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ABSTRACT 

 

 

INDIGENOUS HYDROCARBON DEGRADERS FURTHER EVALUATED FOR 

THEIR KEROSENE DEGRADATION AND BIOSURFACTANT PRODUCTION 

POTENTIALS  

 

 

Aydēn, Dilan Camille 

M.S., Department of Biochemistry 

Supervisor: Prof. Dr. B¿lent Ķ­gen 

 

 

June 2018, 104 pages 

 

Kerosene, known as jet fuel, is one of the most spilled petroleum product causing 

serious environmental problems due to recalcitrant compounds found in its structure. 

The only eco-friendly solution for this problem is bioremediation, in which bacteria 

are used for the degradation and transformation into non or less toxic forms. The 

efficiency of this process depends not only on biodegradation ability of the bacterial 

isolates used but also on their biosurfactant production abilities. Therefore, in this 

study, 22 previously identified bacterial hydrocarbon degraders were further analyzed 

for their kerosene degradation and biosurfactant production potentials. Out of 22, 19 

bacterial isolates were found to utilize kerosene after pre-selection. The degradation 

abilities of the pre-selected isolates were determined chromatographically and 7 isolates 

namely; Pseudomonas plecoglossicida Ag10, Staphylococcus aureus Ba01, 

Stenetrophomonas rhizophila Ba11, Delftia acidovorans Cd11, Acinetobacter 

calcoaceticus Fe10, Pseudomonas koreensis Hg11 and Acinetobacter johnsonii Sb01 were 

stood out as efficient kerosene degraders with degradation abilities in between 69-84%. 

All the efficient degraders were showed to harbor the alkB gene responsible for kerosene 

degradation through the polymerase chain reaction (PCR) analyses. Biosurfactant 

production abilities of 19 kerosene degraders were also tested and Pseudomonas 

plecoglossicida Ag10, Raoultella planticola Ag11, Staphylococcus aureus Ba01, 

Enterococcus faecalis Cr07, Acinetobacter johnsonii Sb01 and Pantoea agglomerans 
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Sn11 were determined as biosurfactant producers through oil spreading activity, 

emulsification index and microbial adhesion to hydrocarbon tests. Blue agar plate method, 

thin layer chromatography and fourier transform infrared spectroscopy analysis were used 

to characterize the biosurfactants. The results revealed that, glycolipid type rhamnolipids 

were majoring in kerosene degraders. The gene responsible for rhamnolipid biosynthesis, 

rhlAB, was also shown in all the rhamnolipid producers by PCR analysis.  

   

 

 

Key words: Kerosene degraders, bioremediation, biosurfactant, rhamnolipid, alkB, 

rhlAB 
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ÖZ 

 

 

HĶDROKARBON PAR¢ALAYAN LOKAL BAKTERĶLERĶN KEROSEN 

PAR¢ALAMA VE BĶYOS¦RFEKTAN ¦RETME POTANSĶYELLERĶNĶN 

BELĶRLENMESĶ 

 

 

Aydēn, Dilan Camille 

Yüksek Lisans, Biyokimya Bölümü 

Tez Yºneticisi: Prof. Dr. B¿lent Ķ­gen 

 

 

Haziran 2018, 104 sayfa 

 

Jet yakētē olarak bilinen kerosen, doĵaya en ­ok dºk¿len petrol ¿r¿nleri arasēnda yer 

almaktadēr. Yapēsēnda bulunan inat­ē bileĸiklerden dolayē, ciddi ­evresel sorunlara 

sebep olmaktadēr. Bu problem i­in en etkili ­ºz¿m, ­evre dostu bir yºntem olan 

biyoremediyasyondur. Biyoremediyasyon, mikroorganizmalarēn kirletici maddeleri 

metabolizmalarēna katarak, onlarē tamamen zararsēz ya da daha az toksik forma 

dºn¿ĸt¿rmesidir. Bu iĸlemin etkinliĵi sadece bakteriyel izolatlarēn biyodegradasyon 

kabiliyetine deĵil aynē zamanda biyos¿rfaktan ¿retim yeteneklerine de baĵlēdēr. Bu 

nedenle, bu ­alēĸmada, daha ºnce hidrokarbon par­alayēcē olarak tanēmlanmēĸ 22 

bakterinin kerosen degradasyon yetenekleri araĸtērēlmēĸtēr. 22 bakteriyel izolat 

arasēndan 19'unun seçici besiyerinde ¿reyebildikleri saptanmēĸtēr. Bu bakterilerin 

kerosen degradasyon yetenekleri ise gaz kromatografisi ile belirlenmiĸ ve 7ôsinin 

(Pseudomonas plecoglossicida Ag10, Staphylococcus aureus Ba01, 

Stenetrophomonas rhizophila Ba11, Delftia acidovorans Cd11, Acinetobacter 

calcoaceticus Fe10, Pseudomonas koreensis Hg11 and Acinetobacter johnsonii Sb01) 

keroseni %69-84 aralēĵēnda degrede edebildiĵi tespit edilmiĸtir. Kerosen 

degradasyonunda ºne ­ēkan t¿m izolatlarēn, kerosen par­alanmasēndan sorumlu alkB 
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genini barēndērdēĵē, polimeraz zincir reaksiyon (PZR) analizleri ile ortaya 

­ēkartēlmēĸtēr. ¥te yandan, kerosen kullanma yeteneĵine sahip aynē 19 bakterinin 

biyos¿rfaktan ¿retim yetenekleri de araĸtērēlmēĸtēr. 19 izolat arasēndan, 6'sēnēn 

(Pseudomonas plecoglossicida Ag10, Raoultella planticola Ag11, Staphylococcus 

aureus Ba01, Enterococcus faecalis Cr07, Acinetobacter johnsonii Sb01, Pantoea 

agglomerans Sn11) biyos¿rfektan ¿reticileri olduklarē yaĵ yayēlma (oil spreading) 

aktivitesi, em¿lsifikasyon indeksi ve hidrokarbonlara karĸē mikrobiyal adhezyon 

testleri ile belirlenmiĸtir. Biyos¿rfaktanlarēn karakterizasyonu, mavi agar plaka (blue 

agar plate) metodu, ince tabaka kromatografisi (TLC) testi ve fourier dºn¿ĸ¿ml¿ 

kēzēlºtesi spektrometresi (FTIR) analizleri ile yapēlmēĸtēr. Sonu­lar, biyos¿rfaktanlarēn 

glikolipid yapēdaki ramnolipit tipi biyos¿rfektan olduĵunu gºstermiĸtir. Ramnolipit 

biyosentezinden sorumlu rhlAB geninin varlēĵē, t¿m ramnolipit  üreticilerinde PZR 

analizleri ile gºsterilmiĸtir.  

 

 

 

Anahtar kelimeler:  Kerosen parçalama, biyoremediyasyon, biyosürfektan, 

ramnolipit, alkB, rhlAB 
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CHAPTER 1 

 

 

1 INTRODUCTION  

 

 

 

1.1 Environmental contamination with petroleum and its ecological impact  

Petroleum products are indispensable chemicals of our daily life (Das and Chandran, 

2011). Massive quantity of petrol or oil is required every day to power automobiles, 

for domestic heating and industrial use. Every year about 35 million barrels of 

petroleum (Macaulay, 2015) are shipped all around the world. Production of petroleum 

products and anthropogenic activities such as oil exploration, exploitation, 

transportation, and their distribution lead to unavoidable oil spillage. Due to their toxic 

and harmful effects, petroleum contamination is a major environmental problem of 

todayôs life (Varjani, 2017). 

 

 

Figure 1.1 Oil spill from the tanker Exxon Valdez in Alaskaôs Prince William Sound by Natalie B. 

Fobes (left), The Deepwater Horizon oil drilling rig burning in the Gulf of Mexico (right) (from 

REUTERS) 

 

Large-scale oil spill accidents have drawn great attention worldwide. In 1989, the 

tanker Exxon Valdez spilled about 11 million gallons (Gakpe et al., 2007) of crude oil 

on Alaska's Prince William Sound. The oil spread over a wide area for months 

resulting by depredation of 28 different types of animals, plants and marine habitats 

(Peterson et al., 2003).  
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National Oceanic and Atmospheric Administration (NOAA) reported that, 25 years 

after the accident 9 species and their habitat are still in recovery period. Scarcely, 3 

types of animals (herring, killer whale and pigeon guillemots) havenôt recovered yet. 

Exxon Valdez accident has been the most studied oil spill case in history and was the 

precursor for todayôs bioremediation studies (NOAA, 2018).  

The largest spill of oil by the time 2010 was Deepwater Horizon oil rig explosion in 

the Gulf of Mexico (Dave and Ghaly, 2011). For 87 days, 205.8 million gallons of oil 

was discharged into the gulf. Average of 1.6 km of shorelines were polluted (Dzionek 

et al., 2016). Thousands of birds, mammals, and sea turtles were contaminated with 

leaked oil. This accident was recorded as the largest mortality event occurred in the 

Gulf of Mexico (Dave and Ghaly, 2011). About 1.8 million gallons of dispersants were 

used for bioremediation studies in order to clean the contaminants up (NOAA, 2018).  

Such accidents also happen in Turkey (Erdoĵan et al., 2012), where petroleum 

contamination is an important pollution problem. A total of 461 shipping accidents 

occurred in the Bosphorus during the 1953ï2002 period (Akten, 2006), the majority 

being collisions. The biggest accident occurred in 1979, a Romanian tanker 

Independeta collided with a Greek cargo ship Evriali in the Bosphorus of Ķstanbul. 30 

million gallons of crude oil were spilled and caught fire. This was the 11th biggest 

marine pollution recorded in history (ITOPF, 2009) ending with serious impact to not 

only the marine environment but also causing significant air pollution due to fire 

incidents after petrol explosions. More recently, in January 2017, the Ķzmit gulf was 

polluted by fuel oil. About 60 ton of fuel oil leaked to the coastline of Yalova and the 

marine ecosystem of Ķzmit gulf (TURMEPA, 2017).  

 

 

Figure 1.2 Independenta ship accident by Cristian Munteanu (left), sea bird covered with oil in the gulf 

of Ķzmit (right) (from CNNTurk) 
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Ecological impact of oil spills is needed to be considered since petroleum components 

are persistent organic pollutants (Varjani, 2017). After a spillage, oil floats and creates 

a blanket on the surface of water (Dicks, 1998) and causes damages mostly to marine 

animals and seabirds. Seabirds whether die from inhaling the toxic fumes or by 

hypothermia. Their fur is covered with oil, therefore they cannot regulate their body 

heat (Almeda et al., 2013). Mass mortality is also seen in macroalgae and benthic 

invertebrates because of chemical toxicity, smothering, and physical displacement 

from the habitat. Fish embryos exposed to oil lead to indirect effects on growth, 

deformities and problems with reproduction (Peterson et al., 2003). Another concern 

is the bioaccumulation of toxic compounds in petroleum (Almeda et al., 2013). These 

compounds are taken up by aquatic organisms and this leads an accumulation in the 

food chain (Van der Heul, 2009). 

 

1.2 Petroleum hydrocarbons and their chemical composition 

The word Petroleum, comes from Latin, meaning rock oil (Varjani, 2017). It originates 

from the biosynthetic activity of microorganisms and plants that are buried deep in the 

earth and heated under great temperature and pressure over prolonged geological 

periods (Das and Chandran, 2011). Whereas, hydrocarbons are compounds formed by 

carbon and hydrogen, and may contain some amount of nitrogen, sulfur and oxygen 

(Abbasian et al., 2015). Petroleum hydrocarbons are mixtures obtained by the 

distillation of crude oil (Ashraf, 2012). Those mixtures can be categorized into four 

classes like aliphatic, aromatic, resins and asphaltenes (Olajire and Essien, 2014).  

Aliphatics are arranged in a linear or branched chain and usually comprise more than 

50% of most crude oils (Rojo, 2009). They can be divided into three classes according 

to their chemical structures as alkanes, alkenes and cycloalkanes. On the other hand, 

aromatic hydrocarbons have one or more aromatic rings in their structure with different 

alkyl groups attached (Figure 1.3) (Ziadabadi and Hassanshahian, 2016). Resins and 

asphaltenes contain non-hydrocarbon polar compounds having very complex and 

mostly unknown carbon structures with nitrogen, sulfur and oxygen atoms (Varjani, 

2017). 
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Figure 1.3 Structures of some crude oil components (Hassanshahian and Cappello, 2012) 

 

As mentioned before, hydrocarbon pollutants are one of the most persistent organic 

pollutants. They are recalcitrant and contains toxic compounds such as benzene, 

toluene, ethylbenzene, xylene and polycyclic aromatic hydrocarbons (Olajire and 

Essien, 2014). Toxicity of hydrocarbons depends on chemical properties like volatility, 

lipid solubility, viscosity and surface tension (Tormoehlen et al., 2014).  

The toxicity of hydrocarbons increases as their molecular weight decreases (Singh et 

al., 2012). The toxicity increases in the following order; alkanes, alkenes, 

cycloparaffins, aromatics, and polyaromatics (Varjani, 2017). In aliphatic structures, 

carbon atoms only share electrons with their adjacent electrons which allows them 

different conformations, thereby renders aliphatic as non polar or slightly polar. While 

the polarity increases, their solubility and interaction with water increases. Due to lack 

of functional groups and low water solubility, serious ecological problems occurs 

when they are released to the environment (Singh et al., 2012). Aromatic hydrocarbons 

are more water soluble, therefore, they are easily adsorbed into organic matter in water 

and persist in the ecosystems for extended period of time (Adam, 2001). As the 

volatility of hydrocarbons increases, the higher absorption occurs during inhalation, 

which ends up by crossing the blood-brain barrier causing damages in the nervous 

system. Moreover, hydrocarbons can damage tissues by affecting the lipid part of the 

cell since compounds are insoluble in water but soluble in most fats (Tormoehlen et 

al., 2014). They can induce malignant tumors since they have a great affinity for 

nucleophilic center of macromolecules like RNA, protein and DNA (Varjani, 2017). 
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1.3 Petroleum products and their chromatographic profi les 

Crude oil is the unprocessed oil found in reservoirs under the Earthôs surface. It 

contains various components that all have different sizes, weights and boiling points 

(Bishop, 1997). In the fractional distillation of crude oil, different petroleum 

compounds are obtained. Since every compound in crude oil have specific boiling 

temperatures, they are separated easily by a process called fractional distillation 

(Ashraf, 2012). For example, when crude oil is evaporated, kerosene condenses at a 

higher temperature than naphtha and as the mixture cools, kerosene is separated from 

naphtha because it condenses first (Figure 1.4). 

 

 

Figure 1.4 Fractional distillation of crude oil (adapted from Ashraf, 2012) 

 

The boiling point distribution of each compound found in crude oil depends on alkane 

standards ranging from methane (CH4) to dotricontane (C32H66) (Bishop, 1997). Every 

petrol product has a different range of carbon (Ashraf, 2012). Knowing the distribution 

ranges of carbons is important for characterization of petroleum products but also gives 

information about their property. For example, as the carbon chain length increases, 

the volatility of the product decreases (Varjani, 2017). Petroleum products and their 

carbon chain length is given in Figure 1.5. 
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Figure 1.5 Petroleum products and petroleum measurements chart. TPH: Total Petroleum 

Hydrocarbons obtained from the method 418.1 by Infrared Instrument (IR), DRO: Diesel Range 

Organics, EPH: Extractable Petroleum Hydrocarbons, GRO: Gasoline Range Organics, VPH: Volatile 

Petroleum Hydrocarbons (adapted from Bishop, 1997) 

 

In order to characterize the composition of hydrocarbons in petroleum samples, a 

common laboratory technique called gas chromatography (GC) is used (Ghoreishi et 

al., 2017). The separation of each compound is based on their vapor pressure and their 

polarity. Once injected into a gas chromatograph, the product is heated and vaporized, 

then passes in a gas stream (mobile phase). After injection, the temperature of the 

column increases slowly and compounds begin to move through the column depending 

to their various chemical and physical properties. For example, more volatile 

compounds with lower boiling points starts moving first. Compounds also interacts 

with specific column filling (stationary phase). At the end, each component exits the 

column at a different time, named as retention time. While chemicals passes through 

the column, their detection and identification is electronically done (Bishop, 1997). 

Figure 1.6 shows the gas chromatogram of gasoline known as motor fuel, a low-

weight, high volatile product mostly consisting 5 to 12 carbon atoms (Figure 1.6a) and 

the chromatogram of diesel, a heavier-weight product containing mostly n-alkanes 

with carbon atoms greater than 12 (Figure 1.6b). 



7 

 

 

Figure 1.6 GC-based total petroleum hydrocarbon profiles of (a) gasoline and (b) diesel (adapted from 

Bishop, 1997) 

 

1.3.1 Kerosene 

Kerosene is a thin, colorless and odorless liquid oil obtained from the distillation of 

crude oil between 175°C to 250°C (Gouda et al., 2007). Kerosene is known by several 

different names including heating oil, boiler juice and paraffin. It has become a major 

household, commercial, and industrial fuel (Lam et al., 2012). It is used as domestic 

heating oil or as lamp oil in developing countries when electricity is unavailable. 

Globally, about 500 million households still uses kerosene (Lam et al., 2012) and 7.6 

billion liters is consumed annually (Mills, 2005). Kerosene has other use of area such 

as spray oil to combat insects (Gouda et al., 2007), solvent in paints and cleaners, also 

as alcohol denaturant (Nwinyi and Victory, 2014). Scarcely, kerosene is mostly used 

as aircraft gas turbine and jet fuel, known as Jet A, Jet A-1 or it is largely manufactured 

for commercial airlines and the military activities named as JP-8 or JP-5  (Gouda et 

al., 2007). The commercial development of kerosene type fuels started particularly 

during World War II because of its availability compared to gasoline. In addition, due 

to its high flash point temperature, kerosene is harder to ignite accidentally (Khan et 

al., 2015), which makes it much safer and preferable for the aviation industry. 
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About 70% of kerosene is composed of branched, straight chain alkanes and 

naphthenes (cycloalkanes) while aromatic hydrocarbons such as alkylbenzenes and 

alkylnaphthalenes do not exceed 25% by volume of kerosene. Finally, olefins 

(alkenes) are found less than 5% (Figure 1.7) (Ziadabadi and Hassanshahian, 2016).  

 

 

Figure 1.7 Major components of kerosene  

 

This mixture has a density of 0.78ï0.81 g/cm3 and it is immiscible in water with 

moderate volatility. Kerosene usually contains carbon numbers between C9 to C20, that 

can vary due to its distillation process from C6 to C24 (Figure 1.8) (Udoetok et al., 

2012).  

 

 

Figure 1.8 Gas chromatogram of kerosene (Udoetok et al., 2012) 

 

The total amount of kerosene consumption throughout the world is about 1.2 million 

barrels per day (Gouda et al., 2007). Despite the several usefulness of kerosene, it also 

constitutes a major environmental concern. Because of the aromatic compounds, 

kerosene is hazardous to living organisms with a toxicity varying from moderate to 

high (Umanu and Babade, 2013). According to the US Coast Guard Emergency 

Response Notification System, kerosene is one of the most commonly spilled 
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petroleum products, causing a global environmental concern (Gouda et al., 2007). 

Spillage and leakages of kerosene causes potential acute toxicity to both aquatic and 

terrestrial life as well as inhalation hazards.  In humans, kerosene can provoke serious 

skin irritation and mucous membrane damages, while changes in the liver and harmful 

effects on the kidney, heart, lungs, and nervous system can be seen in long term 

(Umanu and Babade, 2013). Furthermore, increased rates of cancer, immunological, 

reproductive, fetotoxic, genotoxic effects are also associated with lighter, more volatile 

and water soluble compounds found in kerosene (Irwin, 1997). 

 

1.4 Treatment of petroleum contamination 

Petroleum hydrocarbons are classified as priority pollutants and therefore it is 

necessary to combat this pollution problem. Many conventional engineering based 

methods are used in order to control and treat petroleum pollutants (Varjani, 2017) 

such as physical, chemical and biological treatments.   

 

1.4.1 Physical and chemical treatments 

Physical treatment is used in order to control oil spills. Therefore, barriers such as 

booms and devices called skimmers (Figure 1.9) are used along for oil recovery 

without changing their properties, ending with prevention of oil spillage. Adsorbent 

materials can also be added for conversion of liquid oil to semisolid phase (Dave and 

Ghaly, 2011). Other physical methods involves gravity separation, adsorption, 

membrane separation, reverse osmosis, nano, ultra and microfiltration (Singh et al., 

2017). Although physical treatments help to control oil spreading, they also have many 

limitations. Booms are very sensible to strong winds and high waves while adsorbent 

materials are whether expensive, non-biodegradable or difficult to operate (Dave and 

Ghaly, 2011).  

 

Figure 1.9 Application of booms (left), booms and skimmer (middle) and plane dropping oil-dispersing 

chemical (right) (NOAA, 2015) 
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Chemical treatment involves precipitation, electrochemical processes and advanced 

oxidative processes where large amount of chemicals are handled (Figure 1.9) (Singh 

et al., 2017). Chemicals used with combination to physical treatments are dispersants 

and solidifiers. Dispersants are efficient but have a high operation and maintenance 

cost. Furthermore, chemicals can result with extra contamination and cause serious 

damages to the environment (Dave and Ghaly, 2011).  

 

1.4.2 Biological treatment 

The increasing costs and limited efficiency of physico-chemical treatments have 

driven attention to alternative technologies (Varjani, 2017). Biological treatments 

involves activated sludges, trickling filters, sequencing batch reactors, chemostat 

reactors, biological aerated filters and bioremediation (Singh et al., 2017). 

 

1.4.2.1 Bioremediation  

Bioremediation is a process that microorganisms and their enzymes are used to 

degrade or reduce hazardous organic pollutants to less toxic or harmless bio products 

such as carbon dioxide, water, heat and cell biomass (Varjani, 2017). Various 

organisms such as archaea, bacteria, algae and fungi are known for their 

bioremediation capacities. Plants can also be used for removal of contaminants through 

phytoremediation (Sharma et al., 2018).  

There are three basic methods of bioremediation: natural attenuation, biostimulation, 

and bioaugmentation. Natural attenuation is the degradation of contaminants by 

indigenous microorganisms (Dzionek et al., 2016). Although this method is reverting 

the ecosystem to its original without affecting the habitat, the disadvantage is the slow 

degradation rate (Sharma et al., 2018). In order to increase bioremediation efficiency, 

the process called bioaugmentation is applied, where specific degraders are added to 

supplement the existing microbial population. However, this process may not be 

favorable because of the competition for nutrients between indigenous and exogenous 

microorganisms (Dzionek et al., 2016). Another alternative is adding nutrients or other 

growth-limiting substrates for accelerating the removal of contaminants, a method 

known as biostimulation (Das and Chandran, 2011). 
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Microorganisms are sensitive to growth environment and respond to changes that ends 

up effecting their biodegradation activity. Biodegradation rates depends on many 

factors such as physico-chemical properties of the pollutant (availability, volatility, 

type and length of hydrocarbon), environmental conditions (pH, temperature, nutrition 

factors, salinity, oxygen etc.) and to microorganisms and their cell metabolic pathways 

(Varjani, 2017).  

 

1.5 Mechanism of kerosene degradation 

Key agents responsible in petroleum hydrocarbon degradation are; bacteria, dominant 

in marine ecosystems, and fungi crucial in freshwater and terrestrial ecosystems 

(Olajire and Essien, 2014). They both have a versatile metabolism (Rojo, 2009) that 

uses petroleum products as a carbon and energy source. Degradability of hydrocarbons 

depends on their ring number and molecular size that affects their hydrophobicity and 

sorption capacity (Varjani, 2017). Degradation order of hydrocarbons is given in 

Figure 1.10 with respect to decreasing susceptibility. 

 

 

Figure 1.10 Biodegradability of hydrocarbons   

 

As mentioned previously, approximately 70% of kerosene is formed of alkanes and 

cycloalkanes (Ziadabadi and Hassanshahian, 2016). Therefore, mechanism of 

kerosene degradation will be explained under alkane degradation.  

The metabolic pathways of alkane degradation can be either aerobic where oxygen is 

utilized as the primary acceptor or anaerobic in which an alternative electron acceptor 

is utilized, such as nitrate or sulfate (Singh et al., 2017). Compared to anaerobic, 

aerobic degradation is much faster and more effective due to less free energy for 

initiation and energy yield per reaction (Olajire and Essien, 2014). 
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1.5.1 Aerobic degradation 

The aerobic degradation of alkane, such as all type of hydrocarbons, starts with the 

oxidation of the substrate molecules by specific enzymes for alcohol production. 

Alcohols are further oxidized and broken to smaller molecules that are used in central 

intermediary metabolism. Finally, produced metabolites leads to biosynthesis of cell 

biomass as summarized in  Figure 1.11 (Olajire and Essien, 2014) 

 

 

Figure 1.11 Aerobic degradation of hydrocarbons (adapted from Olajire and Essien, 2014) 

 

Alkanes degradation can be classified as terminal and sub-terminal. Terminal methyl 

group oxidation occurs by alkane hydroxylases and produces primary alcohols. 

Further, alcohols are oxidized to an aldehyde by alcohol dehydrogenases (Abbasian et 

al., 2015). Aldehyde dehydrogenases converts aldehyde to a fatty acid, followed by 

addition of CoA through acyl-CoA synthetize ending up with acetyl-CoA production 

(Olajire and Essien, 2014) (Figure 1.12).  
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Figure 1.12 The terminal oxidation of n-alkanes to fatty acid catalyzed by bacterial enzymes (adapted 

from Olajire and Essien, 2014) 

 

In sub-terminal oxidation, a secondary alcohol is transformed to a ketone by a 

monooxygenase and converted to an ester. Esterase hydrolyses esters to form alcohol 

and a fatty acid (Figure 1.13). Terminal and sub-terminal oxidation can co-occur in 

some microorganisms (Rojo, 2009).  

 

 

Figure 1.13 Sub-terminal oxidation of n-alkanes (Olajire and Essien, 2014) 
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1.5.2 Anaerobic degradation 

Various organisms are able to use alkanes as carbon source in the absence of O2. 

Anaerobic degradation of alkanes occurs in two different ways (Rojo, 2009). First, 

alkanes are added to the double bond of fumarate, producing alkyl succinate that 

further enters to ɓ-oxidation (Rojo, 2009), a process performed by denitrifying and 

sulfate reducing bacteria (Figure 1.14). Secondly, mycobacterium have the ability to 

degrade multibranched saturated hydrocarbons through putative pathways where 

squalene is converted to a dionic acid, entering to pristine pathway forming 3,7,11-

trimethyldodecandioic acid and further degraded by ɓ-oxidation route (Singh et al., 

2012). 

 

 

Figure 1.14 Anaerobic degradation of alkanes (Rojo, 2009) 

 

1.6 Microorganisms involved in kerosene degradation 

As mentioned above, kerosene is a mixture of hydrocarbon comprised of 75% aliphatic 

and 25% aromatic hydrocarbons (Bacosa et al., 2010). Therefore, no single 

microorganism has been found to completely degrade kerosene alone. Some 

microorganisms have ability to degrade aliphatics, some can degrade aromatics while 

others degrade resins. Varjani (2017) reported Achromobacter, Acinetobacter, 

Arthrobacter, Azoarcus, Brevibacterium, Cellulomonas, Corynebacterium, 

Flavobacterium, Marinobacter, Micrococcus, Nocardia, Ochrobactrum, 
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Pseudomonas, Stenotrophomaonas and Vibrio as hydrocarbon degrading bacteria. As 

shown, many studies are available on the bacterial degradation of hydrocarbons in 

literature, but studies on kerosene degradation is scarce (Khan et al., 2015). Therefore, 

a list of studies on kerosene degradation by different bacteria has been revised in Table 

1.1 

 

 Table 1.1 List of kerosene degrading bacteria 

Bacteria References 

Achromobacter Bacosa, Suto and Inoue, 2010 

Acinetobacter Umanu and Babade, 2013 

Anienye, Ijah and Nnamdi, 2015 

Aerobacter Nwinyi and Victory, 2014 

Alcaligenes Bacosa, Suto and Inoue, 2010 

Umanu and Babade, 2013 

Anienye, Ijah and Nnamdi, 2015 

Bacillus Nwinyi and Victory, 2014 

Anienye, Ijah and Nnamdi, 2015 

Bacillus cereus Borah and Yadav, 2017 

Bacillus subtilis Nwinyi and Victory, 2014 

Burkholderia Bacosa, Suto and Inoue, 2010 

Citrobacter sedlakii Ghoreishi et al., 2017 

Cupriavidus Bacosa, Suto and Inoue, 2010 

Enterobacter cloacae Ghoreishi et al., 2017 

Enterobacter hormeachai Ghoreishi et al., 2017 

Gordonia Gouda et al., 2007 

Micrococcus Umanu and Babade, 2013 

Anienye, Ijah and Nnamdi, 2015 

Nocordia hydrocarbonoxydans Kalme et al., 2008 

Pseudomonas Gouda et al., 2007 

Umanu and Babade, 2013 

Anienye, Ijah and Nnamdi, 2015 

Pseudomonas desmolyticum Kalme et al., 2008 

Pseudomonas fluorescens Nwinyi and Victory, 2014 

Rhodococcus Nwinyi and Victory, 2014 

Serratia Umanu and Babade, 2013 

 

Fungi capable of degrading hydrocarbons has also been studied and can be listed as 

Aspergillus, Amorphoteca, Fusarium, Graphium, Neosartoria, Paecilomyces, 

Penicillium, Sporobolomyces, Talaromyces and some yeast of genera Candida, Pichia, 

Pseudozyma Rhodotorula and Yarrowia (Varjani, 2017). Kerosene degrading abilities 

of some hydrocarbon degrader fungi and yeast has been tested and a summary of 

studies found in literature is given in Table 1.2. 
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Table 1.2 List of kerosene degrading yeast and fungi 

Yeast and fungi References 

Aspergillus Umanu and Babade, 2013 

Anienye, Ijah and Nnamdi, 2015 

Khan et al., 2015 

Aspergillus niger Adekunle and Adebambo, 2007 

Hasan, 2014 

Candida Umanu and Babade, 2013 

Khan et al., 2015 

Cladosporium Khan et al., 2015 

Fusarium Anienye, Ijah and Nnamdi, 2015 

Mucor Anienye, Ijah and Nnamdi, 2015 

Penicillum Umanu and Babade, 2013 

Anienye, Ijah and Nnamdi, 2015 

Penicillum janthinellum Khan et al., 2015 

Rhizopus Adekunle and Adebambo, 2007 

Rhodotorula Umanu and Babade, 2013 

Trichoderma Umanu and Babade, 2013 

 

1.7 Genes involved in kerosene degradation 

Depending on the alkanes chain-length, different enzyme systems are utilized by 

microorganisms responsible in oxidation of substrate to initiate biodegradation 

(Varjani, 2017). There are three major enzymes responsible in alkane degradation. 

Methane to butane (C1ïC4) is oxidized by methane monooxygenase-like enzymes. 

Pentane to hexadecane (C5-C16) is oxidized by integral membrane non-heme iron 

(alkane hydroxylases) or cytochrome P450 enzymes, mostly found in fungi and in few 

bacteria (Van Beilen and Funhoff, 2007). Several bacterial isolates has enzymes 

responsible in oxidation of alkanes longer than C20 but those enzyme systems are still 

unknown (Rojo, 2009). Because kerosene structure contains hydrocarbons between C9 

to C22, key enzymes involved in kerosene degradation are alkane hydroxylases. This 

enzyme is composed of a hydroxylase found in the cell membrane and cytoplasmic 

proteins such as rubredoxin and rubredoxin reductase (Olajire and Essien, 2014). Gene 

responsible in alkane hydroxylation is encoded by alkB. The electrons needed for this 

process are delivered to alkane monooxygenase by a rubredoxin reductase and two 

rubredoxins which are encoded by alkT and alkF, alkG respectively (Rojo, 2009). 

Produced alcohol is further transformed to a fatty acid by alcohol dehydrogenase, an 

aldehyde dehydrogenase and an acyl-CoA synthetase encoded by genes alkJ, alkH and 

alkK respectively, followed by ɓ-oxidation (Abbasian et al., 2016).  
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The alkane-degradation gene clusters may be plasmid encoded but mostly they are 

located in the chromosome (Varjani, 2017). The pathway for alkane degradation has 

been extensively studied in Pseudomonas putida GPo1, which reserves two gene 

clusters encoding enzymes responsible in conversion of n-alkanes to fatty acids (Rojo, 

2009). Genes are organized as alkBFGHJKL and alkST, located end to end on a large 

plasmid named OCT plasmid (Van Beilen et al., 2001). alkBFGHJKL genes are 

regulated by alkST and two loci are transcribed towards each other. Additively, P. 

putida has alkL gene providing the importation of n-alkanes into the bacterial cells 

(Canosa et al., 2000). Position and role of alkane-degrading proteins in P.putida is 

summarized in Figure 1.15. 

 

 

Figure 1.15 Degradation of medium chain length alkanes by genes found in the OCT plasmid (above) 

and genes clustered in two, alkS as transcriptional regular (below) (Canosa et al., 2000) 

 

Usually only one alkB gene is found in the genome, but several Gram-positive and 

Gram-negative genera may contain more than one alkB genes, as seen in genus 

Rhodococcus and Acinetobacter (Viggor et al., 2015). Acinetobacter sp. strain M1 has 

two alkB related (alkMa and alkMb) alkane hydroxylases, regulated depending on the 

alkane present in the medium. Expression of alkMa, is controlled by a regulator alkRa 

and induced by alkanes having a very long chain length (C22), while alkMb is 

controlled by alkRb and induced in the presence of C16ïC22 alkanes (Abbasian et al., 

2016). 

It is important to show the activity of alkane hydroxylases since alkB genes are used 

as biomarkers for the determination of the abundance and diversity of alkane-

degrading bacteria. For that reason, polymerase chain reaction (PCR) is a method used, 
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where specific primers are designed for detection of marker catabolic genes. As an 

example, in the study of Jurelevicus et al. (2013), combination of alkB primers was 

used to enhance the detection of the alkB gene for determination of alkane-degrading 

bacteria in contaminated environments by use of PCR analysis. 

 

1.8 Biosurfactants and their use in bioremediation 

Biosurfactants are surfactants synthesized as secondary metabolites (Varjani and 

Upasani, 2017) by different microorganisms such as bacteria, yeasts and filamentous 

fungi. These compounds have amphipathic molecules and are capable of displaying a 

variety of surface activities that helps solubilizing hydrophobic substrates (Khan and 

Butt, 2016). Excreted biosurfactants organize their monomers spherically by forming 

micelles (Satpute et al., 2010). While hydrophobic part is turned to the center, forming 

a nucleus; hydrophilic part turns to the sphere surface leading to reduction of surface 

tension and interfacial tension (Souza et al., 2014). Surfactants have other functional 

properties such as emulsification, wetting, adsorption, foaming, cleansing, and phase 

separation (Satpute et al., 2010).  

Surface activity is an important property for biosurfactants. Water molecules are held 

together due to cohesive forces (Mnif and Ghribi, 2015). The force per unit length 

exerted by a liquid in contact with a solid or another liquid is called as surface tension 

Satpute et al., 2010) while force held within the molecules in a liquid is referred as 

interfacial tension (Varjani and Upasani, 2017) (Figure 1.16a). An equipment called 

tensiometer is used to measure both values (Satpute et al., 2010). For example, water 

has a surface tension value of 72 mN/m that is the highest surface tension value among 

known liquids. Depending on the efficiency of the surfactant, this value decreases with 

their addition to the solution (Sáenz-Marta et al., 2015). Another important property 

of surfactants is their emulsification activity (Banat et al., 2000), dispersion of liquids 

into each other, allowing emulsion formation of two immiscible liquids such as oil and 

water (Figure 1.16b). The initial value where surfactant can form micelles is named as 

critical micelle concentration (CMC) (Figure 1.16c). It is obtained by the 

measurements of the surfactant solution prepared in several dilutions. Below CMC, 

surfactants are in monomer form while at CMC, surfactants start to form micelles 

(Mnif and Ghribi, 2015) and end up with changed physical properties such as 

conductivity, viscosity, density etc. (Satpute et al., 2010)  
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Figure 1.16 Properties of surfactants. (a) Surface tension and interfacial tension, (b) Emulsification (c) 

Critical micelle concentration (CMC) and micelle formation (modified from Satpute et al., 2010) 

 

Biosurfactants can enhance biodegradation rate by two mechanisms (Das and 

Chandran, 2011). First, they can increase the bioavailability of substrate to 

microorganisms (Banat et al., 2010). Bacteria growth rate on hydrocarbons can be 

limited due to interfacial tension between water and oil. When the surface area of 

microorganisms with hydrophilic solvents like water is limiting, biomass increases 

arithmetically rather than exponentially (Sáenz-Marta et al., 2015). Biosurfactants are 

released to the environment and start forming micelles, which end up facilitating the 

uptake of hydrophobic substrates (Das and Chandran, 2011).  As growth on 

hydrophobic surfaces increases, enhancement in biodegradation activity is observed 

(Franzetti et al., 2010).  

The second mechanism involves biosurfactants affecting the cell surface properties 

(Souza et al., 2014). Produced biosurfactants can bound to cell wall and reduce the 

lipopolysaccharide index of the wall without damaging the membrane, which leads to 

a more hydrophobic cell surface. As cell hydrophobicity increases, it is easier for 

microorganisms to adhere hydrophobic compounds. This way, microorganisms can 

attach or detach from surfaces depending to their needs, giving them the ability to 

better degrade hydrophobic compounds (Sáenz-Marta et al., 2015).  

 

1.9 Advantages of biosurfactants over synthetic surfactants 

Biosurfactants have a wide range of biotechnological applications (Sobrinho et al., 

2013). Currently, the main market is the petroleum industry in which biosurfactants 

are used for bioremediation process, oil spill up operations, enhanced oil recovery 

(Banat et al., 2010). In food industry, they are applied as emulsifiers in food products 

(Shekhar et al., 2015).  
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Biosurfactants can be applied for medical purposes (Khan and Butt, 2016) such as anti-

adhesive agents and enzyme inhibitors in pharmaceutics and also in cosmetics (Banat 

et al., 2010). They are also known to be exploit as washing detergents or as fertilizers 

for agricultural use (Santos et al., 2016). Compared to synthetic surfactants, 

biosurfactants are preferred due to their advantages such as being biodegradable and 

generally having low toxicity (Banat et al., 2010). They are also economic and can be 

produced by raw materials or industrial wastes that decreases the production cost. Due 

to their complex structure, biosurfactants are specific in their action and also effective 

at extreme temperature, pH and salinity conditions (Khan and Butt, 2016). 

 

1.10 Classification of biosurfactants 

Biosurfactants can be classified according to their ionic charge on their polar part as 

anionic, neutral, cationic or amphoteric (Rahman and Gakpe, 2008) or depending on 

their producer microorganism, their mode of action or their chemical composition 

(Sáenz-Marta et al., 2015). Their hydrophobic moiety is characterised by long-chain 

fatty acids and the hydrophilic moiety may be formed by a carbohydrate, amino acid, 

cyclic peptide, phosphate, carboxyl acid or alcohol (Sobrinho et al., 2013). Depending 

on their structure, they are gathered into five main groups as glycolipids, lipoproteins 

and lipopeptides, fatty acids, phospholipids and polymeric compounds (Figure 1.17) 

(Rahman and Gakpe, 2008).  

 

Figure 1.17 Classification of biosurfactants 
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1.10.1 Glycolipids 

The best-studied microbial surfactants are glycolipids composed of mono, di, tri or 

tetrasaccharides attached to a fatty acid component. They can also consist 

carbohydrates in combination with aliphatic or hydroxyaliphatic acids (Rahman and 

Gakpe, 2008). Rhamnolipids, sophorolipids and trehalolipids are the best known 

glycolipids (Santos et al., 2016). 

 

1.10.1.1  Rhamnolipids 

Glycolipid surfactants with one or two rhamnose and 3-hydroxy fatty acid chains are 

called rhamnolipid (Figure 1.18) (Dobler et al., 2016). Approximately 60 rhamnolipid 

congeners and homologues have been found so far (Varjani and Upasani, 2017). The 

most common rhamnolipid producer is Pseudomonas aeruginosa. They produce 

effective surfactants, mostly used in removal of hydrophobic compounds from 

contaminated soils (Reis et al., 2011) because of their ability to assimilate insoluble 

substrates. Rhamnolipids are also known in changing the hydrophobicity of cells 

surface and have different roles including antimicrobial or hemolytic activity in human 

pathogenesis. Furthermore, in Pseudomonas, rhamnolipids work as a quorum sensing 

molecule and promote swarming motility (Reis et al., 2011).  

 

 

Figure 1.18 Structure of rhamnolipid (Dobler et al., 2016) 

 

Rhamnose is a component of the cell wall lipopolysaccharide and exopolysaccharide 

in a variety of Gram-negative bacteria, mostly found in Pseudomonas strain (Rahim et 

al., 2000).  

 



22 

 

For rhamnose production, D-glucose-6-phosphate is converted into D-glucose-1-

phosphate by the phosphoglucomutase (AlgC) and is followed by the rmlBDAC 

operon gene products (Figure 1.19). Glucose-1-phosphate thymidylyltransferase 

(RmlA) catalyzes the transfer of a thymidylmonophosphate nucleotide to glucose-1-

phosphate with following reactions leading to dTDP-L-rhamnose biosynthesis. 

Presence of dTDP-L-rhamnose inhibits the activity of RmlA (Dobler et al., 2016). 

Rhamnolipid synthesis proceeds by two sequential glycosyl transfer reactions, each 

catalysed by a different rhamnosyltransferase (Das et al., 2008). Rhamnosyltransferase 

1 (RhlA and RhlB) are encoded by the rhlA and rhlB. Both genes are co-expressed 

from the same promoter (rhlAB) and are essential for rhamnolipid synthesis. RhlA 

catalyses the synthesis of the fatty acid dimer moiety of rhamnolipids and free 3- (3-

hydroxyalkanoyloxy) alkanoic acid (Figure 1.19). Sequently, RhlB uses dTDP-L-

rhamnose and hydroxyalkanoyloxy alkanoic acid molecule as precursors for 

production of monorhamnolipid  (Varjani and Upasani, 2017). Finally, rhlC encodes 

rhamnosyl transferase 2 (RhlC) that uses monorhamnolipid and dTDP-L-rhamnose as 

substrate for dirhamnolipid production (Dobler et al., 2016). 

 

 

Figure 1.19 Biosynthesis of rhamnolipid (Dobler et al., 2016) 
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1.10.1.2 Sophorolipids 

Sophorolipids are mostly produced by yeasts Candida (Santos et al., 2016) and 

composed of a sophorose disaccharide linked to a long chain hydroxyl fatty acid 

(Figure 1.20) (de Oliveira et al., 2015). Sophorolipids can be categorized as acidic and 

lactonic. Acidic forms have a free fatty acid tail and are efficient foaming agents with 

high water solubility (Gakpe et al., 2007). Therefore, they are mostly applied in food 

industry, bioremediation and cosmetics. Lactonic forms contains a sophorose head 

connected to the fatty acid tail. They are more hydrophobic compared to acidic 

sophorolipids and are known to perform biocide activities (de Oliveira et al., 2015).  

 

 

Figure 1.20 General structure of sophorolipids (de Oliveira et al., 2015) 

 

There are five enzymes involved in sophorolipid synthesis; cytochrome P450 

monooxygenase, two glycosyltransferases, an acetyltransferase and a transporter 

(Figure 1.21) (Van Bogaert et al., 2013). CYP52 monooxygenase, a sub family of 

P450s,  is responsible in formation of hydroxyl fatty acids (Huang et al., 2014). 

Sequently, one of the UDP-glucose dependent transferases, UgtA1, catalyzes the 

coupling of glucose to hydroxylated fatty acid, forming a glucolipid, while the other 

transferase UgtB1, uses the glucolipid as an acceptor to form a sophorolipid molecule 

(Van Bogaert et al., 2013). Acetyltransferase mediates the acetylation of the 

sophorose. In some cases, lactonization of sophorolipids may occur by the action of a 

cell wall-bound lactonesterase (de Oliveira et al., 2014). Finally, sophorolipids are 

excreted by a transporter which is believed to be a multidrug resistance protein 

encoded by mdr gene. Yet, the function of this gene has never been confirmed (Van 

Bogaert et al., 2013). 
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Figure 1.21 Gene clusture of sophorolipid from Candida bombicola. adh: alcohol dehydrogenase, 

ugtB1: second glucosyltransferase, mdr: transporter, at: acetyltransferase, ugtA1: first 

glucosyltransferase; cyp52m1: cytochrome P450 monooxygenase; orf: open reading frame (function 

unknown) 

 

1.10.1.3 Trehalolipids 

Trehalose lipids are made of a carbohydrate group and fatty acids groups (Franzetti et 

al., 2010). Trehalose is a dissacharide composed of two glucose bond with a glycosidic 

linkage. It is most commonly produced by Mycobacterium, Norcardia, Gordonia and 

Corynebacterium (Franzetti et al., 2010). Also, different types of trehalose are 

associated with Rhodococcus erythropolis and Arthrobacter sp.. They are known to 

lower significantly surface and interfacial tension of culture broths (Rahman and 

Gakpe, 2008). The most reported trehalose lipid is trehalose dimycolate (Figure 1.22), 

a cord factor found in the cell wall of Mycobacterium tuberculosis (Franzetti et al., 

2010). 

 

Figure 1.22 Trehalose dimycolate, trehalose esterified to two mycolic acid residues (Franzetti et al., 

2010). 

 

In the study of Inaba et al. (2013), essential genes for succinoyl trehalose lipids 

production were determined. The alkB gene, encoding alkane monooxygenase 

converts alkanes to alcohol since alkane oxidation is essential for the initial steps in 

the succinoyl trehalose lipids biosynthesis.  


































































































































































