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ABSTRACT  
 
 The application of hydrocarbon degrading microorganisms in bioremediation applications is a promising 
approach to accelerate the clean-up of polluted soils. Screening, isolation and identification of hydrocarbon 
degrading bacteria (HDB) from fifteen soil samples were collected from three different agricultural soils in 
Qaluobia governorate (Egypt). A total of 79 isolates originating from 3 different soils were obtained through 
enrichment culture method using stock solutions of benzene (20%), and toluene (5%), topaz and actellic (0.5% 
and 0.25% v/v) mix as their sole energy and carbon sources. Most of the isolates were from M (El-Marg) and 
the least from MRG (El Marg El Gedida). Eleven isolates showed the best growth on MSM with mixture of 
HC's (benzene, toluene, topaz and actellic). Majority of the isolates showed growth up to 20% concentration of 
the benzene, 5% toluene, 0.25% topaz and 0.25% actellic. Only isolate PGPR8 showed rich growth up to 40% 
benzene and 0.5% topaz while isolate PGPR27 showed growth up to 7.5% toluene and M9 isolate showed 
growth up to 0.5% actellic. PGPR8, PGPR27 and M9 were identified as Bacillus licheniformis, Bacillus 
megaterium and Aeromon ashydrophila, respectively based on the morphological, biochemical tests and 
sequence analysis of 16S rRNA. From these results which showed that the PGPR8, PGPR27, M9 isolates have 
high ability on degrading (40% of benzene and 0.5% topaz), (7.5% of toluene) and (0.5% of actellic), 
respectively. 
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Introduction 
 
 Bacteria play a vital rule in the recycling processes which include bioremediation techniquethat represents 
the degradation of persistent hydrocarbons by degrading microorganisms. Over past decades bacteria has been 
applied extensively for the bioremediation processes (Ghazali et al., 2004; Oteyza et al., 2006; Sun et al., 2005; 
Gerdes et al., 2005; Trindade et al., 2005). Bioremediation uses an inoculation of pollutant degrading 
microorganisms into contaminated soil (Schwartz and Scow, 2001), and is established to reduce the 
hydrocarbon concentration, mobility in the soil matrix, and toxicity to other organisms (Panno et al., 2005). For 
this process to be successful, suitable bacterial species must be chosen so they have high catabolic activity to 
degrade the target compound and can survive in the contaminated soil. If microorganisms can utilize a substrate 
directly, even when not present in the aqueous phase, it may further enhance degradation especially where 
recalcitrant compounds, such as PAHs, are present (Eriksson et al., 2002, Olsen et al., 2003). 
 In soils with a history of contamination, there is a higher capability for degradation than soils with no 
history of contamination (Leahy and Colwell, 1990; Trzesicka-Mlynarz and Ward, 1995). Populations of 
hydrocarbon degrading bacteria (HDB) normally constitute less than one percent of the total microbial 
communities (Atlas, 1995). However, when oil pollutants are present, hydrocarbon degrading populations 
increase, typically to 10% of the community. 
 Many of the bacteria isolated from contaminated soil are capable of degrading many PAHs. Previous 
research has shown that many species of bacteria isolated from contaminated soil, specifically species from the 
genera Sphingomonas, Rahnella, and Arthrobacter, can degrade the hydrocarbons naphthalene, phenanthrene, 
and pyrene (Wall, 2003; Hynes et al., 2004). Other research has found that Arthrobacter spp., and 
Sphingomonasspp. are among the bacteria most active in the assimilation of saturates and aromatics in soils and 
tend to be abundant in contaminated systems (Popp et al., 2006). 
 For inoculation of contaminated soils, the inoculant must compete with indigenous populations of bacteria 
for establishment and long-term survival (Atlas, 1995). The bacteria used must also have a high catabolic 
activity for the degradation of target compounds such as PAHs, and if the inoculants can metabolize soil-bound 
PAHs, it may further enhance degradation (Eriksson et al., 2002). Studies have shown that the introduction of 
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non-indigenous bacteria has not been effective for bioremediation since the bacteria cannot compete with 
indigenous populations (Atlas, 1995). However, if these bacteria are isolated from soils in the contaminated area 
or from sites where environmental factors are similar, bioaugmentation using these bacterial species may be 
more successful. 
 Bioremediation through the addition of bacterial species capable of degrading target compounds is not 
always successful because it is difficult to maintain enough microbial biomass to accelerate the rate of PAH 
desorption from soil at rates suitable for remediation (Huang et al., 2004). Additionally, species of bacteria 
capable of degrading high molecular weight PAHs tend to be limited in numbers due to the low bioavailability 
of the compound; therefore, bacterial remediation alone is too slow and lacks the capacity to be used for 
extensive remediation. 
 This work aims to isolation, selection and identification of most efficient bacterial strain capable for 
degrading different hydrocarbons from different field soil samples contaminated with benzene, toluene, actellic 
and topaz under laboratory conditions. 
 
Materials and Methods 
 
Soil sample collections: 
 
 Soil samples were collected from agricultural fields in Qaluobia governorate. The soils were air dried, finely 
ground with a mortar and pestle, and sieved through a 2-mm mesh sieve. Soil 1, clay soil, from El Marg El 
Gedida cultivated with watercress and parsley, soil 2, silty clay soil, from Arab El Taweilah-Ezbet El Nakhl 
cultivated with maize and soil 3, silty loamy soil, from El-Marg cultivated with maize.  
 
Chemicals: 
 
 Benzene (99%), Toluene (99%), Actellic 50EC and Topaz 100EC were used in these studies. Benzene and 
toluene solubility by ethanol (Fernandes and Corseuil, 1999) but actellic and topaz soluble in distilled water.  
 
Screening and isolation of hydrocarbon degrading bacteria(HDB): 
 
Bacterial isolation: 
 
 Stock solutions of benzene and toluene (20 and 5 %) respectively was prepared in ethanol while topaz and 
actellic prepared in water (0.5% and 0.25% v/v) and added to the mineral salt medium at an initial concentration of 
100 ml/l. The flasks incubated at 30ºC, in an orbital shaker at 130revolutions per minute (rpm), allowing the 
complete equilibrium benzene and toluene partition between the vapor phase and liquid phase for 24 hours, 
before added soil. Each Soil sample (10 g) was added into 50 ml mineral salt medium (MSM)(Schlegel et al., 
1961) enriched with the hydrocarbons as described above. The medium containing the soil and different 
hydrocarbons was incubated at 30±2ºC under shaking (200 rpm) for 21 days. The hydrocarbon concentration in 
the mineral slat medium were slowly increased up to 500 ml/l over a period of 40 days and were maintained at 
this level for the duration of the incubation period. Bacterial cultures isolated from the soil after the incubation 
period were set up in 500 ml cotton-plugged Erlenmeyer flasks containing benzene or toluene or topaz or actellic 
as a sole source of carbon as described above at 30°C with shaking 200 rpm. After one week of incubation, sub-
samples from the flasks were streaked on plates containing solid medium. Plates were prepared with MSM that had 
been solidified with 2% agar (20g agar/L) and sprayed with a 20 mg/l each hydrocarbon solution dissolved as 
described above. The plates were incubated at 30°C. The colonies were grown on the plates were picked and 
streaked on new minimal agar plates. The initial number of total viable bacteria in the original sample (before 
enrichment) and after the incubation period was determined by serial dilution-agar plating procedure (1.0 ml of 
series of dilutions 10-2-10-8 was spread on neutral agar plates contaminated with each HC's and incubated at 
26°C for 48 hours).  
 
Plant growth promoting rhizobacteria (PGPR): 
 
 An aliquot (1.0 ml) of this suspension was spread on the plates or tubes containing 5 ml N-deficient semi-
solid medium (Döbereiner et al., 1976) for the isolation of Azospirillum spp., Pseudomonas spp. on King B 
medium, Azotobacter spp. on N-free agar medium, and P. aeruginosa on King B medium with 0.03% cetrimide 
was added to improve selection process (KBC) (Brown and Lowbury, 1965). Plates were incubated for 3 days at 
30°C to observe the colonies of the bacteria. Typical bacterial colonies were observed over the plates. All soil 
samples were assayed by dilution with at least four replicates of each soil suspension. 
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Regeneration of HDB: 
 
 Pure strains obtained from the screening experiments were inoculated into 50 mL MSM solution in 250 
mL-flasks with benzene (20%), toluene (5%), topaz (0.5%) and actellic (0.25%), respectively and rotated in 200 
rpm at 30 °C for 48 hours. The resulting culture (2.5 mL) was inoculated into the same medium 50 mL and 
cultured under the same conditions. This step was repeated five times to gain the sixth generation of the strains. 
Fifty μL of the resulting culture was spread on the Luria Bertani (LB) (Sambrook et al., 1989) medium plates. 
Single colonies were picked up, transferred to the LB slants and incubated at 30°C for 48 hours to acquire pure 
strain culture. Medium without the bacteria was used as a control. 
 
Selection of HDB in mixed hydrocarbons: 
 
 20 isolates from the sixth generation experiment were selected and cultured individually in the flasks 
contain MSM. The bacteria were inoculated into 50 mL of MSM with mixture of 2% stock solution for each 
HC's in a 100 mL Erlenmeyer flask. Samples were made up for the biodegradation experiment. The flasks were 
placed on a rotary shaker at 25 °C at 120 rpm for 6 days. Shaking was used to provide a continuous supply of 
oxygen for the growth of the bacteria.The optical density (OD) of bacterial isolates on 0, 24, 48, 72, 98 and 144 
hours of incubation were measured by the McFarland test. Cell dry weight was determined in the initial and final 
phase of experiment.  
 
In individual hydrocarbon: 
 
 Bacterial isolates from the mixed hydrocarbons utilization experiment were tested for the capacity to 
degrade each hydrocarbon individually at the same concentrations as previously described and inoculated at 
rotary shaker at 25 °C and 120 rpm for 6 days in order to determine the most efficient isolate for each 
hydrocarbon separately. 
 
Determination of bacterial growth at different concentrations: 
 
In HC-based agarmedium: 
 
 Bacterial growth studies were performed in bacteriological agar containing added HC's. Ethanol was added 
to benzene and toluene to dissolve these compounds. Ethanol was allowed to evaporate overnight. On the other 
hands, actellic and topaz were dissolving in sterilized water. The soluble compounds were sterilized by filtering 
through 0.20µ filter papers. Concentrations of benzene (30, 40 and 60%) and toluene (7.5, 10 and 12%) were 
made in sterile conical flasks while topaz and actellic concentrations were (0.25 and 0.50, 0.75%) in sterile 
conical flasks. 500ml of bacteriological agar was prepared in 1000ml bottle and autoclaved at 121°C for 15 min. 
The agar was allowed to cool to 45°C. The different concentrations of benzene, toluene, topaz and actellic were 
added to 1000ml bottles containing agar. The bottles were swirled gently to avoid air bubbles until the HC's are 
totally mixed with the agar. The agar containing of benzene, toluene, topaz and actellic was poured into Petri 
dishes in duplicates and allowed to set. After 30 min, 1000µl of the selected bacterial suspensions were spread 
onto the surface of HC-based agar and incubated at 37°C for 48h. After incubation, growth of bacteria was 
determined at each concentration and the growth was differentiated in terms of excellent, limited and no growth.  
 
HC-MSM medium: 
 
 Optical density for the growth of the selected strains from the previous experiment were detected under the 
same HC’s concentration for determine the optimal concentration and the effect of the incubation period on the 
selected bacteria degradative potential and incubated in rotary shaker at 25 °C at 120 rpm for 30 days the results 
for optical density (O.D 600) were determined at 15, 21, 30 days. 
 
Identification of selected bacterial isolates: 
 
Morphological and biochemical characterization: 
 
 Bacteria were identified by their morphological characteristics based on the shape, size and motility of the 
cells as well as colony morphology on nutrient agar (Difco, 1969) plates. All isolates were examined by Gram’s 
staining reaction to differentiate between Gram positive and Gram negative bacteria. Additional biochemical 
test were performed according to Bergey’s Manual of Determinative Bacteriology (Brenner et al., 2005) for 
taxonomic characterization which included gelatin liquefaction, starch hydrolysis, lipid hydrolysis, casein 
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hydrolysis, H2S production, triple sugar iron, nitrate reduction, catalase test, lipase test, oxidase test, methyl red, 
vogesproskauer (MR-VP), citrate utilization and sugar fermentation. 
 
Molecular characterization based on 16S rRNA gene: 
 
 Genomic DNA was extracted from strains using the Wizard Genomic DNA kit (Promega, Madison, WI, 
USA) using the gram positive bacteria protocol according to the manufacturer instructions. 16S rRNA genes 
were amplified using universal eubacterial primers 8F (5’-AGAGTTTGATCMTGGCTCAG) and 1492R (5’-
GGYTACCTTGTTACGACTT-3’) (Lane et al., 1985). 25 μL PCR reactions consisted of PuReTaq Ready-to-go 
PCR beads (GE Healthcare Buckinghamshire, UK), 0.5 μL of template genomic DNA, 400 nM of each primer. 
The thermocycler program consisted of 95°C for 10 minutes followed by 40 cycles of: 95°C for 30 seconds, 
48°C for 30 seconds and 72°C for 1 minute. The program ended with a final extension step of 72°C for 10 
minutes.  
 PCR products were column-purified using QIAquick PCR Purification Kit (Qiagen Valencia, CA, USA). 
They were sequenced using the universal primer 519F (5’-CAGCAGCCGCGGTAATAC) on an ABI 3730 
DNA Analyzer at the Molecular Biology Resource Facility at the University of Tennessee, Knoxville, TN, USA.  
 High quality sequences (~950 bp) imported into the DNASTAR Lasergene v.7 software package, aligned 
using MegaAlign, and a phylogenetic tree was constructed using ClustalW (Thompson et al., 1997) program 
contained within Lasergene. Pairwise distances between sequences (used for phylogenetic tree construction) 
were also exported in tabular format. 
 
Statistical analysis: 
 
 All statistical analyses were performed using SPSS software package (SPSS In. U.S.A.) and Excel 
(Microsoft, U.S.A.). The data were subjected to analysis of variance, and significant differences between means 
were determined by Duncan’s multiple range tests (p < 0.05). 
 
Results and Discussion 
 
 Prior the screening of hydrocarbon degrading microorganisms, the bacterial populations were estimated in 
each original sample. Appreciable number of bacteria up to 1.7X108colony forming units (CFU) has been found 
to exist in the El-Marg soils samples (Fig 1). Plate counts of viable bacteria from the El Marg El Gedida and 
Arab El Taweilah soils was determined to be an order lower (ranged from 7.0x107 and 3.6x105) compared to El-
Marg soil (Fig. 1). As the results in Figure 1 indicate a significant increase in hydrocarbon degrading 
microorganisms obtained from the Arab El Taweilah field soil samples was observed after the third and the 
fourth week of enrichment in the all HC's except topaz. However, the increasing in bacterial count after benzene 
and toluene treatments much more that obtained from the two pesticides treatments which indicated that 
pesticides are more complicated and harder in their biodegradation process than the normal aromatic 
hydrocarbons present. These results confirmed the fact that repeated exposure to persistent hydrocarbon 
products at a site will usually increase the adaptive capabilities of the microorganisms and though increase the 
rate of degradation with a new exposure to a compound. 
 The type of enriched substrate significantly affected the microbial population (Fig.1). It was observed that 
the existence of HC’ sin the enrichment medium repressed microbial growth in all field soil samples used during 
the first week of incubation. The total bacterial numbers in soil contaminated with benzene (as example in El- 
Marg soil) was 8.0x106 CFU/g dry weight of soil, about 3 times lower than that in the uncontaminated soil 
(1.8x108 CFU/g dry weight of soil), suggesting that contaminated soil with HC’s may decrease the total bacterial 
numbers in soil at the beginning of contamination period. Yet, the transfer of microorganisms after first 
enrichment to a fresh medium resulted in an increase of numbers of hydrocarbon utilizing bacteria compared to 
first week after incubation. Generally, the larger and more complex the structure of hydrocarbons (topaz or 
actellic), the more slowly is oxidized. This may depend upon the type of organism involved and the medium, in 
which it was developed. For this reason, the longer enrichment period as well as fresh medium and decantation of 
toxic co-metabolites apparently enhanced the proliferation of bacteria capable of utilizing more complex 
compounds in investigated samples. 
 The averages of total numbers of PGPR in the three soil samples were 4.96x104, 2.32x104, 2.75x104, 
1.89x104 and 1.264x104 for original soils, soil contaminated with benzene, toluene, topaz, and actellic, 
respectively (Fig. 2). The average of total PGPR numbers in uncontaminated soil was 41.32% higher than soil 
contaminated with all HC’s. The averages of total PGPR in original field soil were significantly different (P< 
0.05) compared to the four treatments (contaminated with benzene, toluene, topaz and actellic).The type of 
enriched substrate significantly affects the averages of total numbers of PGPR. It was observed that the 
existence of benzene, toluene, topaz and actellic in the enrichment medium repressed microbial growth in all 
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field soil samples used. This suggesting that contaminated soil with HC’s may decrease the PGPR numbers in 
soil (Fig. 2). In addition, the soil contaminated with benzene, toluene and topaz has highly inhibiting effects on 
the Pseudomonas aeruginosa. 
 Visual observations of LB plates indicated that after application of enrichment technique, the variety of 
bacterial colonies in each sample significantly decreased. Although, many microorganisms naturally occurring 
in El Marg El Gedida (MRG), Arab El Taweilah (AT) and El-Marg (M) appear to be limited to degradation of 
hydrocarbons, numerous bacteria have still demonstrated the ability to survive and proliferate in the presence of 
hydrocarbons as the sole source of energy and carbon. Results from the figures above demonstrate that the type 
of enrichment substrate significantly affected not only the concentration of microbial population (Fig. 1) but 
also the plant growth promoting rhizobacterial type strain as well (Fig. 2). 
 From fifteen soil samples were collected from three different regions, a high diversity of microorganisms 
(52 isolates) after a enrichment resulted in the collection of 15 strains (MRG1 to MRG15) from El Marg El 
Gedida (soil 1), 17 strains (AT1 to AT17) from Arab El Taweilah (soil 2). Whereas from the soil of El-Marg 
(soil 3), 20 strains (M1 to M20) were isolated. All strains were tested for their ability to utilize various 
hydrocarbons. All the strains were named after sample collection area as El Marg El Gedida field soil (MRG), 
Arab El Taweilah field soil (AT), and El-Marg field soil (M). In addition, twenty seven isolates of PGPR were 
isolated from different soil samples (PGRP1 to PGRP27). These isolates belonged to as follows seven  isolates 
of Azotobacter (PGPR1 to PGPR7), four isolates of Pseudomonas (PGPR8 to PGPR11), three isolates of 
Alcaligene (PGPR12 to PGPR14), three isolates of Azospirillum (PGPR15 to PGPR17), one isolates of P. 
aeruginosa (PGPR18) and nine isolates of Bacillus (PGPR19 to PGPR27), were isolated from different soil 
samples. 
 
Regeneration of HC's degrading bacteria: 
 
 Enhancement experiments were conducted for all the seventy nine strains. The strains grew and reproduced 
at 30°C while HC’s was the only carbon source. The sixth-generation strains were cultured on LB medium 
plates. Among these isolates 20 were strongly stimulated and the rest were strongly inhibited when incubated in 
MSM supplemented with highest concentration of each HC. The increased solubility of HC’s in the aqueous 
phase of the HC-MSM may increase the toxicity of these compounds to microorganisms, and this could explain 
the inhibition in growth observed for some strains.  

1. Four from El Marg El Gedida(MRG) isolates: MRG1, MRG4, MRG8, and PGPR24. 
2. Eight from Arab El Taweilah (AT) isolates: AT5, AT9, AT15, AT16, AT17, PGPR3, PGPR8 and PGPR 21. 
3. Eight from El-Marg (M). isolates: M3, M5, M6, M9, PGPR9, PGPR18, PGPR23 and PGPR27 
 
Screening of bacterial isolates for utilization of hydrocarbons in shake flasks experiment: 
 
In mixed hydrocarbons: 
 
 Even though enrichment culturing selected only those indigenous microorganisms that have been especially 
acclimated to degrade hydrocarbons, it was necessary to characterize the biodegradation potential for individual 
isolates. For this reason, each isolated microbial strain was submitted to a preliminary test experiment for 
detailed investigation of hydrocarbons utilization in shake flasks experiments. The structure of a compound is 
important in determining its biodegradability. In order to investigate the capability of isolates to utilize mixture 
from benzene, toluene, topaz, and actellic were used as a substrate for preliminary screening. Therefore, the 
growth of microorganisms was monitored regularly by McFarland test for measuring optical density of 
experimental medium. Additionally, dry weight of cells was also used as a second parameter for evaluating the 
biodegradation potential of isolated bacteria. 
 As the Figure 3 indicates a significant difference was observed in growth of bacterial strains isolated from 
El Marg El Gedida(MRG) field soil samples. Growth of MRG1 isolate is characterized by a rapid initial phase 
within 48 hours of incubation. This isolate exhibited the fastest and highest growth during 144 hours of 
incubation. When PGPR24, MRG 4, and MRG8 isolates were grown on the same substrate, growth was initiated 
60 hours after inoculation with much lower slope, indicating a lower growth rate. In spite of the fact that MRG4 
strain was isolated after 3-weeks enrichment in the presence of hydrocarbons as solely source of energy and 
carbon, its ability to survive on this substrate is significantly limited. This might be explained by the occurrence 
of mutualistic relationships in the enrichment process. MRG4 strain might thrive on metabolic products or 
products from lysis of other microorganisms such as MRG1, MRG 8 or PGPR24. 
 Figure 3B presents the initial and final dry weight of cells in degradation experiments. The final 
concentration of MRG1isolate was 1.47 g/l. This concentration represents a 6 fold increase to the initial dry 
weight. This result indicates that a significant amount of carbon obtained from hydrocarbon utilization is used by 
this strain for production of cell biomass. The concentration of the remaining isolates did not increase above 0.4 
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g/l. The slower growth and decreased cell yield of PGPR24, MRG4, and MRG8 isolate indicates that these strains 
have a much lower degradation potential than MRG1. 
 The same tests for hydrocarbon degradability were conducted with all 17 strains isolated from Arab El 
Taweilah (AT) and El-Marg (M). The results from these experiments are presented in Figures 4 (A&B) and 5 
(A&B). When AT5, AT18, PGPR3 and PGPR21 isolates were grown on the hydrocarbon mixture, growth was 
observed less than 20 hours after inoculation (Fig. 4A). However, these strains did not reach as high growth as the 
rest of the isolates. In spite of long lag phase (60 hours), growth of AT9, AT15 and PGPR8 isolates is 
characterized by very rapid slope, indicating a rapid growth rate. These isolates reached the maximum optical 
density and maximum dry weight (above 0.5 g/l) at 144 hours(Fig.4B). 
 Among El-Marg(M) field soil samples isolates, M9 bacteria needed more than 60 hours and M3 even 
longer (more than 90 hours) to initiate their growth on hydrocarbons (Fig. 5A). Yet, both of these isolates appear 
to be the highest growth microorganisms on hydrocarbons mixture that were isolated from El-Marg(M) field soil 
samples. The final dry weight of M3 and M9 reached more than 0.6 g/l that is 6 times increase above the initial 
concentration(Fig. 5B). 
 The results from previous growth experiments indicated eleven bacterial are the most efficient strains able 
to use mixture of HC’s as the sole carbon source which indicated by the growth of isolates on mixture of 
different HC's. In order to further investigate the biodegradation potential and their dependence on hydrocarbon 
structure, the most successful strains were run in laboratory experiments with one type of hydrocarbon as the 
sole source of carbon and energy. 
 
In individual hydrocarbon: 
 
 As the results indicate in Figure 6, benzene represented an easily degradable hydrocarbon for all isolates, 
except AT15 and AT9. The fastest growth (20 hours after inoculation) was observed for AT5 and PGPR27. 
Their maximum growth was reached in 110 hrs. M3, M9 and PGPR8 exhibited a longer lag phase with growth 
observed after 48 hours of incubation. PGPR18 and MRG4 required at least 72 hours starting utilizing the 
substrate. Isolate PGPR8 represents the most efficient strain in benzene degradation illustrated from the final cell 
dry weight and final optical density at 144 hour.  
 As Figure 7 shows, growth on toluene as sole carbon source and energy was low with M3 and PGPR18 
isolates compared to PGPR8 and PGPR27 isolates. Still MRG1, M9, PGPR27 and PGPR8 Bacteria exhibited 
the highest growth on this substrate in comparison to other isolates.  
 Figure 8 represents the growth of bacteria on topaz. The growth was initiated after a 48 hour lag phase; 
except PGPR8 isolate that exhibited significantly shorter initial phase indicated the most efficient growth on 
topaz. The branching in the chemical structure influenced the biodegradation potential of most of the tested 
bacteria and most isolates reached a lower optical density with topaz in comparison to benzene and toluene. 
Tertiary structure and addition of aliphatic side-chains generally decreases the susceptibility of compounds to 
microbial attack. Clustering of cells was visible with naked eye at 96 hours for PGPR27, AT15 and PGPR18 
isolates. This suggests that the uptake of substrate was achieved by direct contact between the cells and the 
hydrocarbon due to the very strong adsorption. 
 Figure 9 showed the growth of the tested isolate on actellic. The growth was initiated after a 48 hour lag 
phase, except PGPR27 isolate that exhibited significantly shorter initial phase. The branching in the chemical 
structure influenced the biodegradation potential of most of the tested bacteria and most isolates reached a lower 
optical density with actellic in comparison to benzene and toluene. M9 isolate represent the most active isolate 
in the degradation potential of actellic although it require a relative longer lag period at the beginning of the 
degradation followed by M3, PGPR27, MRG1 isolates while isolates as AT15 and AT9 are the most inefficient 
strains in the degradation process. 
 
Determination of bacterial growth at different concentrations: 
 
In HC-based agar medium: 
 
 Eleven isolates showed the best growth on MSM with mixture of HC's (benzene, toluene, topaz and 
actellic). These isolates when tested for their growth in mineral salt medium (MSM) with benzene or toluene or 
topaz or actellic as sole source of carbon and energy in different concentrations in order to further determination 
the most efficient degrading strains, different levels of growth were observed. 
 Majority of the isolates showed growth up to 30% concentration of the benzene, 5% toluene, 0.25% topaz 
and 0.25% actellic concentrations. Strain PGPR8 showed rich growth up to 60% benzene and 0.75% topaz while 
strain PGPR27 showing growth up to 12% toluene (Table 1). Growth tolerance in mineral salt medium with 
actellic was up to 0.75% strain M9. So these three strains were selected as HC’s degrading bacteria for further 
study. 
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In HC-MSM medium: 
 
 Three bacterial species isolated from the different field soil samples contaminated with different HC were 
tested for their ability to use benzene (30, 40%), toluene (7. 5, 10%), topaz and actellic (0.25, 0.5 and 0.75%) 
respectively as their carbon source and energy. Results from optical density measurements at different 
concentrations of each HC for the different strains of bacteria are presented in this section. 
 
Isolate No. PGPR27: 
 
 Figure10 shows optical density (OD) values for PGPR27 isolate in the growth medium at different 
concentrations of HC's following 30 days of incubation. Growth levels increased in the first 15 days of 
incubation at all different HC's concentrations (%) except at actellic 0.75%. The figure shows that 21th day 
represents the most optimal incubation period for the degradation process.  
 By day 21 of incubation growth levels increased at all HC’s concentrations except for benzene 40% when 
compared to the control that lacked HC’s as a carbon source. The decrease in growth observed by day 30 of 
incubation may have been due to an inadequate production of new cells by this strain of bacteria in the growth 
medium (Fig. 10). It was surprising to observe that growth levels of the strain in the control were almost the 
same as in media containing 0.75% actellic. Growth results for this strain generally showed that up to 40, 10, 
0.75 and 0.5% for benzene, toluene, topaz, and actellic respectively supported its growth in medium as a carbon 
and energy source. The maximum growth of the strain was illustrated in toluene at 7.5% concentration. 
 
Isolate No. PGPR8: 
 
 Results for the growth of PGPR8 strain are shown in Figure 11. Growth of the strain was fairly minimal at 
the different HC's concentrations through out the duration of the experiment when compared to the PGPR27 
isolate. The first 15days of incubation showed an increase in growth levels at all HC's concentrations except for 
actellic at concentrations 0.5and 0.75%compared to the control. 
 By day 30 of the incubation, growth levels were shown to continue to increase at all HC's concentrations. 
The highest results obtained were at benzene 30, 40% and topaz 0.75% concentrations which continued growth 
for the 30 day period when compared to the control. The highest level of growth was recorded for topaz 0.75% 
and benzene 30% while the lowest was recorded for actellic 0.5 and 0.75% which were even lower than the 
control. These results suggested that PGPR8 isolate was able to grow in MSM medium containing different 
concentrations of HC's and that up to 40% for benzene, 0.75% for topaz,10% for toluene, and 0.25% for actellic 
respectively.   
 
Isolate. No. (M9): 
 
 Results for the growth of isolate M9 are shown in Figures 12.from the results obtained; it appeared the 
bacterium went into a lag phase during incubation. There was slow growth of this strain within the first 21 days 
of incubation at topaz 0.75%, benzene 30%, toluene 10 and 7.5% respectively and a rapid decline in growth was 
observed at benzene 40%, topaz 0.25 and 0.5%. A rapid increase occurred at concentrations of actellic 0.5 and 
0.25% (Figure 12). 
 On day 30 of incubation, growth of the bacterium increased at HC's concentrations when compared to the 
control. The highest growth level was recorded for actellic 0.5% while the lowest was observed at toluene 10% 
and topaz 0.25%. It was surprising to observe that growth of the strain was lower at actellic 0.75% than in the 
0.25 and 0.50%.  
 
Identification of selected bacterial isolates: 
 
Morphological and biochemical characterization: 
 
 The three bacterial isolates PGPR8 (benzene and topaz), PGPR27 (toluene) and M9 (actellic) were analyzed 
taxonomically. The colonies morphology of PGPR8 and PGPR27 were large, off-white/creamy in color with 
PGPR8 had irregular margin and PGPR27 had circular regular margin. The cell shape of PGPR8 and PGPR27 
was rod shape and motile. Spore staining revealed the presence of spores in the two pre mentioned isolates.  
Both PGPR8 and PGPR27 were gram positive. M9 appeared as medium to large in size, yellowish in color with 
regular margins. M9 exhibits rod to cocci shape and gram negative (Fig. 18). 
 Biochemical tests revealed that PGPR8 and PGPR27 showed a lot biochemical and morphological 
similarities in contrast to isolate M9. PGPR8 the same as M9 isolate showing nitrate reduction while PGPR27 
does not. PGPR27 and M9 isolate show N-acetyl glucoseamine utilization not shown in PGPR8. Gelatin 
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liquefaction was positive for all isolates except M9 isolate. The starch hydrolysis was positive for PGPR27 and 
not for PGPR8, while Indole production and urease test was negative for all the three isolates. Esculin ferric 
citrate was positive for all three isolates.  
 Sugar fermentation tests showed that PGPR8 and PGPR27 were unable to ferment sorbose and rhamnose, 
dulcitol. Isolate PGPR8 showed acid production from mannose, inositol, cellobiose, lactose, melibiose and 
turanose. PGPR27 produced acid from melezitoes, gentiobiose. M9 was positive for acid production from 
arabinose, maltose, mannose, mannitol and glucose. 
 

 

 
 
Fig. 1: Average bacterial counts in all field soil samples before and after the enrichment under different HC’s 

treatments during 40 days. 

 
 
Fig. 1: Bacterial counts in different field soil samples before and after the enrichment under different HC’s 

treatments during 40 days(or.s: original sample). 
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Fig. 2: Average PGPR count in three field soil samples before and after the enrichment under different HC’s 

treatments. 
 

 
 
Fig. 3: Growth (A) and cell yield (B) of bacterial isolated from El-Marg El-Gedida (MRG) field soil 

contaminated with mixture of hydrocarbons. 
 

 
 
Fig. 4: Growth (A) and cell yield (B) of bacterial isolated from Arab El-Taweilah (AT) field soil samples 

contaminated with mixture of hydrocarbons. 
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Fig. 5: Growth (A) and cell yield (B) of bacteria isolated from El-Marg(M) field soil samples contaminated 

mixture of hydrocarbons. 
 

 
Fig. 6: Growth of  isolated bacteria on benzene as sole carbon and energy source. 
 

 
 
Fig. 7: Growth of isolated bacteria on toluene as sole carbon and energy source. 
 

 
 
Fig. 8: Growth of isolated bacteria on topaz as sole carbon and energy source. 
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Fig. 9: Growth of isolated bacteria on actellic as sole carbon and energy source. 
 
Table 1: Growth of tested isolates on MSM agar plates containing different HC's concentration (%). 

Bacterial Isolates Concentration of benzene (%) Concentration of toluene 
(%) 

Concentration of topaz (%) Concentration of actellic (%) 

30% 40% 60% 7.5 10.0 12.0 0.25 0.50 0.75 0. 25 0.50 0.75 
T9 +++ ++ - ++ + + ++ + - + - - 

AT15 ++ + - ++ + + + + + + + - 
MRG1 + - - ++ + + ++ ++ + + + - 

M9 + - - + - - ++ + - +++ +++ ++ 
PGPR27 +++ ++ + +++ ++ ++ ++ ++ + ++ ++ + 
PGPR24 - - - ++ + + ++ ++ + + - - 

AT5 + + - ++ + + ++ ++ + + - - 
M3 ++ ++ + + + + ++ ++ + +++ ++ + 

PGPR18 ++ ++ - + + + + + - + + - 
PGPR8 +++ +++ ++ + - - +++ +++ ++ + - - 

AT7 + + - ++ + + + + - + - - 
Slight Growth (+) Good Growth (++)  
Rich Growth (+++) NO Growth (-) 

 

 
 
Fig. 10: Growth of PGPR27 isolate at different HC's concentrations at 15, 21, 30 days of incubation. 
 
Table 2: Percent identity of bacterial isolates with other known identified bacterial strains. 

Genes Isolates Similar strain Similarity % Accession No. 

16S genes 

PGPR27 Bacillus megaterium 100% TDB-13 

PGPR8 Bacillus licheniformis 100% DV7 

M9 Aeromonashydrophila 100% UMS13/10 
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Fig. 11: Growth of PGPR8 isolate at different HC's concentrations at 15, 21, 30 days of incubation. 
 

 
 
Fig. 12: Growth of M9 isolate at different HC's concentrations at 15, 21, 30 days of incubation. 
 

 
 
Fig. 13: Phylogenetic tree of bacterial isolate (M9) and relationship among the selected strains based on 

sequencing analysis and the most closely related bacterial species 
 

 
 
Fig. 14: Phylogenetic tree of bacterial isolate (PGPR27) and relationship among the selected strains based on 

sequencing analysis and the most closely related bacterial species. 
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Fig. 15: Phylogenetic tree of bacterial isolate PGPR8 and relationship among the selected strains based on 

sequencing analysis and the most closely related bacterial species. 
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