Available online at www.der phar machemica.com

m_ma [

Scholars Research Library I}‘?C”;

Scholars Research ?&y?
Der Pharma Chemica, 2011, 3 (4):501-508

' (http://derpharmachemica.com/archive.html) L =w=

I SSN 0975-413X
CODEN (USA): PCHHAX

Optimization and characterization of athermo tolerant lipase from
Cryptococcus albidus

Prakash Tiwari', Mukesh K. Upadhyay" Nipun Silawat? and H. N. Verma*

School of Life Sciences, Jaipur National Universiggatpura, Jaipur, India
M. P. Council of Science and Technology, NeharuaXaghopal, India

ABSTRACT

A thermo tolerant yeast Cryptococcus albidus wasatterized for optimal production of liapse

. The organism shown maximum production Bri&y of incubation. The optimum temperature
for both production and activity was %D and optimal pH was 6.5. Few metal ions liké'Ba
ca’*, Mg®* and Zrf* enhanced the activity whereas®feMn** and Zri* declined the enzyme
action. The enzyme was characterized by some tohsband solvents; amongst inhibitofs;-
mercapto ethanol and SDS had shown maximum intribithere as amongst the solvents phenol
and choloroform strongly repressed the activitytf@ent solid and liquid raw materials viz; oll
cake, vegetable oils and ghee extraction waste aleestudied for enzyme production.

Keywords: Cryptococcus albidydipase, enzyme activity, production, relativeiaty.

INTRODUCTION

Lipases (EC 3.1.1.3%atalzethe hydrolysis of acyl glycerols to fatty @si di-agyl
glycerols, mono-acyl glycerols and glycemod widely occur in bacterif,2,3], yeass
and fungi [4,5].Among microbes, fungincluding yeasts are extensively recognized as
the best lipasesourcesand are used preferably for industriapplications because fungal
enzymes are usually excreted extracellularly, itatihg extraction from the fermentation media.
A large number of unicellular as well as filamergowngi have been studied for lipase
production [5,6].Aspergillus Rhizopus and some strains of yeast are well known skpa
producer and suitable for use in many indaktrapplications [7,8] . Studies on
conditions for theproduction of extra- cellular lipases by fungi show variations
ammgdifferent strains but the requirement ofidipcarbonsource is crucial for enzyme
prodiction. Hencethe technique of solid state fermentat{&%-) is exploited at industrial
scale andnvolves the growth and metabolism oficroorgamsms on moist solidsThis
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technique has many advantagas. economy of space needgm fermentation simplicity of
fermentationmedia, less energy demand, lower capital and necurexpenditure[9,10].
Although, almost allliterature on SSF refers to fungal systems but therevaing few reports
on lipaseproductionin SSF by yeast talate[11,12]. Lipases active at highly acidic pH
have notbeenreported so far from microbial sources. Therefoithe present study is
standardized for lipaseproduction by a selected yeast staryptococcus albidusand
characterizatiorf the ereyme with regard to thermo stability, pH stabilitpdaoptimum
temperatureand pH conditions foreaction.

MATERIALSAND METHODS

I solation of fungi from soil

A high lipolytic yeastCryptococcus albidusvas isolated from oil rich samples collected from
different niches of Rajasthan. The pure culture of tyg@as maintained on GYPA medium at
28+1 °C whereas one set of culture was maintained@tid refrigerator for further use.

Growth medium and cultural conditions

1 ml of olive oil along with 100 ml basal salt solution (Peptong:d) MgSQ.7H,O: 0.05 g;
KCI: 0.05 g; KHPQOy: 0.2 g; NaN@: 0.05 g) in 250 ml of Erlenmeyer flask were autoclaved a
15 psi for 15 minutes. These flasks were inoculated @Gryptococcus albiduand incubated at
281 °C in shaking incubator (80 rpm) for 5 days.

Enzyme assay

Crude enzyme extract was prepared from the culturersaga@t which was centrifuged at
10,000 rpm for 15 min at 4°C. Lipase activity was meadispectrophotometrically using p-
nitrophenyl acetate (pNPA) as a substrate at 45°C hrmi®l phosphate buffer of pH 7.0[13].
The substrate for this reaction was composed of solutiandAB. Solution A contained 40 mg
of p-nitro phenyl actetate dissolved in 12 ml of isgg@nol, solution B contained 0.1 g of gum
arabic and 0.4 ml of triton X-100 dissolved in 90 ml gdtiled water. The substrate solution
was prepared by adding 1 ml of solution A and 19 mbaift®on B. The assay mixture contained
1 ml of the substrate, 0.5 ml of buffer, 0.1 ml of yne and final volume was made up to 3 mi
with distilled water. The enzyme activity was stopped bigimg 0.2 ml isopropanol and
liberation ofp-nitrophenol at 28 °C was detected in spectrophotometeéd(ahd. One enzyme
unit was defined as 1 pmol of p-nitrophenol enzymaticedhgased from the substrate per
minute [1].

Effect of various parameterson lipase activity

Effect of incubation period

Enzyme production was observed frorff tb 10" days of incubation and the activity was
determined by similar protocol as described above. 0.bfnefude enzyme extract added in
substrate solution, incubated at 28 °C for 30 minutes lgabe activity was measured
spectrophotometrically against control.

Effect of temperature
The optimum temperature of the enzyme were determined pvitliro phenyl acetate by
incubating the assay mixture in the temperature range € 90°C using phosphate buffer
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pH 7 (0.5 M). To ascertain the stability, 0.5 mlpéfosphate buffer (0.5M, pH 7) and 0.1 ml of
enzyme were incubated at different temperaturesC1A5 °C, 20 °C, 25 °C, 30 °C, 35 °C, 40
°C, 45 °C, 50 °C, 55 °C, 60 °C, 65 °C and 70 °@)30 minutes and assayed for lipase activity.
Effect of pH on lipase activity and stability

The titrimetric assay of lipase produced by thé $&sin was performed according to the method
of Kamimuraet al.[14]. Lipase activity was measured with 0.05 M Na@sihg emulsified olive

oil as the substrate. One ml of culture supernategdted as crude enzyme was added to 5 ml of
oil emulsion containing 25 % (v/v) olive oil, 75 @/'v) gum arabic and 2 ml of 0.5 M phosphate
buffer at pH 7.0. The assay was carried out at@during 30 min incubation. After this time
interval the reaction was stopped by addition ofni5of acetone/ ethanol (1:1 v/v) and the
amount of fatty acids was then titrated. 1 ml @& titration volume is equal to 2.5 units of lipase.
For determination of stability on distinct pH, theffers used were glycine-HCI buffer (pH 3.5),
citrate buffer (pH 3.5-5.0), phosphate buffer (p3-3.5), tris-HCI buffer (8.0-8.5) and glycine-
NaOH buffer (pH 9.0- 12.0). 0.1 mL of enzyme wasuipated with different buffers along with
substrate solution at 28°C for 30 minutes and a&sbs&yr lipase activity.

Effect of metal ions on lipase activity

For determining the effect of different metal ioms lipase activity were incubated with two
different concentrationse. 50 pug/ml and 100 ug/ml of Mh(MnCl,), Cu™? (CuSQ), Zn™
(ZnSQy), B&*(BaCh5H,0), Fe" (FeClk), Hg? (HgCh), Cd?(CaCh.6H,0), Co?(CoCh.6H,0),
Mg*? (MgCl,.6H,0), NH," (NH;NOs anhy.) and A§ (AgNOs) for 30 min at 50 °C under
standard assay conditions.

Effect of inhibitors on lipase activity

The effect of different inhibitors on lipase actyvivere determined by mixing with two distinct
concentrations (50 pg and 100 pug per ml of reaatmoxture ). Following chemical inhibitors
viz; Urea, HO,, sodium nitrite, sodium hypochlorite, sodium bphdte, EDTA, DTT, SDS3-
mercapto ethanol, DMF and PMSF were used andigctias evaluated at 50 °C for 30 min
(pH 6.5) under standard assay conditions.

Effect of solventson lipase activity

The effect of different solvents on lipase activit\as determined by incubating the reaction
mixture with 50 pl/ml and 100 ul/ml concentratiooisacetone, aniline, benzene, chloroform,
ether, iso propanol, ethanol, glycerol, phenalatitX- 100 and toluene individually for 30 min

at 50 °C under standard assay conditions.

Effect of different edible oils on enzyme production

The present experiment was performed as per thiequicdeveloped by Limat al.[15] in order

to determine the best carbon source for the temhsand lipid degrading capability, on various
vegetable oils. For this purpose 1 % each of dalivecoconut oil, ground nut oil, mustard oil,
soy bean oil and ghee was added separately to 56f the basal medium. The contents were
incubated at 28+fC and &' day culture broth ofSryptococcus albidusvas taken as crude
extractenzyme.
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Lipase production from raw materialslike oil cakes and ghee extraction waste:

The experiment was performed as per Lietaal. [15]. 10 ml of substrate moistening reagent
(100 mM of phosphate buffer, pH 7) along with 2fgcaushed oil cake / 2 g of ghee extraction
waste and sterilized. 2 ml of strain inoculum wasculated and incubated at 284C. Lipase
activity was observed from™to 10" day of incubation. The enzyme was procured bynp5

ml of chilled phosphate buffer of pH 7 was addledach flask and mixed properly. Crude
enzyme extract was filtered through filter paped dpase activity was determined as described
earlier.

RESULTSAND DISCUSSION

From the Table-1, it is revealed that the productid enzyme increased during cell growth of
Cryptococcus albidus and reached maximum (47.2 U/ml) dh day of incubation in batch
culture, after that the production was decreaséd mcrease in  incubation period. Gumienna
et al [16] reported similar observation while studyittge lipase production fron€andida
bombicolaATCC 22214. In contrary to this Kirat al [4] reported optimum production from
Pichia lynferdiion 4 days of incubation. The optimum temperaturdifase production by this
organism was determined and tested at the range tf 60 "C (Table -2). It was observed that
50 °C was the optimum incubation temperature. Bhisws that the lipase produced by this
organism is thermo tolerant. Therefore, this enzyrae be exploited for detergent and food
processing industries. Imandi and Garapati [17pregal maximum yield of enzyme incubating
the organism at 38C while studying the lipase production frovfarrowia lipolytica NCIM
3589.

Activity of lipase, produced by test strain, usuiifferent lipid substrates was determined using
p-NPP as substrate. In substrate buffer, insteaB-NPP, various lipid sources were used in
appropriate concentration. Lipase assay was doderistandard condition and relative activity

was measured.
Table 1: Effect of incubation period on lipase production by Cryptococcus albidus

Incubation Period (Days)
Lipase activity (U/ml) 1 2 3 4 5 6 7 8 9 10

(Each value is an average of three parallel
experiments) 19.7| 21.3| 278 | 33.5| 47.2| 47.1| 38.5| 31.5| 29.3| 29.

Effect of pH and temperature

The pH plays crucial role for the detection of enayic activity. The study of the effect of pH
on enzymatic activity and stability provides vallegablues regarding the type and identity of
amino acids present in the enzyme. Enzymes aretafféoy changes in pH and show maximum
activity at a specified pH. Extremely high or low palues generally result in complete loss of
activity for most of enzyme. In this study, highestivity at pH 6.5 was recorded (Table-3) and
as the pH increased beyond 6.5, the activity wappmid. Korbekandet al [18] and Kimet al

[4] both reported optimum pH 7 while working dbandida rugosaand Pichia lynferdii
respectively

The crude enzyme shown maximum activity and stgbit 50°C and retained 57 % of its

activity at 60C, indicating thermo tolerant nature of the enzyf@ble- 4). Similar observation
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was recorded by Deivet al [19] and Jattaet al [20] while working on optimum lipase
production fromKluyveromyces marxianasdCandida albicansespectively.

Table 2: Effect of temperature on lipase production by Cryptococcus albidus

Temperature (°C)
Lipase activity (U/ml) 20 28 35 40 50 60
(Each value is an average of three parallel experis) | 234 | 30.5 | 27.C | 31.7 | 44.€ | 34

Table 3: Effect of pH on lipase activity and stability of Cryptococcus albidus

pH

35 4.0 4.5 5.0 55 60 | 65| 70 7.5 8.0 9.0 10 11 12

RA (%) | 21.45| 32.86] 48.63 70.6876.15| 84.68| 100 | 82.45| 61.42| 49.66 | 42.56| 35.65| 31.23 | 19.65

RS(%) | 27.75| 31.45] 4478 67.8872.46| 81.23| 100 | 79.30| 58.65| 43.54| 41.85| 32.48| 29.87 | 18.68

RA = Relative activity; RS = Relative stability agh value is an average of three parallel experitaen

Table 4: Effect of temperature on lipase activity and stability of Cryptococcus albidus

Temperature (°C)
5 15 25 30 35 40 50 60 70 80 90
Relative activity (%) | 25.7¢ | 21.6% | 30.1% | 43.657 | 51.57 | 52.8¢ | 10C | 57.3¢ | 34.97 | 38.0% | 32.31
Relative stability (%) | 25.3% | 26.4% | 29.5¢ | 44.7¢ | 52.4( | 53.27 | 10C | 57.3¢ | 45.8¢ | 36.57 | 30.47

Effect of various metal ions, inhibitorsand solvents

Certain enzymes besides coenzymes require a noetébi their full activity. As reported from
studies on this isolate at the concentration ofys@dml of some metal ions could affect the
enzyme activity. B, Ca? and Mgd*and NH" enhanced the activity of enzyme. Whereas metal
ions F&, Mn*% zn" Co Cu™? and HJ? showed above 60-70 % relative activity, on
increasing the concentration up to 100 pg/ml, f& ibns inhibited the enzyme activity except
Ag’ (Table- 5). H&” showed the stronger inhibitory effect and showed 3% relative activity.
Kakugawaet al. [21] characterizing lipase oKurtzmanomycesp. reported 19 % and 46 %
relative activity when added Feand Al” at the concentration of 50 pg/ml in the reaction
mixture.

Table5: Effect of different metal ions on lipase activity of Cryptococcus albidus

M etal ions
Control [ Mn* [ C* [ zn** | B&' [ Feé¥ | Hg?' | c&" | Cc® | Mg® | NH," | Ag”

100 745| 66.9| 73.9| 111.7| 58.5| 44.1 | 135.6| 91.8| 137.9| 129.2| 32.8

Solvent
Relative (50 mM)

activity (%) Solvent

(100 mM)

100 67.4| 61.6| 69.9| 107.9] 543 36.7 | 128.6| 86.3 | 123.5| 117.6| 32.8

A total of eleven inhibitors were studied with deuenzyme extract at the concentration of 50
and 100 pg/ml individually in enzyme ass@ymercapto ethanol (0.33 U/ml) strongly inhibited
the activity of enzyme followed by SDS (19.8%), eathinhibitors showed 20-60% relative
activity at 50 pg/ml concentration. On the incragsthe concentration all showed strong
inhibitory effect (Table- 6). In contrary to thisaBji and Ebenezer [10] reported that SDS
strongly reduces the enzyme activity while workiog extracellular lipase production from
Colletotrichum gloeosporiodes Amongst 10 solvents, phenol and choloform at /50
concentration, showed greater inhibitory effect &o¢tone, iso- propanol and ethanol partially
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inhibited whereas aniline and benzene enhancedatheity at the same concentration. The
enhancement of lipase activity via these solveatghmany applications as in oil based fuel
manufacturing [22], plastic and chemical manufacturing, biodegradatipnlp and paper
industries, dairy and food industries [11]. On thereased concentration of 100 pl/ml, all the
solvents dropped the activity as compared to 5@l able-7). Devieet al [19] reported that
lipase produced biluyveromyces marxianishown 70 % of its residual activity after 2 days in
solvent combination oh-hexane and cyclohexane (80 % v/v). Kakugawal [21] reported
stimulation ofKurtzmanomycesp. lipase activity in the presence of 50 % isabal, xylene,
benzene and toluene however they reported drartgtieduced enzyme activity in the presence
of methanol, choloroformand dimethylsulfoxide (DR

Table 6: Effect of different inhibitors on lipase activity of Cryptococcus albidus

Inhibitors
Control A B C D E F G H [ J K
Relative Inhibitor (50 mM) 100 29.2| 495 48.4|52.7| 445| 49.6| 57.3| 29.5| 0.7 | 37.9| 57.6

a‘?o'/:)")ty Inhibitor(100mM) | 100 | 23.7| 415 41.747.9| 386 40.3 48.9|19.8| 0.2 | 30.5| 505

Whereas; A= Urea; B=kl,; C= Sodium nitrite; D=Sodium hypochlorite; E=Sodiubisulphate; F=EDTA,
G=DTT,; H=SDS; I=#mercapto ethanol; J=DMF and K= PMSF

Effect of different edible oils on enzyme production

Efficacy of different vegetable oils were tested the enzyme production. Soy bean oll
supported maximum enzyme yield (52.5 U/ml) followy olive oil (49.2 U/ml), coconut oll
(47.9 U/ml), ghee (45.4 U/ml), ground nut oil (43J3ml) and mustard oil (41.7) (Table - 8).
Imandi and Garapati [17] reported maximum lipaseldyiwith sunflower oil with the same
organism.

Table 7: Effect of different solventson lipase activity of Cryptococcus albidus

Solvents
Control A B C D E F G H [ J K
Relative Solvent (50 pl/ml) 100 79.6| 146.8§ 123.5| 41.8| 69.8| 74.8| 71.8| 54.7| 00.0| 43.5| 67.1
a"(t(,'/Z')ty Solvent (100 ul/ml) | 100 | 77.8| 137. 119.836.2| 64.7| 69.8 63.9| 47.4| 00.0| 36.7 | 58.5
Whereas, A = Acetone; B= Aniline; C= Benzene; D3d@form; E= Ether; F= Iso propanol; G= Ethanol; H€lyceral; | =
Phenol; J=Titran X- 100 and K= Toluene

Lipase production from raw materialslike oil cakes and ghee extraction waste:

The present experiment was an attempt for lipasdymtion through waste materials, like oll
cake and ghee extraction waste. These can be atliemtcsource for lipase production as lipase
activity obtained in these sources was very mugahdr than different oil source&hee
extraction waste was the best source obtainedigasé production, and could be a very good
alternative for mass scale production of lipaswest cost. The organism shown enzyme vyield
of 68.7 U/ml (Table- 9). Since these source arectteapest one, and easily available, they could
proved to be very good source for industrial sgmtaluction of lipase. Whereas when mustard
oil cake shown significant activity (49 U/ml) (T&bl9).
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Gumiennaet al [16] reported maximum lipase production fra@andida bombicolaATCC
22214 using post-deodorizing condensate in theymtimh media. The present investigation on
lipase produced b¢ryptococcus albidysshowed that yeasts are one of the best prodicer
lipase in batch culture, which are active at pH(@d&dic lipase) and find application in different
medical and many esterification processes [23k Optimum temperature for the enzyme
activity was at 50 °C. The thermotolerant lipase arsing various industries such as
oleochemical, food additives, cosmetics and therége The high regio and spacio specificities
of these enzymes have application in the kinesoltgion of optical isomers for the synthesis of
optically pure substances in pharmaceutical anchata industries [24,25].

Table 8: Effect of different edible oils on lipase production from Cryptococcus albidus

Edibleoils | Mustard oil | Coconut oil | Ghee| Groundnut oil| Olive oil | Soya bean oi
EA (U/ml) 41.7 47.¢ 45.4 43.5 49.2 52.F

Table 9: Raw materialsas substrate for lipase production from Cryptococcus albidus

S. No. Raw material Enzyme activity (U/ml)
1 Ghee extraction waste 68.7
2 Oil cake 49.C
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