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Summary 

         Five soil samples (contaminated with oil spills for many years) were 

collected from different places in Baghdad. From these samples, fourteen 

isolates were obtained as a preliminary degraders for hydrocarbons. The 

isolates were recultured in the mineral salt medium supplemented with 

crude oil and diesel, separately, to ensure their degradation ability. Despite 

that with 5 isolates S7, S8, S11, S12, and S14 gave good degradation 

activity, but isolates S7 and S14 were the most efficient due to their highest , 

degradation ability for crude oil and diesel as a sole source of carbon.  

       The two isolates were identified depending on their morphological, 

cultural, and biochemical characteristics. Results showed that they were 

belonged to Streptomyces by their ability to use various pure sources of 

hydrocarbons. Isolate S7 was superior growth comparing with S14 isolate in 

(Hexadecane, Tetrahydrofuran, Anthracene, and Naphthalene). 

        Optimum conditions for degradation of crude oil and diesel by S7 and 

S14 isolates were investigated. By growing them in the modified yeast 

extract malt extract media  in different range of pHs, temperatures, 

agitation, and salt concentrations  with addition of 1% crude oil and diesel  , 

separately, after incubation for 10 days. 

        Isolation and purification of biosurfactants produced by Streptomyces 

using acid precipitation method yielded (0.5, 1) g/L of biosurfactant from S7 

and S14 isolates, respectively. The biochemical detection tests and Fourier 

Transformed Infrared spectroscopy analysis indicated the lipopeptide 

nature of biosurfactants. 

         Gas chromatography analysis for liquid-liquid extraction of residual 

crude oil and diesel showed significant differences in the composition at the 

end of the experiment. Most of long and complex carbon chains were 

broken in to simpler types, and disappearance of some compounds was 

observed during the process. 



        When the plasmid profile for S7 and S14 isolates were studied, results 

showed that these isolates harbored small plasmid DNA bands. In order to 

study the role of its plasmid in degradation of hydrocarbons, curing 

experiment was performed by using low pH curing method. Results in this 

regard the plasmid DNA has no role in the biodegradation since both 

isolates ability in degradation of the hydrocarbon. 
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1.Introduction and literature review 

1.1.Introduction 

      A large number of ecosystems have been changed by the growing 

influence of human activity. Past analysis of reported oil spills indicated 

that most of the oil comes from tankers, barges and other vessels as well 

from land pipeline spills. It is necessary to select an appropriate clean-up 

method (Hinchee and Kitte, 1995). 

    Petroleum recovered from different reservoirs varies widely in 

compositional and physical properties. The composition of particular 

petroleum product ranges from the very low molecular weight 

hydrocarbons to the very high. Petroleum is a complex mixture of 

hydrocarbons and other organic compounds, including some 

organometallic-constituents. Hydrocarbons can be classified generally 

into three major groups including: aliphatic and aromatic hydrocarbons, 

upon their chemical structure. Aliphatic substances are with saturated or 

unsaturated straight (C1-C40) or branched (C6-C8) chains, while aromatic 

compounds are unsaturated having ring structures. Physically, the crude 

petroleum has light oil fractions with high volatility such as gasoline and 

kerosene, and heavy oil fractions like tars and residual fuel oil(Al-

Hadhrami et al., 1995; Anton et al., 2000). 

     Most of the physicochemical methods use chemical agents, as well as 

their emulsion with oil cause toxicity to organisms. They produce another 

source of pollution and also increase the oil recovery cost. Additionally, 

abiotic losses due to evaporation of low molecular hydrocarbons, 

dispersion and photo oxidation (involves only aromatic compounds) play 

a major role in decontamination of the oil spill environments (Mills et al., 

2003). 



      There is an increased interest in promoting biological methods in the 

process of cleaning oil-polluted sites. These methods are less expensive 

and do not introduce additional chemicals to the environment. Compared 

to physiochemical methods, bioremediation offers a very feasible 

alternative for an oil spill response. This technique is considered an 

effective technology for treatment of oil pollution (Sanchez et al., 2006). 

      The biological method has taken two directions one involves the 

provision of suitable condition like temperature, pH, and addition of 

nutrients (Stuart-keial et al., 1998). The other direction depends upon the 

genetic development of specific microbial strains especially the bacteria 

present in polluted area. These bacteria are efficient in their utilization of 

different hydrocarbon compounds and contain plasmids responsible for 

degradation of some hydrocarbons and different bacterial strains have 

been developed which contain different plasmids capable of degradation 

different hydrocarbons (Mitra, 1996; Hohnstock et al., 2000). 

     In many ecosystems there is already an adequate indigenous microbial 

community capable of extensive oil biodegradation, providing that 

environmental conditions are favorable for oil-degrading metabolic 

activity (Capelli et al., 2001). There are several advantages relying on 

indigenous microorganisms rather than adding microorganisms to 

degrade hydrocarbons. First, natural populations have developed through 

many years. These microorganisms are adapted for survival and 

proliferation in that environment. Secondly, the ability to utilize 

hydrocarbons is distributed among a diverse microbial population. This 

population occurs in natural ecosystems and either independently or in 

combination metabolizes various hydrocarbons. Many times, when the 

amount of microorganisms is sufficient in the contaminated environment, 

microbial seeding is not required (Kim et al., 2005).  



       Microorganisms are equipped with metabolic machinery to use 

petroleum products as a carbon and energy source. The metabolic 

pathways that hydrocarbon-degrading heterotrophs use can be either 

aerobic or anaerobic. Aerobic degradation usually proceeds more rapidly 

and is considered to be more effective than anaerobic degradation. One 

reason is that aerobic reactions require less free energy for initiation and 

yield more energy per reaction (Richard and Vogel, 1999). 

     Iraq is considered as one of the main productive and exporting 

countries of crude petroleum. Oil extracting fields, oil refineries, oil 

pipelines and many oil dependent industries are distributed throughout 

the country. As a result of unexpected accidents or misuse of oil products, 

the possibility of soil and water pollution with oil and its derivatives is 

considered of great importance, in addition to pollution by the refinery 

by-product. According to those mentioned above and because of the 

limited studies about the genetics of hydrocarbons biodegradation in  

Iraq, this study was aimed to: 

1. Isolation and identification of bacteria that capable of degrading oil  

spills. 

2. Screening the bacteria for their ability to degrade hydrocarbons and 

select the efficient isolate(s). 

3. Determination of plasmid(s) involvement in hydrocarbons utilization. 

 

 

 

 



1.2. literature review 

1.2.1. Concept of Hydrocarbon Biodegradation 

Biodegradation is the natural way of recycling wastes or breaking down 

the organic matter into nutrients that can be carried out by various 

microorganisms. Soil pollution by petroleum products is widely spread. 

Petroleum and mineral oil hydrocarbons are the most frequently 

occurring environmental contaminants. The biodegradation of petroleum 

products and natural waste is the modification or decomposition of the 

product by microbes to produce ultimately energy, CO2 and water 

(Kannahi, and Thara, 2012). The microbial utilization of hydrocarbons 

was highly dependent on the chemical nature of the compounds within 

the petroleum mixture and on environmental condition. However, not all 

organic compounds are readily mineralized. When the structural elements 

of such compounds are chemically very stable, have novel features not 

generally found in organic molecules of biological origin, are very toxic 

to microorganisms, or inhibit degradative enzymatic attack, then the 

compounds itself is said to be recalcitrant to many biological degradation 

(Atlas,1981; Alexander,1991). 

 

1.2.2. Streptomyces in Industry and Nature 

 
      Actinomycetes are filamentous, branching bacteria with a fungal type 

of morphology. They are part of the microbial flora of most natural 

substrates. Numerous methods have been advocated to facilitate the 

isolation of actinomycetes and to separate them from their relatives. It is 

not difficult to isolate actinomycetes from an intimate mixture with fungi, 

since the physiological properties of these two groups of microorganisms 

are different. For example, strictly antifungal antibiotics, which do not 

affect the growth of actinomycetes, can be used successfully. It is more 



difficult to separate actinomycetes from true bacteria. Actinomycete 

bacteria, including species of Nocardia, Streptomyces, and 

Micromonospora, as many as millionsper gram, are present in warm, dry 

soils (Martin and Focht 1977). 

      The increasing number of novel metabolites from Actinobacteria 

reported annually shows that habitats are a promising source of 

biotechnological commercially significant products (Battershill et al. 

2005; Blunt et al. 2007). This is not surprising given the unique capacity 

of their terrestrial counterparts to produce new products, notably 

antibiotics in order to combat new and emerging diseases and antibiotic 

resistant pathogens (Taylor et al. 2001; Be´rdy, 2005; Strohl, 2005). 

Novel antibiotics from Actinobacteria currently include the anticancer 

metabolite salinosporamide A from a Salinispora strain (Fehling et al. 

2003), the structurally unique marinomycins from Marinophilus strains 

(Jensen et al. 2005), abyssomicin C, a potent inhibitor of the para-

aminobenzoic acid pathway,  from a Verrucosispora strain (Riedlinger et 

al. 2004)  and marinopyrroles from a Streptomyces strain  (Hughes et al. 

2008). 

       Streptomyces is the largest genus of actinobacteria and the type genus 

of the family streptomycetaceae have been described as showed in the 

Table(1.1). 

        As with the other actinobacteria, streptomycetes are typical aerobic 

gram positive soil bacteria developing hyphal networks and spores that 

resist to the unfavorable environment, and have genomes with high 

guanine and cytosine content. Found predominantly in soil and decaying 

vegetation, most streptomycetes produce spores, and are noted for their 

distinct "earthy" odor that results from production of a volatile 

metabolite, geosmin. 

 



Table(1.1).Streptomyces scientific classification (Brenner et al, 2001). 

 

Scientific classification 

Kingdom: Bacteria 

Class:  Actinobacteria 

Subclass Actinobacteridae 

Order1:  Actinomycetales 

Suborder. Streptomycineae 

Family1: Streptomycetaceae 

Genus1: Streptomyces 

       Streptomycetes are characterized by a complex secondary 

metabolism (Madigan and Martinko, 2005). They produce over two-

thirds of the clinically useful antibiotics of natural origin (e.g., neomycin, 

chloramphenicol) (Kieser et al.,2000). The now uncommonly used 

streptomycin takes its name directly from Streptomyces. In the soil they 

utilize organic polymers and they play an important role in waste removal 

and recycling of materials in nature (Chater and losik, 1997).Since they 

produce a high proportion of known antibiotics, many enzymes and other 

biologically active substances, they are industrially important, and 

therefore can be produced in large scale. Streptomyces are present in 

different kinds of soils and can adapt to extreme environmental 

conditions (e.g. hot deserts, salt-marsh areas, and the cold Alpine slopes). 

Their versatility allows them to live and propagate under unfavorable 

circumstances, such as in oil polluted soils. In contrast, although 

Streptomyces are saprophytic and known to play important roles in 

biotransformation and biodegradation in nature, the metabolic pathways 

have been little studied (Omura et al., 2001). 

http://en.wikipedia.org/wiki/Biological_classification
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Actinobacteria
http://en.wikipedia.org/wiki/Actinomycetales
http://en.wikipedia.org/wiki/Streptomycetaceae
http://en.wikipedia.org/wiki/Secondary_metabolism
http://en.wikipedia.org/wiki/Secondary_metabolism
http://en.wikipedia.org/wiki/Antibiotic
http://en.wikipedia.org/wiki/Neomycin
http://en.wikipedia.org/wiki/Chloramphenicol
http://en.wikipedia.org/wiki/Streptomycin


Hydrocarbon degrading bacteria and fungi are widely distributed in 

marine, freshwater and soil habitats. The most important (based on 

frequency of isolation) genera of hydrocarbon utilizing bacteria aquatic 

and soil environments were: pseudomonas, arthrobacter, achromobacter, 

micrococcus, corynebacterium, acinetobacter, nocardia, alcaligenes, 

Streptomyces, vibrio and flavobacterium (Atlas and Bartha, 1973). 

The ability to isolate high numbers of certain oil degrading 

microorganisms from oil polluted environment is commonly taken as 

evidence that these microorganisms are the active degraders of that 

environment (Okerentugba and Ezeronye, 2003). 

      In the last 20 years much has been published about the ability of 

microorganisms to utilize hydrocarbons,  especially n-alkanes as carbon 

and energy sources. These microorganisms belong to Pseudomonas sp. 

(Naas et al., 2009), Alcaligenes sp. (Weissenfels et al., 1990), 

Mycobacterium sp. (Pagnout et al., 2007) and Rhodococcus sp. 

(Martinkova et al., 2009). 

       One of the most important characteristics of hydrocarbon degrading 

bacteria is the ability of emulsifying hydrocarbons in solution by 

producing surface active agents such as biosurfactants. Biosurfactants are 

directly involved in the process of hydrocarbon removal from the 

environment through increased bioavailability and 

subsequentbiodegradation of the hydrocarbons by direct cell contact 

(Hommel, 1990; Banat et al., 2000; Ganesh, and Lin, 2009). Barabas et 

al. (2001) have reported three Streptomyces strains (Streptomyces 

griseoflavus,  Streptomyces parvus and Streptomyces plicatus) from the 

Kuwait Burgan oil field with the ability to utilize n-hexadecane, n-

octadecane, kerosene and crude oil as sole carbon and energy sources. 

Fritsche and Hofrichter (2000) mentioned the essential characteristics of 

aerobic microorganisms degradingorganic pollutants are: 



 Metabolic processes for optimizing the contact between the 

microbial cells and the organic pollutants. The chemicals must be 

accessible to the organisms having biodegrading activities. For 

example,  hydrocarbons are water insoluble and their degradation 

requires the production of biosurfactants. 

 The initial intracellular attack of organic pollutants is an oxidative 

process, the activation and incorporation of oxygen is the 

enzymatic key reaction catalyzed by oxygenases and peroxidases. 

 Peripheral degradation pathways convert organic pollutants step by 

step into intermediates of the central intermediary metabolism, e.g., 

the tricarboxylic acid cycle. 

 Biosynthesis of cell biomass from the central precursor 

metabolites, e.g., acetyl-CoA, succinate, pyruvate. Sugars required 

for various biosynthesis and growth must be synthesized by 

gluconeogenesis. 

 

1.2.3. The composition of crude petroleum 

      The crude petroleum involved the hydrocarbon compounds , which 

consider the main part of petroleum compounds, oxidized completely to 

H2O and CO2 (Bartha, 1986). According to their ability to be degraded, it 

divided to: 

       Alkanes hydrocarbon chains may be straight, branched, cyclic chains. 

The short chains alkanes (C5-C10) was consider inhibiter for some 

degrader organisms, because of these compounds behaved as solvent lead 

to destroy the microbial membrane structure and also volatilization, while 

the degradation of alkanes have medium length chains (C10-C20) was 

more faster. Waxes was more than C20 have low degradation. The straight 

chains alkanes (C17-C18) degraded faster than branch one, because of the 



branch chains make it more resistance to biodegradation and low 

availability to oxidative enzymes (Watanabe,2001). 

      Poly aromatic hydrocarbons was a group of compounds contained one 

or more aromatic rings. The complication of  biodegradation increase 

when the number of aromatic rings increase. Poly aromatic hydrocarbons 

was found as soil and marine main pollutant, because their toxicity and 

carcinogenic effect on organisms (Johnsen et al., 2005).  In general the 

Poly aromatic hydrocarbons biodegradation represented three function:  

 Partial or complete degradation of these compounds by 

assimilative biodegradation to produce carbon and energy for 

degraders. 

 Intracellular detoxification to make them more soluble in water. 

The cellular oxidation and hydroxylation of the aromatic 

compounds considered the first step of breaking up the aromatic 

ring for microbial assimilation of carbon(Creniglia, 1984).  

 Co-metabolism which accomplished by mixture of microorganisms 

, their enzymes competed to oxidized  specific compound (Jain et 

al., 2005). 

 

       Asphaltic compound formed a few amount of non-hydrocarbon 

compounds which contained the (N,S and O). 

       All these compounds have different average of degradation in the 

environments. The biodegradation depending on the length and branch 

carbon chain and the number of aromatic rings of these compounds. 

Addition to their solubility and toxicity (Bartha, 1986; Atlas, 1991).  

 

 

 

 



1.2.4.Factors Affecting Biodegradation Process: 

A number of environmental factors affecting the biodegradation process 

can be summarized as follow: 

1.2.4.1.pH 

      In general the optimum pH for microbial biodegradation is slightly 

above 7 and increase when pH increase to 8 (Hambrick et al.,1980). The 

change of pH lead to change the acidity inside/outside the microbial cell 

in which influence on enzymatic system and  effecting on reaction speed 

because of change the ionic state of substrates or reaction products. 

Occurrence of pH change effected on the interaction between substrate 

and enzymes (Bartha,1986). 
 

1.2.4.2.Temperature   

      Merino and Bucala (2007) reported that increase in temperature made 

the biological membranes to have more fluid due to increased vibrational 

activity to the fatty acid chains in the phospholipids bilayer. The increase 

in the rate of fluidity helps in increasing the rate of substance uptake from 

a cell’s surrounding medium (in the case of thermophile bacteria). 

Biodegradation of hydrocarbon has been shown to occur over a wide 

range of temperature, though, in general optimum degradation occurs in 

the (25- 92 ◦C) temperature range (Al-Maghrabi at el.,1994). 
 

1.2.4.3.Agitation 

       The  agitation proved oxygen which consider the important factor in 

aerobic biodegradation because of work as electro accepter and associate 

with the enzymatic inducing reactions. Most studies have shown aerobic 

biodegradation of hydrocarbon was more efficient than anaerobic 

process. So enough amount of oxygen should provide for the 

microorganisms because of the few amount of it limited the 



biodegradation process. Bartha, 1986 indicated the first attack of many 

hydrocarbon occurred by oxygenase system, in the absence of oxygen, 

nitrogen and sulfate work as electro accepter for partial oxidation of 

intermediate hydrocarbon compounds (Anton et al., 2000). 

 

1.2.4.4.Salt Concentration 

      The activity of many microorganisms was high at low concentrations 

of salt, comparing with high salt concentrations which cause reduction in 

biodegradation (Leahy and Colwell, 1990). The variation of salt 

concentrations effect on the permeability of microbial cell well reflected 

on their ability to metabolize hydrocarbon compounds (Ward and Brock, 

1978). Margesin and Schinner (2001) found the increase of salt 

concentration lead to lower the solubility of poly aromatic hydrocarbon 

such as benzene.  

 

1.2.5. Surfactants and Biosurfactants 

       Surfactants are amphiphilic molecules consisting of ahydrophilic and 

a hydrophobic domain. The non-polar, hydrophobic part is frequently a 

hydrocarbon chain. The polar component appears in many variations 

(Banat et al., 2000). This suggest that it has a certain affinity for both 

polar and nonpolar solvents. Depending on the number and nature of the 

polar and nonpolar groups present, the amphiphilic may be predominantly 

"hydrophilic" (water-loving),"lipophilic"(oil-loving) or responsibly well 

balance between these two extremes. Surfactants are surface active 

agents that reduce the surface tension. At the air-water interface, the 

lipophilic chains are directed upward in to the air, oil-water interface, 

they are associated with the oil phase. In order for the amphiphilic to be 

concentrated at the interface, it must be balanced with the proper amount 

of water and oil-soluble groups. If the molecules is to hydrophilic, it 



remains within the body of the aqueous phase and exerts no effect at 

interface. Likewise, if it is too lipophilic, it dissolved completely in the 

oil phase and little appears at the interface (Lakshmipathy et al., 2010).  

Most of the Chemical surfactants available are petroleum derivatives 

which are highly toxic and non-degradable. In an effort to overcome these 

disadvantages microorganisms were investigated for the production of 

biosurfactant molecules with low toxicity and biodegradability (Seghal et 

al., 2009). 

       Biosurfactants are a specialized class of surfactants that are produced 

by bacteria, yeast and fungi as extracellular or membrane-associated 

surface active compounds called biosurfactants. The term biosurfactant 

refers to any types of  compounds produced by microorganisms with 

surface active or emulsifying properties. The term "bioemulsifiers" has 

also been used to describe surface active agent forming emulsion(when 

one liquid phase is dispersed as microscopic droplets in another liquid 

continuous phase). Microbial surfactants or biosurfactant molecules are 

surface active agents synthesized by microbial cells  and help in reducing 

the surface tension of media (Fiechter, 1992; Gandhimathi et al., 2009). 

Biosurfactants are both biodegradable, which is a positive ecological 

aspect and non-toxic or less toxic than chemical surfactants. They occur 

naturally in soil, which makes them acceptable from a social and 

ecological point of view. According to Rosenberg and Ron (2001) 

biosurfactants are divided into low molecular weight compounds such as 

glycolipids or lipopeptide and high molecular weight compounds such as 

polysaccharides, proteins, lipopolysaccharides or lipoproteins. 

        Several therapeutic and biomedical importance including 

antibacterial, antifungal, antimycoplasmic, inhibit fibrin clotformation, 

antitumoral and hemolytic agents are recorded for surface active 

microorganisms (Cameotra and Makkar, 2004; Rodrigues et al., 2006). 



 

1.2.6.Utilization of Hydrocarbon Compounds 

1.2.6.1.Uptake Mechanisms of Hydrocarbon by Microbial cell 

      The mechanisms of uptake hydrocarbon compounds or the way to 

introduce it to specific sit inside the cell to get their energy, depend on the 

main factors : type and  physical state of a hydrocarbon and also on the 

type of hydrocarbon degradation organisms. 

 

1.2.6.1.1. Uptake of Dissolved Hydrocarbons 

      Consider a limit mechanisms because depending on the microbial 

growth on soluble hydrocarbon only. The soluble hydrocarbon was define 

a dispersed hydrocarbon. These compounds spreading as Submicron 

droplets, so uptake inside the microbial cell as soluble form. This type of 

mechanisms involved short chains alkane such as the n-decane (C10). 

According to the low solubility of many hydrocarbon, it was not express 

the real ability of microbial biodegradation (Gibson, 1984;Barab´as et 

al.,2001). 

 

1.2.6.1.2. Direct Contact Mechanisms 

      In this mechanisms the uptake of hydrocarbon compounds and 

transfer it through the microbial membrane according to the direct contact 

between the microbial cell surface and hydrocarbon droplets. Harowitz et 

al., (1975) and Zhang and Miller (1994) indicated that the microbial cell 

adhering itself to the hydrocarbon droplet, so the carbon chain become 

apart with microbial phospholipid membrane. This mechanisms depend 

on the affinity of hydrocarbon to contact with microbial hydrophobic cell 

surface and on the nature of microbial membrane. 

 

 

 



1.2.6.1.3. Emulsification Mechanisms 

      The biodegradation of many hydrocarbon was difficult because of the 

low solubility in water. These low solubility compound be more 

accessible to microorganisms when the last was able to produce 

biosurfactant as shown in the figure (1.1) (Barkay et al., 1999; Fritsche 

and Hofrichter, 2000; Plaza et al., 2005). 

 

Figures(1.1). Involvement of biosurfactants in the uptake of hydrocarbons (Fritsche 

and Hofrichter, 2000). 

 

1.2.6.2. Mechanisms for Microbial Oxidation of Hydrocarbons 

      The biodegradation of hydrocarbons as a sole source of carbon and 

energy is attempted by a series of catabolic reactions that are catalyzed by 

a group of enzymes yield in the end of the reaction energy, water and 

CO2. Hydrocarbon degradative organisms differ in their  oxidation ability 



(Clarke,1984; Singh et al., 2012).The figure(1.2) simplify biodegradation 

process  illustrated hydrocarbon utilization. 

 

Figures (1.2). Main principle of aerobic degradation of hydrocarbons (Singh et al., 

2012). 

 

1.2.6.2.1. Oxidation of Aliphatic Hydrocarbons 

      The aerobic initial attack of aliphatic hydrocarbons requires molecular 

oxygen. Figure (1.3) shows both types of enzymatic reactions involved in 

these processes. It depends on the nature of the substrate and the 

enzymatic equipment of the involved microorganisms, what kind of 

enzymatic reaction is realized. Oxidation of alkanes is classified as being 



terminal or sub-terminal. Both terminal and sub-terminal oxidation can 

co-exist in some microorganisms (Meintanis et al., 2006; Singh et al., 

2012). 

      The Monoterminal Oxidation is the main pathway. It proceeds via the 

formation of the corresponding alcohol, aldehyde, and fatty acid. β-

oxidation of the fatty acids results in the formation of acetyl-CoA. n-

Alkanes with an uneven number of carbon atoms are degraded to 

propionyl-CoA, which is in turn carboxylated to methylmalonyl-CoA and 

further converted to succinyl-CoA. Fatty acids of a physiological chain 

length may be directly incorporated into membrane lipids, but the 

majority of degradation products is introduced into the tricarboxylic acid 

cycle (Rehm and Reiff, 1981;Coon2005). 

      Sub-terminal Oxidation of n-alkanes has been used by some 

microorganisms. The  oxygen is inserted on a carbon atom within the 

chain instead of its end. The product generated a secondary alcohol which 

is converted to the corresponding ketone, and then oxidized by a 

monooxygenase to render an ester. The ester is hydrolyzed by an esterase, 

generating an alcohol and a fatty acid and then metabolized further byβ-

oxidation (Britton, 1984; Kotani et al. 2007; Singh et al., 2012). 

 

 

 

 

 

 

 



 
 

 

Figures(1.3). Peripheral pathways of alkane degradation. The main pathway is the 

terminal oxidation to fatty acids catalyzed by (1)n-alkane monoxygenase,(2) alcohol 

dehydrogenase and (3) aldehyde dehydrogenase (Singh et al., 2012). 

 

 

 

 

 

 
 



1.2.6.2.2. Oxidation of Alicyclic Hydrocarbons 

      Alicyclic Hydrocarbons representing minor components of mineral 

oil  but they widely distributed in the biosphere, and the potential for 

environmental pollution. Alicyclic Hydrocarbons are relatively resistant 

to microbial attack and toxic, but have a high degree of volatilization that 

aids in their removal . The absence of an exposed terminal methyl group 

complicates the primary attack. Hydroxylation by monoxygenase leads to 

an alicyclic alcohol. Dehydrogenation leads to the ketone. The hydroxyl 

group is oxidized in sequence, to an aldehyde and carboxyl group. The 

resulting dicarboxylic acid is further metabolized byβ-oxidation. The 

mechanism of cyclohexane degradation is shown in figure (1.4) 

(Atlas,1981;Towell et al., 2011; Fritsche and Hofrichter, 2000). 

 

1.2.6.2.3.Oxidation of poly Aromatic Hydrocarbons 

        The oxidation of poly aromatic hydrocarbons is more complicated 

than aliphatic compounds, because it requires energy to cleave the poly 

aromatic ring, as well as enzymes that participate in poly aromatic 

hydrocarbon oxidation differing from those off aliphatic hydrocarbon 

oxidation. A diverse groups of poly aromatic hydrocarbon oxide to 

intermediates of the central metabolisms (catechol and protocatechuate) 

as shown in the figure (1.5).Oxidation firstly involved add hydroxyl 

group (Hydroxylation) to produce diol compound, breaking  the ring lead 

to form (Hydroxymuconic- semialdehyde or Cis-muconate), and when 

the alkyl group in aromatic ring  are present its first oxidize. The resulting 

products of breaking aromatic ring usually (catechol and protocatechuate) 

then entered one of the pathway (meta cleavage or ortho cleavage) to 

complete degradation as shown in the figures (1.6) (Atlas, 1981; 

Wallnofer and Engelhardt, 1984; Fritsche and Hofrichter, 2000). 



 

 

 

Figures(1.4). Peripheric metabolic pathway of cycloaliphatic compounds (Fritsche 

and Hofrichter, 2000). 

 

 

 



 

 

Figures(1.5). Degradation of a broad spectrum of aromatic natural and xenobiotic 

compounds into two central intermediates: catechol and protocatechuate ( Fritsche 

and Hofrichter, 2000). 

 

1.2.6.3. Role of Plasmids in Biodegradation  

      Microorganisms are known to degrade hydrocarbon compounds, as 

well as synthetic hydrocarbon derivatives. The genes for the degradation 

of hydrocarbon  can be borne on either chromosome or plasmids. It was 

found that hydrocarbon degradative bacteria exhibit a higher incidence  of 

plasmid DNA in hydrocarbon contaminated environments (Devereux and 

Sizemore ,1982).  

 



 

Figures(1.6). The two alternative pathways of aerobic degradation of aromatic compounds: 

ortho- and meta-cleavage,(1) phenol monoxygenase,(2) catechol 1,2-dioxygenase,(3) 

muconatelactonizing enzyme, (4) muconolactoneisomerase, (5) oxoadipateenol-lactone 

hydrolase,(6) oxoadipatesuccinyl- CoA transferase,(7) catechol 2,3-dioxygenase, (8) 

hydroxymuconicsemialdehyde hydrolase, (9) 2-oxopent-4- enoic acid hydrolase, (10) 4-

hydroxy-2- oxovaleratealdolase (Fritsche and Hofrichter, 2000). 



        Plasmids are extra chromosomal elements that replicate 

independently of the chromosome and regulate their one replication. 

Plasmids play a significant role in bacterial adaptation and evaluation; 

they provide gene products that can benefit the bacterium  under certain 

conditions (synder and champness, 1997). 

       Degradative plasmids represented a group of naturally occurring 

plasmids that have been distributed in a wide range of bacterial species. 

The degradative plasmids govern the metabolisms of a diverse group of 

aliphatic compounds ,  poly aromatic hydrocarbons and  product of their 

oxidative metabolism. Degradative plasmids encode a complete 

degradative pathway or partial degradative steps, other microorganisms 

may possess plasmids that code for the rest of the pathway. The number 

of isolated degradative plasmids increase, which enable the bacteria to 

degraded hydrocarbon compounds and industrial pollutants and convert 

them to less harmful for the environments. Degradative plasmids are 

generally transmissible or conjugative plasmids, with high molecular 

weights (may reach 500kb) enough for loading biodegradation and 

conjugative genes. Plasmids may encode in complete catabolic pathways, 

therefore the degradation of hydrocarbon as a sole source of carbon and 

energy may require complementation of the plasmid genes by host 

chromosomal genes to link the plasmid pathway with energy yielding 

metabolisms, especially in poly aromatic hydrocarbons and xenobiotics 

(Lindow et al.,1989). In Streptomyces, two types of these elements were 

identified; the first is ccc DNA form with various copy numbers, ranging 

from 6 – 100 Kb, whereas the second type is the giant linear form that 

may range 50 – 350 Kb or more in some species. The importance of these 

plasmids may come from their involvement in conjugation and antibiotic 

production (Al- Gafari, 2004; Chater and Hopwood, 1993). 
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2.Materials and Methods 

2.1. Materials 

2.1.1. Equipment and Apparatus 

The following equipment and apparatus were used in this study: 

Equipment or Apparatus Company (origin) 

Autoclave Tomy (Japan) 

Compound light microscope Olympus  (Japan) 

Cooled incubator Sanyo  (Japan) 

Cooling centrifuge Hettich (Germany) 

Electric oven Sanyo(Japan) 

Electrophoresis unit Major Science 

Fourier transformed infrared 

spectroscopy 

Shimadzu  (Japan) 

Gas chromatography Shimadzu  (Japan) 

Hot plate and magnetic stirrer Gallen kamp (England) 

Laminar air flow hood Sanyo (Japan) 

Microcentrifuge Hermile (Germany) 

pH meter Martini (Germany) 

Sensitive balance Denver (USA) 

Shaking incubator Hirayama (Japan) 

Spectrophotometer Cecil (England) 

Tensiometer KSV (Finland) 



 

  2.1.2. Chemicals and Biological 

Materials 

The following chemical and biological materials were used throughout 

the study: 

UV-transilluminator Viberlourmat (USA) 

Vortex Scientific works  (USA) 

Water bath Grant (England) 

Water distillator GFL (Spain) 

Material Company 

(origin) 

Arabinose, Iodine, Bromophenol blue, HCl, 

K2HPO4, Proline, Soluble Starch, Aniline, 

Raffinose, Bromocresol purple, Diethyl ether, 

Casamino acids, Glucose, H2SO4, Histidin, 

Inositol, Ammonium hydroxide, 

dichloromethane, D-xylose, Dextrose, Phenol 

red, Yeast extract, KH2PO4, Sucrose, SDS, 

Rhaminose, Peptone, Mannitol, NaCl, 

petroleum ether ,diethyl ether, acetic acid, 

alpha- naphthol 

 

BDH (England) 

 



 

 

 

 

 

 

Ammonium sulfate (NH4)2SO4,,Calcium 

Chloride Hexahydrate (CaCl2.2H2O), 

FeCl3.6H2O, Hydrogen peroxide 

(H2O2),Potassium nitrate (KNO3), 

MgSO4.7H2O,Disodium hydrogen phosphate 

(Na2HPO4), Sodium hydroxide (NaOH), 

Manganese Chloride Tetrahydrate 

(MnCl2.4H2O), Magnesium Chloride 

Hexahydrate (MgCl2.6H2O), Potassium 

sulfate (K2SO4), Toluene, Ferrous Sulfate 

Heptahydrate (FeSO4.7H2O), Calcium 

carbonate (CaCO3), Manganese Sulfate 

Heptahydrate (MnSo4.2H2O),Copper(II) 

sulfate(CuSO4. 5H2O), Hexan, Urea 

(ZnSO4.7H2O),  

Fluka 

(Switzerland) 

 

Agar, Casein hydrolysate, Casein –peptone, 

Malt extract 

Oxoid(England) 

 

Glycerol, Ethanol, Sulphric, Methanol 

Chloroform, N-Buthanol, Ethyl acetate 

Analar 

(England) 

Ehidium bromide, Agarose, Lysozyme, Tris 

base 

Sigma (USA) 

 



2.1.3. Media 

2.1.3.1. Streptomyces Isolation  and Identification Media 

2.1.3.1.1.Soil Extract Glucose Yeast Extract Agar (Shirling 

and Gottlieb, 1966) 

 

      To prepared the Soil Extract Glucose Yeast Extract Agar medium, the 

components were dissolved in D.W. and sterilized by autoclave. After 

cooling 45 ºC add the soil extract solution and sterilized antibiotics 

(supplemented with 100 ug/ml of cycloheximide to preclude the growth 

of fungi). 

2.1.3.1.2. International Streptomyces Project (ISP) Medium 

(Shirling and Gottlieb, 1966) 

Component Quantity (g/l) 

Soil Extract 250ml 

Yeast Extract 1 

Glucose 2 

Agar  20  

D.W 1 

Component Quantity (g/l) 

Yeast extract 4 

Malt extract 10 

Dextrose 4 

Agar 20 



pH was adjusted to 7.0 and sterilized by autoclaving. 

2.1.3.2.Biochemical Test Media 

2.1.3.2.1.Czapeck Medium (Shirling and Gottlieb, 1966) 

     It was prepared  by dissolving 48 g in 1000 ml distilled water, 

sterilized by autoclaving at 121ºC for 15 min and used for bacterial 

growth. 

2.1.3.2.2.lysozymeResistance Medium (Kuster, 1976) 

Basal medium 

 

      Lysozyme stock solution was made of 10 mg/ml of D.W and 

sterilized by filtration. Basal medium was sterilized by the autoclave and 

distributed in 3 ml aliquots in sterile test tubes. Basal medium was 

supplemented with lysozyme concentrations of (10, 50, 100)μg/ml of 

D.W as final concentration. 

2.1.3.2.3.Sugars Utilization Medium (Kuster, 1976) 

A) Basal medium 

Component Quantity(g/l) 

Peptone 10 

Yeast extract 5 

D.W 1L 

Component Quantity(g/l) 

(NH4)2SO4 2.56  

KH2PO4 2.38  

K2HPO4 5.56  

MgSO4. 7H2O              1  



 

B) Carbon sources were prepared using the following sugars 

 

 

 

 

 

 

     Each sugar was sterilized by filtration and added as a final 

concentration of 1% to basal medium, after adjusted the pH to 7.0 and 

autoclaved.  

 

2.1.3.2.4.Organic Acids Formation Medium (Kuster, 1976) 

Suspension (A) 

CuSO4. 5H2O                              6.4  

FeSO4. 7H2O                             1.1  

MnCl2. 4H2O                             7.9  

ZnSO4. 7H2O                             1.5 

Agar 20 

D.W                                          1L 

Carbon Sources 

D – glucose L – inositol 

D – mannitol Mannose  

D – xylose Rhaminose 

L –arabinose Sucrose 

Component Quantity(g/l) 

Glucose 50 

Yeast extract                             3 

MgSO4. 7H2O 0.62 

Bromocresol purple                   0.3 



 

 

Suspension (B) 

Suspension (C) 

 

      Test tubes were labeled with 0.2 ml of suspension C and autoclaved. 

Solution A and B were autoclave separately, mixed, and 1.8 ml of the 

mixture was added to each test tube containing suspension C. Inoculated 

tubes were incubated for 10 days at 30
º
C. 

 

2.1.3.2.5.Urea Agar Base Medium (Kuster, 1976) 

D.W                                          1 

Component Quantity 

Na2HPO4. 2H2O                         1.06 

KH2PO4 0.544 

D.W                                           1 

Component Quantity(g/l) 

CaCO3 10 

D.W                                           1 

Component Quantity(g/900ml) 

Glucose 1 

Na2HPO4. 2H2O 2 

Casein – peptone 1 

KH2PO4 1.5 

MgSO4. 7H2O                                0.5 



 

      After autoclaving of basal medium it was supplemented with the urea 

solution (20g/ml D.W) sterilized by filtration. 

 

2.1.3.2.6. R2YE Medium (Hopwood et al., 1985) 

Basal medium  

 

     It was Prepared by dissolving 2.2 g of agar for each 80 ml basal 

medium in 250 ml flask. The flasks were closed and autoclaved. At the 

time of use, the  media were melted and 5 ml volume of yeast extract 

(10%) and R2Y2 solution (2.1.5.4) was added to each flask. 

 

2.1.3.3.Hydrocarbon Utilization Media 

2.1.3.3.1.Liquid Mineral Salt Medium (Jimnani et al.,2009)  

NaCl 5 

Phenol red 0.012 

Urea solution                                   180 

Agar 20 

D.W                                                 900ml 

Component Quantity(g/800 ml) 

Sucrose 10.3 

K2SO4 0.25 

MgCl2. 6H2O                                    10.12 

Glucose 10 

Casamino acids                                 0.1 

D.W                                                   800 ml  



   This medium used for screening of bacterial capability to degrade crude 

oil and diesel as a sole source of carbon and energy, and its consisted of: 

 

pH was adjusted to 7.0 and sterilized by autoclaving. 

2.1.3.3.2. Solid Mineral Salt Medium 

      This medium included same ingredients mention in (2.1.3.3.1) with 

the addition of 2% agar and 10% hydrocarbon contaminated soil. The pH 

was adjusted to 7.0 and sterilized by autoclaving. 

2.1.3.3.3. Modified Yeast Extract Malt Extract Broth 

     This medium used for cultivation of the bacterium under hydrocarbon 

condition and consists of the followings: 

Component Quantity (g/l) 

NaCl 1 

Na2HPO4 1 

(NH4)2So4 0.5 

MgSO4.7H2O 0.2 

CaCl2.2H2O 0.02 

FeCl3 0.002 

MnSO4.2H2O 0.002 

Component Quantity(g/l) 

Yeast extract 3 

peptone 5 



pH was adjusted to 7.0 and sterilized by autoclaving. 

 

2.1.3.4. Streptomyces Cultivation Medium  

2.1.3.4.1.YEME Broth (Shirling and Gottlieb, 1966) 

   This medium used for cultivation of bacteria and consists of the 

followings: 

pH was adjusted to 7.0 and sterilized by autoclaving. 

2.1.3.5.Preservation Media 

2.1.3.5.1.Gauza Medium (Komagata, 1986) 

   This medium used for preservation of bacteria and consists of the 

followings: 

Malt extract 3 

Hydrocarbon source                       10 

Component Quantity(g/l) 

Yeast extract 3 

peptone 5 

Malt extract                                    3 

Glucose 10 

Sucrose 30 

Component Quantity(g/l) 

Soluble starch 20 

KNO3 1 

NaCl 0.5 



pH was adjusted to 7.0 and sterilized by autoclaving. 

2.1.3.6.Biosurfactant Production Media 

2.1.3.6.1.Luria–Bertanil (LB)Broth 

     Luria–Bertanil medium was used to study biosurfactant production by 

the bacteria. 

pH was adjusted to 7.0 and sterilized by autoclaving. 

2.1.3.6.2.Blood Agar Base Medium (Oxoid) 

    Blood agar was used for hemolytic blood test and in the screening of 

biosurfactant producing microorganisms. It was prepared by dissolving 

40g blood agar base in1000 ml D.W and sterilized by autoclaving, after 

cooling (45°C), 5%fresh blood was added and mixed well. 

2.1.4.kits 

Favor gene biotech corp (Plasmid DNA Extraction Mini Kit). 

2.1.5.Buffers and Solutions 

MgSO4.7H2O 0.5 

FeSO4.H2O. 7H2O 0.01 

K2HPO4 0.5 

Agar 20 

D.W. 1 

Component Quantity(g/l) 

Casein enzymic hydrolysate 10 

Yeast extract 5 

Sodium chloride                      5 



2.1.5.1.Gram's stain (Harley and Prescott, 1996) 

2.1.5.2.Soil Extract Solution (Shirling and Gottlieb, 1966) 

 

       In order to prepare the soil extract, 500 g of soil was mixed with  1 L 

of D.W and incubated overnight at room temperature. The mixture was 

filtrated and then centrifuged for 30 min at 6,000 rpm. The supernatant 

was sterilized through a 0.2μm membrane filter and served as stock. 

 

2.1.5.3.Trace element solution (Hopwood et al., 1985) 

Component Quantity(g/l) 

(NH4) 6Mo7O24.  4H2O 0.01 

CuCl2. 2H2O 0.01 

FeCl3. 6H2O 0.2 

MnCl2. 4H2O 0.01 

Na2B4O7. 10 H2O 0.01  

ZnCl2 0.04  

Distilled water 1 

 

Hopwood et al., 1985))2.1.5.4. R2Y2 Medium Solution 

Component Quantity  

CaCl2. 2H2O (3.68 %) 8 ml 

KH2PO4 (0.5 %) 1 ml 

L – proline (20 %) 1.5 ml 

NaOH (1 N) 0.5 ml 

TES solution (5.73 % pH7) 10 ml 

Trace element solution 0.2 ml 

 

2.1.5.5.TLC Solutions 



•Alpha-Naphthol Solution 

     It was prepared by dissolving 1g of Alpha-Naphthol powder in 25 ml 

methanol and used freshly. 

 

 

 

2.1.5.6. Electrophoresis buffers (Sambrook and Russell, 2001) 

•Ethidium bromide 

   It was Prepared at concentration of 10 mg/ml in sterilized D.W. and 

stored at 4°C until use. 

•Gel loading buffer (6X) 

Bromophenol blue (0.25% w/v) 

Sucrose in H2O (40% w/v) 

•5X Tris – Borate – EDTA (TBE) (pH 8.0) 

The working solution was 1 X 

2.1.6. Reagents 

2.1.6.1. Catalase reagent (Hopwood et al., 1985) 

 This reagent composed of 3% H2O2     

2.1.6.2. Sugar moiety Reagent (Sadasivam and Manickam, 1996) 

Component Quantity (g/l) 

Trise-base            54 

Boric acid 27.5 

EDTA (0.5M)  20ml 

D.w. 1 



It was prepared by dissolving 5% 1- naphthol in alcohol (95%).    

2.1.6.3. Biuret test 

It was prepared by two solution:    

• Dissolving10g of  NaOH in 100ml D.W. 

• Dissolving 0.1g of CuSO4 in 100ml D.W. 

2.2.Methods 

2.2.1. Sterilization Methods (Colins and Lyne, 1987) 

•Autoclaving: Buffers, solutions, and media were sterilized by 

autoclaving at 121ºC, (15 Ib/in)2 for 15 minutes. 

•Dry heat: Electric oven was used for glassware sterilization at 180 ºC 

for 3 hours. 

•Filtration: Some solutions that cannot withstand heat were sterilized by 

filtration through Millipore filters (0.2 μm diameter).  

2.2.2. Soil Samples Collection (Saadoun et al., 2008) 

      Samples were collected from five different sites contaminated with 

crude petroleum oil spills in Baghdad.  After removing approximately 3 

cm of the soil surface materials, 1000 g of soil were collected and placed 

in plastic bags and stored in the laboratory at 4 ± 1C until use. Collected 

soil samples were crushed thoroughly, mixed and sieved through a 2 mm 

pore size mesh to get rid of large debris. 

 

2.2.3.Isolation of Hydrocarbons Degrading Microorganisms 



   One gram of each sample was suspended in 100 ml of sterile distilled 

water, agitated on a water-bath shaker (100 rpm at 28ºC for 30 min). 

Suspension of each soil sample was allowed to settle down and then serial 

ten-fold dilutions were prepared. Aliquots of 0.1 ml was taken from each 

dilution and evenly spread with the aid of sterilized L-shaped glass rod 

over the surface of Soil Extract Glucose Yeast Extract Agar (2.1.3.1.1)in 

Petri dishes and incubated at 30ºC for 10 days. Bacterial colonies that 

showed a Streptomyces-like appearance were re-streaked on 1SP medium 

(2.1.3.1.2) to obtain pure colonies used for identification (Shirling and 

Gottlieb,1966;Nonomura, 1974) 

2.2.4. Inoculum Preparation 

     A single colony of the isolate was inoculated into 30 ml YEME broth 

and incubated at 30°C for overnight at 150 rpm. After incubating the 

culture was centrifuged for 10min at 10000 rpm. The cell pellets were 

washed and re-suspended in phosphate buffer saline (pH 7.0) until the 

OD at 600 nm was equivalent to 1. One ml of bacterial inoculum (1 OD 

600 nm equivalent was used in most experiments). 

 

2.2.5.Identification of Bacterial Isolates 

      According to  the method described by Shirling and Gottlieb (1966) 

and Saadoun et al.,( 2007), the following tests were employed to identify 

the suspected Streptomyces spp. isolates.  

 

2.2.5.1.Morphological Characteristics 

     The morphological characterization of each isolate was first performed 

by: 

2.2.5.1.1.Colony Characteristics (Saadoun et al., 2007) 



       Bacterial isolates grew on ISP medium were characterized 

morphologically and physiologically according to the International 

Streptomyces project (ISP). 

2.2.5.1.2.Gram's  Stain (Harely and Prescott,1996) 

      A single colony was transferred by a loop to a clean glass slide. The 

smear was stained with crystal violet, treated with iodine, decolorized by 

the ethanol (95%), and stained with safranine, then examined by a 

microscope. 

 

2.2.5.1.3.Number of Spores (Hopwood, 1985) 

     The hypha Streptomyces-like appearance was detected under 

microscope. Typical Streptomyces hypha carries from 16-32 spores as a 

specific criterion of this bacteria among it's family.  

 

2.2.6.2.Biochemical Tests 

2.2.6.2.1.Catalase Test (Hopwood et al., 1985) 

     Bacterial cells from slant were inoculated on R2YE agar and grown at 

30
º
C for 48 hours . Catalase reaction was made by dropping H2O2 of3% 

(v/v) on bacterial cells and foaming was observed for catalase positive 

colonies. 

2.2.6.2.2.Growth on Czapeck Medium (Shirling and Gottlieb, 1966)                                                

     Cultured medium were incubated at 30
0
C for 10 days. Positive results 

were observed after bacteria were able to grow on the medium. 

 

2.2.6.2.3.Lysozyme Resistance Test (Kuster, 1976) 

       Basal medium supplement with Lysozyme (2.1.3.2.2 ) prepared in 

tubes were inoculated with bacterial growth and incubated in a shaker 

incubator in a slanted position. Observation was made after (2 – 4) days. 

Sensitive strains give clear cut. 

 



2.2.6.2.4.Sugar Utilization Test (Kuster, 1976) 

    The basal medium with sugar(2.1.3.2.3)  was inoculated with bacterial 

culture, after incubation for 10 days at 30
º
C.Positive test was recorded by 

detection bacterial growth in the medium . 

 

2.2.6.2.5.Organic Acid Formation Test (Kuster, 1976) 

    The organic acids formation medium (2.1.3.2.4),were inoculated with 

bacterial culture, After incubation at 30
º
C for 10 days, acid formation was 

observed by disappearance of CaCO3 and color changing of bromocresol 

purple to yellow. 

 

2.2.6.2.6.Urea utilization (Kuster, 1976) 

   The Tubes containing urea agar base medium( 2.1.3.2.5) was Inoculated 

with bacterial culture and incubated at 30
º
C. Observation for medium 

color change to pink was made after 2, and 5 days. 

 

2.2.6.2.7.Blood Hemolysis 

   The blood agar base medium(2.1,3.6.2) was inoculated with bacterial 

culture and  incubated at 30
º
C for seven days. Blood hemolysis was 

observed. 

 

2.2.7.Maintenance of Bacterial Isolates (Sambrook and 

Russell, 2001) 

2.2.7.1. Short Term Storage 

   Bacterial isolates were maintained for periods of few weeks on the 

surface of YEME agar plates. The plates were tightly wrapped in 

parafilm and stored at 4ºC. 

 

2.2.7.2. Medium Term Storage 



   Bacterial isolates were maintained for periods of few months on the 

surface of Gauza agar plates. The plates were tightly wrapped in parafilm 

and stored at 4 ºC. 

 

2.2.7.3. Long Term Storage 

     This was done by adding 1.5 ml of 20%glycerol to the well growth of 

bacteria in a screw-capped bottle with final volume 10 ml and stored at – 

20 ºC.  

 

2.2.8. Screening of Utilization Hydrocarbon Compound 

2.2.8.1.Utilization Hydrocarbon Compounds in Liquid Medium 

(Jimnani et al., 2009) 

     Liquid mineral salt medium (2.1.3.3.1) was used to detect the ability 

of bacterial isolates to utilize hydrocarbon compounds in which 50 ml of 

this medium were dispensed in a volumetric flask (250ml), then 1% of 

each of hydrocarbons, crude oil and diesel, were added separately in each 

flask. Flasks were inoculated with 1 ml of bacterial inoculum (1 OD600 

nm equivalent). Before incubation in a shaking incubator (150 rpm) at 30 

ºC for 30 days. The growth was determined by measuring the optical 

density at wavelength600nm.                                

2.2.8.2.Utilization Hydrocarbon Compounds on Solid Medium 

     Solid mineral salt medium (2.1.3.3.2) was used to detect the ability of 

bacterial isolates to utilize hydrocarbon compounds. The plate were  

inoculated with bacteria by streaking and incubated in 30 ºC for 7 days.   

2.2.9.Utilization of Pure Hydrocarbon Compounds 

      Mineral salt medium (2.1.3.3.1) was used to investigate the ability of 

bacterial isolates to utilize different pure hydrocarbon compounds in 



which 50 ml of this medium were dispensed in a volumetric flask 

(250ml), then soluble hydrocarbons(Hexadecane, Cyclohexane, 

Naphthalene, Toluene and benzene)  and solid hydrocarbons 

(naphthalene, Anthracene, sodium benzoate) were added in concentration 

1% (v/v). The DMSO used for dissolving 0.1% of naphthalene, and 

diethyl ether used for dissolving 0.1% of (Anthracene and sodium 

benzoate) as stock solutions were discarded by volatilization. Flasks were 

inoculated with 1 ml of bacterial inoculum (1 OD 600 nm equivalent). 

Cultures then incubated in a shaking (180 rpm) at 30 ºC for 14 days. The 

growth was determined by measuring the absorbency at wavelength 600 

nm.  

2.2.10. Gas Chromatography Analysis for Liquid-Liquid 

Extraction of Residual Crude oil and Diesel 

2.2.10.1.Liquid-Liquid Extraction of Residual Crude Oil 

(Kannahi and Thara, 2012) 

     The 250 ml flask contained inoculated 100ml of modified YEME 

medium in addition of 1% crude oil, incubated for 10 day in shaker 

incubator at 30 ºC/150 rpm. The extraction of the residual crude oil was 

done after 10 day by mixing the entire volume of flask with 20ml hexane, 

then mixed in a separation  funnel  and allowed to resettled for 1 day. The 

organic layer was recovered and concentrated then used for gas 

chromatography. 

 

2.2.10.2. Liquid-Liquid Extraction of Residual Diesel 

(Marquez-Rocha et al., 2001) 

      The 250 ml flask contained inoculated 100 ml of modified YEME 

medium in addition of 1% diesel, incubated for 10 day in shaker 

incubator at 30 ºC/150 rpm. The extraction of the residual diesel was 



done after 10 day by mixing the entire volume of flask with equal volume 

of dichloromethane. This mixture was shacked in a separation  funnel  

and allowed to resettled for 1 day. The organic layer was recovered and 

concentrated then used for gas chromatography. 

2.2.11.Production of Biosurfactants by Bacterial Isolates 

2.2.11.1.Blood Hemolysis Test (Suthindhiran and Kannabiran, 2009) 

     Bacterial isolates were plated on blood agar plates and incubation at 

30 ºC for 7 days. Hemolytic activity was measured as the presence of 

definite clear zone around each colony (Carillo et al., 1996; Youssef et 

al.,2004; Suthindhiran, and Kannabiran, 2009). 

2.2.11.2.Growing on LB Broth (Gudiña et al., 2012)  

     A portion of 50 ml LB broth was inoculated with 1ml inoculum (1 OD 

at 600 nm equivalent) in a 250 ml flask and incubating in a shaking 

incubator at 30ºCfor 7 days. Bacterial growth was determined by 

measuring the absorbency at 600 nm. Afterwards, the samples were 

centrifuged  (6000, 20 min, 10 ºC) and cell-free supernatants were used to 

measure surface tension. 

 

2.2.11.3. Emulsification Index (E24) 

   The emulsification index (E24) was used to evaluate the emulsifying 

capacity of different oils and hydrocarbons. The cultures sample was 

determined by adding 2 ml test oils and 2 ml of cell free broth in test 

tube, vortexes at high speed for 2 min and allowed to stand for 24h. The 

emulsification assay was performed with each of castor oil, eucalyptus 

oil, sesame oil, mustard oil and hydrocarbons such as diesel, crude oil, 

toluene, and aniline. Emulsions formed was compared with those formed 

by a 1% (w/v) solution of the synthetic surfactant sodium dodecyl 

sulphate (SDS) in distill water. The index (E24) was calculated by the 



percentage of the height of emulsified layer(cm) divided by the total 

height of the liquid column multiply by 100 (Kokare et al., 2007; Gudiña 

et al., 2012). 

 

2.2.11.4.Oil Spreading Test (Rodrigues et al., 2006) 

     The selected isolates(S7 and S14) which gave highest degradation 

ability was subjected to the oil spreading test which  compared the result 

of  with other isolates in MSM by measuring the diameter of the clear 

zones occurred when a drop of a biosurfactant-containing solution is 

placed on an oil-water surface. The large petri dish (15 cm diameter) 

contained 50 ml D.W and 20 μl of crude oil add to the water surface ,10 

μl of supernatant of culture broth. The diameter of clear zones of 

triplicate assays from the same sample were determined. 

 

2.2.11.5.Surface Tension Measurement 

      Surface tension (ST) of the cell free supernatant was measured by the 

tensiometer. Before the measurement, tensiometer was calibrated with 

distilled water (72 mN/m), chloroform (27.1 mN/m) and glycerol (64 

mN/m),then the obtained reading was recoded at the moment when 

surface-immersed ring breaks away from the liquid surface. Surface 

tension readings were then recorded. All the measurements were 

performed at room temperature 20 ºC. 

 

2.2.12.Optimization of Biodegradation Process (Kokare et al., 

2007) 

      The optimization experiments were carried out by dispensing 100ml 

of modified YEME broth (2.1.3.3.3) in a 250 ml volumetric flasks, 

inoculated with 1% of well growth culture of bacterium and also added 

1% (v/v) of hydrocarbon sources (crude oil and diesel) were added to the 

flasks separately, before incubation in a shaker incubator (150 rpm) at 30 



ºC for 10 day. After incubation, surface tension was measured for each 

samples as mentioned above.  

 

2.2.12.1.Effect of pH 

     The production medium was adjusted to different pH values (5,6,7,8 

and 9) to determine the optimum value for biodegradation.  

 

 

 

2.2.12.2.Effect of Temperature 

      To observe the effect of different temperature on biodegradation, 

cultures were incubated at different temperatures (15, 30, 37 and 45C). 

 

2.2.12.3.Effect of Agitation 

    Effect of agitation on biodegradation was detected by incubating 

inoculated fermentation medium with the isolates at different agitation 

speeds (50, 100, 150 and 200 rpm). 

 

2.2.12.4.Effect of Salt Concentration 

   Experiments on the effect of salt concentration were carried out by 

using varied concentrations of NaCl (1, 2, 3, 4 and 5 w/v). 

 

2.2.13.Partial Purification and Characterization of 

Biosurfactant Produced by Streptomyces 

2.2.13.1.Isolation and Purification of Biosurfactant 

     Biosurfactant production was carried out in flasks containing500 ml of 

LB medium. Each flask was inoculated with 5 ml of a pre-culture and 

incubated in 30C in shaking incubator for 150 rpm for 10 days. The cells 

were harvested by centrifugation (6000 rpm, 20 min, 10 C) and 

biosurfactant production was determined by tensiometer. To recover the 

biosurfactant, the cell-free supernatant was subjected to acid 



precipitation. the pH was adjusted to 2.0 by HCl (6M) and left overnight 

at 4ºC. Afterwards, the precipitate was collected by centrifugation (6000 

rpm, 20 min, 4 C) and washed twice with acidified water (pH 2.0). The 

crude biosurfactant was dissolved in a minimal amount of demineralized 

water and the pH was adjusted to 7.0 using NaOH 1 M. Finally, the crude 

biosurfactant solution was freeze-dried and stored at 20 C for further use 

(Gudiña et al., 2012). 

 

 

2.2.13.2.Biochemical detection tests 

 Sugar moiety (Sadasivam and Manickam, 1996) 

Two drops of  sugar moiety reagent (2.1.6.2) were added to 2ml of 

purified biosurfactant solution and mixed well, then the tube was inclined 

and about 1 mlof concentrated sulphric acid was added along the side of 

the tube . appearance of red-violet ring at the junction of the two liquids 

indicates it contain sugar moiety. 

 Biuret test (Sadasivam and Manickam, 1996) 

  To 2 ml of purified biosurfactants solution 2 ml of  NaOH was added 

and mixed well followed by adding two drops of CuSO4 solution were 

added. Observation of violet or pink color indicates presence of peptide 

bond. 

 

2.2.13.3.Characterization of Biosurfactants 

2.2.13.3.1.Thin layer chromatography Method (Nishanthi et al., 2010) 

      Screening for detect biosurfactant production was done by thin layer 

chromatography method. Biosurfactant was characterized by thin layer 

chromatography using silica-gel (20cm x 20cm, Merck). The solvent 

systems used was differed based on the components tested. The TLC 

plates were spotted with biosurfactant extracts and developed with the 



following: solvent 1, petroleum ether - diethyl ether-acetic acid (80:20:1 

v/v/v) for neutral lipids, solvent 2, chloroform-methanol- water 

(65:25:4v/v/v) for polar lipids, and solvent 3, ethyl acetate-acetic acid-

methanol water (12:3:3:2v/v/v) for carbohydrate compounds. After 

developing, the spots were visualized with standard reagents. The lipid 

components were detected as yellow spots after placing the plates in a 

closed jar saturated with iodine vapors. Carbohydrate components were 

detected as red spots on the plates after spraying with an alpha- naphthol 

solution followed by concentrated sulphuric acid. Also used UV-light to 

confirm our results. 
 

2.2.13.3.2.Fourier Transformed Infrared Spectroscopy Analysis  

      Nature and chemical structure of the biosurfactant were examined 

using the Fourier transformed infrared spectroscopy (FTIR) in order to 

characterize the chemical nature of a compound. FTIR spectrometry, an 

advanced type of infrared spectrometry, gives usually the functional 

groups found in the compound in order to propose a possible chemical 

structure of the test compound. 

 

2.2.14.Plasmid Extraction (Favor gene Biotech Corp.) 

     Plasmid DNA was extracted from selected Streptomyces isolates(S7 

and S14) by using  plasmid DNA Extraction mini kit (appendix-1). 

 

2.2.15.Gel Electrophoreses (Sambrook and Russell, 2001) 

 
    Agarose powder (0.8%) was dissolved in TBE buffer and the slurry 

was heated in boiling water bath until dissolved. The solution was cooled 

to 50 °C and ethidium bromide was added to a final concentration 

0.5µg/ml. 

      The warm agarose solution was poured into mold and immediately 

the comb was clamped, the teeth of which will form the samples wells, 



into position near one end of the gel. After the gel was completely set 

(30-45 min at room temperature), carefully the comb was removed and 

just enough electrophoreses buffer was added to cover the gel to a depth 

about 1 mm. 

     Each sample of DNA was mixed with 15 µ1 volume of loading buffer 

and were loaded into the wells of the submerged gel.  

    DNA bands were visualized by using U.V. Transilluminater 

(illumination at 302 nm).  

 

2.2.16.Plasmid curing (Padanet al. 1981; Rean, 2010) 

        Curing experiment was performed on Streptomyces isolates by using 

low pH  as curing agent. Bacterial cells were grown in 10 ml YEME 

broth, then 0.1 ml of each culture was inoculated in each of the series of 

30 ml fresh YEME broth flasks adjusted the pH to (3, 3.5, 4, 4.5 and 5). 

All flasks were incubated in a shaking incubator (120 rpm) at 30°C for 10 

days. 

      Growth density in the flask was observed by naked eye and compared 

with the control to determine the effect of low pH that inhibits the growth 

of the bacterial cells to be considered as the minimum inhibitory 

concentration (MIC). 

Samples were taken from flasks that still grow under low  pH stress, and 

diluted appropriately. Then 0.1 ml from  the proper dilution was spreaded 

on  YEME agar plates and incubated in 30 °C for 10 days to score the 

survived colonies. The survived colonies were replica plated (using tooth 

pick) on YEME agar plates (master plate) and test for its ability to grow 

on the mineral salts agar plate supplemented with crude oil and diesel 

contaminated soil.  
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3. Results and Discussion 

3.1.Isolation of Hydrocarbons Degrading Microorganism 

     Five soil samples contaminated with diesel and oil spills were 

collected from different regions in Baghdad city to isolate the 

hydrocarbon degrading bacteria. They were grown on soil extract glucose 

yeast extract agar at 30 ºC for 10 days. 

      A total of 14 suspected isolates were obtained which subjected to the 

cultural and microscopic characterization for primary genus 

identification.  

     When these isolates were recultured in mineral salt medium 

supplemented with 1% crude oil and diesel separately, their ability to 

degrade the hydrocarbon was varied, with two isolates (S7 and S14) as 

the most efficient. 

 

3.2. Ability of Isolates to Utilize Hydrocarbon Compounds 

      All isolates (14) were recultured in liquid and on solid medium. 

Results in the Table (3.1) indicate that all isolates were able to grow and 

utilize crude oil and diesel in variable ranges as a sole of carbon and 

energy. Isolates  S7 and S14 showed significant growth density compared 

with other isolates throughout the incubation period. 

       The isolates thrived in the crude oil and diesel substrate when 

supplied as the sole source of carbon and energy. Utilization of the diesel 

resulted in an increase in the number of colony forming units per ml with 

a concomitant visual gradual reduction in the diesel layer and substantial 

disappearance of the diesel with prolonged incubation. 

 



Table (3.1). Growth density of bacterial isolates grown in mineral salt medium (pH 7) 

supplemented with 1% of hydrocarbon for 30 days of shaking  incubation (150 rpm) 

at 30ºC 

Symbol 

of 

isolate 

Growth in crude 

oil 

Growth in diesel  

S 1 + + 

S 2 + + 

S 3 + + 

S 4 + + 

S 5 + + 

S 6 + + 

S 7 +++ +++ 

S 8 + ++ 

S 9 + + 

S 10 + + 

S 11 +++ ++ 

S 12 + +++ 

S 13 + + 

S 14 +++ +++ 

 (+) Slight growth (O.D600 = 0.1-0.3). 

(++) Moderate growth (O.D600 = 0.4-0.6). 

(+++) Good growth (O.D600 = 0.8-1). 

(Control) mineral salt medium  supplemented with 1% of hydrocarbon 

without bacterial inoculum (O.D600 = 0.03)   



      Das and Mukherjee (2007) mention that the biosurfactant micelles 

can increase mass transfer due to increasing pollutant pseudo solubility in 

aqueous environments. It is possible that biosurfactant micelles may 

coalesce with microbial membranes and deliver a contaminant molecule 

directly to the outer membrane of a cell  (Miller and Bartha1989). At the 

appropriate critical micellization concentration, mass transfer can be 

improved due to interfacial tension reductions between aqueous and 

organic phases, and the associated increases in solubility. Here it is 

believed that hydrophobic cells adhered to hydrocarbon droplets release 

an emulsan coat to mark a used oil droplet with a hydrophilic repulsive 

layer (Brown, 2007). 

       Gold (1985) from another point of view, thought that the  petroleum 

contain a class of molecules known as hopanoids, which are commonly 

found in bacterial cell walls.  He indicated that these fuels at some point 

originated at least in part from microorganisms and that biodegradation of 

these fuels has always been occurring to some extent. The ‘biological 

evidence’ within these hydrocarbons could be the reason for the 

adaptation of microorganisms (Surridge, 2007). 

 

3.3. Identificationof Bacterial Isolates 

      The two isolates of highest degradation ability were selected for 

depending on morphology (colony characteristics, Gram's  stain and 

number of spores) and biochemical tests. Results show that colonies 

appearance  differed depending on the selective or differential medium 

used (Shirling and Gottlieb 1966; Saadoun et al., 2007). colonies of S7 

isolate appeared on medium in diameters of (5-7) mm, discrete and 

butyrous, initially relatively  smooth surfaced, lately grow to velvety 

aerial mycelia, color of aerial mycelia was dark brown and white on most 

of the media, colonies of S14 isolate were smaller in diameters (3 –5) 



mm, discrete and butyrous, initially relatively leathery smooth surfaced, 

lately grow to velvety aerial in white color on most of the media. 

Biochemical characterizations of bacterial isolates are listed in the table 

(3.2) indicated these bacterial isolates were Streptomyces sp. 

 

Table (3.2). Biochemical characterizations of bacterial isolates growing on 

International Streptomyces project medium. 

 

Test 

Bacterial  isolates 

S7 S14 

Growth on Czapeck Medium +red + gray 

Lysozyme Resistance + + 

Sugar Utilization  

glucose, arabinose, xylose, sucrose, mannose + + 

Rhamnose, inositol _ + 

Organic Acid Formation _ + 

Urea utilization + + 

Blood Hemolysis α β 

catalase production  + + 

 

 (+) mean positive results,  

(-) mean negative results. 

 

        Barab´as et al. (2001) recorded that Streptomyces were the most 

abundant and the most efficient bacterial species in utilizing crude oil and 

different hydrocarbon compounds.  
 



3.4. Utilization  of Different Pure Hydrocarbon Compounds 

     Isolates S7 and S14 showed the ability to utilize hydrocarbon 

compounds as a sole source of carbon and energy. Results in Table (3.3) 

indicate that the two isolates were able to utilize hexadecane (small chain 

n-alkane),benzene and sodium benzoate (single ring aromatic 

compounds) and low degradation ability in phenol. 

    Isolate S7 gave highest ability to utilize all of hydrocarbon compounds, 

while  S14 isolate showed a divergence ability. In addition ,  

     S7 was characterized by its good ability to grow on aromatic 

hydrocarbons When the growth was noticed after one week of incubation 

on these compounds. 

     Moreover, both isolates showed a good utilization of aliphatic 

hydrocarbons, which are broken by their simple compositions, low 

toxicity and easy to be utilized by the hydrocarbon utilizer (Barabás et al., 

1995). It was observed from the results that the utilization rate of 

aromatic hydrocarbons decreased whenever the chemical structure of 

these aromatic hydrocarbons became more complicated. It was also 

noticed that S14 was able to utilize hexadecane, benzoate, phenol and 

benzene, but failed to grow on others. This may be explained that the 

ability of microorganisms to utilize hydrocarbon compounds is decreased 

with increasing the complexity of these hydrocarbons. The environmental 

persistence of aromatic hydrocarbons become longer with increasing the 

number of benzene rings of these compounds (Mueller et al., 1996; 

Haritash and Kaushik, 2009; Chaudhary et al., 2011). 

Table (3.3).Growth of bacterial isolates on different pure hydrocarbon compounds at 

30 C for 14  days. 



 

Hydrocarbon 

compound 

 

Bacterial growth measured by O.D600 

S 7 S 14 

Hexadecane ++++ ++ 

Sodium benzoate ++ ++ 

Naphthalene  +++ _ 

Anthracene +++ _ 

Cyclohexane  ++ _ 

Phenol  + + 

Tetrahydrofuran  ++++ + 

Benzene  +++ ++ 

Toluene   ++ _ 

(-) No growth. 

(+) Slight growth (O.D600 = 0.1-0.3). 

(++) Moderate growth (O.D600 = 0.4-0.6). 

(+++) Good growth (O.D600 = 0.7-0.9). 

(++++) Heavy growth (O.D600 = 1-2). 

(Control) mineral salt medium  supplemented with 1% of hydrocarbon 

without bacterial inoculum (O.D600 = 0.01)   

      Bacterial degradation of alkanes usually occurs through the sequential 

oxidation of one or both terminal methyl groups of the molecule, first to 

an alcohol, then to an aldehyde, and finally to a fatty acid (Mercedes et 

al.,2001). 

     Radwan, (1998) showed that the Streptomyces was one of the most 

common bacteria consuming aromatic hydrocarbons. It was reported that 

Streptomyces spp. were able to degrade anthrecene, through oxidizing it 



to 3-hydroxyl-2-naphthoate (one of the naphthalene metabolites),which 

was further oxidized to salicylate and catechol that enter the tri- 

carboxylic acid cycle. 

      According to the results obtained , only isolate S7 was able to utilize 

cyclohexane(alicyclic compound). Alicyclic compounds are characterized 

by their high toxicity toward microbial cells and their complex structure, 

therefor; biodegradation of  alicyclic compounds as a sole source of 

carbon and energy (Cerniglia, 1992). On the other hand, isolate  S14 

failed to utilize tetrahydrofuran as a sole source of carbon and energy. 

     Furthermore, the increase in the compound complexity might increase 

the hydrophobicity and association with water molecules, which 

decreases the enzyme – substrate interaction, leading to less enzymatic 

reactions. 

     There is no doubt that the chemical structures of hydrocarbons 

compounds not only have an extensive effect on other utilization by 

different bacterial isolate, but the genetic diversity of these isolates also 

affect the biodegradability of hydrocarbon compounds. As well as, some 

of bacteria may contain different genetic elements like transposone, 

harboring biodegradative genes that might participate in diverging the 

utilization of hydrocarbons (Chakrabarty,1996). 

     Barab´as et al. (2001) have isolated three Streptomyces strains (S. 

griseoflavus, S. parvus, and S.plicatus) from the Kuwait Burgan oil field 

with the ability to utilize n-hexadecane,  n-octadecane, kerosene, and 

crude oil as sole carbon and energy sources. 

    Jimnani et al. (2009) reported Streptomyces utilization of different 

hydrocarbons namely -diesel, engine oil, kerosene, benzene, toluene and 

n-hexane vary  widely among the bacteria isolates. This might be due to 



the fact that the bacteria isolated were able to use the hydrocarbons as 

substrate for growth by probably releasing extra cellular enzymes and 

acids which are capable of breaking down the recalcitrant hydrocarbon 

molecules, by dismantling the long chains of hydrogen and carbon, there 

by converting petroleum into simpler forms or products that can be 

absorbed for growth and nutrition of the bacteria (Alexander, 1999). 

       Kannahi and Thara (2012) showed that the Streptomyces species 

were capable of degrading organic solvents is the development of 

tolerance against them by alteration in the composition of their 

cytoplasmic and outer membranes/cell surface protein. 

 

3.5. Liquid-Liquid Extraction of Residual Crude oil and Diesel by GC  

     Gas chromatography was done to identify the ability of the two  

isolates to degrade crude oil and diesel. Figures (3.1) (3.2) show 

significant changes upon both compound structures. Most of long and 

complex carbon chains were broken into simpler type, in addition to the  

disappearance of some compounds during the process.  

 

A. 



 

B. 

 

C. 

Figure (3.1). GC chromatograms of crude oil inoculated with two local Streptomyces 

isolates S7 and S14.(A. control, B. S7 and C. S14). 

 

A. 



 

B. 

 

C. 

Figure (3.2). GC chromatograms of diesel inoculated with two local Streptomyces 

isolates S7 and S14.(A. control, B. S7 and C. S14). 

 

       Malatova, (2005) mentioned that the analysis of crude oil by gas 

chromatographs is a powerful measurement to evaluate the 

biodegradation process and reveals the differences in efficiency of 

degradation for each bacterial isolates (Pseudomanos sp., Acinetobacter 

baumannii and Serratia marcescens). Gas chromatographs showed 

significant differences in the composition of hydrocarbons at the end of 

the experiment.  

 

3.6. Ability of Bacterial Isolates to Produce Biosurfactants 



       Streptomyces isolates (S7 and S14) were examined for their ability in 

production of biosurfactants which was detected by blood hemolysis test, 

oil spreading test, Emulsification index (E24)and surface tension 

measurement.                                                                                               

3.6.1. Blood Hemolysis  

     Results of blood hemolysis test showed that the two isolates(S7 and 

S14)  have complete and partial hemolysis of  blood on blood base agar 

plates(β and α) respectively indicating production of lipase enzyme.  

3.6.2. Oil Spreading  

     Results of oil spreading test showed that the isolates S7 and S14 

lowered  the surface activities by forming clear zones of 8.5 cm and 6 cm 

respectively, biosurfactant on an oil-water surface. This test it is 

considered to be very sensitive for detection and it has some other 

advantages like  requiring small volume of samples, rapid and easy to be 

carried out, and do not require specialized equipment (Youssef at el., 

2004; Plaza at el., 2006). 

 

3.6.3. Emulsification Index (E24) 

       Another approach for screening potential biosurfactant-producing 

microorganisms is the estimation of emulsification index (E24). After 24 

h, emulsification activity was increased. Results in table (3.4) show that  

the highest emulsification activities (83 and 66.6) mN/m were recorded 

when crude oil was used , while the lowest (37 and 40) mN/m when 

castor oil was used by the two isolates S7 and S14, respectively. 

 

Table (3.4).Emulsification index % (E24) for different oils and hydrocarbons. 



Emulsification Index % (E24) 

Isolate Castor 

oil  

Eucalyptus 

oil 

Sesame 

oil 

Mustard 

oil 

diesel Toluene Aniline Crude 

oil 

S 7 37 66 50 43 50 50 - 83 

S 14 40 43 50 40 50 50 - 66.6 

 

        Lipase activity represents a criterion for hydrocarbon utilization. By 

using different types of oils from different sources indicate the wide 

spectrum of lipase enzyme(s) produced by those two isolates, when the 

E24 range was (40-66.6).  

      Pines and Gutnick (1986) indicated that the production of 

bioemulsifier was induced by the addition of hydrocarbons or oils. 

Production of bioemulsifier occurs by degradation of hydrocarbons. 

These are utilized as a nutrient by bacteria in limited nutrient condition. 

Kokare et al (2007) observed that toluene as a substrate showed 

maximum activity against all test oils and hydrocarbons. Toluene in 1% 

(v/v) concentration as a substrate gave maximum activity against all test 

oils and hydrocarbons. 

3.6.4. Surface Tensionm  

       Results in table (3.5), show reduction in surface tension from 72 in 

the control  to 29 mN/m and 47.50 mN/m by S7 and S14, respectively. 

Desai and Banat (1997) mention that the microbial candidates for 

biosurfactant production are expected to decrease surface tension to 

around 40mN/m. 

Table (3.5).Surface tension (mN/m) Measurements of the two local Streptomyces 

isolates 



 

sample 

 

Surface tension 

(mN/m) 

Isolate S7 Isolate S14 

Control 72 72 

Cell free 

broth 

29.71 47.50 

 

     Due to the efficiency of surface-active compounds produced by 

Streptomyces spp. a number of studies were conducted towards this field 

(Banat et al., 2001;Deepika et al., 2009). 

      Rahaman et al (2002) and  Lakshmipathy at el (2010) observed that 

the microbial molecules which exhibit high surface activity and 

emulsifying activity are classified as biosurfactants. The amphipathic 

nature of these agents helps in reducing the surface tension of 

media.These agents not only helpful in the uptake and utilization of 

hydrocarbons by the organisms but also facilitate the biodegradation of 

toxic hydrocarbons. 

 

 

 

3.7. Optimization of Biodegradation Process 

3.7.1. Effect of pH 

        Modified YEME medium was prepared at different pH values 

(5,6,7,8 and 9) in an attempt to determine the optimum pH required for 

growth of S7 and S14 isolates on 1% crude oil and diesel . The obtained 

results as shown in Figure (3.3) elucidated that the  optimum reduction in 

the surface tension occurred at pH 7. The minimum reduction 

(28.91mN/m ) for S7 isolate was reached after 10 days,as well asS14 

isolate. 



        Figure (3.4) shows the best reduction in surface tension in 

degradation of diesel when S7 isolate  grown for 10 days. While the 

degradation rate of S14 at pH (8 and 9) shows the highest reduction in 

surface tension comparing with other readings. 

        In other studies, it was shown that the pH 7 was optimum for the 

activity and biosurfactants production after a time period of 14 day.  

Production of the biosurfactants also was enhanced at alkaline pH 8 

(Navon-Venezia et al., 1995; Kokare et al., 2007). 

 

Figure (3.3). Effect of pH on degradation by S7 and S14 grown in modifying medium 

containing 1% of crude oil in shaker incubator (150rpm), at 30°C for 10 days. 

 

 

Figure (3.4). Effect of pH on degradation by S7 and S14 grown in modifying medium 

containing 1% of diesel in shaker incubator (150 rpm), at 30°C for 10 days. 
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3.7.2. Effect of Temperature 

    After Streptomyces isolates were grown and incubated at different 

temperatures (15, 30, 37 and 45 °C), results in figure (3.5) illustrate that 

the reduction in the surface tension of S7 isolate occur when the medium 

was supplemented 1% crude oil at temperatures (30, 37 and 45)°C  was 

the same, whereas, at 45°C, the S14 showed gave best surface tension 

reduction and consumption of hydrocarbon. 

       Results shown in Figure (3.6)indicated that the best temperatures for 

S7 were (30, 37 and 45 °C) but the S14 show the best reduction at (45 °C) 

when grown in 1% diesel for 10 days.   

      At 15 °C, S7 and S14 growth in both crude oil and diesel, was lower 

than at other incubation temperatures. 
       

3.7.3. Effect of Agitation 

     According to the results in the figures (3.7) and (3.8), S7 isolate have 

highest reduction in surface tension and biosurfactant production in the 

agitation rates of (50,100, 150  and 200) rpm. On the other hand, S14 

isolate had similar agitation rates in crude oil agitation, but in the diesel 

degradation, 150 rpm was the optimum.  

     As showed in the results mentioned above, the degradation increased  

when the agitation speed increased and up to a limit. This may be 

attributed to several reason: oxygen availability is important for oxidation 

process which provided by agitation,  



 

Figure (3.5). Effect of temperature on degradation by S7 and S14 grown in modifying 

medium containing 1% of crude oil in shaker incubator (150 rpm) at 30°C for 10 

days. 

 

 

Figure (3.6). Effect of Temperatures on degradation by S7 and S14 grown in 

modifying medium containing 1% of Diesel in shaker incubator (150 rpm) at 30°C for 

10 days. 
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Figure (3.7).Effect of Agitation on degradation by S7 and S14 grown in modifying 

medium containing 1% of Crude oil in shaker incubator at 30°C for 10 days. 

 

 

Figure (3.8). Effect of Agitation on degradation by S7 and S14 grown in modifying 

medium containing 1% of Diesel in shaker incubator at 30°C for 10 days. 

 

the nutrients distribution in the liquid medium was improved by agitation 

for mixing the nutrients with bacterial culture, increase emulsification 

capability due to distribution of biosurfactants, and increase in the chance 

of hydrocarbon attachment with cell wall of bacteria. 

 

 

3.7.4. Effect of Salt Concentration 
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     Different concentrations (1,2,3,4 and 5)%  of salt were used to 

determine the optimum salt concentration effecting hydrocarbons 

degradation by S7 and S14 isolates . Results in figure (3.9) indicate that 

the S7 isolate reached optimum surface tension  reduction (28.91mN/m) 

by growing with 1 %NaCl concentration for 10 days. while it is not effect 

by S14 isolate with all concentrations. Figure (3.10) showed that the two 

isolates not effected by different salt concentrations in the degradation of 

diesel. 

 

 

 

Figure (3.9). Effect of salt concentrations on degradation by S7 and S14 grown in 

modifying medium containing 1% of crude oil in shaker incubator (150 rpm) at 30°C 

for 10 days. 
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Figure (3.10). Effect of salt concentrations on degradation by S7 and S14 grown in 

modifying medium containing 1% of diesel in shaker incubator (150 rpm) at 30°C for 

10 days. 

 

3.8. Partial Purification and Characterization of Biosurfactant  

3.8.1. Isolation and Purification of Biosurfactant 

       The surface-active compound was obtained from the cell-free culture 

supernatant of Streptomyces by acid precipitation method followed by the 

purification step. Results indicate that the biosurfactant was finally 

obtained in a white precipitate form, and yields (0.5, 1)g/L of culture 

medium by S7 and S 14, respectively. 

 

3.8.2. Biochemical detection tests 

3.8.2.1. Sugar moiety  

      This test was followed in an attempt to determine whether the sugar 

moiety is present in the tested molecules or not. Negative result was 

obtained from this test indicating that this product is possibly a 

lipopeptide. This result was potentially agreed with the other researches 

that demonstrated that most of the bioemulisfiers belonged  to 

Streptomyces tendae produced alasan, streptofactin, particulate surfactant, 

and biosurfactant PM (Richter et al., 1998). In another study concerning 
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biosurfactants produced Streptomyces sp. referred that it was mainly a 

glycolipid compound (Gamian et al., 1996). 

 

3.8.2.2. Biuret test 

      The presence of peptide bonds in the structure of biosurfactant was 

determined throughout this sensitive test to evaluate if it was a 

lipopeptide compound . A pink color was observed indicating a positive 

result and the examined compound was a lipopeptide molecules.  

 

3.8.3. Characterization of Biosurfactants 

3.8.3.1. Thin layer chromatography (TLC) Analysis 

       Hydrolysates from crude oil and diesel were extracted by diethyl 

ether and subjected to TLC to analyze the types of component might be 

produced by such process. Figures (3.11, 3.12, and 3.13) show TLC of 

hydrolysates. Lysates were found to be polar and non-polarlipids, 

proteins, and carbohydrates. They were produced after 10 days of 

propagation in the modified YMD medium.  

      The Figures showed the lipids and carbohydrates spots of two isolates 

S7 and S14 which revealing convert the complex hydrocarbon to more 

simple compounds.    

 



 

Figure (3.11). Polar lipids chromatography for hydrolysates produce in culture media 

by the two Streptomyces isolates 7 and 14. The first spot is control, the second two 

spotes are hydrolysates of isolate No. 7, while the others are from isolate No. 14. 

 
 

Figure (3.12). Non-Polar lipids chromatography for hydrolysates produce in culture 

media by the two Streptomyces isolates 7 and 14. The first spot is control, the second 

two spots are hydrolysates of isolate No. 7, while the others are from isolate No.14 

 



 
 

Figure (3.13). Carbohydrate chromatography for hydrolysates produce in culture 

media by the two Streptomyces isolates 7 and 14. The first spot is control, the second 

two spots are hydrolysates of isolate No. 7, while the others are from isolate No.14 

 

3.8.3.2. Fourier transformed infrared spectroscopy (FTIR) Analysis 

      The range of FTIR spectrum from 500-700 nm was used to determine 

the rate of change upon both crude oil and diesel. Figure (3.14) shows an 

obvious changes on specific regions referring to the complex chains and 

aromatic rings in both compounds. A widening areas were observed at 

these regions indicating the increase of these compounds concentrations 

after bacterial hydrolysis for crude oil and diesel. FTIR Spectrum  in the 

figures of the isolation fraction in CH2Cl2 illustrate  the following 

characterized bands: 

 Broad band at (3383, 3387, and 3414) cm-1 resulting from the C-

H bands stretching mode suggest the presence of an aliphatic 

chain (CH3CH2)n. 

 Bands at (1643) cm-1 which may be due to the stretching  mode of 

the N-C bond present in amide group.  

 



 

A.  

 

B. 



 

C. 

 

D. 

Figure (3.14).FTIR analysis of hydrolysate produce by isolate 

A.  S7 grown on crude oil.       B.  S14 grown on crude oil. 

C.  S7 grown on diesel.            D.  S14 grown on diesel. 

 



       From the above FTIR spectral data and results of the biochemical 

tests it can be concluded that the structure of biosurfactant produced by 

the local isolated Streptomyces is potentially a lipopeptide. Streptomyces 

tendae produces an extracellular hydrophobic peptide, referred to as 

streptofactin, which is a mixture of structurally related peptides (Richter 

et al., 1998; Kiran et al., 2010). Depending on the IR spectra with a 

variety of analytical techniques, detailed information about the already 

known biosurfactants were studied by a number of investigators which 

have demonstrated the lipopeptide nature of these compounds (Javaheri et 

al., 1985; Nitschke and Pastore, 2006; Ghojavand et al., 2008). 

       Lipopeptide biosurfactants produced by Bacillus strains include,  

among others, surfactin and lichenysin, which reduce surface tension to 

values around 26 and 36 mN/m, with emulsification indexes of about 

60% (Yakimov et al., 1995; Abdel-Mawgoud et al., 2008). 

        On other study Pseudomonas strains produced viscosin, a 

peptidolipid  biosurfactant that lowers surface tension to 27 mN/m (Neu 

and Poralla, 1990). 

 

3.9.Plasmid Isolation 

         In order to determine the plasmid profile of Streptomyces isolates, 

the Favor Prep (Plasmid DNA Extraction Mini Kit) was used. Results in 

lane 2 and 5as showed in the Figure (3.15 A) indicated that S7 and S14, , 

isolates containing a small plasmid DNA bands. 

       Saadoun et al (2008)  indicated that a different Streptomyces isolates 

containing plasmids with different size have different set of genes or the 

plasmids are the same plasmids but there were transferred between the 

soil population of bacteria by conjugation or transformation. 

 

3.10. Role of Streptomyces Plasmid(s) in Biodegradation 

http://onlinelibrary.wiley.com/doi/10.1046/j.1462-2920.2001.00190.x/full#b16
http://onlinelibrary.wiley.com/doi/10.1046/j.1462-2920.2001.00190.x/full#b16
http://onlinelibrary.wiley.com/doi/10.1046/j.1462-2920.2001.00190.x/full#b17
http://onlinelibrary.wiley.com/doi/10.1046/j.1462-2920.2001.00190.x/full#b17


3.10.1.Plasmid Curing 

       In order to study the role of plasmid(s) of Streptomyces sp. in 

degradation of hydrocarbons, curing experiment was performed. These 

bacteria was investigated to find the role of their plasmid(s) in 

hydrocarbons degradation. Isolates S7 and S14 were the most efficient 

isolates, by giving growth density and growth yield more than other 

isolates. 

       From this treatment of curing agent, appropriate dilutions were made 

and spread on YEME agar plates, then 30 colonies were tested on the  

selective medium (mineral salts medium containing hydrocarbons) in 

order to determine the cured colonies, which cannot degrade 

hydrocarbons. After repeatedly plated of the selected colonies, results 

indicated the colony survived on master plate and grown on mineral salts 

agar plate supplemented with crude oil and diesel contaminated soil. So 

that the ability of degradation may be not be depended on plasmid 

existence a sole source of carbon and energy. 

       The results indicated that there was a change in the plasmid patterns 

between the cured and the original isolate. Cured isolates (S7 and S14) 

were lost their plasmid DNA bands as shown in the figure (3.15 B), and 

this may be due to the fact that plasmid DNA bands could not be 

responsible for degrading hydrocarbons in the two isolates (S7 and S14). 

In other word, gene(s) responsible for degradation are located on 

chromosomal genome or controlled by elements located on the plasmid 

(s) in these bacteria. 



  

                    1           2           3           4            5           6              7 

A 

 

← Plasmid 



 

B 

Figure (3.15): 

 A. Gel electrophoresis of isolated plasmid from bacterial isolates S7 and S14 

Migrated on agarose gel (0.8%) in TBE bufferat (5V/cm). Lane(1)ladder 

marker1000bp, Lane(2) S7, Lane(3 and 4) cured S7, Lane (5 and 7) S14, and Lane(6) 

curedS14.  

B. In this figure used captured photoshop for isolated plasmids. 

 

          According to this results, plasmid DNA may be a burden on 

microorganisms and may lie toward expulsion of these plasmids unless it 

interferes with viable process. Using this fact and avoiding alteration of 

DNA if chemical curing is used our attempt to cure plasmid(s) of our 

Streptomyces sp. by physical stress for showed no effect on this isolate to 

utilize hydrocarbons. This may be explained in two ways: (i) the plasmid 

DNA may play no rule in hydrocarbon utilization and genes responsible 

for such trait may be located on chromosomal DNA; (ii) giant plasmids 

which are known to be found in Streptomyces may play a part in this 

process was not cured because of its size that reach 700 KB and / or is 

could be integrated with chromosomal DNA (Kinashi et al., 1987; Chater 

and Hopwood, 1993;Floriano and Bibb, 1996; Hopwood, 1999; Saadoun, 

2002). 



         Saadoun and his colleagues (2008) mention that the molecular 

assessment of the ability of Streptomyces to degrade hydrocarbons is 

usually done by specific genes located on the bacterial genome. One of 

the most studied genes is the alkB gene which codes for a membrane-

bound monooxygenase or alkane hydroxylase that plays the first step in 

alkane degradation process. (Maeng et al.1996; Murrell et al. 2000; 

Hamamura et al. 2001; Maier et al. 2001; Smits et al. 2002). 

         Kontro and his colleges (2005)showed that after cultivation of 

Streptomyces isolates in gradient pH media (4-11.5), that pH 7 to slightly 

above was optimum for complete growth. so heindicated that,in pH 

adaptation, cytoplasmic pH is maintained close tothe neutrality over the 

whole growth pH range by cellmembrane proteins, which function as 

primary protonpumps, and are also involved in respiration and 

energytransduction. In the absence of active pH regulation 

protonsequilibrate across the membrane, and the intracellular pHequates 

with that outside the cell. (Padan et al. 1981).  

         Rean (2010) indicated that the presence of proteins in cell 

membrane is important as control mechanism on substance entering or 

leaving the cell. Any factor affecting these proteins may pose a stress on 

the living cell. In acidic environment, the prevalence of H+ may change 

NH2 to NH3 at the end of peptide chain which makes the compound 

positively charge. This may affect the active sites of enzymes the may 

lead to inhibition of enzyme activity (Hewiston, 2009).  
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4.1. Conclusions: 

 

1. Soil contaminated with oil spills was rich with bacteria capable to 

degrade hydrocarbons. 

2. Ability of two local Streptomyces isolates to degrade hydrocarbons 

was enhanced by growing in modified YEME medium  of  1% 

NaCl  and of pH (7-8), containing 1% crude oil or diesel at 45 °C, 

incubated in shaking incubator at (150-200)rpm for 10 days. 

3. Biochemical detection and FTIR analysis indicated that the 

biosurfactants, nature was lipopeptide. 

4. Gas chromatography analysis for liquid-liquid extraction of residual 

crude oil and diesel showed significant differences in the composition 

of hydrocarbons compounds. 

5. The trait of degradation of hydrocarbons was not controlled by 

plasmid in the two local isolates. 

 

 

 

 

 
 



 

4.2. Recommendations: 

 

 

1. Further studies are required to identifying the lipase enzyme 

sequencing capable to degrade hydrocarbon. 

2. Studying the biochemical pathways of hydrocarbons degradation 

by microorganisms and characterize the intermediate compounds. 

3. Further studies by using bioreactor for hydrocarbon degradation. 

4. Another attempt by using mixed culture of bacteria and notice their  

synergisms ability on hydrocarbons degradation. 

5. Applying the purified Streptomyces  biosurfactants in different 

application such as antimicrobial  antifungal , and anticancer 

activity.  

6. Identification of Streptomyces isolates S7 and S14 by using PCR 

and DNA sequence. 
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 انًصبدر انعربيه 

نجرثىيه   .DNAال نًحتىي يحيذا انًُخفض انهيذروجيُي الأش(. 3212) فيصم يبزٌ ريبٌ

Streptomyces 91 ص ،1 انعذد ، 31 انًجهذ انرافذيٍ، عهىو أخري. يجهت بًحيذاث يقبرَه-
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 .(جسيئيت تىجهبث ( انًبيكروبيت انحيىيت انتقُيبث .( 2008 ) َبصر يحًىد زهرة انخفبجي،

 .انعراق بغذاد، جبيعت انعهًي، وانبحث انعبني انتعهيى وزارة

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Appendix 

 

 

 

 

 

 



 Transfer 1 ml of well-grown bacteria culture to a microcentrifuge 

tube (not provided). 

 Descend the bacteria by centrifuging for 1-2 min and discard the 

supernatant completely. 

 Add 250 μl of FAPD1 Buffer containing RNase A and lysozyme 

(Provided by user) (for final concentration of 1 mg/ml) to the pellet 

and re-suspend the cells completely by pipetting. And incubate the 

sample mixture at 37 ° C for 15 min. 

 

• Make sure that RNase A has been added into FAPD1 Buffer 

when first open. 

• Make sure that lysozyme has been added into FAPD1 for final 

concentration of 1 mg/ml. 

• No cell pellet should be visible after resuspension of the cells. 

 Add 250 μl of FAPD2 Buffer and gently invert the tube 5 times to 

lyse the cells and incubate at room temperature for 2 min. 

• Do not vortex, vortex may shear genomic DNA. If necessary, 

continue inverting the tube until the lysate become clear. 

• Do not proceed this step over 5 min. 

 Add 350 μl of FAPD3 Buffer and invert the tube 5 times 

immediately but gently. 

• Invert immediately after adding FAPD3 Buffer will avoid 

asymmetric precipitation. 

 Centrifuge for 10 min. During centrifuging, place a FAPD Column 

in a Collection Tube. 

 Transfer the suspernatant carefully to FAPD Column. Centrifuge 

for 1 min then discard the flow-through. 

• Do not transfer any white pellet into the column 



 Add 400 μl of W1 Buffer to FAPD Column. Centrifuge for 1 min 

then discard the flow-through. 

• Make sure that ethanol (96-100 %) has been added into W1 

Buffer when first open. 

 Add 750 μl of Wash Buffer to FAPD Column. Centrifuge for 1 min 

then discard the flow-through. 

• Make sure that ethanol (96-100 %) has been added into Wash 

Buffer when first open. 

  Centrifuge for an additional 5 min to dry the column. 

• Important step ! This step will remove the residual liquid 

completely that will inhibit subsequent enzymatic reaction. 

  Place FAPD Column to a new 1.5 ml microcentrifuge tube (not 

provided). 

 Add 50 μl ~ 100 μl of 65 °C of Elution Buffer or ddH2O to the 

membrane center of FAPD Column. Stand the column for 1 min. 

• Important step ! For effective elution, make sure that the elution 

solution is dispensed on the membrane center and is absorbed 

completely. 

• Important : Do not Elute the DNA using less than suggested 

volume (50ul). It will lower the final yield. 

  Centrifuge for 1 min to elute plasmid DNA. 

  Store plasmid DNA at 4 °C or -20 °C. 

 

 

 



 الخلاصه

النفط لسنوات عدٌدة من أماكن مختلفة  بتسربعٌنات من الترب الملوثة  خمستم جمع          

تم الحصول من هذه العٌنات على أربعة عشر عزلة باعتبارها المحللات الأولٌة للنفط  .فً بغداد

 النفط الخام والدٌزل تكون منتم اختبار هذه العزلات مرارا فً وسط  .وزٌت الغاز

، S7 ،S8 لات الأكثر كفاءةكانت العز .كمصدركربونً لضمان قدرتها على تحلٌل هذه المركبات

S11 ،S12 ،S14  العزلتانلكن S7, S14 تم اختبار هاتٌن العزلتٌن لذا فقدأعلى كفاءة، اعطت

 لدراسه كثلفه نموها حٌث وجد انهما كانتا متغاٌرتٌن فً ذالك.

اعتمادا على الخصائص المظهرٌة وشكل  فقد شخصت هاتٌن العزلتٌنوفقا لكثافة النمو،         

 لهما القدرهالى جنس الستربتوماٌسٌس و انهما ٌنتمٌان أظهرت النتائج. عمرة، والكٌموحٌوٌةالمست

أفضل كانت  S7 لهالعز النتائج ان  استخدام مصادر نقٌة مختلفة من الهٌدروكربونات، وأظهرت

 Hexadecane, Tetrahydrofuran, Anthracene, and)عند نموها على لهالعز S14 من

Naphthalene). 

 .S7 S14 من قبل العزلتٌنالتحقق من الظروف المثلى لتحلل النفط الخام والدٌزل  لدى       

درجات مختلفة من الاس الهٌدروجٌنً، ودرجة ل YEME فً وسط  اعندما زرعت تحسن قابلٌتها

٪ من النفط الخام والدٌزل كل على 1على  ملح كلورٌد الصودٌوم، وتراكٌز حرٌكالحرارة، والت

 .ة عشرة أٌامحدة لمد

الستربتوماٌسٌس  S7 , S14انتجتها عزلتً التً  biosurfactant اظهر عزل وتنقٌة        

وقد  .، على التوالً biosurfactant لتر/  غم( 1، 5.0بطرٌقة الترسٌب الحامضً وجود )

بانه عباره  biosurfactantكونطبٌعة FTIR أشارت الاختبارات البٌوكٌمٌائٌة وكشف تحلٌل

 . lipopeptideعن

وأظهر تحلٌل كروماتوغرافٌا الغاز للسائل المتبقً من النفط الخام والدٌزل فروق ذات          

دلالة واضحة فً تركٌب سلسلة الهٌدروكربون حٌثتم كسر معظم سلاسل الكربون الطوٌلة 

 .والمعقدة فً لأبسط نوع، ولوحظ اختفاء بعض المركبات خلال هذه العملٌة

 احتوتأظهرت النتائج أن هذه العزلات ,S7, S14 عزلاتللدراسة محتوٌات البلازمٌد  لدى        

من أجل دراسة دور البلازمٌد فً تحلل الهٌدروكربونات، تم تحٌٌد , على بلازمٌد صغٌر



لٌس له دور  يمض النووي البلازمٌداأن الح ظهرالبلازمٌد باستخدام طرٌقة الحموضة العالٌة و

 لم تتغٌر. حلل المواد الهٌدروكربونٌةتكلا العزلتٌن على رة قدل لأن ٌتحلالفً 

 

 

 

 

 

 

 

 

 

 

 



 الاهداء

 

 اهدي ثمره جهدي المتواضع هذا 
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 رسالت
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