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ABSTRACT

Aim: Present investigation was carried out to study the screening and characterization of naphthalene degrading bacteria. Naphthalene is toxic to blood,
kidneys, nervous system etc. Thus the aim of the study was to isolate cultures from oil spilled soil samples in Chennai and to study the naphthalene
degrading bacteria present in sample. Methods: Samples were collected and isolated. Best grown isolates were selected and were maintained in M9
medium and stored at 4°C. Biochemical and physiological characterization were carried out. Biodegradation study with naphthalene adapted bacterial
strains were done at optimized conditions. Results: A total of 8 strains were isolated and two strains P3 and P6 showed rich growth on 200 ppm
naphthalene. These two strains were selected as naphthalene degrading bacteria and used for further studies. Discussion: These samples were extracted
at 0 to 7 days for calculating the efficiency of both the strains. Strain P6 (Pseudomonas sp) was found to be more efficient to degrade naphthalene than
strain P3. Genomic studies were carried out and the genetic relationship between the strains and known members of other species of Pseudomonas
genus were estimated by parsimony analysis. Conclusion: Hence it was concluded that Pseudomonas aeruginosa is one of the most common strains
found in oil spill region because soil is a rich source of microbes. These microbes have the ability to degrade the pollutants efficiently in the culture. PAH

contaminated soil and sediments can be exploited further to study other bacterial strains capable of degrading PAHs and organic contaminants.

Keywords: Polycyclic aromatic hydrocarbons (PAH), Naphthalene, Biodegradation, Pseudomonas sp and M9 medium.

INTRODUCTION

Environmental protection and the prevention of pollution has
become one of the main scientific, social and economic activities
in this 21% century. However, the increasing concentrations of
toxic substances in biota and their accumulation along food
chains reported in many areas is a sign that degradation of the
natural environment is still in progress'. Polycyclic aromatic
hydrocarbons (PAHs) are widely distributed group of persistent
organic pollutants (POPS). These are organic contaminants that
are resistant to degradation and can remain and relocate in the
environment for longer periods as a result of the incomplete
combustion of organic matter. Being a major component of
petroleum they are continuously released into natural
environment and pose a serious risk to human health?>. Many
PAHs have the potential to cause adverse environmental effects
and their epoxides are highly toxic, carcinogenic and mutagenic
targeting the microorganisms as well as the higher order animals
including humans. These PAH’s have higher bioaccumulation
and undergo biomagnification when they enter biotic entities.
Many physico chemical methods have been applied to remove
these compounds from the environment, but there are certain
limitations. Xenobiotic degrading microorganisms have also
found to have tremendous potential for biodegradation, but new
modifications are required for these microorganisms to be
effective and efficient in removing these compounds.

Many bacterial species are known to degrade PAHs and they are
isolated from contaminated soils or sediments. Pseudomonas
aeruginosa, Pseudomonas fluorescens, Mycobacterium sp,

Haemophilus sp, Rhodococcus sp and Paenibacillus sp. are some
of the frequently studied PAH degrading bacteria. Lignolytic
fungi such as Phanerochaete chrysosporium, Bjerkandera adusta
and Pleurotus ostreatus have shown the property of PAH
degradation. It has been observed that Polycyclic aromatic
hydrocarbons (PAHs) could be biodegraded under both aerobic
and anaerobic conditions and the rate of biodegradation could be
increased by physical and chemical pretreatment of contaminated
soil. Further increase in bioavailability of PAH’s and metabolic
potential of the bacterial community could be done by the
addition of biosurfactant producing bacteria and light oils.
Compost materials when added to contaminated soils also
enhance biodegradation without any long term accumulation of
extractable polar and more available intermediates®. However, the
field has expanded in recent years to encompass a wide variety of
chemicals and a broad array of issues. Some technologies are
being developed that markedly enhance microbial destruction or
degradation of organic pollutants that otherwise would have
persisted at the cleanup of many polluted groundwater and soils
using the orthodox physical and chemical methods*.

Naphthalene, the simplest PAH, has long been used as a model
compound in PAH Bioremediation studies. Common
naphthalene-degrading bacteria include Pseudomonas sp, Vibrio
sp, Mycobacterium sp, Marinobacter sp and Sphingomonas sp’.
Naphthalene compound which has 2 fused aromatic rings is
mostly used to isolate PAH catabolizing bacteria from freshwater
and soils. The most common Naphthalene degrading bacteria
from terrestrial environment include Pseudomonas and
Burkholderia strains. Some types such as naphthalene-degrading
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Pseudomonas sp, Comamonas sp, Acinetobacter sp and
Sphingomonas sp strains have been isolated from soil enrichment
cultures by using other PAHs®’. Although many naphthalene
degrading bacteria have been isolated, these bacteria may thrive
in one environment but may not be able to compete with other
micro-organisms in another environment as environmental
conditions will impose a selection pressure on specific types of
bacteria. Furthermore, indigenous bacteria have been shown to
compete with artificially introduced strains in several
bioremediation investigations®. Implementation of a successful
bioremediation strategy should necessitate a detailed evaluation
of the role of the indigenous bacteria’. Therefore, screening and
characterization of naphthalene degrading bacteria were carried
out to study the efficacy of bacteria by isolating the bacteria from
oil contaminated soil samples.

MATERIALS & METHODS

Sample collection: The samples were collected from oil
contaminated sites especially from fuel stations and motor garage
at three different locations in and around Chennai. The sites
include Guindy, Saidapet and Pallavaram. The oil contaminated
soil samples were collected in clean and sterile covers and
transported to the lab for the enumeration of microorganisms.
Culture media such as Nutrient agar and Minimal medium (M9)
for naphthalene degrading bacteria were used for initial
screening.

Methods

The screening of the naphthalene degrading bacteria was done by
dissolving | g of contaminated soil sample in the 100 ml nutrient
broth (NB) containing 100ppm of naphthalene and incubated for
a week at 37 °C in a rotary shaker at 1500rpm. After one week, 1
ml of culture was inoculated to a 90 ml fresh new medium and
incubated in shaker incubator with aeration at 30 °C for one week.
The process was carried out until the environment became
completely turbid. This turbidity probably results from bacterial
growth, and not because of the turbidity of residues mixed with
medium. The samples were further cultured on the naphthalene
agar medium. After growth of consortia in nutrient broth, serial
dilutions were made and 100ml of the liquid was inoculated on
nutrient agar plates and plates were incubated at 37 °C for
72hrs.On the basis of morphology and colour, the microbial
colonies were selected from nutrient agar plates containing
naphthalene (100 ppm). Each colony was picked and streaked on
nutrient agar plates with increased concentration of
naphthalene!?.

Growth on M9 medium: The isolated colonies of bacterial
strains in the nutrient agar with naphthalene was then inoculated
on to the basal mineral medium with desired substrate and
concentration to screen the best and most potent strains. Those
bacterial colonies growing in minimum time and with the most
turbidity was chosen as the sufficient bacterial strains. Out of
these the best grown isolates were selected and maintained in M9
medium and stored at 4 °C for further work °.

Identification of selected bacterial isolates: Selected isolates
were characterized by colony morphology on nutrient agar, gram
staining and the morphological characteristics were identified !'.
Biochemical tests such as catalase, oxidase, indole test, methyl
red-voges proskauer (MR-VP), citrate utilization, carbohydrate
utilization, triple sugar iron, amino acids utilization, gelatin
liquefaction, lipase screening, casein hydrolysis, H»S production,
lipase test, xylanase test and pectinase screening and

physiological testing such as Temperature, pH, salt concentration
was carried out 2,

Biodegradation of Naphthalene in Soil: Biodegradation of
naphthalene using F3 and S3 was evaluated in soil. Clean
uncontaminated soil was collected, dried, sieved and sterilized by
autoclaving. 100 ppm and 200 ppm of naphthalene dissolved in
methanol were added to the clean soil and mixed thoroughly.
Clean soil (5 g) and contaminated soil (5 g) collected from the
fuel filling stations was placed in 150 ml conical flasks into
duplicate vials. The samples were inoculated with 1 O.D (at 600
nm) of cultures in 50 ml of M9 medium. All vials were incubated
at 37°C in a rotary shaker at 1500 rpm. Whole sample contained
in the individual vials were extracted at 0 time, one week and two
weeks for the purpose of measuring residual concentration'’.
Genomic DNA isolation, Agarose gel electrophoresis, Qualitative
and quantitative determination of DNA by spectrophotometric
method were carried out'. Polymerase chain reaction (PCR) was
carried out'’. Basic Local Alignment and Search Tool (BLAST),
the 16s rRNA gene sequence was processed manually, analyzed
at NCBI (National Centre for Biotechnology Information) using
BLAST tool and compared to the corresponding neighbor
sequences Gen-Bank-NCBI database and Construction of
Phylogenetic Tree Consensus sequence (~744 bp) was imported
into the Jalview and multiple alignment was performed with
related Pseudomonas species (Gen-Bank NCBI database). The
results obtained were further imported into MEGA software for
the construction of a phylogenetic tree using Boot strap analysis
with 1000 replicates using the Kimura2-Parametermodel
substitution method and the Neighbor-joining statistical method.

RESULTS & DISCUSSION

Environmental pollution is rising with the increase in industrial
development all over the world. There also has been increasing
pollution of hydrocarbon compounds, and many of these
hydrocarbons are considered to be a potential health hazard. Some
of the hydrocarbon compound pollutants are polycyclic aromatic
hydrocarbons (PAHs) '°. In the present study a total of 8 bacterial
isolates (P1, P2, P3, P4, PS5, P6, P7 and P8) were screened for
their growth on naphthalene obtained from oil contaminated sites.
Among them, 6 strains (P2 to P7) showed the best growth on
nutrient agar plates with naphthalene (100 ppm). These strains
when tested for their growth in Minimal medium (M9) with
naphthalene as sole source of carbon and energy, different levels
of growth were observed. Majority of the isolates tested showed
growth up to 100 ppm concentration of the naphthalene.
Distribution and biodegradation of polycyclic aromatic
hydrocarbons in contaminated sites of Hisar was reported'3. Two
soil samples were collected from various location of the Hisar
city. These samples were analysed for six PAHs (naphthalene,
acenaphthene, phenanthrene, anthracene, fluoranthene and
pyrene). Total mean concentration of six PAHs varied from 51.79
to 148.82 mg /kg dry weight of the soil. In the present study, strain
P3 and P6 showed rich growth up to 200 ppm naphthalene. So
these two strains were selected as naphthalene degrading bacteria
for further study. The results of the morphological
characterization and biochemical characterization of P3 and P6
bacterial isolates are presented in Table 1. Physiological
characterization like optimum temperature, pH and salt
concentration in M9 medium for the growth of both the strains
was determined. The effect of temperature on the growth of P3
and P6 was evaluated in the M9 medium. The results showed that
the maximum growth was observed at 37°C with O.D 600 of
0.186 after 48 hours and growth decreased at both 28°C and 44°C
(OD 600’s 0f 0.132 and 0.18).
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Table 1: Morphological characterization and Biochemical characterization of P3 and P6 bacterial isolates

S.No Morphological characterization and Strains
Biochemical characterization P3 P6
1. Grams stain Negative Negative
2. Shape Rod Rod
3. Spore stain + +
4. Catalase + +
5. Oxidase + +
6. Indole test - -
7. Methyl red - -
8. Voges proskauer - -
9. Citrate + +
10. TSI K/A K/A
11. Hydrogen sulphide production - -
12. Sucrose + +
13. Glucose + +
14. Lactose + +
15. Mannitol + +
16. Pectinase + +
17. Lipase + -
18. Xylanase - -
19. Starch - -
20. Cellulase - -
21. Gelatin + +
22. Tyrosine + +
23. Valine + +
24. Glycine + +
25. Arginine + +
26. Alanine + +
27. Leucine + +
28. Threonine + +
+ - Positive, - - negative
Table 2: Quantification of isolated DNA
S.NO | Sample | OD at 260 nm | OD at 280 nm | Concentration (ng/ul) | Purity
1| Blank 0.000 0.000 -- --
2| P3 0.254 0.589 15029 1.75
3] P6 0.325 0.179 16250 1.81
Table 3: 16s rRNA-based primer sets
S.NO Primer Sequence (5°-3’) Annealing Temperature | Product size
1| PA-SS-Forward | CGACGATCCGTAACTGGTCT 55°C 1450
2] PA-SS-Reverse | CCGGTGCTTATTCTGTTGGT 57°C 1450

Figure 1: Genomic DNA of sample P6
Lane 1: Genomic DNA of sample P6

Lane 2: 1Kb Ladder (10,000 bp, 8000 bp, 6000 bp, 5000 bp, 4000 bp,

3000 bp, 2500 bp, 2000 bp, 1500 bp, 1000 bp, 750 bp, 500 bp, 250 bp.
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Figure 2: PCR Amplification of sample P6
Lane 1: 1Kb Ladder (10,000 bp, 8000 bp, 6000 bp, 5000 bp, 4000 bp,

3000 bp, 2500 bp, 2000 bp, 1500 bp, 1000 bp, 750 bp, 500 bp, 250 bp

Lane 2: PCR Amplicon of sample P6.
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>Pseudomonas aeruginosa strain DSM 50071
GAACTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCAGCAGGGGCCTTCAACACATGCAAGTCGAGCTTATGAAGGGAGCTTG
CCTTGGATTCAGCGGCGGACGGGTGAGTAATCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTCCGGAAACGGCCGCTAATACCGC
ATACGTCCTGAGGGAGAAAGTCGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAG
GCCTACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGC
AGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTT
AAGTTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTGAGTTACCAACAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGC
GGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAAGTGGTTCAGCAAGCTTGAGTGAAATCCCCGG
GCTCAACCTGGGAACTGCATCCAAAAGCTACTGAGCTAGAGTACGGTAGAGGTGGTAGAATTTCCTGTGTAGCGGTGAAATGCGTAG
ATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGTACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAAAGGATTAG
ATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGA

Figure 3: 16s rRNA sequence Pseudomonas aeruginosa strain DSM 50071

Legend for links to other resources: [!] UniGene E GEO G (ene E Structure [I] lap Viewer ’J PubChem BioAsssy

Sequences producing significant lignments;

hecession | Description | Meseore | Totslseore | Queyowrige | Ewlue | Maident | Lnks |

Pseudomonas aeruginosa strain CSMCRI-1009 165 ribosomal RNA gene, partie  15:5 1516 100% 00 100%
Pseudomonas aeruginosa strain CSMCRI-1003 165 ribosomal RNA gene, partie 1545 156 0% 00 0%
Pseudomonas aeruginosa strain DSM 50071 168 ribosomal RIA, complete seq 16 1546 100% 0 100%
Uncultured Pseudomonas sp. clone T00223 165 ribosomal RIIA gene, partialse 145 145 ! 0 )
Pseudomonas aeruginosa K2, complete genome ue 538 100% 00 Ei
Pseudomonas aeruginosa NCGM2.51 DINA, complete genome e 538 100% (il 4%
Pseudomonas aeruginosa M18, complete genome e 538 100% 00 E
Pseudomonas zeruginosa LESB3E complete genome sequence u 53 100% 00 E
Pseudomonas aeruginosa PAT, complete genome e 5 100% 00 i
Pseudomonas eruginosa UCBPP-PAL4, complete genome u 100% 00 i
Pseudomonas aeruginosa PAQL, complete genome pric] 100% 00 Fi E
Pseudomonas zeruginosa strain T-1 165 ribosomal RIA gene, partial sequence 1404 1000 00 !
Pseudomonas aeruginosa strain CIAH-M 165 ribosomal RIIA gene, partial sequ 38 00 0%
Pseudomonas zeruginosa strain BS8 165 ribosomal RIIA gene, partial sequenc 137 00 Ei)
Pseudomonas aeruginosa strain 51645 165 ribosomal RIIA gene, partial seque 137 i)
Bacterium enrichment culture clone DT3-61 168 ribosomal RIA gene, partial s2 1247 !
Pseudomonas aeruginesa strain IR-222 168 ribosomal RIA gene, partial seque 137 00 E
Pseudomonas aeruginosa strain ANSC 165 ribosomal RNA gene, partial sequer 137 00 E
Pseudomonas aeruginesa strain Y27 168 ribosomal RIA gene, partial sequen 137 00 E
Pseudomonas zeruginosa strain MW3A 165 ribosomal RIA gene, partial seque  13%7 00 Eil
Pseudomonas zeruginosa strain ppla 165 ribosomal RIIA gene, partial sequen 137 (il E)
Pseudomonas aeruginosa isolate D3A03 165 ribosomal RNA gene, partial sequ 137 00 i
Pseudomonas aeruginosa strain pY11T-3-1 165 rbosomal RIA gene, partial s¢ 1337 00 !
Pseudomonas zeruginosa strain Y2P8 165 ribosomal RIIA gene, partial sequen 1347 00 i)
Pseudomonas aeruginosa strain Y2P5 165 ribosomal RIIA gene, partial sequen 1347 137 B
Pseudomonas aeruginosa strain Y2P3 168 ribosomal RIA gene, partial sequen 17 137 3
Pseudomonas aeruginosa strain Y2P2 165 ribosomal RIA gene, partial sequen 137 137 00 E
Pseudomonas aeruginosa strain CMGBAD 165 ribosomal RIA gene, partial seqr 137 137 00 !
Pseudomonas aeruginosa strain PGSL 03 165 ribosomal RIA gene, partial seqr 137 137 00 !
Pseudomonas aeruginesa strain Z3 165 ribosomal RNA gene, complete sequer 137 1% 00 8
Pseudomonas sp. 163 rRIA gene, strain OLE-1 1 13 00 i
Uncultured bacterium partial 165 rRIA gene, clone UK15.36_V02193E_089 13 135 00 g
Pseudomonas zeruginosa strain ATCC 10143 165 ribosomal RIA gene, partial 138 1385 00 !
Pseudomonas aeruginosa strain 1002 165 ribosomal RNA gene, partial sequen 1333 138 00 i)
Uncultured bacterium partial 165 rRHA gene, clone 163ps16-2g10.ptk 13 13 ) i
Uncultured bacterium partial 165 rRIA gene, clone USL7.14_V02133C_03¢4 8 13 & 00

Uncultured bacterium partial 165 rRIA gene, clone UK15.39_V02193E_083 i 13 00

Uncultured bacterium partial 165 rRIA gene, clone UK15.34_V02193E_093 38 13 00

Pseudomonas aeruginosa 165 ribosomal RIA gene, partial sequence 138 13 00

Pseudomonas zeruginosa strain BMG 165 ribosomal RIA gene, partial sequenc 133t 131 00

Pseudomaonas aeruginosa 165 ribosomal RNA gene, partial sequence 13 131 00

Pseudomonas zeruginosa strain RI-1 165 rbosomal RIA gene, partial sequen 133t 134 00

Uncultured bacterium clone 136 165 ribosomal RIA gene, partial sequence 13 131 00

Uncultured bacterium clone 106 165 ribosomal RIA gene, partial sequence 131 00

Uncultured bacterium clone A27 165 ribosomal RIA gene, partial sequence i i 0

Figure 4: Graphical representation of 16s rRNA gene sequence in BLAST
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Color key for alignment scores
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Figure 5: Tabular representation of 16s rRNA gene sequence in BLAST

>D:ef ¥R 0Z6078.1 Pseudomonas aeruginos=a strain DSM S0071 162 ribosomal RNA, complete
sequence

exmb |X0EEE4.1| Pseud as aeruginosa DNA for 163 xRNA

Length=1537

Score = 151€ bits (1€80), ct = 0.0
Identities = B40/840 (100%), Gap= = 0/B840 (0%)
Strand=Plus/Plus

Query 1 GAACTGAAGACTTTGATCATEECTCACGATTCAACCCTCECAGCAGEEECCTTCARCACAT 60
N N N NNy
Sbjes 1 GAACTGARGACTTTGATCATEECTCACGATTCARCCCTCECAGCAGEEECCTTCARCACAT €0

Query €1 GCAACTCCACCTTATCARCECACCTTECCTTGCATTCAGCCECCEACCEETERACTARTEC 120
N NNy
Sbjct €1 GCAACTCCACCTTATCARCECACCTTECCTTCEGATTCAGCCECCEACCEETGRACTARTEC 120

Query 121 CTAGGAATCTCCCTGETACTEEEECATAACETCOGGARACCEOCCCTAATACCECATACE 180
IIIIIIIIIlII|||IIIIIIIIIIIlII|||IIIIIIIIIIIlIIIIIIIIIIIIIIII
Sbjct 121 CTAGGAATCTIGCCTGETACTCCCEEEATARCETCCOEEARACEEOCGCTAATACCGCATACE 180

Query 181 TCCTGAGCCAGARAACTCEEEEATCTTCGGACCTCACGCTATCAGATCACCCTAGETCEEA 240
N N NNy
Sbjct 181 TOCTGAGGGAGAAACTCCEEEATCTITCEGACCTCACECTATCAGATCGAGCCTAGETCOGER 240

Query 241 TTAGCTACTIGETCEGETARACECCTACCAACGEOGACCGATCOCTAACTCETCTGAGAGEA 300
NN NN NNy
Sbjct 241 TTAGCTACTIGETGCGCTARACGCCCTACCAACGECCACCATCOCTAACTGETCTGAGAGER 300

TEATCACTCACACTEEAACTCACACACEETCCAGACT CCTACCECACCECACGCACTCEEEA
NNy
Sbjct 301 TGATCAGTCACACTGGAACTCGAGACACGETCCAGACTCCTACCEGAGECACGCACTCEEGR 360

Query 261 ATATTGCACRATCEECGCAAGCCTGATCCAGCCATCOCCOCTCTCTCARGARAGETCITCE 420
||||||||lll|||||||||||||||ll|||||||||||||||lIl||||||||||||||
Sbjct 3€1 ATATTGEACRATCEECECAAGCCTGATCCAGCCATEOCGCETCTCTEAAGARGETCTITCE 420

Query 421 GATTGTARAGCACTITAACTIGCCCAGGAAGEGCAGTARCTTAATACCTTECTIGCTTITGACE 480
IIIIIIIIIIlIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 421 GATTGTARAGCACTTITARCTTGGCAGGARGGECACTAAGTTAATACCTTGCTETTITGACE 480

ry 481 TTACCAACAGAATAAGCACCGECTAACTTCETECCACCACCCOCOGETAATACGARGEETE 540
NN NN NNy
Sbjct 481 TTACCAACAGAATAAGCACCGECTAACTTCETECCAGCACCCCOGETAATACGAAGEETE 5S40

Query 541 CAAGCCTTAATCEERAATTACTEEECETARACOCOCOCTAACTCETTCAGCAREGCTTGATE €00
N N NN NNy
Sbjct 541 CAAGCCTTAATCGGAATTACTCEECETARRACCECECETARCTEGETTICAGCAAGCTTGATE €00

Query €01 TGAAATCCCCGEECTCAACCTEECARCTCCATCCARAACGCTACTCGACGCTAGACTACGETA €60
PORRRERRR R e bbb bbbl
Sbjct €01 TGARATCCCCGEECTCAACCTCEEAACTECATCCARAACCTACTGAGCTAGACGTACGETA €60

Query €€1 GAGETGETAGAATTITCCTICTCTACCEETCARATCOCTAGATATAGGAACGCGAACACCACTE 720
IIII||||Ill|||||IIII||||||llI||||IIIIIIIIIIlIIIIIIIIIIIIIIII
Sbjct €61 GAGETGETAGAATTTCCTICTCTACCEETCARATECCETACATATAGGARGGAACACT 720

Query 721 GOGAACGECCACCACCTEEACTETACTCACACTCACETCOCARACCCTCEEEAGCA 780
IIIIIIIIIllIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 721 GOGAAGECOGACCACCTGGACTCTACTCACACTCACETECCARACOCTCEEGAGCARACAG T8O

Query 781 GATT: TACCCTEETACTCCACGOCETARACCGATCTCCACTAGCCCTTGEGATCCTITGR B840
|||||||||l||||||||||||||||l||||||||||||||||II|||||||||||||||
Sbjct TE1 GATTAGATACCCTGETACTCCACGCCCTARACGATETCGACTAGCOCTTGEGATCCTTGR B40

Figure 6: Alignment representation of 16s rRNA gene sequence in BLAST
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Figure 7: Average distance tree of Pseudomonas aeruginosa — 16s rRNA gene sequence

Temperature is another important variable that influences
petroleum biodegradation. Optimum temperature dictates the rate
of PAHs metabolism by microorganisms and also the pattern of
the microbial community. Temperature also has direct effect on
the physical nature and chemical composition of the PAHs
constituents. When temperatures are low, PAHs tend to be more
viscous and their water solubility is greatly reduced. The
optimum temperature is typically in the range of 30 to 40°C. At
temperature above this, normal enzymatic activities are inhibited
as proteins denature!’. The effect of pH on growth of P3 in M9
medium was evaluated and the study revealed maximum growth
at pH 7 with an O.D 600 of 0.981 after 48 hours. The effect of pH
on growth of P6 in M9 medium was evaluated with
maximum growth observed at pH 7 with an O.D 600 of 1.220
after 48 hours. Most important PAHs degrading heterotrophic
bacteria and fungi perform best when pH is neutral. At pH 7, the
mineralization of oily sludge in soil is also improved, thus,
enhancing the overall biodegradation process'®. The effect of salt
concentration was studied and maximum bacterial growth
occurred at 12% of the salt (NaCl) concentration for P3 and at
20% salt concentration for P6. Studies have shown that there are
generally positive correlations between salinity and rates of
mineralization of PAHs such as phenanthrene and naphthalene as
reported'”.

However, hyper salinity will result in the decrease in microbial
metabolic rates. Biodegradation studies of Naphthalene was
conducted with naphthalene adapted bacterial strains P3 and P6
at optimized conditions. Biodegradation was done in M9 medium
using standard (100ppm) naphthalene soil samples and
contaminated soil samples. The samples were extracted at 0 to 7
days for calculating the biodegradation efficiency of both the
strains. It showed more efficiency of strain P6 (Pseudomonas sp)
to degrade naphthalene as compared to strain P3 whose
biodegradation efficiency was less than strain P6 (Pseudomonas
sp). Thus from this study it is summarized that at optimum
conditions strain P6 (Pseudomonas sp) may be better for the
degradation of naphthalene after 7 days of incubation. A study
showed an increase in PAH concentrations in soil samples from
local auto market whereas a low concentration was observed in
agriculture soils. The effect of pH (5.0 to 9.0), Temperature (20°
to 40°C) and concentration of polycyclic aromatic hydrocarbons
(PAHs) compounds (5 to 20 mg/kg) on biodegradation were
optimized. Two acclimatized microbial strains Pseudomonas
putida and Pseudomonas paucimobilis were used to evaluate the

biodegradation of phenanthrene (3-ring) and pyrene (4-ring).
Biodegradation was found to be maximum in oil spiked
phenanthrene (5 mg/kg) and pyrene (5 mg/kg), pH was 7.0 and
temperature 30°C (at optimized conditions) in 42 days of
incubation period with Pseudomonas putida and Pseudomonas
paucimobilis than the native unsterilized contaminated soil
(without optimized conditions) Phenanthrene was degraded and
disappeared without any trace after 28 days with Pseudomonas
putida and 35 days with Pseudomonas paucimobilis whereas
Pyrene disappeared upto 97.4% with Pseudomonas putida and
95.5% with Pseudomonas paucimobilis after 42 days incubation
period at optimized conditions. The results of the Molecular
characterization of P6 bacterial isolate are presented in figure 1 &
2 .Molecular characterization of bacterial samples were subjected
for whole genomic DNA isolation'*. The isolated nucleic acids
were subjected for qualitative and quantitative analysis using
Agarose gel electrophoresis. Out of the two isolates P3 and P6,
the latter was subjected to PCR analysis and sequencing of 16s
rRNA gene and presented in figure 3. 16s TRNA sequence has
long been used as a taxonomic “gold standard” in determining the
phylogenies of bacterial Species. Selective amplification of 16s
rRNA was carried out by PCR'. Based on alignment of 16s
rRNA sequences available in GenBank, two primer pairs were
designed. Primers PA-F and PA-R was intended to amplify
Pseudomonas species. While the pair PA-SS-F and PA-SS-R was
designed to amplify only Pseudomonas aeruginosa. Amplified
PCR product was visualized at 1450bp for 16s TRNA gene for the
isolated P6 sample. The resulting sequence were used to identify
species and similarity was analyzed using the BLAST network
service for 16s rRNA is presented in figure 4, 5 & 6. Isolates
subjected to molecular characterization was identified as
Pseudomonas aeruginosa strain DSM 50071. Phylogentic
analysis of 16s RNA sequence obtained was subjected to MSA
analysis using ClustalW tool for Pseudomonas aeruginosa strain
DSM 50071. Phylogenetic tree was constructed for the MSA
output using Jalview for Pseudomonas aeruginosa strain DSM
50071 presented in figure 7. Novel molecular techniques have
been extremely valuable in exploring the diversity of microbiota
despite culture-based microbiological methods and have provided
important information about the microbial diversity. The isolates
were phenotypically identified and bacterial strains which
exhibited relatively higher degradation were selected as most
active strains. The tentative taxa and phylogenetic affiliation of
the 16s TRNA of purified bacterial isolates were amplified by
PCR and the bacterial 16s rRNA sequences were aligned with
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Blast search of NCBI databases. Partial 16s rRNA gene
sequencing and database homology search for the isolates
revealed their tentative close relationship to members

of Achromobacter sp. and Pseudomonas aeruginosa®.

CONCLUSION

PAH contaminated environments like soil and sediments can be
exploited for other bacterial strains capable of degrading PAHs.
These isolates can also be checked for their ability to degrade
other organic contaminants like pesticides, TNTs and PCBs etc.
These bacterial isolates need to be applied in fields for
bioremediation studies of PAHs and other organic compounds
and identification of metabolites from PAHs biotransformation to
elucidate the complete pathways by selected isolates.
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