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ABSTRACT

The present study deals with the anthracene degradation ability of
diazotrophic bacteria. Twelve diazotrophic isol ates having anthracene deg-
radation ability wereisolated from pertroleum contaminated sites. Poten-
tial isolate was selected on the basis of growth rate and percent degrada-
tion. This isolate was identified as Azotobactor vinelandii. Growth of
Azotobactor vinelandii in a mineral salt medium with 0.178g; 1mmol of
anthracene as a sole carbon source resulted cell density at 96 h with O.D.
value0.27. At theend of 96 h. cell count were 1.0 x 10%° CFU mL*and 2.5
mg mL* of biomass. HPL C analysis of ethyl acetate extract at theend of 96
hours showed 40.74% degradation of anthracene. HPLC elution profile
showed presence of anthracene degradation metabolites. GC-MSanalysis
of extract indicated degradation of anthracene with the formation of an-
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thracene degradation products.

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS) are
common environmental pollutants, PAHsareadiverse
group of compounds composed of two or morefused
aromatic rings, which can have petrogenic, pyrogenic
or biogenic origin®. Their presencein soilsand sedi-
ments posesasignificant risk to the environment, and
they have cytotoxic, mutagenic and in some cases car-
cinogenic effectson human tissué?4. The persistence
of PAH intheenvironment islargely duetotheir low
agueoussolubility and low availability®.

Anthracene, atricyclicPAH, isfoundinhighamounts
in PAH contaminated environmentg®8. Itisnot itself
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genotoxic or carcinogenic’, but it doesrepresentsa
threat to theenvironment duetoitstoxicity totheaguatic
life, particularly viaphotoinduced toxicity™™™. Anthracene
and phenanthrene are considered prototypic PAH and
serve assignature compound to detect PAH contami-
nation, sSincether chemical structuresarefoundin car-
cinogenic PAH such asbenzo[a] pyrene and benz[al
anthracend™, They have also been used asmode PAH
to determinefactorsthat effect bioavailability, biodeg-
radation potentia and rate of microbial degradation of
PAH inthe environment!’>14, Henceanthracenewas
used inthe present studies.

A conventiona physica remediation processlike
incineration land filling and chemica degradation have
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been employed from timeto time but these are expen-
sveandinadequatefor large scaegpplication and does
not successfully degrade many wastes*®. Hencethe
recent focusison bioremediation®. Bioremediationis
defined asthe processin which microorganismsare
stimul ated to rapidly degrade hazardous organic con-
taminant to environmentally safelevel ™,

The biodegradation of hydrocarbonsinthemarine
environmentisinfluenced by theavailability of nutrients
such asnitrogen and phosphorus*®9, The addition of
inorgani ¢ nitrogen and phosphorous stimulated the deg-
radation of PAH in topsoil and aquifer sand°24, To
overcometheproblem of nitrogen limitation, the present
study was undertaken with diazotrophic bacteria
Azotobactor vinelandii.

EXPERIMENTAL

I solation and identification of diazotrophic an-
thracenedegradingbacteria

Soil sampleswere collected from petroleum con-
taminated Sites. Onegram of soil sampletransferredto
aconical flask containing 50 mL of nitrogen free min-
eral medium [K_HPO,, 1.0g; MgSO,.7H.O, 0.2g;
FeSO,.7H,0, 0.051g; CacCl,.2H,0, 0.1g;
Na,Mo0,.2H,0, 0.001g; Glucose, 10g and distilled
water 1000 mL, pH 7.00]. Theflaskswereincubated
inarotary shaker at 150 rpm and 30°C for 96 hours.
OnemL of enriched culturewastransferred to theflask
contai ning nitrogen freemineral mediumwith 0.178g;
1mmol of anthraceneasasolecarbon source and incu-
bated on rotary shaker at 150 rpm and 30°C for incu-
bation period ranging from 5 daysto 8 days. Pure an-
thracene degrading strainswere obtai ned by plating di-
Iution of enrichment broth on nitrogen freeminerd agar
plates containing 0.178g; 1mmoal of anthracene.

Deter mination of anthracenedegradation ability

Theability of isolated strainsfor degradation of an-
thracene, tested with a modification of Kiyohara’s
method?. |solated colonies were transferred to the
platesof nitrogen freeminera agar medium whosesur-
facewas previoudy sprayed with 1% anthracene solu-
tioninacetone: Hexane[1:1"/ ] after evaporating the
organic solvent. After incubation 30°C for 48to 72 hrs,
anthracene utilizing cultureswereidentified by thepres-

enceof clear halosaround thecolony indicating utiliza:
tion of anthracene. Theisolated anthracene degrading
microorganismswereidentified by using standard mi-
crobiological methods?.

Sudy of growth and biodegradation of anthracene

Isolateswere cultured in conical flask containing
50 mL of nitrogen free mediumwith 0.178g; 1mmol
anthracene as a sole carbon source. The anthracene
had been added to the bottom of the flasks asasolu-
tionin hexanewhich wasleft to evaporate before the
addition of themedium and sterilization. All flaskswere
inoculated with 1ml of inoculumwhichwasin exponen-
tial growth phaseand having O.D. 0.3 at 610 nm.

Initid viable cell population CFU mL* wasdeter-
mined by standard plate count method. Flasks were
incubated in ashaker at 150 rpm and 30°C. Sampling
wasmaded aninterva of 24 h. for estimation of growth.
Growth studieswere made by measuring optical den-
sity of the cultureat 610 nm and cell count CFU mL*?
estimated by direct plate count method.

When culturesattained its early stationary phase
96 hours of incubation, it isacidified to pH 2.5 and
extracted with ethyl acetate. Further treated with 5%
NaHCO,, 5% NaOH and finally solvent layer sepa-
rated, allowed to evaporate. Theresiduedissolvedin
methanol. O.D. of the appropriate diluted samplede-
termined by usng UV /visblespectrophotometer at 254
nm. The percentage of degradationwasca culated from
thestandard curve.

HPLC

Theresiduedissolved inmethanol at suitabledilu-
tion was subjected reversed phase HPLC. Using
Younglinlsocratricliquid cromatography sysem. Model
no. Acme 9000 equipped with rhedyneinjector with
20mL fixedloop, UV/Visibledetector modd SP930d.
The C-18 columnvarian (250 x 4.6 mm, particd size
5m) was used as stationary phase.

GCMSanalysis

Anaysisof res duedissolved in methanol aso per-
formed on gas chromatograph — Perkin Elimer
Autosystem with Turbomass, column PE-5MS (30
meters x 0.250 microns thickness x 250 micron
dimeter), carrier — Helium, injector temperature 250,
oventemp : 100 for 5 min, Run time 40 minutes, El
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sourcetemp : 250, injectionvolume-0.2 microlitre.

RESULTSAND DISCUSSION

Isolation and identification of diazotrophic an-
thracenedegradingbacteria

Coloniesthat grow on anthracene (0.178g; 1mmol)
containing nitrogen free mineral agar and that showed
clearing of anthracene (hal o) wereisolated in purecul-
tureand characterized. Among twe veisolaesthreeiso-
|ates wererapid grower and are gram negative, cysts
forming bacteriabel onging to the genus Azotobacter .
|solatesidentified as Azotobacter vinelandii, Azoto-
bacter chroococcum, Azotobacter beijerinckii.

Sudy of growth and biodegradation of anthracene

|sol atesfrom the genus A zotobacter were subjected
for growth study. Amount of growth measuredinterms
of O.D. of cultureat 610 nm at theinterva of 24 hours
upto 96 hours. Azotobacter vinelandii showed maxi-
mum cell density with O.D. value 0.27 at the end 96
hours (Figure 1). Thecell count was 1.0 x 10*° CFU
mL*and biomasswas2.5mgmL.
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Figurel: Bacteriagrowth inthepresenceof anthraceneas
solecar bon sour ce

Growth rateduring exponentia growth phaseat 48
hr.was0.31 h. Residual concentration of anthracene
determined by UV /visible spectrophotometer by moni-
toring O.D. at 254 nm, indicated maximum 40% deg-
radation of anthracene by Azotobactor vinelandii
hence used for further study.

HPL C: HPLC anaysisindicated 41.74 percent deg-
radation of anthracene at the end of 96 hours of in-
cubation. HPLC elution profile revealed the pres-
ence of several metabolites. Two metaboliteshaving
retentiontimesof 8.23 and 4.26 identified aspeak |,

Il respectively (Figure 2).
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Figure2: HPLC elution profileof ethyl acetateextract_able
metabolites produced during the growth of azotobactor
vinelandii in thepresence of anthracene.

GC-MS: GC-MS analysis of extract revealed the
presence of several degradation products. M etabo-
liteshaving retentiontime 16.91, 19.78, 22.05, 26.38,
26.99 are probably — 9.10 anthraguinone, Phenol 2 —
(I — Phenyl ethyl), Phthalic acid dibutyl ester, phenol
2, 4 Bis (1 - phenyl ethyl) and O — benzoyl benzene
(Figure3).
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Figure3: GC-M Sdution profileof ethyl acetateextractable
metabolites produced during the growth of azotobactor
vinelandii in the presence of anthracene.
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Moody et.al. reported that M. vanabaalenii
PY R-1 can catalyze9, 10— hydroxylation of anthracene
to produce anthracene— 9, 10—dihydrodiol, whichis
covertedto 9, 10— dihydroxy — anthracene, whichis
spontaneoudy tautomerisesto 9, 10— anthroquinone.

R.Van Herwijnen et.al [ reported accumulation
of O-phthalic acid and protocatechuic acid as an-
thracene degradation products by Mycobacteriumsp.
and suggested exi stence of anthracene degradation path-
way through O-phthalic acid.

Theresultsof present study when compared with
these reportsindicated that Azotobacter vinelandii
possess very high potential to degrade anthracene.
Thismicroorganismisof specid interestin contribut-
ing nitrogen economy of both terrestrial and marine
ecosystems polluted with PAH. Thus Azotobacter
vinelandii could contribute substantially to the nitro-
genrequirement of PAH degrading bacteriainthe PAH
polluted Sites.
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