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ABSTRACT

Microbial lipase fromMucor mieheiand Candida rugosavere immobilized by covalent binding onto mageetiz
polysiloxane polyvinyl alcohol particles (POS-PVAhe resulting immobilized derivatives were evaddatn
aqueous solution (olive oil hydrolysis) and orgasmvent (butyl butyrate synthesis). Higher caialgctivities
were found when the coupling procedure was made Mit miehei lipase. ImmobilizedM. miehei lipase also
showed a better operational stability and a higheif-life thanC. rugosalipase after the successive batches of
esterification The performance df. rugosammobilized derivative was constrained by the lipase loading used

in the immobilizing step. Further information regarg the both immobilized derivatives was also il through
chemical composition (FTIR).

Key words: Candidalipase,Mucor lipase, hybrid matrix, immobilization

INTRODUCTION deposition on to solid supports (Oliveira et al.,
2000; Person et al., 2000), covalent binding
Lipase immobilization is usually considered as dSoares et al., 1999) and entrapment within a
technique that increases the operational stability gfolymer matrix or hydrophobic sol-gel materials
the enzymes due to several traits: the enzyme (Keeling-Tucker et al., 2000; Reetz et al., 1998).
dispersed and cannot aggregate (Castro arihe latter method can be applied to a variety of
Anderson, 1995), interaction with the externalenzymes, yielding immobilized systems with 80-
interfaces is prevented and the enzyme structuffeld esterification activity compared to the free
may be rigidified by the covalent attachmentenzyme (Reetz et al., 1996).
(Faber, 1997). Moreover, the enzymeThe sol-gel process involves the transition of a
immobilization provides a favorable approach forsystem from a liquid "sol" (mostly colloidal) into a
easy enzyme recovery for its recycled use (Dey eolid "gel" phase (Reetz et al., 1996). According to
al., 2003). Thus, exploiting good immobilization Ingersoll and Bright (1997), it is a simple three-
carriers has been an attractive work for the enzyngiep reaction sequence. In the first step, hydrolysis
engineering. Several methods for lipasedf a metal or semi-metal alkoxide precursor forms
immobilization have been reported, includingthe hydroxylated product and the corresponding
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alcohol. Next, the condensation between ameceived much attention due to its high activity
unhydrolyzed alkoxide group and a hydroxyland broad specificity (Sharma et al., 2001,
group or between the two hydroxyls eliminates th&enjamim and Pandey, 2001).

solvent (water and alcohol) and forms a colloidal

mixture, called the sol. In the third and final step,

the polycondensation between these colloidal SOBMIATERIALS AND METHODS

and additional networking eventually results in a

porous, glasslike, three-dimensional network. Materials

The sol-gel technique has been employetucor miehei lipase was kindly donated by
especially to the protein entrapment, since it isNovozymes (Araucaria, PR, Brazil)Candida
chemically inert, thermally stable and transparentugosalipase (CRL type VII) was purchased from
enabling spectroscopic monitoring of theSigma Co (St Louis, MO, USA).
entrapped sample (Diaz and Peinado, 1997Yetraethoxysilane (TEOS) was from Aldrich
However, the major disadvantage of this kind oChemical Co. (Milwaukee, WI, USA).
immobilization is that it requires a careful controlGlutaraldehyde (25% wi/v), hydrochloric acid
of pore size to avoid the mass-transfer problemgninimum 36%), ethanol (minimum 99%) and
and leakage of the biological recognition elemenpolyvinyl alcohol PVA (MW 72,000) were
(Diaz and Peinado, 1997). Thus, the covalendupplied by Reagen (Rio de Janeiro, RJ, Brazil).
immobilization could be an attractive alternative toButyric acid andn-butanol were purchased from
overcome such limitations. Merck (Darmstadt, Germany). Solvents were
It has been reported that the sol-gel technique istandard laboratory grade (Synth, Sdo Paulo, SP,
also an excellent method to prepare the hybrigrazil). Heptane was dried with metallic sodium
materials. Silica glass beads were synthesized kyd used as solvent for all experiments. The
the alkoxide sol-gel process and used as solisubstrates for esterification reactions were
phase in ELISA for the experimental plaguedehydrated with molecular sieves with 0.32cm in
studies (Barros et al., 2002; Coelho et al., 2003}iameter (aluminum sodium silicate, type 13X-
Using similar methodology, Bruno (2003) BHD Chemicals, Toronto, Canada) previously
employed tetraethoxysilane (TEOS) and polyvinylyctivated in oven at 38G for 6h.

alcohol (PVA) for the matrix formation, followed

by the activation with glutaraldehyde to renderpolysiloxane-polyvinyl alcohol synthesis

more biocompatible surface for the covalenta POS-PVA hybrid composite was prepared by
immobilization. The resulting polysiloxane- the hydrolysis and polycondensation of TEOS as
polyvinyl  alcohol ~ (POS-PVA)  composite described by Barros et al. (2002). The reagents
combined the PVA property to covalently retainTEQS (5 ml), ethanol (5 ml), and PVA solution
the proteins, via glutaraldehyde, with excellenos (w/v) (6 ml) were carefully mixed and stirred
optical, thermal and chemical stability of the hostor 5 min at 60°C, followed by the addition of two
silicon oxide matrix. Moreover, the hybrid matrix or three drops of the concentrated HCI, in order to
can be conjugated to magnetite 4Bg that catalyze the reaction. After an incubation period of
enables to achieve a rapid separation in a magne#¢ min, the material was transferred to the
field. The magnetic support was first applied tomicrowells of the tissue culture plates and kept at
immobilized the enzymes in 1973 (Robinson et al.ps °c yntil complete gel solidification (formation
1973). Besides the merits of other solid carriersy; the interpenetrated network of POS-PVA).
the enzymes immobilized by the magneticthen the spheres were ground in a ball mill to
materials can be more easily separated from Qain 37 ym diameter particles, which were

reaction system, and stabilized in a ﬂUidized'be%agnetized according to Carneiro-Ledo et al.

reactor. _ (1991) based on the co-precipitation from a
Here, by using the lipase as a model enzyme, thig,;ion  of FeQ6H,0 and FeGl4H,0.

paper reports the use of the magnetic POS-PVA iy ation of POS-PVA particles was carried out

particles as th(_e immobilizing support_for the lipas€yith 2 504 (w/v) glutaraldehyde at pH 7.0 for 1 h
from Mucor miehei (MML) and Candida rugosa ot room temperature, followed by exhaustively

(CRL), employing the glutaraldehyde as thewashingswith distilled water.
bifunctional agent to promote the covalent

attachment. Both the lipase preparations have
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Lipase immobilization onto POS-PVA particles  where Us = total enzyme activity recovered in the
The activated POS-PVA particles were soakedupport andUo = enzyme units offered for the
into hexane under stirring (100 rpm) for 1 h atmmobilization.
25°C. Then, the excess of hexane was removed
and 85 units of hydrolytic activity/ g support for Synthetic activity determination
both the lipases (CRL and MML) were added tol'he reaction systems consisted of heptane (20 ml),
the support. Lipase-support systems wer@-butanol (300 mM), butyric acid (300 mM) and
maintained in contact for 16h af@ under the immobilized lipase derivatives (0.5 g, d.wt).
static conditions. The immobilized lipase Molecular sieves were used to remove the water.
derivatives were filtered (nylon membrane 62HDThe mixture was incubated at &7 for 24 h with
from Scheiz Seidengazefabrik AG, Thal Schweizthe continuous shaking at 150 rpm. The butanol
Switzerland) and thoroughly rinsed with hexane. consumed and butyl butyrate were determined by
the gas chromatography using a 6 ft 5% DEGS on
Protein assay Chromosorb WHP, 80/10 mesh column (Hewlett
The protein was determined according toPackard, Palo Alto, CA, USA) and hexanol as an
Bradford’s method (Bradford, 1976), using theinternal standard. Esterification activity was
bovine serum albumin (BSA) as the standard. Thexpressed as pmol of formed butyl
amount of bound protein was determinecbutyrate. ¢.min™ of the dry support (Pereira et al,
indirectly from the difference between the amoun2003).
of the protein introduced into the coupling reaction
mixture and the amount of protein in the filtrateOperational stability of the immobilized lipase

and the washing solutions. derivatives
The operational stability of both the immobilized
Hydrolytic activity determination derivatives was assayed by using 0.5g (d.wt) of

The hydrolytic activities of the free andimmobilized lipase in butyl butyrate synthesis in
immobilized lipase derivatives were assayed byhe successive batches. At the end of each batch,
the olive oil emulsion method according to thethe immobilized lipase was removed from the
modification proposed by Soares et al. (1999). Theeaction medium and washed with hexane to
substrate was prepared by mixing 50 ml of oliveemove any substrate or product retained in the
oil with 50 ml of gum arabic solution (7% w/v). matrix. One hour later (length of time required for
The reaction mixture containing 5 ml of theevaporation of the solvent), the immobilized lipase
emulsion, 4 ml of 100 mM sodium phosphatewas introduced into a fresh medium. The activities
buffer (pH 7.00) and either free (1 ml, 5 mginl were estimated at the end of each cycle and
or immobilised (250 mg) lipase was incubated foexpressed agmol. g.min™ of the catalyst. The

5 min at 37C. The reaction was stopped by thebiocatalyst half-life time (i) was determined by
addition of 10 ml of acetone-ethanol solutionapplying the inverted linear decay model (Pereira
(1:1). The liberated fatty acids were titrated withet al., 2003).

25 mM potassium hydroxide solution in the

presence of phenolphthalein as indicator. One uniRourier Transform Infrared Spectroscopy

(U) of the enzyme activity was defined as thegFTIR)

amount of enzyme which liberatedinol of the The samples of the free lipase and immobilized
free fatty acid/min under the assay conditionglerivatives were submitted to the FTIR analysis
(37°C, pH 7.0, 150 rpm). The analyses of the(SPectrophotometer FTIR BOMEM MB-100). The
hydrolytic activities carried out on the lipaseSPectra were obtained in the 400 to 4000"cm
loading solution and immobilized preparationswavelength range for the evaluation of the
were used to determine the coupling yiefs) ~ iImmobilization procedures.

according to the equation 1.

Us
)= ——
n (%) Uo x 100 QD
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RESULTS AND DISCUSSION derivative (Table 2). In the case of the MML
immobilized, the maximum conversion af-
Table 1 summarizes the results for the covalerfiutanol into butyl butyrate was 207mM after 24 h
immobilization of M. miehei (MML) and C. reaction. This value was significantly lower
rugosa(CRL) lipase on POS-PVA, regarding the(76mM) when the CRL immobilized was used.
protein and activity recoveries. Similar proteinThis was an expected behavior since the properties
recovered and coupling yieldss (50%) were Of the immobilized preparations were governed by
obtained for both the lipase derivatives. Differenthe properties of both the enzyme and the carrier
behavior was found when the immobilizedmaterial. The interaction between the two provided
derivatives were tested in the organic media, using" immobilized enzyme with specific chemical,
the synthesis of butyl butyrate as the reactio®iochemical, mechanical and kinetic properties
model (Table 2). This reaction was selectedTischer and Kasche, 1999), which explained the
because it gave measurable results with thdifferences observed between the MML and CRL
maximum accuracy in a short span of time andmmobilized derivatives. Similar behavior was
with a minimum amount of lipase. In addition, thisalso observed by Pereira et al. (2003) working
reaction system has been used by Soares et @ith C. rugosa and porcine pancreas lipases
(1999): Oliveira et al. (2000) and Pereira et alimmobilized on the chitosan beads. These authors
(2003). Under these conditions the MML obtained the highest protein and activity recovered
immobilized on the POS-PVA showed higherfor the microbial lipase.
synthetic activity than the CRL immobilized

Table 1 - Protein recovery, hydrolytic activities and cbog yield for M. miehei and C. rugosa lipase
immobilization on POS-PVA

Lipase Bound Protein Hydrolytic Activity Coupling Yield
(%) (U/mg) (%)
MML 56.7 43.89 51.44
CRL 63.2 46.29 53.92

Lipase loading: 85 units/gram of support

Table 2 - Synthesis of butyl butyrate catalyzedMymieheiandC. rugosaimmobilized lipase derivatives on POS-
PVA

Lipase Butanol Butyl Butyrate Esterification Activity
Conversion (mM) (umol.g*.min™)
(%)
MML 69.00 207 287.55
CRL 25.33 76 116.95

In addition, in this work similar loading of the free higher loading, lesser area is available for the
enzymes based on the units of hydrolytic activitylipase to spread itself, more of its active
(85 units/g support) was used for both the lipaseonformation is retained, and the loss in the
preparations. The enzyme loading is a venactivity is reduced. Under the conditions used in
important parameter that also controls the activityhis work, it seemed that for the MML no
of the immobilized derivatives, particularly with depression of the efficiency at low lipase loading
the lipases, which have strong affinity for thewas observed, whereas for the CRL there could be
surfaces. Therefore, for better performance of tha much stronger interaction between @herugosa
immobilized lipase, it is suggested to optimize thdipase and the support, which led to greater activity
lipase loading (units/g support) for each sourcéoss at low loading due to lipase spreading. Results
and for each particular support, since at lowdescribed in the literature indicated tidatrugosa
enzyme loading, the lipase attempts to maximizépase required high loading per gram of the
its contact with the surface, which results in a lossupport (usually 250 U/g) to attain the active and
of the conformation and consequently, in astable immobilized derivatives (Soares et al, 2002;
reduction of the activity (Gomes et al., 2004). AtPereira et al, 2003; Gomes et al, 2004). Therefore,
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the lower performance df. rugosaimmobilized lipase preparations and declined in the subsequent
derivative could be related to the low lipasereuses. For the MML the derivative such reduction
loading used in the immobilizing step. In view ofwas slower than for the CRL, which showed a
these results, lipase loading for the CRL on POSsharp decline. Such profiles corresponded to the
PVA should be further determined. biocatalysts half-life () of 88.2 and 50.1h,
To confirm the superiority of the enzyme-supportrespectively (Fig. 1). This better performance for
complex obtained with the MML, investigations M. mieheiin comparison withC. rugosain the
were also carried out to determine the operationanmobilized form was also observed by Manjon et
stability for both the immobilized derivatives to al. (1991) when testing the Celite as a support for
perform the esterification reactions. The retentionhe immobilization of the same lipase sources in
of the biocatalyst activity after the repeated uséhe ester hydrolysis (olive oil) and synthesis (ethyl
was assessed in terms of butyl butyrate formatiobutyrate). According to these workers, both the
during the consecutive batches (Fig. 1). In the firdhydrolytic and synthetic activities were higher for
batch run, the ester yields were high for both th&. mieheimmobilized lipase.

MML (t,,= 88.20h)

12

Residual activity (%)
(2]
o

CRL (t,,= 50.1 h)

112

20 T T T T T T T
24 48 72 96

Time (h)

Figure 1 - Batch operational stability tests for MML and CiRhmobilized on POS- PVA. Initial

synthetic activities were: 287.56nol.g*.min™ for MML and 116.95umol.g*.min* for
CRL.

The efficiency of the methodology in relation toless intense than the free lipases due to their
the free lipase incorporation on the POS-PVA wasixation on the solid support. No additional bands
also assessed by the infrared spectroscopy. Figurnesthe spectra for the immobilized derivatives were
2 a and b show a set of spectra for the free lipas#bserved since the covalent bond between the
preparations and immobilized derivatives. Asenzyme and support was of the same nature of the
observed, both the free lipases showed a typic@ypical  protein  bonds. Moreover, the
spectrum of the proteins, with the absorptiorglutaraldehyde, used as activation agent in the
bands associated with their characteristic amidenmobilization procedure, is a bifunctional
group (CONH). Between the wave number rangeeactive compound capable of reacting with the
from 1600-1700 cm, there was the amide | band, surface OH groups of the support and the amine
due to the double bond CO stretching, the CNyroups of enzyme (Geng et al., 2003), resulting in
stretching and NH bending (Stuart et al., 1996)amide bonds similar to the present in the free
For the immobilized systems, the spectra showeplroteins.

typical amide bands of the lipase, but they were
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Figure 2 - FTIR spectra for the free lipase and immobilizedhtives on POS-PVA. (Aylucor
mieheiand (B)Candida rugosdipase.
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immobilizing the lipases from different sources.

Of the two sources tested, better performance was

found when the immobilized derivative wasRESUMO

prepared with the MML. Similar behavior for the

CRL could be expected to be achieved by ipases microbianas dducor mieheie Candida
increasing the lipase loading in the immobilizationrugosa foram imobilizadas por ligacdo covalente
step. To improve the esterification performance, itm particulas magnetizadas de polisiloxano-alcool
would be necessary to study the parameters thgblivinilico (POS-PVA). Os derivados
influence this synthesis, such as the reactants ratimobilizados resultantes foram avaliados em
molar, temperature and strategies for the removablucdo aquosa (hidrélise de azeite de oliva) e em
of the water formed as the by-product. solvente organico (sintese de butirato de butila).
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As maiores atividades cataliticas foramFaber, K. (1997), Biotransformations in organic
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realizado com lipase dbl. miehei O derivado Ingersoll, C. M. and Bright, F. V. (1997), Usind-gel-
imobilizado de lipase deM. miehei também based platforms for chemical sensdthem. Tech.,

s 7, 26-31.
aprese_ntou melhores resulte_ldos de estabilida eng. L., Li, N., Xiang, M., Wen, X., Xu, D., Zhd@
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ambos derivados imobilizados também forankeeling-Tucker, T.; Rakic, M.; Spong, C.; Brenndn,
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biological activity of lipase within sol-gel derige
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