Available online awww.scholarsresearchlibrary.com

\ied S¢,
o° ‘e,

v

é‘A °®_p
. 9

Scholars Research Library e / ]
= I
) 3
Scholars Research Archives of Applied Science Research, 2015, 7 (11):16-22 % vg
(http://scholarsresearchlibrary.com/archive.html) C\’\-D

Library
I SSN 0975-508X
CODEN (USA) AASRC9

Characterization of Anthracene Degrading bacteria from Drug I ndustry
Effluent Polluted Sail

aMahesh K arale, *Tukaram K adam*, ®Hemlata Bhosale, K anchanprabha Maske.
2 School of Life Sciences, Swami Ramanand Teerthatklaada University,

Nanded-431606. Maharashtra. India.
®Dept. of Microbiology Rajashri Shahu Mahavidyalayatur (M.S.) India.

ABSTRACT

Anthracene, a tricyclic aromatic hydrocarbon is ds&s an indicator compound to detect PAHs contatitinan
environment. Its removal from polluted sites is am@nt as it causes health associated problems beithg
carcinogenic in nature. PAH degrading microorganiane present in various industry effluent contanhédasites.
In the present study, thirty six anthracene degrgdiacteria were isolated from drug industry efflupolluted soil
using Bushnell Haas medium supplemented with ao#ima as sole carbon and energy source. The antheace
degradation ability of these isolates were confidn®y 2, 6-dichlorophenol indophenol (2, 6-DCPIP)atitative
assay. Three bacterial isolates having highest mutne degradation potential were selected and tified as
Aeromonas hydrophila, Bacillus polymyxa and Streptous mutans on the basis of morphological andhgmical
characteristics. The growth and pH change in thalioma were assessed periodically at 1mg/ml concéotreof
anthracene for individual isolates as well as wéttnsortium. The pH was decreased in all flasks; dn@x highest
decrease was observed in the medium inoculated hattterial consortium. Similarly 94% degradation of
anthracene was observed with consortium wheregoBmyxa, A.hydrophila, and S. mutans degraded 8&2%
and 44% of anthracene respectively. The study atdicconsortium mediated biodegradation of anthnacis more
effective in bioremediation of anthracene.

Keywords: Anthracene, Bioremediation, 2, 6-DCPIP assaycétdrDegradation, Consortia.

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are a gradiprecalcitrant compounds consisting of more tluee
benzene rings and composed solely of carbon anafgd atoms [17]. PAHs are used as chemical irgdiate for
dyes diluents, wood preservatives and pesticidesy Bre originated from natural (biogenic and geadibal) and
anthropogenic activities and are highly carcinogegenotoxic and cytotoxic [2]. PAHs are ubiquioin the
environment and released as a result of incompletebustion of fossil fuels and therefore preserd wariety of
products such as tar, coal, soot, petroleum andctub smoke (International Agency for Research onc€a
(IARC), [10]. PAH and their derivatives have beeeagnized as the major carcinogenic agent and sdusmaan
lung cancer, anaemia, asthma, splenomegaly, bladdeer and Brest cancer [3, 21].

Anthracene is one of the important priority PAH Iptaint among 16 PAHSs listed by US-EPA. It consitshree
fused benzene rings and it is toxic soil contamifam]. It is included in substances of Very Higlor@ern list
(SVHC) by European Chemicals Agency (ECHA) [6]idtused in wood preservatives, insecticides andirapa
materials. Humans are mainly exposed through tabaowke and ingestion of food contaminated with lzestion
products. It also exhibits toxicity to fish, algaad shows bioaccumulation in the food chain [26]slused as a
model PAH to determine the factors that affecthitfuavailability, biodegradation potential and tlaéerof microbial
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degradation of the PAHSs in the environment [4, 1Bhysical, chemical and biological methods arel useemove
the PAHSs from polluted sites.

Microbial degradation plays major role in the remowef PAHs from contaminated sites. The abilitydiegrade
PAHSs is shown by various groups of organisms inclgdbacteria, fungi and algae [28]. The bacterialoa isolated
from soil polluted by effluent of paper, pesticidpstrochemical, polymer, rubber and printing, stivag, industry,
as effluent containing carbon source plays sigaificrole in bioagumentation [8, 22]. These micremigms also
have role in biodegradation of lignin, resin, orgpinosphrous pesticides, phenols, azo dyes, andehd?]. The
biodegradation rate and fate varies in aerobic @makrobic condition. In aerobic biodegradation dbeera like
PseudomonasBacillus, Alkaligens, Acenetobacter, Streptocec@Aeromonas, Bacilluand Mycobacteriunmight
have potential role in biodegradation of anthracérteese contaminated sites may act as source dtatiten of
potentional anthracene degraders.

The drug industry effluent may contain microorgamiwhich might have high potentional to degrade r@uhne
effectively in individually or in consortium, hentleese isolates will be promising for biodegradatid anthracene
or some other complex structure PAHs. With the afmemediation of anthracene polluted sites by ipiigolates,
the present study has planned to isolate and diesirae anthracene degrading bacterial isolates ftarg industry
effluent polluted soil and to characterize anthnecéegradation ability individually as well as ionsortium.

MATERIALSAND METHODS

Chemicalsand media

Anthracene was obtained from Sigma Aldrich, Bangal@, 6-dichlorophenol indophenols, Bushnell HBasth
(BHB) medium and other media ingredients were pred¢urom Hi-Media, Mumbai. All chemicals used under
study were of analytical grade.

I solation of anthracene degrading bacteria

Soil samples were collected from drug industryuefit polluted site, Nanded, (M.S.) India. Soil s&apwere
collected in sterile polythene bag, air dried ia thark and stored af@ until use. Soil (1gm) was inoculated in BHB
amended with 1 mg/ml anthracene as sole sourcarbbn and incubated at 82 under shaking conditions (120
rpm). After 8 days of incubation growth was obsdrie the form of turbidity and 5 % enriched brothswsed as
inoculums for re-enrichment in BHB supplementedchwlitmg/ml of anthracene repeated transfer wasechait in
fresh BHB amended with increased anthracene coratemt till a stable and consistent growth of aatene
degrading bacteria were obtained. The enrichechbaais serially diluted upto 10and 0.1 ml each dilution was
spread on BH agar containing anthracene (1 mg/nd)imcubated at 32 for 48 hrs. The anthracene was dissolved
in dichloromethane and allowed to evaporate beiieoeulation. Different colonies were selected oa Hasis of
morphological characteristics.

2, 6-DCPIP (2, 6-Dicholorophenol indophenol) assay

The assay mixture containing 22pDof Fe-free W medium [14], 150 pl of Fe€6H,O solution (150 pg/ml) and
150 pl of 2, 6-DCPIP solution (50 pg/ml) was mixeith 240 pl of bacterial cell suspension (O.D. &t@®00 nm)

and 25 pl of Anthracene (1 mg/ml in dichloromethatie reaction mixture was incubated at@Rnder shaking
conditions (120 rpm) for 3 days. Anthracene degiadability of the isolates was indicated by charigthe colour

of the medium from blue to colourless [16].

I dentification of the anthracene degrading bacterial isolates

The identification of bacterial isolates with arsbene degradation ability was performed on the sbasi

microscopic observation and biochemical charact#os as per the standard criteria giverBergey's Manual of
Systematic Bacteriologf@™ Edition). The tests used for identification weodomy morphology, ability to hydrolyse
starch, casein and gelatine, urease and cataladeqgtion, oxidase test, utilization of sucrose, nitmh, dextrose,

lactose and fructose as carbon source, indole ptimthuand citrate utilization tests.

Anthracene degradation studies

Anthracene degradation studies were performedask$ containing 50 ml BHB medium supplemented iith
mg/ml anthracene. The individual isolates were gram5 ml of LB broth at 3% at 120 rpm. The culture broth
was centrifuged at 5000 rpm for 5 min. The celllgiel were washed with sterile saline and resuspkride
phosphate buffer to attain O.D. of 0.1 at 600 nrml bf each cell suspension was inoculated intarb®HB. The
cultures were incubated at°82on orbital shaker at 120 rpm for 12 days.

The samples were removed periodically to obsergegtbwth of isolates in terms of O.D at 600 nm ahange in
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pH of medium and residual anthracene. The 10 neltlofl acetate was added to 50 ml of BHB mediumaipped
test tubes and shaken vigorously for several tifiee.5 ml of organic phase was transferred to guarvetts. The
Amax of anthracene was determined at 254 nm aggiiimgt acetate as blank. The % degradation of ac¢imewas
determined by using following formula [18, 19].

B
X 100

% degradation =

A- Initial weight of anthracene.
B- Final weight of anthracene.

RESULTS

I solation of anthracene degrading bacteria

The growth of anthracene degrading microorganismewsbserved in incubated BHB medium after 8 days of
incubation of soil sample and the BH agar platengtb36 well isolated, morphologically distinct coles after
spreading incubated browth at°82

2, 6-DCPIP assay
The 36 anthracene degrading bacterial isolates ethasecolourization of 2, 6-DCPIP dye in varying dirof
incubation where as 6 bacterial isolates have $b dacolourization of DCPIP dye. However among E@&PIP
decolourizing bacterial isolates, GS4, GD6 and Giad maximum rate of dye decolourization within 48 bf
incubation (Figl).

Fig.1. DCPIP assay of selected isolates showing dye discoloration within 48 hrs.

I dentification of anthracene degrading bacterium

The anthracene degrading bacterial isolates GS46 @md GD7 having maximum decolourization rate have
identified asAeromonashydrophila, Bacillus polymyxand Streptococcus mutamespectively using identification
criteria given inBergey’s Mannual of Systematic Bacterioldg) edition) i.e. catalase, oxidase, hydrolyzing dtarc
gelatine and casein, nitrate reduction, fermergativilization of maltose, lactose, ribose, fructoskextrose,
mannitol and arabinose and IMVIC tests (Table.1).
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Table: 1. Biochemical characteristics of bacterial isolates.

Sr. No. Isolates GS4 GD6 GD7
Nitrate reduction testg + + -
Catalase tests +
Oxidase tests + - +
Hydrolysis of
Starch + + -
Casein - + +
Gelatine - + -
5 Fermentation of
Sucrose +
Dextrose + +
Mannitol + +
+ +
+

AN

+ +

Fructose
Indole tests
Methyl red tests
VP tests
Citrate utilization
Tentative identification| Aeromonas hydrophilg  Bacillus polymyxa  Streptocegoutans

+
+
+
+
+
+

||

Anthracene degradation studies

The anthracene degradation Agromonashydrophilg Bacillus polymyxaand Streptococcus mutansgere studied
with reference to biomass and change in pH of dgien medium. The biomass of all bacterial is@ateed for
degradation studies increases frothday to 12 th day of incubation whereas changeHrtrend was also observe
from 1% day to 12 th day of incubation. The slight decedgaspH was observed (Fig.2, Fig.3 and Fig.4).
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Fig.2. Changesin biomass and initial pH Fig.3. Changesin biomass and initial pH of
of medium during anthracene degradation by medium during anthracene degradation by
Aeromonas hydrophila. Bacillus polymyxa.
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Fig.4. Changesin biomass and initial pH of medium during anthracene degradation by Streptococcus mutans

Percentage (%) degradation of anthracene

The residual anthracene after degradation studéee wsed for determination of % degradation of racéne. The
consortia of three bacteria showed 94% degradatioanthracene. Whereas 80%, 52% and 44% anthracene
degradation was observed wiltacillus polymyxa, Aeromonas hydrophdad Streptococcus mutangspectively

(Fig.5).
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Fig.5. Percentage (%) degradation of Anthracene (1 mg/ml) Aeromonas hydrophila, B. polymyxa, S. mutans and Consortium with respect
to time (Days). Each point represents the aver age value obtained with triplicate obtained with triplicate flasks.

DISCUSSION

Soil contaminated with PAHS poses serious envirarialeconcerns because of their toxic nature ananfudhr
effects. Anthracene is known to be a model sulestfat environmental studies due to their wide distion,
toxicity to biological functions and their presenes a structural part of carcinogenic PAHS, benemps,
benzoanthracene and 3 —methyl cholanthrene. Hovikggrlow solubility in agueous medium and orgasatvents
and bioavailability is a major challenge in anttenae degrading studies.

In the present study, three anthracene degradintgiial isolatesAeromonas hydrophila, Bacillus polymyaad
Streptococcus mutangere selected from 36 anthracene degrading baaserpotential anthracene degraders on the
basis of their highest growth on anthracene supphted media and 2, 6-DCPIP assay. Growth on argheac
containing media indicated the ability of selecignlates to utilize anthracene as sole source rifocaand energy.
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Different groups of bacterial species includvgcobacteriunsp., Sphingobiunsp., Nocardiasp., Rhodococcusp.,,
Micrococcussp.,, Acinetobactersp., Alcaligenssp. and Pseudomonasp. [5, 24, 26, 27] have shown to utilize
anthracene for their growth. There is no reportde§radation of anthracene I8; mutansand Aeromonassp.
Continuous increase in O.D. at 600 nm on anthrasepelemented media at concentration 1000 mgfiificoed
that these isolates have ability to utilize antbree

The 2, 6-DCPIP assay is considered suitable fordoaibon degradation studies as it can sensitigetgct the
primary oxidation NADH to NAD which is related to hydrocarbon degradation bytdré. In the present study the
selected isolates showed reduction of DCPIP dykimi48 hrs of incubation. Similarly Koma et dlL5] isolated
long chain hydrocarbon degrading isolaf&snetobacteisp ODDK71,Rhodococcusp NDKK48 andGordoniasp.
NDKY76A during bioremediation studies. This assag lalso been applied for selecting hydrocarbon adigy
autochthonous microorganism in contaminated sbilsimilar study Bidoia et al. [1] reported that subtiliscan
completely reduce DCPIP at 138 hrs, 125 hrs, 75hds87 hrs for synthetic, semi-synthetic, minarad used oil
respectively.

The anthracene in ethyl acetate shows typigalof 254 nm [23Jusing UV spectrophotometer. Hence it was used to
determine the anthracene concentration during acéime degradation studies. In biodegradation sudfe
anthracene b. polymyxa80% reduction in anthracene concentration wagrbs at 12 day of incubation. It
was higher than thB. cereusKWS2 it reduces only 45% of anthracene at samdition after 7 days of incubation
[20]. The three isolatesAeromonas hydrophila, Bacillus polymyxnd Streptococcus mutanshowed 94%
anthracene degradation when used as consortiura. arhount was higher than those obtained duringvishatl
studies with these isolates. Several studies hhesved that biodegradation caused by mixed cultarenore
effective than those when pure cultures are used may be due to broader enzymatic capability emahter
action of toxic intermediates by co-metabolic psses [7, 9].

CONCLUSION

The present study indicated importance Adromonassp, Bacillus polymyxaand Streptococcus mutans
anthracene degradation studies. The more effectegradation was obtained by consortium of thestatsa
However, detail studies regarding various factdiscéing on anthracene degradation are requiredrbéfs in situ
release for PAH degradation application.
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