Available online at www.scholarsresearchlibrary.com

\\a(mac,é
Scholars Research Library Qq& *“'b“‘é
Scholars Research . * t@# (E
Der Pharmacia Lettre, 2016, 8 (7):80-93 . Vq v 2
(http://scholarsresearchlibrary.com/archive.html) A4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

A novel approach on degradation of Benzo[a]pyreneybyeast consortium
isolated from contaminated soil

Sanjeeb Kumar Mandal, A Selvi and Nilanjana Da$

Bioremediation Laboratory, School Bio Sciences &adhnology (SBST), VIT University, Vellore: 63200L&mil
Nadu, India

ABSTRACT

Benzo[a]pyrene (BaP), a high molecular weight podyaatic hydrocarbon (HMW PAH) is commonly found in
contaminated soils and considered as a potent nagen. Microbial degradation offers an effectivepagach to
remove toxic pollutants. In this study, four typéyeast strains viz. Rhodotorula sp. NSO1, Hamsguira opuntiae
NS02, Debaryomyces hansenii NS03 and Hanseniasptirgensis NS04 isolated from BaP contaminatedvesrié
used for the degradation of BaP. Identificationyefst isolates was done using 18S rRNA sequencesf@ur
consortia studied, YCO01, consisting of Rhodotogga NSO1, Hanseniaspora opuntiae NS02 and Debaigasny
hansenii NS03, was found to show a maximum BaPadation of 76%within 6 days in agueous medium under
optimized conditions viz. pH 7.0, temperature 30sl@king speed of 130 rpm, an inoculum dosageV@i énd
an initial BaP concentration of 50 mg/L. Degradatiof benzo[a]pyrene by the consortium YCO1 extdbitest
order kinetics with half-life period of 3.03 daykhe degradation products were monitored by Foutiansform
infrared spectroscopy (FTIR), Gas ChromatographysM&pectrometry (GC-MS) analysis. A possible pathota
BaP degradation by yeast consortium, YCO1l was pmego Significant role of enzymes like laccase, 1,2-
dioxygenase, 2,3-dioxygenase, lignin peroxidasegaaese peroxidase and catalase were noted dunmgrocess
of BaP degradation. To the best of our knowledgjs,i$ the first report on the use of yeast consorttowards BaP
degradation.

Keywords: Benzo[a]pyrene, Enzymes, GC-MS, Pathway, Yeastartiom.

INTRODUCTION

Benzo[a]pyrene (BaP), a homologue of benzene & fissed aromatic rings belongs to high moleculaighte
polyaromatic hydrocarbon (HMW-PAH) group, is regetidas an effective carcinogen [1-4].U.S. Departnwént
Health and Human Services (1990) reported on BaPcasnmonly found PAH in contaminated soils [Shdis been
asserted that 60-90% of human cancers are causeatibys environmental chemicals including PAHs B3P are
formed in incineration processes and some eneigiece chemical manufacturing processes, such as coa
gasification, coal liquefaction and petroleum rafgqn[7]. They enter the environment as an unfinishethbustion
product of fossil fuels where it becomes boundrgaaic particles in aquatic and terrestrial sedimé¢8].Because
of its low solubility and high recalcitrance in ne¢, BaP is a persistent pollutant, contaminatimdustrial sites
around the world, and poses a serious threat terthieonment and public health [9-13].The US-EPAifed States
Environmental Protection Agency) has set a maxinmamtaminant level for BaP in environment (0.000ZLjLg
Majority of human exposure occurs by inhalatiomnael absorption, and ingestion during the consuomptif char-
broiled foods and smoking etc. [14].

While there are many physico-chemical methods émnediation of BaP include chemical oxidation, phais,
incineration, landfilling, volatilization and adgaion. Application of these methods is limited dtee certain
drawbacks such as, high operating cost, long treatttimes and the formation of toxic by-products §i5]. As a
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result, degradation of BaP through biological mdthis receiving serious attention nowadays. Micrbbia
biodegradation is one of the most significant reltygrocesses that can influence the fate of paitatén both
aquatic and terrestrial environments.

While there are many reports on BaP degradatiomizyoorganisms including bacteria, fungi and algaeh as
Rhodococcusp.,Pleurotus ostreatysTrichodermasp.,Ochrobactrumsp., andSelenastrum capricornutt6-20],
there are relatively few publications that haveorggd the successful degradation of BaP using y¢a&].The use
of microbial consortia is considered to be mordlstand effective than the use of single organidmsause of
their diversity and synergetic effect of metabealativity that occur in microbial consortia[22-24].

Table 1: Reported works on biodegradation of Benza]pyrene (BaP) by microbial consortia

. : : Concentration of Removal
Microbial Consortia Bap efficiency References
. . L 23% in 180
Trametes versicoloATCC 42530 LentinustigrinusCBS 577.79 22+1 mg/Kg days [25]
Br_ewbacterl'urrsp., Delftia 9., Dietzia sp., Gordoniasp.,Kocuria sp., Naxibactersp., 100 mg/L 23.6% in 30 26]
Microbacteriumsp. days
Pedobacter sp., Bacillus sp., Paenibacillus, splpcultured Sphingobacterials 11908 + 36.6% in 56
; . 141.8 mg/Kg dry [27]
bacterium clones & Proteobacterium clones : days
soll
. ) . . . 65.1% in 28
Bacteroidetesy-Proteobacteria, Actinobacterf&Proteobacteria angProteobacteria 50 mg/L days [28]
of
Bacillussp. SB0O2Mucor sp. SF06 50 mg/Kg 79'26/&/;” 42 [29]
Stenotrophomonas maltophildJN 10,010 andPenicillium janthinellurivUO 10,201 50 mg/L 53% in 100days [30]
o i
Class ofProteobacteria generaMlycobacteriumandSphingobacterium 10 mg/L Give/(;ll(nsz [31]
E(Sigéthodotorulasp. NSOlHanseniaspora opuntiaBlS02, Debaryomyces hansenii 50 mg/L 76% in 6 days Psrtetzjsde;nt

Table 1 summarizes the reported works on biodegmadaf BaP by various microbial consortia. Frore thble, it
was evident that there is a need for a consortimch can degrade BaP more effectively in less tifence, in the
present study, the degradation of BaP by yeastoctius has been reported for the first time. Thgredative role
of various ligninolytic yeast enzymes towards Ba&grddation has also been analysed.

MATERIALS AND METHODS

Chemicals

Benzol[a]pyreneX 96 % purity by HPLC) were procured from Sigma-Adtir(St. Louis, USA). A stock solution of
BaP was prepared at a concentration of 1 mg/mLhiaroform. The required concentration of workindusions
was prepared by diluting the stock solution. Aher chemicals were of high quality and obtainednfiHi-Media
Laboratories (Mumbai, India) and SRL Pvt. Ltd. (Muen India).

Soil Sampling

The soil sample was collected from Katpadi [12. 88BN, 79.148646°E], Vellore, Tamil Nadu, India. Soores
(5-20 cm) were brought to the laboratory in sterilestic bags and stored at 4 °C until microbial isofa The soil
was air dried at room temperature and sieved atticle size of <2mm.

Enrichment culture for isolation and screening of &P degrading yeast strains

Yeast isolation was carried out from the soil samding standard enrichment procedures. The expatinwere
conducted in sterilized 250 mL Erlenmeyer flasksvtdch the required concentration of working salatiof BaP
(0.1 mg/L) was added and allowed to evaporate agetror till dry before inoculation [32].100 mL chineral

medium (MM) containing per litre of potassium dilhgden phosphate 1 g, dipotassium hydrogen phosghgte
sodium chloride 5 g, ammonium sulphate 0.3 g, msigne sulphate 0.3 g and calcium chloride 0.02 gpH6.8

0.5 [33] was added to the same flask containing.Ba® g of the soil sample was added to the medamoch

incubated for 5 days at 28 + 2 °C in a rotary shdk20 rpm). 10 mL of the enrichment culture wamn#ferred
every 5 days to a fresh sterile medium, incubatedeu same conditions and the concentration of Bakhé

enrichment culture was increased from 0.1 to 1.0Lmya step-wise manner. After 2 weeks of evatuatperiod,

the pure yeast isolates obtained by spread plate sudb-cultured. The isolates thus obtained weneedaas NSO1,
NS02, NS03 and NS04 respectively. The isolates waiatained on yeast extract peptone dextrose (YER@r

slants containing yeast extract; 10 g/L, peptoifeg/2, dextrose; 20 g/L and agar; 20 g/L with BAM(mg/L) and
stored at 4°C.
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Development and acclimatization of yeast consortium

Different combinations of yeast strains viz. NSBIE02, NS03 and NS04 were used for the developnfefutuo
yeast consortium (YC), viz., YCO01, YC02, YC03 an@04. The combination of yeast strains of the cdrsaere
shown in Table 2.

Table 2: Yeast consortia consisting of three yeastrains

Name of Consortium Combination of yeast strains
YCO1 Rhodotorulasp. NSO1Hanseniaspora opuntialS02,Debaryomyces hanseiS03
YCO02 Hanseniaspora opuntialS02,Debaryomyces hansemiS03,Hanseniaspora valbyensi¢éS04
YCO03 Rhodotorulasp. NSO1Hanseniaspora opuntialS02,Hanseniaspora valbyensiéS04
YCO04 Rhodotorulasp. NS01Debaryomyces hansemiS03,Hanseniaspora valbyensi¢S04

A liquid culture of the yeast consortium was preghby growing 1% (v/v) of three different yeasttatgs in YEPD
broth. The inoculated flasks were shaken thoroughlglispense the inoculants and incubated at 28+arfd 120
rpm in a rotary shaker. After 5 days the yeast odisn was transferred to a fresh sterile mediurtin \&i step-wise
increase in the BaP from 1.0 to 10.0 mg/L for aualization studies. The acclimatized flasks wecallrmted under
same conditions as stated above.

Gene sequencing and identification of the yeast istes

Gene sequencing and identification of the yeadhties was done at Acme Progen Biotech Pvt. LtdlerSa
(Tamilnadu) and Yaazh Xenomics, Mumbai (Maharaghtraast cells were grown in YEPD broth (1.0 mghi o
BaP) for 48 h at 28 °C. Cells were harvested byrifaging at 8400xg for 10 min. High molecular wieigDNA
was obtained from the yeast cells by phenol/chtwrafextraction protocol [34]. The DNA samples wdigsolved
in TE buffer (10 mM Tris HCI, 1 mM EDTA, pH 8.0) dwere used for PCR amplification. The primers usede
as follows: forward-UL18F:5-TGTACACACCGCCCGTC-Ja@areverse-UL28R:5-ATCGCCAGTTCTGCTTAC-
3'. PCR amplification was carried out for 35 cycdollowing conditions: 30 s at 95 °C, 40 s at°@) 40 s at 72
°C. The amplicon comprised of partial and comptetquences for the genes of 18S rRNA, ITS1, 5.8SA'RNS2
and 28S rRNA. The purified PCR products were charamed by partial and complete sequence analiBi&A
sequencing was done using the same primers asanedtabove. A BLAST (Basic Local Alignment Searaiol)
program was implied for similarity search from tHlatabase available on the GenBank [35]. The phylete
analysis was performed using CLUSTAL W (DDBJ- DNAtBbank of Japan). A phylogenetic tree was cortstiuc
by neighbour-joining method using MEGA 6.0 versisoftware for displaying phylogeny [36].The asserdble
partial and complete 18S rRNA, ITS1, 5.8S rRNA, 2ZTéhd 28S rRNA sequences of strRinodotorulasp. NSO01,
Hanseniaspora opuntiaBlS02, Debaryomyces hanseNi503, Hanseniaspora valbyensi$S04 were deposited in
GenBank database under accession number KP3000226414, KR872423 and KR872424 respectively.

Growth monitoring

The four yeast consortia viz., YC01, YC02, YCO03 af@04 were studied to find the best consortia basetheir
growth and BaP degradation efficiency. The growttlyeast was determined by measuring the dry weiglihe
biomass. Yeast culture acclimatized in YEPD brdptjcal density (O.D.}o0 =0.1] was added to series of flasks
containing MM. The flasks were incubated at 28 ¥2for 6 days on a rotary shaker at 120 rpm. Sasnpiere
subcultured at regular intervals and the cell sosjp@m was centrifuged at 8400 xg for 10 min. Thiényas
transferred into pre-weighed Petri dish and drizednstant weight at 105 °C for 45 min and the weyght of
biomass was calculated. Based on the biodegradagsuits, YCO01 with the combination of NSO1, NS@2 &S03
was selected for further study. All the experimemése carried out in triplicate.

Effect of growth parameters on BaP degradation

To study the effect of pH (5.0-9.0), incubation pamature (10—40 °C), shaking speed (90-150 rprojgulnm

dosage (2-5 %) and initial BaP concentration (10rg80L) on growth and BaP degradation, the acclichateast
consortium was added to Erlenmeyer flasks (100 oointaining 25 mL of mineral medium supplementedhv@aP
(10 mg/L). Inoculum was prepared by growing thesyea YEPD broth containing BaP for 48 h. The celsre
then harvested, washed, and re-suspended in theeeguantity of MM containing BaP (10 mg/L) adesoarbon
and energy source. During optimization of each metar, all the other parameters were kept constafhile

optimizing pH, parameters such as temperature 281&king speed 120 rpm, inoculum dosage 2 % atial iBaP

concentration 10 mg/L were kept constant, varyimg pH values ranging from 5.0 to 9.0. A similamttewas
followed for other parameters too. All the expenitsewere carried out in triplicates. An abiotic tohfor BaP and
biotic control for yeast growth were maintained éaich experiment.
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Biodegradation of BaP

The required quantity of BaP stock solution wapelised into Erlenmeyer flasks (100 mL capacityhtaioing

sterile mineral medium (25 mL) and was inoculatethvihe yeast consortium. The experimental flasksew
incubated on a rotary shaker (130 rpm) at 30 °G5fdays. The flasks were removed at required iatsrfor the

analysis of residual BaP. Uninoculated flasks weegntained as control. The residual BaP in theuceltmedium
was calculated using the formula:

Residual BaP (%) £ x 100 1)

where, Gis the initial concentration BaP in the medium &hds the final concentration of BaP.

Kinetics studies on BaP biodegradation
The experimental data of the degradation kineticBal® were fitted with various kinetics models likero order
[37], first order [12] and second order [38], respeely.

Extraction and characterization of degraded producs by GC-MS and FTIR

Residual BaP and the potential degradation productie culture broth were monitored by GC-MS afidR-
analysis. Flasks were withdrawn at regular intervfak analysis of degradation products. Individfiatks were
withdrawn at 0, 2, 4 and 6 days of incubation. @legradation products were extracted and analyse€d@yMS as
described by Samanta et,§1999) [39]. The cultures were centrifuged andghpernatant was collected to remove
residual crystalline BaP. The pH of the supernateas adjusted to 2.0 with 2 N HCI and sodium claler{20 %,
w/v) was added to achieve better separation ofatiieeous and organic layers. The extracts were thkier by
using equal volumes of ethyl acetate. The solvesmis removed under vacuum by rotary evaporatiopéSin™
Rotary vacuum Digital bath) prior to analysis. Alajs of 2-5 pL were injected directly for GC-MS bysis, (JEOL
GC MATEII) using 5% diphenyl and 95% dimethyl pdlgsane as stationary phase. The inlet temperatae220
°C; oven temperature was increased from 50 to €58 °L0 °C rev/min; the GC interface temperaturs 280 °C;
carrier gas was nitrogen at a flow rate of 1.0 nmh/nviass spectrum conditions had the ionizationrgyn&0 eV,
ion chamber temperature was maintained at 250 @ twhgsten filament, which is used for the ion@matof
molecules. The obtained compounds were comparddrespective spectra of authentic compounds amdveith
the mass profile of the same compound availabkénNational Institute of Standard Technology (Niditbrary,
USA.

Infrared spectra were obtained using an IR affidityTIR spectrophotometer (Shimadzu) using KBr. &keacted
degraded products dissolved in ethyl acetate, wexed with KBr and made in the form of pellets. Tdeanning
range was kept from 4000-500 ¢rand the spectral resolution was 4tm

Enzyme assays

Cells grown in the presence of BaP were harvedtddiffarent time intervals (0, 2, 4 and 6 days)eTyeast cells
were grown in the MM with 50 mg/L BaP as carbon andrgy source. The cultures were centrifuged (DrPm,

15 min) at 25 °C and rapidly washed 3 times witm®@ phosphate buffer (pH 7.0). Cells were disindégd with a
probe-type sonic oscillator for 10 min. The extras centrifuged at 10,000 rpm at 4 °C for 30 mimgmove

whole cells and large debris. The collected sugamavas used immediately for the enzyme assai®afimig the

standard protocol where the activities of 1,2-digetyase and 2,3-dioxygenase were assayed usindnabgecthe
substrate [4,40].Catalase [41], lignin peroxida&?],[ manganese peroxidase (MnP) [43] and laccaeafetivities

were also assayed. One unit of activity was defaethe amount of enzyme that oxidizes 1.0 mmsulbEtrate per
minute and the activity was expressed in U/L.

RESULTS

Screening of BaP degrading yeasts consortium

The yeast consortium (YC01, YC02, YCO03, and YCO4&Jeninitially screened for BaP degradation withiraitial
concentration of 10 mg/L. Fig. 1a shows comparaia® degradation percentage by four different yeassortia.
YCO01 showed the highest BaP degradation (59%) ompaoe to other three consortia (YC02- 49%, YCO355
YCO04- 51%). Based on the screening results, thetyaansortium, YCO1 was selected for further bioddgtion
studies.
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Figure 1:(a) Biodegradation efficiency of differentyeast consortium and (b) Growth of yeast consortim, YCO01 in mineral broth and BaP
degradation (%), cell dry weight (#), residual BaP concentration %) and abiotic control (&)

The growth pattern of yeast consortium YCO1 wadisthwith respect to BaP degradation (Fig. 1b). YB®1 was
found to utilize BaP as sole carbon and energycgoufhe metabolism of BaP by yeast consortium Y@G@%
assessed by the increase in the cell dry weigtdreltvas a lag phase on the 1st day where the ¢imsagrowth
was scanty, producing a cell dry weight of only2Dd@L. Later the growth initiated well from day 2wards and
continued up to day 5, after which stationary phass attained on day 6. Fig. 1b showed a positiveetation with
an increase in yeast biomass to the BaP degradatimentage. No significant difference in the BaRcentrations
was noted in case of abiotic controls.

Identification and phylogenetic analysis of yeastblates of consortium YCO01

Partial 18S rRNA, ITS1, 5.8S rRNA, ITS2 and 28S Riene regions were amplified and sequenced using
designed primers for polymerase chain reaction (PGRquence analysis of 18S rRNA gene of the strisif01,
NS02, NS03 and NS04 allowed as to confirm theisedb relatedness Rhodotorulasp. GM5 (GenBank accession
no: KF543865; 99%),Hanseniaspora opuntiadgsolate GKO1 (GenBank accession no: KC870065; 98%)
Debaryomyces hansengtrain NRRL Y-7426 (GenBank accession no: JQ689®8P6) andHanseniaspora
valbyensisstrain NRRL Y-1626 (GenBank accession no: JQ689@786) in similarity search using BLAST
program. Therefore, the four isolated yeast straiese named aRhodotorulasp. NS01 Hansenia sporaopuntiae
NS02, Debaryomyces hansenNS03 andHanseniaspora valbyensiNS04 respectively. The sequences were
deposited in GenBank database under accession nuKB800039, KT226114, KR872423 and KR872424
respectively. The sequence and phylogenetic pasitaf yeast consortium of the strains was alsoopexd by
neighbour-joining algorithm using MEGA 6.0 softwd8&] and presented as Fig. 2.

Optimization of the growth parameters for BaP degralation by yeast consortium YC01

The optimum range of the five significant growttraraeters: pH 5.0-9.0 (Fig. 3a); temperature 10€4(F8g. 3b);
shaking speed 9450 rpm (Fig. 3c); inoculum dosage5®6 (Fig. 3d) and initial BaP concentration 10-50/lmg
(Fig. 3e) affecting degradation were determinedéparate experiments. The yeast consortium YCOWesth@a
maximum cell dry weight and degradation efficiersty pH 7.0, temperature 30 °C, shaking speed 13Q rpm
inoculum dosage 3% g dry weight/L and initial Badhcentration of 50 mg/L, which were noted as optigrawth
conditions. Under optimized conditions, the yeastsortium, YC01 was able to degrade 76% of 50 nRgP at

the end of 6days.

Kinetics of BaP degradation by yeast consortium

The experimental data for the degradation kinatfcBaP was fitted with various kinetic reaction ratsd(Fig. 4)
and the best fit was found was seen with first ordedel. The degradation rate constant (k), hédfyieriods (t,)
and regression values JRwere also calculated with respect to the optiomhcentration (50 mg/L) and were
presented in Table 3. The half-life period of Badswecorded as 3.03 days. The rate constant isla@d as 0.229
day®. The regression coefficient {Ras 0.952.
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Ruodotorala sp.NS01[KP300039] ==——=
— — Rhodotorula mueilaginosa BGAL3-YS5E [HES60061.1]

J. i - fiadotorula sp. SY-100 [ABO26010.2]
Rhodetorula sp. GMS[EF543565.1]

—— Rhodotorula glutinis ATCC 16726 [FI345357.1]

— Rhodotorula sp. P3DOO[TX188230.1]
Saccharomyeces cerevisine 5288c RDNAT-2 [NR132216.1]
Debaryontyces hansenii NS03 [KRET242Y] w=="t—my
Candida multigemmis strain NRRL Y-17659 [JQ8E89037.1]
— Cephaloascus fragrans strain NRBRL Y-6742 [JQ&89052.1]
Candida chilensis strain NRRL Y-7790 [EU011654.1]
Candida hungearica strain NREL Y-27504 [ELU011587.1]

— Debaryvemyees hansenii straim JEY420 [KC111444.1]
Hansenigspora valbyvensis strain NRRL Y-1626 [JO689026.1]
! Hanseniaspora opuntine NSO |KT226114) =———
Hamseniaipora opuntiae strain JEY269 [KC111446.1]

Hanseniaspora opuntine stram JEY 258 [KC111445.1]

Hansentaspora opniiae isolate GKO1 [KCE70065.1)

Figure 2: Phylogenetic relationships of yeast congium, YCO1 isolated in this study and related speies. Phylogenetic tree of partial and
complete gene sequences of 18S rRNA, ITSI, 5.8S rRMnd 26S r RNA was generated by neighbor-joining ethod. GenBank accession
number of each organism used is given in parenthese

Intermediates of BaP identified by GC-MS measurememn

The GC-MS spectra of BaP and its metabolites formhedng the degradation by yeast consortium YCOE wa
recorded at different time intervals viz, 0, 2, @d&th day and are shown in Fig. 5. In Fig. 5, dag 0 sample
showed a high intense peak of retention time (RT2%6 min in the positive ion mode, which confirinéhe
presence of the parent compound, BaP.
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Figure 3: The effect of culture conditions on growh and degradation by consortium YCO01 which was grow in mineral medium with
concentration of BaP (50 mg/L) for a period of 6 dgs. The effect of pH, temperature, shaking speecioculums dosage and initial BaP
concentration were evaluated. 3(a). Effect of pH-.B(#), 6.0@), 7.0(A), 8.0(A), 9.0¢), residual BaP conc (%) at pH 7.0Q). 3 (b). Effect
of Temperature- 10 °C @), 20 °C @), 30 °C (A), 40 °C (), residual BaP conc (%) at 30 °CQ). 3(c). Effect of shaking speed- 90 rpme{,
110 rpm (w), 130 rpm (A), 150 rpm (A), residual BaP conc (%) at 130 rpm Q). 3(d). Effect of inoculum dosage (w/v) - 2%+, 3% (m),
4%(A), 5% (A), residual BaP conc (%) at 3% inoculum dosageQ). 3(e).Effect of initial BaP concentration (mg L[*) -10 (¢), 20 @), 30
(A), 40 A), 50 @) residual BaP conc (%) at 50 mg/L ©), (e) abiotic control
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Figure 4: Kinetic plots of BaP degradation by consdium. a. Zero order, b. First order and c. Secod order reaction model

On the 2nd day, the onset of biodegradation of Bakeast consortium was observed by the presennewefppeak
at RT of 19.7 min, which corresponded to the firgtabolite M1 along with reduced intensity of panpeak. On
the 4th day, two other new peaks of RT 17.9 and 23n along with a reduced intensity of M1 metateolvas
noted. These peaks were designated as two new afistgapM2 and M3 respectively. On the 6th day, twore
new peaks of RT 15.9 and 21.3 min, which correspdrtd two more new metabolites, M4 and M5 were olesk
Reduced intensity of the parent compound along tithnewly formed metabolites confirmed the degtiadeof
the parent compound and its transformation as roétab by the yeast consortium YCOL. The mass speftBaP
and its biodegradation metabolites are given in Fig

Table 3: The kinetic parameters for the degradatiorof Benzo[a]pyrene at 50 mg/L by consortium, YCO1

Kinetics Model Parameters Consortium YCO1
Zero order Regression equation =C-6.317t + 48.071
C-Co=Kt K (day-1) 6.317
Tu= Co/2Ko T1/2 3.958

R 0.913
First order Regression equation  }n(G0.229t + 3.946
InC;=Kit+ InCo K (day-1) 0.229
T1=In2/K; T, 3.026

R 0.952
Second order Regression equation £/G.009t + 0.014
1/C=1/GC, + Kot K (day-1) 0.009
T=1/Co Ky T1/2 2.222

R2 0.888

2
R = Regression coefficient; K= Degradation rate caarst TM:HaIf—Iife period

Possible BaP degradation pathway by yeast consortiu

A possible BaP biodegradation pathway by YCO1 éppsed and shown in Fig. 6. The degradation of iBaigted
with attack on the benzene ring of the parent camgdoforming benzene, 1, 1, 17, 1"-(1,2-ethangtifiene)
tetrakis which is designated as M1 (m/z=334). s further degraded, giving rise to two possibktaholites
1,3-benzodiol,0-(3-methylbut-2-enoyl)-o’-(4-nitratmyl), M2 (m/z = 341) and 1, 3-benedio,o-(3-metyiB-
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enoyl)-o’-pivaloyl, M3 (m/z = 276 ) in which two @sed benzyl ring connected with enol groups wersenked.
From the structure, it was seen that, M3 was monpldied structure than M2,which confirmed the dadative
ability of YC01.The degradation pathway proceedather where M2 gave rise to phenol,3,5-bis-(1heathyl) as
M4 (m/z = 206 ) and M3 gave rise to sarcosine3Nmngthlbut-2-enoyl)-ethylester (M5) (m/z = 184).
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- \
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Figure 5: GC-MS analysis of BaP and its degradatioproducts at 2, 4 and 6 days

Fig. 7(a, b) illustrates FTIR spectra of BaP befanal after degradation by yeast consortium, YCOie FTIR
spectrum of pure BaP (Fig. 7a) showed the chaiatiteabsorption peaks at 3028.24 toorresponds to =C-H
stretch in aromatic hydrocarbon. The absorptiorkpesa 1467.83 cthand 1176.58-1346.31 chrepresents C-C
stretch in aromatic benzene rings. Strong peakiseaween 871.82-671.23 &nrorresponds to =C-H bend. A
comparison of FTIR spectra of BaP before and afégradation (Fig. 7b) by yeast consortium, YCOlesded the
complete destruction of the aromatic ring structofehe parent compound, which was confirmed byeabs of
bands corresponding to benzene ring. The presenoevo bands at 2983.88 and 1450.47 gpertaining to C-H
stretch of methyl group were noted confirming timedrized structure of the formed metabolites. Shpaks at
1757.15, 1735.93 and 1236.37 tmepresents C-O-C stretch in esters and the preseihband at 1043.49 ¢
corresponds to CH-OH in cyclic alcohols also supgmbthe results. The absorption bands at 837.4B46d5 crit
showed CH deformations that confirmed the effecBa® degradation by the yeast consortium, YCOL1.
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Figure 6: The proposed BaP microbial degradation peaway by yeast consortium. The complete arrows regsent products identified by
GC-MS. The doted arrows represent transient metabdtes, which were not detected in GC-MS

Role of enzymes in BaP degradation

Table 4 represents the role of enzyme activitiesnded in the culture supernatant and cell lysatieated on the
2nd, 4th and 6th day of BaP degradation by yeastatium, YCO1. Several enzyme such as 1, 2-dioxgge and
2, 3-dioxygenase, lignin peroxidase (LiP), manganezoxidase (MnP), laccase and catalase were foupldy an
important role towards BaP degradation by YCO1.

Table 4: Enzyme activities (u/mL) in the culture spernatant and cell free extracts of YC01

Day 2 Day 4 Day 6
Enzymes A B A B A B
1,2-Dioxygenase 8.01+0.09 3.57+0.04 6.36+0.06 DO02* 5.89+0.05 2.51+0.03
2,3-Dioxygenase 0.56+0.02 0.20+0.01 1.69+0.04 @M7E 0.38+0.02 0.10+0.01
Laccase 5.02+0.28 2.04+0.66 7.05+0.66 3.17+0.33 7£0(34 1.88+0.05
Lignin Peroxidase 1.18+0.04 0.04+0.04 1.38+0.04 960004 0.96+0.04 0.05+0.04
Manganese Peroxidase 2.66+0.02 0.17+0.62 2.89+0.057+0.44 1.74+0.21 0.39+0.54
Catalase 0.70+0.07  0.23+0.08 1.86+0.03  0.24+0.0810+#D.03  0.18+0.09

A: Enzyme activity in the culture supernatant; Bzifme activity in the cell lysate

On the initial phase of BaP degradation, 1, 2-dienase and laccase had a profound activity botkhén
supernatant and in the cell lysate whereas thesewend was observed for other degradative enzgtoglied. 1,2-
dioxygenase activities reduced with increase iretimmereas other enzyme activities were less oddle2 but was
found to be increased on the 4th day and gradu@tyeased over increased incubation time as thetratd was
completely utilized by YCO1. Enzyme activities wdmind to be high in the cell lysate, which confiunthe
predominant role of the extracellular enzymes.
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Figure 7: FTIR spectra of BaP biodegradation by yest consortium at standard condition (a) before degrdation and (b) after
degradation

DISCUSSION

BaP has become a priority pollutant due to its geméc and carcinogenic properties. Bioremediatioocgss
employs the use of microorganisms to degrade ataXifiethe pollutants present in the environmeri][4rhere are
reports on microorganisms like bacteria and funigictv are capable of degrading BaP [16-20]. Repangsscanty
on BaP degradation using yeast species [46].Hém¢be present study, the potentiality of yeastsootium, YC01

consisting of yeast strains viRhodotorulasp. NSO1 Hanseniaspora opuntiaS02andDebaryomyces hansenii
NSO03 was tested for BaP degradation in detail.
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Environmental factors such as, pH, incubation teafpee, shaking speed, inoculum dosage and thalinit
concentration of the substrate greatly influence ¢mowth of microbes and their degrading abilitjd3].An
optimized pH of 7.0 obtained in the present studysviound to be similar to results obtained in otRéH
biodegradation studies [48].In a recent study bgd3a and Inoue (2015) [49], maximum degradatiombded
PAHs was achieved at 30 °C and 120 rpm, which zaew with results of present study. The use afdainoculum
size increases the degradation efficiency of higlalyic compounds [50]. In our study too, the rafeBaP
degradation was found to be maximum with an inatullosage of 3% (w/v), which may be possibly due to
increased microbial proliferation.

The concentration of the target pollutant is anartgnt factor, which affects the biomass productisrwell as the
degradation rates. There are reports on BaP dd@uadasing bacterial consortium which showed 23.6%
degradation after 30 days of initial concentratmnl100 mg/L [27]. BaP degradation using fungal artiam
showed 23% degradation (22 mg/kg for 180d) as teddyy Lladdaet al., (2013)[25]. Inoculation of fungi-bacterial
co-cultures showed BaP degradation of upto 53%oatentration of 50 mg/L in 100 days was reported].[3
Therefore, the results of the present study gaimsoitance by confirming the potentiality of yeasnhsortium,
YCO01 which showed 76% BaP degradation within 6 ceys0 mg/L.

Based on the regression values, the kinetic arsatyfsBaP degradation by YCO1 showed best fit witst-brder
kinetic model, which implied that, the BaP degramtatvas dependent upon the substrate concentrgjoiKot-
Wasik et al., (2004)[12] reported photodegradation and biodegfiad study of BaP showing very high half-life
value of 85-433 days, whereas, the calculated liialfef BaP was found to be 3.03 days, which provkd
astonishing potentiality of yeast consortium, Y@0iBaP degradation.

GC-MS based metabolite analysis has been donetendhétabolites formed during the degradation of BgP
YCO1 were identified. According to the reports #aflie so far, most of the microbially induced BaP
biotransformations are reported to be partiallyrddgd, in which one of the benzene ring is cleafagching
dihydrodiols [31,51-53] and BaP-1,6, quinone [4]tthe present study, complete distortion of BaPewuk by the
yeast consortium, YCO1 has been noted. The resglte also supported by FT-IR analysis [54]. It conéd the
degradation of the parent compound, which was toamed to more simpler intermediates for the udiian as
carbon and energy source by yeast consortium Y©01hkir metabolic needs. Based on the resultssiple
hypothetical degradation pathway is proposed. T® kst of our knowledge, this is the first repont BaP
degradation using yeast consortium.

The enzyme activities gfeast consortium, YCOWere periodically monitoreduring BaP degradation process. The
enzyme 1, 2-dioxygenaseas found tglay a predominant role iBaP degradation process. In céégcobacterium
vanbaaleniiPYR-1, the involvement oimono anddioxygenases enzymes was reported to oxiBiagB during the
degradation proceg53]. The role of fungal dioxygenase system in transfogmBaP to cis- or trans-dihydrodiol,
and further, to dihydroxy BaP has been reportedl [B3e role of other degradative enzymes, vizniligperoxidase
(LiP), manganese peroxidase (MnP) and laccase gluBaP degradation was noted in the present study.
Involvement ofLiP and laccase enzymes were detected during BgRadiztion byL. theobromasen liquid medium
[56]. According to Harmet al., (2011) [57], the enzymes viz. laccase and peraeidae being required for the
initial activation of BaP. It is likely that the gpective enzyme catalyse was responsible for tiee teactions of
BaP-degradation. Involvement of catalase enzymengBaP degradation was noted in the present siBihyilar
activity of catalase enzyme was reported in casehmidopseudomonas palustG$A009 during BaP degradation
[58].

CONCLUSION

Based on the results of the present study, it eacobcluded that the yeast consortium, YC01 mayesas potential
bioresource for remediation of BaP which could delgr76% of BaP at a concentration of 50 mg/L withahays in
aqueous environment.
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