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ABSTRACT

Polycyclic aromatic hydrocarbons are ubiquitous @ninants in environments impacted by fossil fdeisctly or

by the combustion of fossil fuels posing healthatds to human beings. This study investigated thétya of
degrading PAHs (naphthalene, phenanthrene, antimaand fluorene) by Pseudomonas sp. PSS6 isoladed f
municipal wastes collected from a waste dumping. sithe strain PSS6 showed considerable growth over
naphthalene, phenanthrene, anthracene, fluorenghasole carbon source with 1 mM concentratioMineral

Salt Medium (MSM) agar plates after 24 h. Pseudamap. PSS6 showed greater degradation capabidirin
around 100% against the PAHSs tested.
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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS) are refersa group of chemicals that consists of two or enfused
aromatic rings arranged in a linear, angular, aistelr form [1]. Polycyclic aromatic hydrocarbonsAt®) are
ubiquitous environmental pollutant. That are getsaetdrom both natural and anthropogenic processestareates
a serious concern to the health of aquatic life launthans through bioaccumulation [2,3]. PAHs arertyytobic in
nature and it gets readily adsorbed onto partieutatitter and thus, coastal and marine sedimenisnigethe
ultimate sinks for such compounds [4]. The marimgaaisms such as benthic, demersal and pelagiesfish
crustaceans and shellfishes are rigorously affedtedcto the carcinogenic nature of PAH'S [5].

Physical and chemical properties of PAHs varie®ating to the presence of number of rings and misease in
molecular weight decreases the chemical reactigiyeous solubility and volatility of PAHs [6]. Begse of these
reasons, PAHSs differ in their transport, distribatiand fate in the environment and their effectsbamrogical
systems [7]. The US EPA has identified 16 PAHs ainngoncerned pollutants and possibly some of tiReSds
are considered to cause human carcinogens, ane kegic distributions in the environment and pdsséxposure
to humans have been of concerns [8]. Due to recahtinature the high molecular-weight PAHs arel grticular
attention, although PAHs are relatively stable amthlcitrant in soils and less easy to degrade thany other
organic compounds [9]. The soils contaminated withre degradable or volatile organic compounds sagh
alkanes are treated successfully to remove thasainants than the soil contaminated with PAH'3.(9.
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The abiotic and biotic processes, such as volatibn, photo-oxidation, chemical oxidation, bioatedation and
microbial transformation are responsible for thécome of PAHSs into the environment. Microbial aityivhas been
considered to play a significant role in cause AHRremoval [11-15]. Considerable attention has faclion the
metabolic pathways and genetics of degradatiomwfrholecular mass PAHS, such as naphthalene, ptierar
and anthracene, by gram negative bacteria [16Agdinst these backdrops this study was aimed tesitnyate the
ability of degrading PAHs (naphthalene, phenantayamthracene and fluorene) Bgeudomonasp. PSS6 isolated
from municipal wastes sediment collected from atevdsimping site near Perungudi, Chennai.

MATERIALSAND METHODS

Chemicals
All the chemicals used in this study namely PAHshsais naphthalene, fluorene, anthracene and pheaaatwere
purchased from Merck, India with high purity.

Sampling Site
The municipal wastes sediment was collected fromaste dumping site near Perungudi, Chennai.

Mineral Salts M edium and Enrichment of Bacteria

The carbon free mineral salts medium (MSM) contaiNgl,Cl-2.5g, KHPO;—5.46 g, NaHPO,—~4.76 g, MgSQ-
0.20 g, NaCl-30.0 g and distilled water-1L at pM-£.0.2. The final pH of the medium was adjusted # with
0.1N NaOH, and the medium was autoclaved (%2for 15 min) prior to the addition of PAHs. Stosddutions of
each PAH (300 mg/L) were prepared in ethyl acesatd stored.PAH dissolved in ethyl acetate was adoé&b0
mL conical flask and after the evaporation of ethgttate, the mineral medium (100 mL) was added. bidtteria
Pseudomonasp. PSS6 isolated from the municipal waste wasuladed to the mineral medium containing PAH
(phenanthrene) as sole carbon source. The inodutateical flask was incubated at 3Z with 150 rpm in shaker.
After growth, the 5 mL of culture was transferreda fresh medium and incubated under the aboveitommsl
mentioned. Subsequently the transfer of culture paormed in the respective PAH containing medifom
enhancing the bacterial growth [5].

Characterization and Molecular |dentification of Bacteria

The preliminary characterization of the isolatedhist was done using Bergey’'s manual of systemidebabogy
[18]. The identity of the isolate was determinedskguence analysis of the 16S rDNA gene. The ayletricultured
bacterial cells were lysed with lysozyme and theADNas extracted by the phenol: chloroform (1:1)rastion
method described by Ausubestial. [19].

The 16S rDNA was amplified in PCR with the primeirpl6s FP: (5SAGAGTRTGATCMTYGCTWAC-3), 16s
RP: (B-CGYTAMCTTWTTACGRCT-3). The amplified region was then sequenced andestiip BLAST
analysis for analyzing its phylogeny [20].

PAHs Degradation

The PAHs were added in the medium at a concentratic3 mg/L. The test isolate was studied for itsvgh on
PAHs as sole carbon source. A qualitative assathbyspray-plate method was used to check the datpadof
PAH. The clearing zones around the colonies intfigathe utilization of PAH contained medium [21]orRthe
degradation study, the test isolate was inoculatedineral medium containing PAH. Different compasis used
in the degradation of PAH were (1) Medium + PAHaeteria; (2) medium +PAH and (3) medium + bactetiere
(2) and (3) served as controls .The percentagagifithalene degradation was calculated againstaiues obtained
from control. Pseudomonasp. PSS6 was inoculated in the medium. The culpuspared in duplicates were
incubated at 37 °C in shaker at 150 rpm and exdaat every 24 h time interval for 5 days. Theureltsamples
were extracted twice with ethyl acetate (v/v) afierification to pH2.5 with 1 N HCI. The obtainedtracts were
filtered through anhydrous sodium sulphate and as wondensed into 1mL by using rotavapour unit fBuc
Germany) and it was analysed by using high perfamadiquid chromatography (HPLC) technique [5].

RESULTSAND DISCUSSION

High concentrations of PAH'S was accumulated inimmmental area’s near to the coal gasificatioessitnd tar oil
distillation plants [22]. Major sources of PAHs@ated by the incomplete combustion of organic nadsergas
production, wood treatment facilities, and wasteiriaration [23]. PAHs are formed naturally durifgetmal
geologic reactions associated with fossil-fuel arideral production, and during burning of vegetatio forest and

544
Pelagia Research Library



Mukesh Kumar DJ et al Der Chemica Sinica, 2012, 3(3):543-547

bush fires [24]. The strain PSS6 showed growth awgportant PAHs such as Naphthalene, Phenanthrene,
Anthracene, Fluorene, as the sole carbon sourtelwitM concentration in MSM agar plates after & &ble 1).

Table 1: Qualitative growth of the strain PSS6 on PAHs

PAHs Qualitative growth in MSM agar plate
Naphthalene | ++

Phenanthreng  +++

Anthracene ++

Fluorene ++

‘+' indicates visible colony growth

120 0.8

100 - 0.7

_A—i
/I/ - 06
80 /I’ - 05
60 0.4
ol 03
- 0.2
20 l - 0.1
0 : : : : 0
24 48 72 96 120

Incubation time (h)

Absorbance at 595 nm

Naphthalene degradation (%)

mmm Naphthalene degradation ——Bacterial growth in napthalene

Figure 1. Growth of Pseudomonas sp. PSS6 and naphthalene degradation
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B Fluorene degradation ——Bacterial growth in fluorene

Figure 2: Growth of Pseudomonas sp. PSS6 and fluor ene degradation

From microscopic appearance and the biochemictd, thee isolate was identified #seudomonasp. PSS6 and
further confirmation was done by sequencing the IBHSA gene and compared with the Genbank datahzsiag
the BLASTN program. The 16S rDNA sequence of tioéaie revealed a close relatednesBseudomonasp. with
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95% similarity. Hence the strain PSS6 was confirrmedPseudomonasp. And the sequence was submitted to
Genbank (JQ838610).

Low molecular weight PAHs are compounds with ldsmtthree benzene rings and having a molecularhivaig
the range of 128-178 g/mol (eg : naphthalene, doer phenanthrene and anthracene) [5].The testtésol
Pseudomonasp.PSS6 utilized naphthalene (3 mg/L) as sole cadmurce. The growth of the test isolate was
steady till 96h. Naphthalene was readily degradethé consortium and nearly 95% of the compound demgaded

in 96 h (Fig. 1).

Fluorene consists of two benzene rings coupled wiffentagonal ring (cyclopentane ring) and listed griority
pollutant by Environmental Protection Agency (EF2b-27]. In this study, the test isolate utilizdddrene (3
mg/L) as the sole carbon source and showed a maxidagradation of 97% (Fig 2).
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Figure 3: Growth of Pseudomonas sp. PSS6 and phenanthrene degradation
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Figure 4: Growth of Pseudomonas sp. PSS6 and anthracene degradation

The bacterial growth was initially acclimatized pinenanthrene (3 mg/L). The growth of the test isoleas steady
till 96 h.Nearly 50% of phenanthrene was degraded8 h and 100% degradation was recorded in 96hb. T
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degradation of phenanthrene was 75% on the 3rdFlgy 3). The test isolate utilized anthracene (@lhand the
growth increased steadily in 96 h. The consortiwteptly degraded anthracene 49% in 48 h and 9596n(Fig.
4).The results were analysed for reproducibility tbé PAHs degradation by the bacterial consortiusmagi
phenanthrene and fluorine showed no major changeeipercent degradation (97-98%) was observed.

CONCLUSION

This study showed that a bacteritfseudomonasp. PSS6 had the ability to degrade the PAHs whiclcanremon
environmental pollutants with toxic, genotoxic, mgenic and/or carcinogenic properties. The str&86showed
growth over naphthalene, phenanthrene, anthraflenesne, as the sole carbon source with 1 mM catnagon in
MSM agar plates after 24 IRseudomonasp. PSS6 showed greater degradation capability neadyna 100%
against the PAHSs tested. To conclude, this isaledg be further exploited in the PAHs contaminateshs after
careful investigations.
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