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ABSTRACT

Surfactants are amphiphilic compounds containing hlgdrophobic and hydrophilic moieties which redeaagace
tension between water and hydrocarbons. In thegmemvestigation, a Glycolipid Biosurfactant praihg yeast
was isolated from rotten grapes. The isolate waected on the basis of reduction in surface tensioih
displacement measurements and emulsification ifdaxhe basis of 18S rRNA gene amplification ampisecing
chosen isolate was identified as Pichia sorbitaphMWG1. The biosurfactant produced was structurally
characterized by FTIR, NMR and GC-MS. It was fotmde a glycolipid stable over a vast range of phtia
temperature. Further, the biosurfactant showed ificgmt broad spectrum antimicrobial activity againvarious
Gram positive and Gram negative pathogens. Thetayitity test confirmed its non toxicity, when ¢éelstgainst
Triticum aestivum and Brassica nigra.

Keywords: Biosurfactant, Glycolipid, Pichia sorbitophila Characterization, Antimicrobial & Phytotoxicity
assessment.

INTRODUCTION

Microbial surfactants are amphipathic, surfacevactagents that accumulates at interfaces reducitegfacial
tension, surface tension and prominent to the kskabent of accumulated micellular structures inemus phase
[1]. Microbial surfactants are a group of microargan’s derived products for environmental, bioteabgical and
commercial applications [2,3,1]. Biosurfactants YB#e commonly used in industrial formulations, iagtural
products, feed and food, cosmetic formulations ghérmaceutical preparations [3]. The unique profifs
biosurfactant permit their consumption in a limsdenumber of industrial preparations. There isxgstonsumer
compression for industrials formulations that amngtfer natural, ecological, and environmentallybléa comprising
foods and health care products. Industries hawgeddy trying to recognize sustainable replacemtmsynthetic
or chemical ingredients within the industrial foriations.

Commonly bacteria are capable to produce bioswfaist but in reasonably less quantity [4,1]. Ondtier hand,
Yeasts usually produce biosurfactants in large annhasi compared to the bacteria [5] because ofjiid cell walls.
To make biosurfactants economically viable, ititaivo select microorganisms capable of produdiigh amount
of biosurfactant [6].Yeasts have appeared as a wotthy group with considerable biological sign#itcce and
suitable applications. The major benefits of uspegsts for industrial viability is their generaliggarded as safe
(GRAS) status [7]. In the present study, we hadsi®red potential of various yeast isolates to peed
biosurfactants and studied its structural and foned properties.
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EXPERIMENTAL SECTION

2.1 Screening for Biosurfactant production

Pure culture of the yeast strains were used toescfer the BS production by various methdds hemolytic
activity, oil displacement test, drop collapsingttand emulsification assay. All the experimentsengerformed in
triplicates.

2.2 Taxonomic identification

2.2.1 Colony PCR of 18SrRNA gene

Genomic DNA of the isolate was extracted and aneglifor 18S rRNA gene with colony PCR for taxonomic
identification. Concisely, master mix with primerS2: GGTCCGTGTTTCAAGACGG, 1.2 UDNA polymerase in
50 pl PCR reaction mixtures. Aboutl small colony waskpd up with sterilized loop and transferred to B@R
tube as DNA templates. The thermocycler PCR casist one cycle of 95 °C for 10 min, 53 °C for 2nmr2 °C
for 2 min, and 35 cycles of 94 °C for 20 s, 57 8€45 s, 72 °C for 1 min, then incubation at 72f6€5 min, and a
final incubation at 4°C. Briefly, 1@l of each amplified mixture and the molecular marieere separated on
agarose gel electrophoresis to confirm the sizén@famplified gene. The 18S rRNA gene sequencheofsplate
was matched with other yeast sequences by using N€Ba BLAST for their pair wise individualities.

2.3 M easurement of Surfacetension

The surface tension of the culture supernatanta{odtl by centrifuging the cultures at 5000g forr2ih.) was
measured using a Sigma 700 digital surface tendg@ami€SV Instruments Ltd.-Finland) working on theéngiple of
the Du Nuoy ring method.

2.4 Production and purification of biosurfactant

The biosurfactant production was carried out ireEmeyer flasks containing 150 ml of Minimal medigw20 g/L
of soybean oil, incubation at 28 °C in an orbitialser operated at 200 rpm for 144 h. After incubgtihe yeast
cells were separated from the growth medium byrifagation at 5000 rpm for 20 min at 4 °C. The cde#e
suspension (CFS) was used to isolate the biosarfatly ethyl acetate solvent extraction method. &kteacted
biosurfactant was dialyzed beside demineralizegmat4°C in dialysis membrane (molecular weighoff8,000-
10,000Dalton) and freeze dried for further applaat

2.5 Structural characterization of biosurfactant

2.5.1 Thin layer chromatography (TLC)

The composition of the biosurfactant produced vesolute by TLC followed by post chromatographicedgon
[8]. The polysaccharides moieties were stained Bigtdatk reagents (anisaldehyde: sulphuric acidcigl acetic
acid 0.5:1:50) and separated against the chlorofordhmethanol (60:30). Plates were heated at $0r'& min and
observed for the brown spot corresponding to tlyaispresent in biosurfactant.

2.5.2 Fourier transform infrared spectroscopy (FTIR)
Composition of biosurfactant produced was reveakddg FTIR spectroscopy by scanning it in the raofgé000-
400 cm" at a resolution of 4 cih(Model-ABB).

2.5.3 Nuclear magnetic resonance (NM R) spectr oscopy

The 1-5 mg biosurfactant sample was dissolved @24@DCL and *HNMR analysis was carried out using a
Bruker Av 11-400 spectrometer. Proton NMR chemishifts was stated in ppm relative to the solvernitt st
chemical standard.

2.5.4 Gas chromatography and mass spectr oscopy (GC-M S)

The biosurfactant sample was analyzed for fattgd acimposition on gas chromatograph-mass spectrp<ated
with VF-5MS column. Briefly, the preliminary coluntemperature was set at 100 °C for 1 min, and theiped at
the rate 30 °C mihto 270 °C, and finally held at 270 °C for 10 nilthe temperature ranges of the transfer line, ion
trap and quadruple were 280, 230, and 160 °C, ctispy. The inlet temperature was 270 °C, and alsample

of biosurfactant was injected. The flow rate of taerier gas (helium) was 1.2 ml ritn

358



Vidur Bhatia and Baljeet Singh Saharan J. Chem. Pharm. Res,, 2016, 8(7):357-367

2.6 lonic property of biosurfactant

The ionic property partially purified biosurfactamés determined by using agar well diffusion metf@jdBriefly,

3 uniformly spaced wells were made on a soft ag&b) plate; central well was filled with 10 of BS. Either side

of wells was filled with anionic compound (20 mM@&DS (Sodium dodecyl sulfate) and cationic compofatd
mmol* Cetyl Trimethyl Ammonium Bromide (CTAB). Plates wencubated at 25 °C for 24 h and observed for the
precipitation lines.

2.7 CMC determination

The critical micelle concentration (CMC) of isoldteiosurfactant was determined by measuring thiesaitension
of its different dilutions in distilled water up #oconstant value. All the measurements were recoirdtriplicates.
The CMC was obtained by plotting surface tensicaireg} surfactant concentration and expressed asimg/

2.8 Stability study of biosurfactant
Partially purified biosurfactant (at a conc. of @MC) was used to elucidate its stability at diéier temperature and
pH range.

2.8.1 Effect of pH
To elucidate the pH stability of biosurfactant, #anple was adjusted to different pH values (4wli) 1M NaOH
and 1M HCI and surface tension was measured.

2.8.2 Effect of temperature

To check the stability of biosurfactant at differéemperature 10 ml of biosurfactant suspension exapesed to a
constant temperature of 10, 20, 30, 40, 50, 6088090, 100 and 110 °C for 30 min, cooled to raemperature
and then the surface tension was measured.

2.9 Antimicrobial assay

The antimicrobial activity of the biosurfactant wasted against various pathogenic and non-pathogéains by
serial dilution technique in 96 well flat bottomaptic tissue culture plates. Briefly, 1@bof sterile, 2X culture
medium was placed into the first column of the 98lsvmicro-plate and 12pl of sterile 1X culture broth in the
remaining wells. Further, 128 of biosurfactant solution in PBS (25 mgwere added to the first column of the
microplate; this results in a BS concentration 261mg mf'; in sequence, 128 were transferred to the successive
wells. All the wells (except negative control) weneculated with 2.5ul of an overnight pathogenic strain. Plates
were incubated for 48 h at 37 °C. After incubatitre absorbance at 600 nm was recorded for eadnh Tied
growth inhibition percentages at different BS canications for each pathogenic strain were calcdlate

% Growth Inhibition = [1-(Ac/Ao)] X 100

Where Ac represents the absorbance of the well B&hconcentration ¢ and.fepresents the absorbance of the
control well (without BS).

2.10 Phytotoxicity assay

The Phytotoxicity assay of isolated biosurfactanswletermined in a static seed germination andaloogation of
the Brassica Nigraand Triticum aestivunslightly modified from Tiquiaet al.,2008.Solutions of BS were prepared
with distilled water at concentration of 1 mg/mb @re sterilized seeds were inoculated in each pkie with 10
ml of test solution at 27 °C. After five days otubation in the dark, seed germination, root elingg> 5mm) and
the germination index were recorded as follows:

Relative seed germination (%) = (number of seeds germinated in the extract/nurobeeeds germinated in the
control) x100.

Relativeroot length (%) = (mean root length in the extract/mean root lemgtine control) x 100
Germination index = [(% of seed germination) x (% of root growth)]0E6.

Vigor index (VI) = [seedling length (cm) x germination percentage]
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RESULTSAND DISCUSSION

3.1. Biosurfactant screening

Various yeasts isolated from rotten fruits wereesoed for production of biosurfactants. The scregrf
biosurfactant producing yeast was a two phase psoderimarily, the isolates were screened for thbility to
produce biosurfactant using drop collapse methdw: flattened drop, of cell free suspension (CFSharising
biosurfactant, over the oil coated surface confirttee presence of biosurfactant. Efficient emudsifion property
is critical for significant biosurfactant and itarther applications [10]. In case of isolate WGE# thaximal %
emulsification activity with kerosene oil after Béurs was found to be {E53.57%). Further, the effectiveness of
any microbial surfactant is determined by its &pito reduce the surface tension of production nmadjl1]. The
biosurfactant produced by isolateWG1 showed a ®ogmit reduction in surface tension of CFS fromt@239.2
mN/m. Various yeast strains have been reportediasitiactant producer on the basis of their abildyreduce
surface tension of production media. Rufiab al., [12] reported that the biosurfactant produced Gandida
lipolytica UCP 0988 reduced the water surface tension fromo7@5.3 mN/m; similarly, while working with
Candida sphaeric’CP0995, Lunat al.,[13] found that the biosurfactant was able to pedihne surface tension of
the medium to 25 mN/m. The flattened drop collagfective emulsification index and significant vetion in
surface tension finally confirmed the biosurfactartdduction by the isolate WG1 (Fig. 1).

Fig. 1: Different observation of isolate WG1 A) colony mor phology on YPD media; B) Cell mor phology under 100X light microscope; C)
Emulsification activity with ker osene oil and D) oil displacement assay

3.2 Taxonomic identification

Isolate WG1 was taxonomically identified by 18S vRBequencing, for this genomic DNA was directly difigzl

by colony PCR using universal 18S rRNA primers. dreomic affiliation of the isolates was retrievedrfr
GenBank. The BLASTn algorithm was used to deterntme most related sequence relatives in the GenBank
database. The BLASTn search for 18S rRNA partialeggequence of the yeast isolate WGL1 isolated faitan
white grapes showed 99% identity wiftichia sorbitophilasp. from NCBI database which have been submitted to
NCBI Genbank under the Accession No. KX060549phglogenetic tree (Fig.2) was constructed usingMiss A

5 (Molecular Evolutionary Genetics Analysis) softedv.5.05).
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Fig.2: Phylogenetic relatedness of Pichia sorbitophila strain WG1 based on 18SrRNA gene sequence

3.3 Surface tension measur ement

The biosurfactants produced by isolates WG1 showesignificant reduction in surface tension of cledte
supernatant from 64 mNfsurface tension of YPD broth) to 39.2mNnThe reduction in surface tension is very
significant as compared to the surface tensioh@firoduction medium.

3.4 Production and purification of biosurfactant

The shake flask production of yeast biosurfactass wonceded out by inoculating with 1% 18 h growa qulture

at 37 °C for 72 h on shaking conditions. The swef@nsion of the cell free supernatant was fourlgetoeduced to
39.2 mN/m from 72 mN/m, hyper surface tension réidacwas detected at the late exponential phaseelhf
growth. Reduction in surface tension during theatitgmic and stationary phase has been reportecamiirmed

the production of biosurfactant [14]. Biosurfacténoim CFS was extracted with equal amount of etltdtate. The
yield of biosurfactants obtained by the ethyl atetxtraction method from 144 h culture of selegtedst isolate
was 5.8 g/L. Furthermore, crude biosurfactant @gfifrom yeast isolate was partially purified usiogiumn

chromatography (Silica gel; 60-120 mesh size).

3.5 Characterization of biosurfactant

Partially purified biosurfactant was initially deed by TLC followed by post chromatographic détet After
silica plate developed, plates were sprayed witldeéily reagent which developed a dark red spot 8pdcihe
incidence of sugar moieties. The separation acHievgh TLC development confirmed the presence @& th
glycolipid kind of biosurfactant. Commonly glycoigs kinds of biosurfactants are rich in carbohyelsah mixture
with fatty acids [15].

35.1FTIR analysis

The molecular arrangement and functional group®wetermined by FTIR spectrum which revealed thatnajor
fraction of biosurfactant was lipid and polysacatharfractions. The molecular arrangement of bicstteint showed
that most noticeable adsorption bands were locaté&@®24 crm', 1713 cm® (C=0 stretching in carbonyl groups),
1219 cm* (C-O stretching bands) and 748 ¢niCH, group) (Fig. 3) which importantly established faet that
biosurfactants was a glycolipid kind of biosurfaxttf8]. Assessment of the spectra showed that iteulfactant is
stringently comparable to glycolipid reported earfrom different yeast strains [14,16].
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Fig. 3: FTIR spectrum of biosurfactant produced by theisolate WG1
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Fig. 4: NMR spectroscopy of biosurfactant produced by theisolate WG1
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3.5.2 NM R spectroscopy

The structural organization of protons in yeastwéer biosurfactant has been carried outlyNMR spectroscopy.
The chemical shifts and spatial arrangements wepctéd that the biosurfactant has the spatialngements
strictly similar to glycolipid (Fig. 4). Differenspectral peaks were detected in NMR because opttbgence of
polysaccharides and fatty acids fractions. Charistie spectra peaks of NMR were also reported asec of
glycolipids [17,18,19].

3.5.3 GC-M S analysis of fatty acids of methyl esters (FAME)

The fatty acid composition of yeast derived bioaatént by isolate WG1 was examined by GC-MS andioéd
spectral peaks were equated with the data availablibrary. Biosurfactant obtained from the iselaVG1 was
found to be a glycolipid mainly composed of longichfatty acids with polysaccharides fractions (5§ Major
fatty acid was found as Hexadecanoic acid on thesbaf probability of similarity from standard ddiarary.
Different authors have also observed that yeagaseiractive agents mainly composed of hexadecamwiit as a
major fatty acid composition [20,21,22]. Biosurfaat produced by th€ryptococcus humicoldCM1461 has been
reported for biosurfactants containing hexadecaaoid as a major fatty acid [23].
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Library Search Results Table

Compound Name RT Probability Molecular Formula

Butyric acid, 2-hydroxy-3-methyl-, methyl ester 339 94.33 C6H1203
Pentanoic acid, 2-hydroxy-, methyl ester 3.39 2.90 C6H1203
2-Hydroxy-2-methylbutyric acid 3.39 0.76 C5H1003

Fig. 5: GC-M Sanalysis of biosurfactant produced by the isolate WG1

3.6 lonic charge of biosurfactant

In agar double diffusion test, samples of all thelated biosurfactant formed white precipitatiarelibetween the
well containing BS sample and the well containirgianic compound barium chloride. This confirmeattthe
biosurfactant isolated frofichia sorbitophilaWG1 was anionic in nature.

3.7 Critical micelle concentration (CM C) of biosurfactant
The CMC of the produced biosurfactant was deterchime preparing different dilutions in distilled veatat pH 7.
The CMC of the purified biosurfactant froRichia sorbitophilaWG1 was found to be approximately 2.25 mg'ml

(Fig. 6).
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Fig. 6: CM C of biosurfactant isolated from Pichia sorbitophila WG1
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Fig. 7: Effect of pH on the surface tension of the crude biosurfactant isolated from Pichia sorbitophila WG1

3.8 Stability study of biosurfactant

3.8.1 Effect of pH

Biosurfactant isolated frorRichia sorbitophilaWG1 shows stability over wide range of pH from #€010.0 with
maximum reduction in surface tension (39.1 mN/m)pHt 8.0. AlImost same readings (39.2 mN/m) was also
obtained at pH 6.0 and pH 7.0 which increased td 40d 40.8 at pH 9.0, and pH 10.0 respectiveler&twas a
slight increase in surface tension values at praadpH 5.0 as well, but shows stability of bioaatant. Therefore,
we can say that, the surface tension activity ofdBg&ined fronPichia sorbitophilaWG1 was stable from pH 4.0
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(42 mN/m) to pH 10.0 (40.8 mN/m) with minimal vaitan in surface tension and showed highest stgbilit
(minimum surface tensioine.39.2 mN/m) at pH 8.0 as shown in Fig.7.

3.8.2 Effect of temperature

The surface tension of crude biosurfactant obtafneah Pichia sorbitophilaWG1 showed non-significant change
at different tested temperatures, which was skghifjher at low temperaturé. at 10 °C and 20 °C but showed
stability (39.2- 41.3 mN/m) at higher temperatui@3-110 °C)(Fig. 8).
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Fig. 8: Effect of temperature on the surface tension of the crude biosur factant isolated from Pichia sorbitophila WG1

3.9 Antimicrobial activity

The biosurfactant oPichia sorbitophilaWG1 showed 76% inhibition oEscherichia coli,72% inhibition of
Pseudomonas aeruginos@1%inhibition of Salmonella typhi95% inhibition of Staphylococcus aureu$,7%
inhibition of Staphylococcus epidermidid96% inhibition oBacillus cereusThe biosurfactant did not show an
effective antimicrobial activity against ti8higellastrains studied. It inhibited only 47.1% of thewgth of Shigella
flexneri On the other hand, it showed almost completebitiobh of growth (more than 99%) dfisteria
monocytogeneand Listeria innocua(Fig.9). In general, Gram positive pathogens showed highduction in
growth as compared to the Gram negative pathogens.
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Fig. 9: Growth inhibition per centages of different microbeswith the biosurfactant isolated from Pichia sorbitophila WG1

3.10 Phytotoxicity analysis

Germination test was used to measure the phytotpxaf the isolated biosurfactant. For this, a egriof
experiments were conducted to study different patars like seed germination, root elongation, vigalex and
germination index against the seed8dssica nigral. andTriticum aestivuni..

Tablel: Effect of Pichia sorbitophila WG1 biosurfactant on different parameters of Triticum aestivum and Brassica nigra

Name of tested crop | Seed germination(%) | Root elongation (%) | Germination Index (%) | Vigor index
Triticum aestivum 100+0.2 116.7+0.3 116.7+0.5 1450+35.35
Brassica nigra 100+0.. 112+0.: 112+0.2! 1250+12!

In the present study, 100 % seed germination stggest the isolated biosurfactant doesn’t extabiy inhibitory
effect on two tested crops. Also, the germinatimhe (Gl) value was more than 110 %, indicating abgence of
toxic effect on seed germination and root elongata the tested seeds and thus our product caorisidered as
non-phytotoxic compound.

CONCLUSION

Biosurfactants are widely used as compared to atersurfactants due to their unique features ldwe toxicity,
biodegradable nature, easy & ecofriendly productima more effectivenesstc Many reports are available in
literature regarding production of biosurfactantsnf bacterial species, but due to their pathogeatare and low
production rate, most of the byproducts are unblétto be used. Yeast, being a GRAS (generallyrdaghas safe)
status microorganism, produces higher quantityiasurfactants as compared to bacterial speciesbiisairfactant
produced byPichia sorbitophilaWG1 in the present study was structurally charamtd as glycolipid containing
hexadecanoic acid chain which showed stability av@ride range of pH & temperature and also own sother
properties like excellent surface tension reducbiity, CMC, antimicrobial and proved to be nontxAll these
properties of isolated biosurfactant opens newréuprospects for its use in a wide variety of dffecindustrial,
environmental and biotechnology applications sucpraduction of biocontrol ageatc
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