirs.  

 

 Organic solvents and dissolved CO2 can decrease 
oil viscosity. 

 

 Fermentation gases can repressurize wells, leading 
to displacement and production of light or 
conventional crude oil through a revitalized gas-
driven mechanism  
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Operate in a 

wide variety 

of conditions 

Highly 

selective 
Biocatalyst 

Biotechnology 



Knowledge 
supporting 

“biorefining” concept 

Genetic 
engineering 

Protein 
engineering 

Biocatalysis 
in 

nonaqueous 
media 

Extremophilic 
micro-organisms 



Criteria when 
designing 

recombinant 
microorganisms 

Transform different 
types of compounds 

Stable under process 
conditions 

Possess higher 
activities & secrete 

biosurfactants 



Highly active & stable 

Able to accommodate hydrophobic 
substrates 

Able to transform a range of 
hydrocarbons 

Soluble and stable in organic media 

Criteria 
for 

designing 
enzymes 

in PB 





























Aerobic 
Removes S 

from DBT 

Does not 

degrade C 

skeleton 

Fuel energetic 

value is not 

affected 



Monooxygenases 

flavin reductase enzyme 

desulfinase 



Proposed sulfur-specific pathway for 

dibenzothiophene (DBT) desulfurization by 

Rhodococcus species.  

Abbreviations: DBTO, dibenzothiophene 

sulfoxide; DBTO2, dibenzothiophene 

sulfone; HPBS, hydrophenyl benzene 

sulfinate; HBP, hydroxy biphenyl.  

 

The Rhodococcus pathway does not continue to 

intermediary metabolism and stops with the 

release of hydroxy biphenyl, and therefore no 

decrease in carbon content occurs.  

 

The physiological significance of the pathway 

is to obtain sulfur for growth. DszA, DszB, 

DszC, and DszD are the catalytic gene 

products of dszA, dszB, dszC, and dszD, 

respectively. 





Designed to  

Minimize intro 

 of water into fuel 

Very low  

desulfurization  

rates were observed 

Creates small  
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Pseudomonas sp. CA10;  

Pseudomonas stutzeri 

OM1;  

Sphingomonas sp. CB3;  

Escherichia coli  

    Toluene pathway          2-Aminobenzoate pathway  

http://umbbd.msi.umn.edu/car/carmap


Toluene pathway 

(Aerobic) 

http://umbbd.msi.umn.edu/tol/tolmap1


Toluene pathway 

(Anaerobic) 

http://umbbd.msi.umn.edu/tol2/tol2map


2-Aminobenzoate 

Pathway 

(Aerobic) 

http://umbbd.msi.umn.edu/abz2/abz2map


2-Aminobenzoate 

Pathway 

(Anaerobic) 

http://umbbd.msi.umn.edu/abz/abzmap


Difficult to remove due 

 to complex structures 

Removed during crude oil desalting process 



Molecular structure of vanadium oxide octaethyl porphyrin 
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Organism Coldariomyces fumago 
Bacillus megaterium &  

C. roseuse 

Enzyme secreted Chloroperoxidase Cytochrome C reductases 

Function 

Removes metals in 

petroporphyrin & 

asphaltenes 

Oxidation of porphyrin 

rings 

By-products liberated Chlorinated products none 




