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ABSTRACT

This work aimed to study the partitioning of a Bpgproduced bBurkholderia cepacian PEG/Phosphate aqueous
two phase system (ATPS) and its characterizatigpade was produced bB. cepaciastrains in a fermenter.
Enzyme partitioning occurred at pH 6.0 and 8.0ngsPEG 1500 and 6000 on two tie lines. Metal iqitd,and
temperature effects on enzyme activity were evaduidive milliliter of 7.5% olive oil emulsion with5% gum-
arabic in 0.1M sodium phosphate buffer at pH 8.@ &7°C were used for the activity determinationssuits
showed that crude stratum froB1 cepaciawas partitioned by PEG1500/phosphate ATPS at fHo8.8.0 for,
which the partitioning coefficients were 108- an@bolds. Lipase presented optimal activity comaisi at 37C
and pH 8.0; it showed pH-stability for 4 h of ination at different pH values at 3Z. Metal ions such as Mh
Co*, I and C&" sustained enzymatic activities; however, it washited by the presence of #eHg?* and AF*.
Km and V., values were 0.258 U/mg and 43.90 g/L, respectivelgolecular weight of 33 kDa and an isoelectric
point at pH 5.0 were determined by SDS-PAGE ancelE&rophoresis, respectively.

Key words: lipase ,Burkholderia cepaciagaqueous two phase system, partitioning, chaiaatem

INTRODUCTION lipids as acylhydrolases, cholesterol esterasel- thi
esterases, among others (Borgstrom and Brockman
Lipases (triglycerol acyl-hydrolases E.C. 3.1.1.3)1984; Balcdo 1996; Paiva et al. 2000).
are enzymes that catalyze the hydrolysis of watedydrolytic enzymes constitute the main class of
insoluble triglycerides to di and mono-enzymes employed in the industry. Lipases
acylglycerides, free fatty and glycerol. Lipasesatalyze lipid hydrolysis, which make them
have been utilized for the esterification,attractive for the applications in diversified
transesterification and resolutions of chiralindustrial sectors. Lipases usage as additives in
substrates. Usually, the highest catalytic actioity detergents still represents the main industrial
lipases occurs in water/lipid interface, and they a application of these enzymes (Kirk et al. 2002,
activated in the presence of emulsified esterss ThRanganathan et al. 2008). The hydrolytic
definition disregards the enzymes which perforntapability of lipases has been explored in paper
their hydrolytic functions under water-solubleand cellulose industry to remove hydrophobic
substrates (esterases) or which hydrolyze othénaterial from the wood, undesired to paper
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manufacture (Jaerger and Reetz 1998). Thistudy, Burkholderia cepacialipase partitioning
capability is also employed to treat the effluent@nd characterization was carried out so as to know
that may be used to remove the oil from théts performance.

residual waters of factories, restaurants,

residences, or even of oil refineries that pollute

soil and water, as well as to remove fat depositMATERIALS

formed in tubing systems for hot water, beverages

or liquid food. Lipases have also been responsiblglicroorganism

for the development of aromas in biodiesel, chees&Burkholderia cepaciastrain was utilized, which
and derivatives, alcoholic drinks, chocolates angvas obtained from André Tosello Foundation and
desserts, by the selective hydrolysis okept in test tubes at 4°C in nutrient agar.
triacylglycerols and release of fatty acids, which

act as flavorings or as their precursors (BorgstrorBquipment

and Brockman 1984; Cammarota et al. 2001Sterilization of growth and production medium
Pandey et al. 1999; Pencreac’h and Barrati 199@nd glass wares was performed at 121°C for 15
Ranganathan et al. 2008; Sharma et al. 200%inutes. The shaker utilized for lipolytic analysis
Singh and Banerjee 2007). and enzymatic characterization was TE-421 from
Lipases can be found in different organismsTecnal, and BIOFLO Il reactor from New
including animals, plants, fungi and bacteria. FronBrunswick Scientific was used in the production of
Claude Bernard discovery, lipases were initiallythe lipases.

obtained from the animal pancreas, but owing to

the difficulty of obtaining these sources, thereswaReagents

an increase in the interest for microbial lipase®cetone, ethyl alcohol, monobasic sodium
which, due to the easy production and greatgshosphate, dibasic sodium phosphate, sodium
source of microorganisms capable of synthesizingydroxide, and other salts, both with PA degree,
them, are the most commonly used. The maiwere used to determine the characterization and
procedure of producing the lipases by fermentativéermentation stage, were obtained from Synth
processes demonstrates control facility an@Diadema-SP); Arabic-gum, agar-agar, Yyeast
productive capability, as well as reducedextract and peptone were obtained from Oxoid
obtainment cost (Borgstrom and Brockman 1984(England, London); Liza soybean oil and Gallo
Hasan et al. 2006). Among the microorganismsglive oil were bought from a retail store locally.
that produce lipaseRhizopus Aspergillus and Polyethylene glycol (PEG) with molecular weight
Mucor fungi, Pseudomonabacteria ancCandida of 6000 was obtained from Sigma Chemical (St.
yeasts are outstanding. Fast cellular growth is oreouis, USA), as well as a mixture of salts for &toc
of the advantages of bacterial sources as enzymgelution: monobasic potassium phosphate and
producers, besides being considered of highibasic potassium phosphate, both from Synth
biotechnological potential due to its stability at(Diadema-SP). Commercial lipase used in the
high temperatures and organic solventsglectrophoresis was obtained from Sigma
Depending on the source, lipases may have€hemical (St. Louis, USA).

molecular weight ranging from 20 to 75 kDa,

optimal pH activity between 6.0 and 8.0 and at

temperatures between 30 and 40°C (BorgstrofMETHODS

and Brockman 1984; Beisson et al. 2000; Kordel

et al. 1991). Inoculums preparation and fermentative
Approximately 20% of biotransformation derivessystem

from the reactions with lipases; this is why theyinoculums was transferred from test tubes to
comprise one of the most important groups ofrlenmeyer flasks of 125mL, containing yeast
biotechnological value.  Therefore, lipaseextract (3g/L), peptone (3g/L), KRO, (4g/L),
biochemical characterization is extremerMgso4 (0.2 g/L) and 3% of soybean oil.
important to know and establish its applicationvicroorganism adaptation was performed during
conditions. Literature describes the studies imgh at 30°C and 150 rpm. After this, inoculums

which this enzyme performance ranges varyas transferred to a bioreactor Bioflo Il (with
according to the utilized microorganism. In this
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useful volume of 5000mL, containing a medium ofV,,x were estimated by Lineweaver-Burk method.
3000mL). Air was provided by the compressorlons effect also determined to observe the
sterilized by glass wool filter and with flow activation and inhibition of ions such as o
controlled by rotameters. The culture medium hadig®, CU*, B&*, F€* and others (Aguilar et al.
the same concentrations as those of the reage@800; Biazus et al. 2009; Padilha et al. 2009a;
prepared for the inoculums, but with 6% (v/v) ofToledo et al. 2007; Wanderley et al. 2004).
soybean oil to induce lipase production.Proteins content was measured by Bradford
Fermentation was performed at 30°C, pH 7.0, 1.Bethod (Bradford, 1976).

vvm of aeration and stirring of 150 rpm for 96 h

(Macedo et al. 1997; Padilha et al. 2009a anBinodal curves and tie lines

2009b; Pastore et al. 2003). Solutions of PEG 6000 and 1500 (50%, w/w) and
phosphate buffer (20%, w/w) of known
Making of enzymatic extract concentrations were prepared at pH 6.0 and 8.0. A

During intervals of 24 h, 15 mL of the fermentedgiven volume of PEG solution was added to the
medium were collected and centrifuged for 10 mirbuffer solution until became turbid. The phase
at 2016g. Supernatants were used as crud@mpositions were determined to obtain the
enzymatic extract (Macedo et al. 1997; Padilha diinodal curve and tie-line length. PEG 6000 (or

al. 2009a and 2009b; Pastore et al. 2003). PEG 1500) and phosphate buffer solutions were
mixed together until equal volumes of the phases
Determination of the lipolytic activity (Albertsson 1986; Biazus et al. 2006 and 2007;

Lipolytic activity was determined according to theDiamond and Hsu 1992; Ferreira et al. 2009 and
methodology by Kamimura et al. (1999), Maced®011; Ferreira et al. 2007; Fileti et al. 2009 and
(1997) and Pastore et al. (2003). Lipase assay wae10; Padilha et al. 2011).

performed with olive oil emulsion, which was

prepared by mixing 25 mL of olive oil and 75 mL Purification stage

Arabic-gum 7% solution in a homogenizer for 4in this study, PEG and phosphate salt at pH 6.0
min. The reaction mixture containing 5.0 mL ofwere used for ATPS with two tie lines. lit was put
olive oil emulsion, 2.0 mL of 100 mM phosphateinto graduated centrifuge tubes, with a total weigh
buffer (pH 8.0) and 1.0 mL of the culture wasof 8g, by weighing the appropriate amounts of
incubated at 37 °C for 30 min with orbital shakingPEG 6000 and 1500 at 50% and phosphate salt at
at 150 rpm. The reaction was immediately stoppeg0%. A 0.2mL from crude stratum was added into
after incubation by the addition of 15 mL the tubes, stirred in vortex and, after reachirgy th
acetone:ethanol mixture (1:1, v/v), and thediffusive balance (between 12 and 24 h), 1.0 mL
liberated free fatty acids were titrated with 50 mMof sample for each stage was collected (Albertsson
NaOH. One unit (U) of lipase activity was defined1986; Biazus et al. 2006 and 2007; Diamond and
as the amount which liberateduinol of fatty acid Hsu 1992; Ferreira et al. 2011; Fileti et al. 2009

per min. and 2010; Ferreira et al. 2009). Determination of
total protein concentration in inferior and superio
Enzyme characterization stages was measured by the method of Bradford

The optimum pH of the enzyme was determined1976). Enzymatic activity was determined by the
by measuring its activity for 30 min in the pH methodology described by Macedo et al. (1997)
range of 3.0-11.0 at 37%2°C, using 5.0 mL of and Pastore et al. (2003). The partition coefficien
olive oil emulsion at 100mM: citrate buffer (pH was obtained with equation 1:

from 3.0 to 5.0); phosphate buffer (pH from 6.0 to Ctop

8.0); carbonate-bicarbonate buffer (pHs from 9.0K = —— (1)

to 11.0). The optimum temperature was obtained bottom

measuring its activity, for 30 min at temperatures

between 25 and 50%2°C, using the olive oil SDS-PAGE Electrophoresis and isoelectric
emulsion acetate, at pH 8.0. The activation energfpcusing (IEF)

was determined by Arrhenius method. Initial rate$efore and after the purification in aqueous two-
of hydrolysis of the olive oil were determined atPhase system (ATPS) PEG/phosphate salt, lipase
various substrate concentrations (0.5-50%, p/p) &mples were analyzed by SDS-PAGE
pH 8.0 and 37°C. The kinetic constaits and electrophoresis, performed with Mini Protean llI
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(BioRad, USA) and utilizing polyacrylamide gel Sweden) at 410Vh and acrylamide gradient gels in
according to protocol introduced by Laemmli5% concentration ranging between pH 3.0 and 9.0
(1970), in a concentration of 7.5%. Samples werffom GE Healthcare (USA), in accordance with
treated with the buffers containing SDS inthe method described by the manufacturer. In both
denaturant and reducing conditions (with thdahe techniques, gel coloration was performed with
presence of3-mercaptoethanol). Denaturation of silver nitrate (Biazus et al. 2007 and 2009; Figti
sample proteins was performed by heating adl. 2009; Morrissey 1981).

100 °C for 10 min. Aliquots of 1HL of each

sample and 5pL of low molecular weight

indicator were applied on the gels of 7.5%. ThesRESULTS AND DISCUSSION

gels were submitted to a voltage of 180 V, in a

vertical bowl. Low molecular weight indicator Binodal curves and tie lines

contained the following proteins: phosphorylase #rigures 1 and 2 show the pH effect on phase
(97 kDa), albumin (66 kDa), ovalbumin (45 kDa),diagrams of PEG/phosphate ATPS. There was an
carbonic anhydrase (30 kDa), trypsin inhibitorinfluence of pH, which dislocated the binodal
(20.1 kDa), a-lactalbumin (14.4 kDa), and both curves of these ATPS. For the reduced pH, there
kits from GE Healthcare (USA). For the was a large need of PEG concentration for two-
electrophoresis of isoelectric focusing (IEF), thephase formation (Albertsson 1986; Ferreira et al.

equipment PhastSystem was utilized (Pharmaci2007; Silva and Franco 2000).
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Figure 1 - Phase diagrams of PEG 1500/Phosphate ATPS onfpét,eft 25°C.
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Figure 2 - Phase diagrams of PEG 6000/Phosphate ATPS onfpét,eft 25°C.
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Figures 3 and 4 show the effect of the PEG molahe pH and PEG molar weight effects on PEG-salt
weight on phase diagrams of PEG /phosphatgystems was not fully elucidated.

ATPS. The lower molar mass needed of a larg&ables 1 and 2 show the tie-line compositions for

PEG concentration for two-phase formationPEG 1500 and 6000/ phosphate at pH 6.0 and 8.0,
(Albertsson, 1986; Silva and Franco, 2000)respectively. There were significant differences

However, according to Diamond and Hsu (1992)among the composition systems.
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Figure 3 - Phase diagrams of PEG/Phosphate ATPS at pH 65 2
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Figure 4 - Phase diagrams of PEG/Phosphate ATPS at pH 850 2

Table 1- Phase compositions of PEG1500/Phosphate ATPS.

Tie Total System Compositic Top Phase Compositic Bottom Phase Compositic
pH Line (w/w) (w/w) (w/w)
PEC Sali Wate| PEC Sal Watel PEC Sali Watel
6 1 17.¢ 12.¢ 69.2 31.C 5.€ 63.£ 5.C 19.5 75.F
2 14.¢ 12.¢ 72.€ 21.C 9.2 69.7 9.C 16.C 75.C
8 1 17.¢ 12.C 70.1 35.C 3.2 64.¢ 0.7 20.t 78.¢
2 16.¢ 11.C 72.2 33.C 3.€ 63.£ 0.€ 18.7i 80.7

Table 2 - Phase compositions of PEG 6000/Phosphate ATPS.

Tie Total System Compositic Top Phase Compositic Bottom Phase Compositic
pH Line (w/w) (w/w) (wiw)
PEC Sall Watel PEC Sali Watel PEC Sali Watel
6 1 19.C 12.2 68.7 36.C 3. 60.€ 1.7 21.C 77.5
2 9.7 12.2 78.C 17.C 8.5 74.5 2.2 16.C 81.¢
8 1 23.7 10.t 65.¢ 43.€ 1.4 55.C 3.C 20.C 77.C
2 18.2 9.¢ 73.t 35.C 2.8 62.2 0.t 18.C 81t
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Lipase partitioning by PEG/Phosphate ATPS was very efficiently. These results were very
Tables 3 and 4 show the assays, with the varyingjgnificant, principally, while compared to
of PEG molar weight pH and tie line (TL). The methods showed by other authors.

tables, also showed the activity, protein andaxena et al. (2003) purified the lipases frGm
specific activity (SA) measured after theViscosumin the first process by AOT/iso-octane
equilibrium of phases in the bottom and top phase®versed micelles with an activity recovery of 91%
from PEG1500 and 6000/Phosphate ATPS. Thessnd purification factor of 4.3; in a second
results were used for the calculation of partithgni  purification, Amberlite CG and Shefadex
coefficient (K) of lipase fronB. cepaciaas shown chromatography was used, where an activity
in Table 5 The best results to lipase purificationrecovery of 2.8% and a purification factor of 23
were at PEG 1500/phosphate ATPS for, the pH 6@as found; and in a third purification, a lipase
or 8.0 and the tie lines 2 (high PEG content)from B. Streamthermofiluby CM-Sepharose and
which the partitioning coefficient of the specific DEAE-Sepharose chromatography was purified,
activity were amongst 108 and 209 timeswhere an activity recovery of 62.2% and a
respectively. purification factor of 11.6 were found.

Lipase purification method applied in this work

Table 3 - Biomolecules partitioning on top phase by PE@Apinate ATPS.

Assay PEG pH TL Activity (U/mL) Protein (mg/L) SA (U/mg)
1 600( 8 2 6.01 122.33 49.15
2 600( 8 1 2.40 121.22 19.84
3 600( 6 2 18.72 222.10 84.29
4 60C0 6 1 9.4¢ 181.8¢ 51.9:
5 150( 8 2 9.52 73.77 129.03
6 150( 8 1 3.3¢ 35.8( 93.2¢
7 150( 6 2 1.44 214.87 6.68
8 150( 6 1 17.66 99.08 178.24

TL = Tie Line; SA = specific activity

Table 4 - Biomolecules partitioning on bottom phase by FE@sphate ATPS.

Assay PEG pH TL Activity (U/mL)  Proteins (mg/L) SA (U/mg)
1 6000 8 2 7.16 1031.89 6.94
2 6000 8 1 11.98 1411.56 8.49
3 6000 6 2 20.12 1415.23 14.22
4 6000 6 1 24.26 2718.23 8.92
5 1500 8 2 2.56 2134.34 1.20
6 1500 8 1 3.84 206.64 18.59
7 1500 6 2 0.02 625.25 0.03
8 1500 6 1 14.98 337.92 44.33

TL = Tie Line; SA = specific activity

Table 5- Lipase partitioning coefficients by PEG1500 &00/Phosphate ATPS.

Assay PEG pH TL Partitioning coefficient
1 6000 8 2 7.079
2 6000 8 1 2.337
3 6000 6 2 5.928
4 6000 6 1 5.818
5 1500 8 2 107.8
6 1500 8 1 5.019
7 1500 6 2 209.0
8 1500 6 1 4.021
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A lipase P. aeruginosawas purified by acetone on the results, optimal enzyme temperature was
precipitation and Q-sepharose and Q-sephaci@7°C, at which 100% of relative activity was
S200 chromatographic steps, and after fulbbserved, presenting an activity of 1.85 U/mL and
purification a purification factor of 21.5-fold was specific activity of 29.30 U/mg. The largest
found (Singh and Banerjee 2007). The procedureariation found for the values of activity was 17%
included phenyl-toyopearl fractionation, DEAE- (between 20 and 37°C).

Sepharose chromatography, and Saphadex300HFme enzymes can lose their activity with small
chromatography was done to the purification of/ariations in the temperature, since the change in
lipases fromP. fluorecensHU380. The enzyme conformation causes lose in its active site
was purified 24.3-fold (Kojima and Shimizu specificity to react with the substrate (Biazusilet
2003). Makhzoum et al (1996) purified a lipase®2009; Curvelo Santana et al. 2010). The optimum
from P. fluorecen2D by hydrophobic interaction temperature for the reaction of lipase frdn
chromatography and a purification factor of 25-cepaciafound in this study was the same found by
fold was found. Pencreac’h and Barrati (1996). Similar values
Lipases fromRizopus spwere purified by the (40°C) were found by Makhzoum et al. (1996) for
chromatography using the SEPHADEX resin andP. fluerescendipase, and by Pastore et al. (2003),
a purification factor of 5-times was found by utilizing Rhizopussp lipases However, Kojima
Pastore et al. (2003). Bradoo et al. (1999) putifieand Shimizu (2003) characterizétl fluorecens
the lipases fronB. stearothermophilu$sB-1 by HU380 lipases and obtained 45°C as the optimal
PEG/phosphate aqueous two-phase systersmperature whereas Nawani et al. (2006) have
(ATPS) and a purification factor of 15.27 fold wasfound an optimal temperature ranging from 60-

found. 65°C for the immobilized lipases and 60°C for free
lipases oBacillussp.
Temperature effects on lipase activity Activation energy of olive oil hydrolysis by the

Enzyme’s catalytic activity is very dependent onlipases was obtained by linear regression of natura
the temperature; however, as temperaturkvgarithm of the reaction velocity (mol/min.g of
increases, two effects occur: reaction rate ine®asenzyme) versus temperature inverse (K),
and decreases enzyme stability due to thermakcording to Arrhenius equation (Aguilar et al.
disablement; thus, temperature is one of th2000; Biazus et al. 2009; Toledo et al. 2007) as
critical agents on enzymatic activities. In thisshown in Figure 6. Considering that the ideal gases
study, assays from 25 to 50°C were performed toonstant value was equal to 8.31451 J/mol.K, the
determine the optimal performance temperature alctivation energy value of this reaction was
lipase enzyme. In Figure 5, lipolytic activity considered close to 75.8 kJ/mol. There are no
results for these conditions are presented. Baseeports in literature on this aspect.
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Figure 5 - Temperature effect on lipolytic activity of ceidtratum oB. cepacia.
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Figure 6 - Determination of activation energy of olive bildrolysis reaction bfs. cepacidipase.

pH effects on lipase activity pH 7.0. These values demonstrated that lipase
pH effects on olive oil hydrolysis bB. cepacia could perform at different ranges of pH. The pH
lipase were examined in the pH range between 3dffects on enzymes is due to variations in the
and 11.0. According to Figure 7, the maximum ofonization state of the system components as their
relative activity (100%) was observed at pH 8.0values vary. Thus, pH value is important for the
(2.38 U/mL and specific activity of 25.35 U/mg). various applications lipase.

Also, it was observed that in the range of pH 5.(tability of crude enzyme enzymatic activity Bf
and 7.0 80% of the maximum activity wascepaciaat different buffers and pH values of 5.0,
maintained. Reasonable activities were obtaine8.0 and 11.0 was also examined. The results are
even in more acid pH values, and lower activitieshown in Figure 8. Maximum activity (100%) was
in more basic pH values (9.0 and 10.0). At pHbbserved at pH 8.0 in phosphate buffer, after a 4-
11.0, a decrease in the activity was obser&d. hour incubation at 37°C, while at pH 5.0 the
cepacialipase appeared as alkaline and analog tactivity was 35% lower in comparison to the
P. fluorescendipase studied by Makhzoum et al. activity at the end of 4 h. At pH 11, activity
(1996). Similar results were found by Sharma etlecreased considerably, although in this alkaline
al. (2002) for Bacillus sp at pH 8.0 and 9.0; condition and with activity relatively lower,
Bradoo et al. (1999) found optimal values betweeenzyme maintained itself stable along the 4-h
3.0 and 6.0 ad. stearothermophiludipase.P. incubation. This showed that the enzyme might be
fluorescenslipases showed maximum activity atapplied in different industrial sectors.
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Figure 7 - pH effects on lipolytic activity fronB. cepacia
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Figure 8 - Effects on pH stability of crude stratumBfcepacia.

Salt effect on lipase activity percentage of enzymatic activity on thé 3ty in

A study to verify for how many days the crudecomparison to the first day. Salt of led to a
enzymatic extract would maintain its activity with significant loss of hydrolytic activity in the firs
the addition of different ions was carried out (Figdays of storage, although after this period, 23% of
9). To analyze the activity and stability in theenzymatic activity was maintained up to thé"30
different ions, tubes containing a certain quantitylay. The salts of Al C¢®*, Cu#* and K led to a

of crude enzyme were separated. To each tube, @8crease in the lipolytic activity of 75, 40, 45dan
mL of saline solution was added. One of the tube§0% up to the IDday, respectively. A study using
containing only crude enzyme, was kept as #he crude enzyme was also carried out, and a
control. These tubes were stored in theyradual decrease in the activity along the storage
refrigerators and the analysis of the activity wasvas observed, with a decrease in activity of
performed. This study demonstrated that the saltspproximately 80% by the end of the™@ay in

of F&" and Hg" significantly decreased the comparison to initial storage. Similar studiesfn
lipolytic activity, leading to a disablement in $es fluorescendipases were carried out by Makhzoum
than 10 days of storage. On the other hand, tret al. (1996), in which C6and Hg" proved to be
addition of the salts of B C&" and Mr* strong inhibitors of this enzyme, whereasCand
managed the store of enzymatic activity for 3Ba’* led to a moderate inhibition, and?Felid not
days, with significant activity decreasing as fromhave any effects on lipases.

the 18" day. These ions still maintained a great

120 7« MnSO4 -—KCl ——BaCl2 ——FeSO4
- CoCI2 —~—HgClI2 —1 —=—CaCl2
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Figure 9 - lon effects on hydrolytic activity d. cepacidipase.
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Lipolytic activity had a considerable activation (aKinetics of olive oil hydrolysis

40% increase in the activity) by the salt ofThe Kinetic parameters determination was performed
salts of ions Mf", C* and C&" maintained the at 37°C and pH 8.0. Data experimentally obtained
enzyme stability along this period and the salts chllowed for the obtainment of kinetic curve, which
F&', HF" and APF* performed as inhibitors, demonstrated the influence of oil and water
leading to a significant enzymatic disablementemulsion containing different proportions of olive
The addition of salts to the solution containedil (0.1 to 50% v/v) on the hydrolysis velocity by
Bacillussp RSJ-1 lipases, studied by Sharma et aB. cepacidipases. It was observed that the activity
(2002), showed enzyme stability in the presence dficreased according to the increase in the substrat
Ba®". On the other hand, ions ad'and C4" were  concentration, (Fig. 10).

great inhibitors of lipolytic enzyme. However, As an attempt to describe the kinetic behavior of
C&" maintained the enzyme very active (arB. cepacialipase, data were analyzed based on
increase of 125% in the activity in comparison tdMlichaelis-Menten equation (V= Viax *[S] / Ky +
control sample). In the studies carried out byS]). This equation is graphically represented by
Makhzoum et al. (1996), Gb and B&" plotting V, (initial activity) against S (substrate
corroborated these resultsRnfluorescendipases, concentration) and describes a rectangular
and Lima et al. (2004) found, forP. hyperbola. Figure 11 is the linearization of kineti
aurantiogriseumlipase, some results which weredata according to Lineweaver-Burk methodology.
similar to the ones obtained in this study, wher&rom the equation, it was possible to determine the
the salts of Bj C&", Cd*, Cu** and Hg" values ofKm0.0258 U/mg an®.«43.90 g/L.
maintained 70, 79, 105, 69 and 0% of residual

activity, respectively.

V (U/mL)

104

0 T T T T T
0% 10% 20% 30% 40% 50%
[S] (%, V/¥)

Figure 10 - Kinetic curve of olive oil hydrolysis bB. cepacidipases.
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Figure 11- Lineaweaver-Burk t®. cepacidipase.
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Molar weight and isoelectrical point weight to be 32 kDa. Similar results were obtained
After the batch ATPS process, the top phasby Kordel et al. (1991), where molecular weight
sample of the best system was analyzed by thabtained forPseudomonasp lipase was 35 kDa.
SDS-PAGE for the determination of enzymeLima et al. (2004) found 40 kDa foB.
molecular weights and degree of purificationmegaterium lipase. Lipase molecular weight
Protein fractions obtained from the purifiedvalues from different sources are usually between
material by ATPS PEG/phosphate salt at pH 6.9 and 65 kDa (Bandmann et al. 2000), but they
and from crude enzymatic stratum were analyzedan vary from 8 kDa to 180 kDa. In this study,
by the electrophoresis by the SDS-PAGE. Figurenolecular weight value demonstrated that ATPS
12 showed that the extracted enzyme was pure atethnique to purifyB. cepacidipases was efficient
the molecular weights was 33 kDa. It was notedh comparison to the fraction before and after
that the purified lipase (band 1) by purification with commerciaB. cepacidipase.
ATPS/Phosphate (in this work) was more purd-igure 13 shows the electrophoresis of isoelectric
than commercial lipase (band 2). focusing (IEF) of lipase purified at ATPS pH 6.0.
Comparing the obtained values to literature result$EF revealed with silver nitrate displayed pl d®5.
32 kDa was obtained by Lin et al. (1996) for theKordel et al. (1991) found from 4.5 to 4.6 pl for
purified P. pseudoalcaligene$ipase F-111 and Pseudonomasp lipase; pl of 7.3 was found by
Baron (2008), who after lipase purification Bf Lin et al. (1996) forP. pseudoalcaligenelpase;
cepaciain Octyl Sepharose CL-4B hydrophobicpl results forB. cepacialipase were not found in
interaction column, also found the molecularthe literature up to the present moment.

96 kDa
66 kDa
45 kDa

-u|
L !

......‘

30 kDa

20.1 kDa . -
14.4 kDa ‘ -

LMW1 2 3

Figure 12 - SDS-PAGE electrophoresis in 12.5% gel, samplieimaturant and reducing conditions.
(LMW) low molecular weight indicator; (1) sample jpfirified lipase in PEG/phosphate
salt aqueous two-phase system at pH 6; (2) comaidigase ofB. cepacia;(3) crude
enzymatic stratum.
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Figure 13 - Electrophoresis of isoelectric focusing at pHmf 3 to 9. (IEF): indicator of isoelectric
point; (L): sample of purified lipase in PEG/phoafihsalt aqueous two-phase system at

pH 6.
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CONCLUSIONS Borgstrom B and Brockman H. Lipases, New York,
USA: Elsevier; 1984.

The best condition of partitioning of crude stratumcammarota MC, Teixera GA and Freire DMG.
Enzymatic pre-hydrolysis and anaerobic degradation

from Burkholderia cepaciaby PEG/_phosphate of wastewaters with high fat conteBiotechnol Lett.
agueous two phase system was obtained at pH 6.G01- 23: 1591-1595.

or 8.0, for which the partitioning coefficient were gradford MM. A rapid and sensitive method for the
amongst 108 and 209. Lipase enzyme presentecjuantitation of microgram quantities of protein
optimal activity conditions at 3 and pH 8.0 and utilizing the principle of protein-dye bindingAnal
showed pH-stability for 4 h at 32. The enzyme  Biochem 1976; 72: 248-254.
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