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ABSTRACT

Psudomonas sp.L pl extracel lular lipase wasimmobilized by three different
techniques such as entrapment in al ginate, physical adsorption using celite,
and ionic binding to two different kinds of cation exchangers Amberlite
IR120 (Na) and IRCSO (H*). The objective of this study wasto develop a
suitable method for immobilizing lipase. The stability of thefreeand immo-
bilized lipase at different pH, Temperature and Metal ions and its storage
stability were al so evaluated. Among the three techniques, the immobiliza-
tion by ionic binding with the cation exchangers -Amberlite IR120 (Na")
and IRCSO (H*) showed greater efficiency of 73% and 78% respectively.
Theimmobilized lipase showed improved stability when compared to free
lipase. The stability of lipase in celite, Amberlite IR120 (Na*) and IRCSO
(H") at pH 8.0 was 87.3%, 94.6% and 96.7% respectively. Theimmobilizates
-Amberlite IR120 (Na) and IRCSO (H*) showed 65% and 68% of enzyme
activity even at 60°C. The activity retained by immobilized lipase by ionic
binding with Amberliteresin IR120 (Na*) and Amberlite IRCSO (H*) inthe
presence of Ca2* ion was higher (152% and 140%) than any other methods
of immobilization respectively. Theionic binding method of immobilization
retained 70% of itsoriginal activity till 20 daysof storage at 4°C.
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INTRODUCTION for the resol ution of racemic mixturesfor absorbing
physiologically active enantiomers¥ Lipasesfind prom-

Lipases (triacyl glycerol ester hydrolase, EC
3.1.1.3) areubiquitousenzymes of considerable physi-
ological significanceandindustria potentia. They are
being employed for the synthesisof drugintermediates
and pharmaceutically important moleculesaswell as

ising applicationsin organic chemical processing, de-
tergent formulations, and synthesis of biosurfactants,
oleo chemica industry, dairy industry, agrochemica in-
dustry, paper manufacture, nutrition, cosmetics and
pharmaceuticas. Thelipasesused areusudly of funga
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or bacterial origin: Pseudomonasbeing the most im-
portant bacterial genug?3.

Immohilized meansit hasbeen confined or locdized
sothat it can bereused continuoudy. Thefirst attempt to
immobilizeabiocatalyst back to 1953, whilein 1969 an
immobilized enzymewas used for thefirst timeinan
industria process, sncethenthistechniquehasgained
more and moreimportance, and now awidevariety of
immobilized enzymesare employed in thefood, phar-
meaceutica and chemicd indudries Althoughlipasespres-
ently account for no morethan 3% of al enzymespro-
duced worldwide, the use of immobilized lipasesfor the
modification of melted fatsand ailsiscurrently asubject
of expanding interest!y. There are several reasonsfor
usinganenzymeinanimmobilized form. It providescon-
venient handling of theenzyme, it providesfor itsfacile
separationfromtheproduct, thereby minimizingor dimi-
nating protein contamination of the product. Immobili-
zation dsofacilitatestheefficient recovery and reuse of
costly enzymes, and enablestheir usein continuous,
fixed-bed operation. A further benefit isoften enhanced
stability under storageand operationa conditiong®.

Thehigh cost of lipase, however, makes enzymeati-
caly driven processes economically unattractive. The
useof immobilized lipaseisapossiblesolutiontothis
problem because the enzyme can be recovered from
the product and reused®. Thereuseof lipaseprovides
cost advantagesthat are often an essentia prerequisite
for establishing alipase-catal yzed process™®. Froman
industria point of view, immobilized lipasesoffer eco-
nomicincentivesof enhanced therma and chemicd sa
bility, ease of handling, easy recovery and reuserelative
tononimmobilized formg?. Immobilized enzymeshave
received cond derabl e attention because of their advan-
tagesover unimmobilized counter partsasthey improve
gorageand operationd, thermd and conformationd sta
bilities. They areeasily recovered for reusd’®. Numer-
ousmethodsfor achieving theimmobilization of lipases
isavailable; eachinvolvesadifferent degree of com-
plexity and efficiency. Thevariousmethodsused to date
are: adsorption, ionic bonding, covaent binding, cross-
linking, entrapment, and encapsul ation™.

The problem of selecting the support material and
the proper techniqueisvery important and therefore
thepursuit for suitable materialshas not yet ceased. In
thesearchfor suitableandlow cost materid sinthisstudy

thelipasefrom Pseudomonas sp.Lpl wasimmobilized
infour different ways, i.e,, entrgoment indginate, physi-
ca adsorption using cdlite, and ionic bindingto two dif-
ferent kindsof cation exchangersAmberlitelR120 (Na')
and IRCSO (H*). Theactivitiesof theimmobilizates of
Pseudomonas sp.L pl lipase wasassessed in an aque-
ousmedium by the hydrolysisof p- Nitrophenyl palmi-
tate (oNPP) in thereaction system. Thefactorsinvesti-
gated nthisstudy werethe, thepH, temperature, effect
of metal ionsontheimmobilizates, aswell asthestor-
agestability. Theobjectiveof thisstudy wasto develop
a suitable method for immobilizing lipase from
Pseudomonas sp.Lplalready reported by us*d. Many
investigatorshave studiedlipaseimmobilization, but de-
tailed stability of each immobilizate hasbeen lacking.
Therefore, present study wasthefocus on establishing
thesefactors.

EXPERIMENTAL

Microorganism and crudelipase

Lipase producing Pseudomonas sp.Lpl isolated
from edible oil contaminated soil was maintained by
repeated subculturesin the broth medium at 40°C con-
taining oliveoil 1% (v/v) asthe carbon sourceandin-
ducer of lipase. The medium contained Peptone-5 g;
Yeast extract-5g; NaCl-0.5g/l; CaCl_-0.05g/l; Olive
0il-10/I ml (emulsified with gum acacia- 0.5%) a pH-
8.0. About 100 ml of thissterile production broth was
prepared in 250 ml conicd flask and 3% inoculumwas
transferred asepticdly into the production medium. The
flaskswereincubated overnight at shaker incubator at
40°C, pH 8.0 and 150 rpm. Culture broth was har-
vested by centrifugation (10,000 g, 10min, and 4 °C)
and referred asthe crude extract of theenzyme. The
enzyme activity was determined in the cell-free broth
thereof andimmobilized.

Lipase assay

Extracellular lipase activity was estimated by the
colorimetric method*¥ by measuring the micromoles
of 4-nitrophenal released from 4-nitrophenyl pamitate.
A stock solution (20mM) of 4-nitrophenyl pamitate (4-
NPP) was prepared inisopropanol. Thereaction mix-
turecontained 150 pul of 4-nitrophenyl palmitate, 100 pl
enzyme solution and 0.1M Tris buffer (pH 8.5) was
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madeafina volumeof 3 ml wasincubated at 55°C for
10 mininwater bath. Thenit waschilled at -20°C for
10 minto stop the enzymereaction. The absorbance
wasmeasured at 410 nm (Elico). Thereaction mixture
contained heat inactivated enzyme was used as con-
trol. Thestandard was prepared using (2ug-40ug) con-
centrations of 4-nitrophenol. Oneunit (U) wasdefined
astheamount of enzyme catayzing theliberation of 1
umol p-nitrophenol/min under the assay conditions.

Deter mination of protein concentration

Protein anaysisof the different supernatantswas
determined spectrophotometrically™™. Thedifferent pro-
tein concentrationswere derived from Bovine serum
Albumin standard curve.

Methodsof lipaseimmabilization
Method-1immaobilization by entr apment

Immobilization with calciumaginateisan entrap-
ment method in which the enzyme solution wasmixed
with 2% sodium alginateintheratioof 1:1(v/v). The
mixture was slowly dropped into 10ml 0.1M CaCl,
under continuousstirring using aPasteur pipette. This
resulted inthe polymerization of theaginatetoform
calcium dginategel beads of about 3-5 mm diameter
were formed within 3 to 5 min. Gel beads with en-
trapped enzymewere collected by filtration through a
sieve. Thetotal weight of the gel beads obtained was
measured, and thiswastaken asthe amount of beads
having thetotal activity of the 1 ml enzyme used for
immobilization (if Iml enzymesolutionwasadded with
1 ml of sodiumaginate). Thebeadswerekeptin CaCl,
solution until used. Only theamount of gel beadsthat
contained approximately 150 pl enzymewasused for
each lipolytic assay. Theactivity of bound enzymeand
unbound lipaseremaining in the cacium chloride solu-
tion used for immobilization was measured.

Method-2immobilization by physical adsor ption

Lipase adsorption was carried out at 4°C by mix-
ing enzyme solution and cdlite (10:1 ratio) under low
stirring by usingamagnetic stirrer. At different timein-
tervals, 5 ml of samplewasremoved and centrifuged
for 10 min at 15000 rpm. The supernatant was then
andyzedfor determiningtheremaining lipaseactivity,
The unbound enzyme solution wasremoved and the
immobilizatewasvacuum filtered €,

BioTechnology — amm—

M ethod-3immobilization by ionic binding

For theionic binding, cation exchangerson poly-
styrene such as Amberlite IR120 (Na") and IRCSO
(H") wereused. Theresins, both typeswerefirst equili-
brated in phosphate buffer 50 mM ; KH,PO,-0.68 g;
Na,HPO,-0.709 g; Distilled water-100ml, pH 7.0, at
room temperature over night. After vacuum filtration,
theresinswereincubated with thecrudelipasein phos-
phate buffer at 4°C for 1 h. Resin was mixed with en-
zymesolutionintheratio of 1:1 was(w/v). Themixture
was continuously stirred in 10 ml 0.05 M phosphate
buffer, at 37°C for 30 min. Resin immobilized enzyme
wascollected using vacuumfiltration andweighed. The
activity of unbound lipaseremaining inthe buffer solu-
tion usedfor immobilization wasmeasured. Thevacuum
filteredimmobilizateswere used as obtai ned*”.

Evaluation of theimmobilization techniques®

Theeffidency of theimmobilizationtechiuquen was
estimated by calculating thelipolytic activity of theli-
pase sol ution before (EQ) and after immobilization (Ef),
and the volumes of the solution before (V0) and after
(Vf), usngtherdation,

_ (EOVO-EfVf)
VOEOx100

Theactivitiesaregivenin U/ml, and thevolumes
areinmL.

The availability activities of the immobilized
Pseudomonas sp.Lpl was estimated as the activity
retention,

Immobilized lipaseactivity

Activityretention(%) = - —
Freelipaseactivityx100

pH stability of freeand immobilized lipase

The pH stability of both thefree and immobilized
lipase was determined by keeping theenzyme solution
4Cat for upto 24 hinvariousbuffersin equa volumes
apH (4,5,6,7,8,9, 10and 11). Theenzymeactivity
retention of both free and immobilized enzymewas
evauated and at time zero it was considered as 100%.

Thermal stability freeand immobilized lipase

Thethermal stability of both thefree and immo-
bilized lipase was determined by measuring the re-
sidual enzymatic activity by preincubating them at
different temperatures such as 30°C, 40°C, 50°C,

Hn Tudian Jounual



BTAIJ, 5(3) 2011

S.Kanimozhi and K.Perinbam

199

————, FyurL PAPER

60°C, 70°C, and 80°C. The activity retention was
determined after one hour.

Effect of metal ionsand EDTA on lipase stability

Theeffect of metal ionson both thefreeandimmo-
bilized lipase was determined after preincubating the
enzymewithvariousmetd ions(1.0mM) viz., Fe*, Cu?,
Fe*, Mn*, Mg*, Zn*, K*, Ca?*and ED TA separately
in equal volumesand incubated at 40°C. Theactivity
retention was determined after one hour.

Storagestability immobilized lipase

Immobilized lipase was stored at 4°C inarefrig-
erator for onemonth and theresidud lipaseactivity was
andyzedfor every two daysusing4-Nitrophenyl pami-
tate substrate.

RESULTSAND DISCUSSION

Theproduction of extracd lular lipasefrom Pseudomo-
nassp.Lplisolated fromedibleoil contaminated soil was
carried outinthe production mediumwitholiveoil (1%)
asthe carbon and inducer for the enzyme production.
The hydrolysis of 4-Nitrophenyl palmitate into 4-
Nitrophenol by extracel lular lipase produced was mea:
sured to eva uatethelipaseactivity and thelipaseactivity
of culturesupernatant wasfoundtobe 78.0 U/ml.

Lipaseimmobilization

Thelipase from Pseudomonas sp.L plwasimmo-
bilized with different carriersusing different methods of
immobilization. Theefficiency of theenzymeimmobili-
zation was eva uated and the stability of thefreeand
immobilized lipaseat different pH, temperatures, meta
ionsand the storage stability of freeand immobilized
lipasewas eval uated.

Efficiency of immobilization

Entrapment

Physcd entrgpment inapolymeric gel microsphere
isby far themost commonly used techniquefor enzyme
immobili zation and true successes may belimited tothe
problems associated to the mass transfer resistance
imposed by thefact that the substrate hasto diffuseto
thereaction siteand mechanica stability of thecarriers
inbioreactorg®®. Lipaseimmobilization by entrapment
isbased on low porosity of matrix which at the same

timeretainsenzymewithinthecarrier and providessub-
strate/or productsdiffusion™. Inthe present study the
entrapment of lipasewasestablishedincalciumalgi-
nate beads of 3- 5 mm diameter size. The activity of
bound enzymeand unbound lipaseremainingintheca-
cium chloridesolution used for immohilizationwasmea:
suredtogivetheefficiency of immobilizationwhichwas
foundtobe48 % (Figure 1).
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Figure 1 : Efficiency of immobilization of lipase from
Pseudomonassp.L p1 by different techniques

When compared with other methods of immobili-
zationinthepresent study the efficiency islesswhich
might be duetothereasonsasdescribedin earlier stud-
ies. Thismethod hastheinevitabl e disadvantage that
the support will act asabarrier to masstransfer and
restricted movement of enzymein thelattice structure
of gel™. In contrast to our resultsthe purified lipase
from Pseudomonas aeroginosa BTS- 2 was 80% ef -
fidentlyimmobilizedincadumdginatethan carrageenan
beadd?, the soluble bioconjugate of Pseudomonas
cepacia lipase exhibited increased enzymeactivity in
termsof high effectivenessfactor’ and entrapment of
lipasefrom Rhizopusrecemosus NRRL 3631 ina4%
calcium aiginate gel beadswiththeyield of 82 %2,
Similar to our resultsthe studiesonimmobilization of
lipase producing Arthrobacter sp. (RRLJ-1/95) after
optimization of all the parameters, theentrapped lipase
cellsyielded 40% of lipase activity!?. Alginateasan
immobilization medium hasbeen extensively studied,
mainly dueto its ease of formulation, mild gelation,
biocompeatibility and acceptability asfood additiveand
asora drug delivery systems. However thereislimita
tion, alginate gel shave awide poredistribution dueto
the open lattice structure of thematrix. Larger pores
may result in enzymeleakage or release, or accessto
undesired reactants®.
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Physical adsor ption

Cditeisaninexpensvesolid support obtained from
thefossilized silicaremainsof diatomsandiscommer-
cidlyavalableindifferent forms, whichvary inparticle
size, shape and porosity widely, employed for the ad-
sorption or deposition of biocataysts?4. Lipaseimmo-
bilization by adsorptionisthes mplest methodinvolving
revers ble hydrophobic surfaceinteractions between en-
zymesand support materid withtheadvantagesof cheap,
fast and s mpleprocess, no chemical changesto support
or enzymesare necessary and areversibleimmobiliza-
tion. Disadvantages aretheleakage of theenzymefrom
the support, the possi ble steric hindrance by the support
and the nonspecific binding™. In the present study of
physi ca adsorption, the enzyme sol ution wasbound to
cditepowder by mixing theenzymesolutionwith celite
intheratioof 10:1 (v/w). Theefficiency of immobiliza:
tionwas58% (Figure 1). Our resultscoincideswiththe
earlier reportd®! in which the The highest specific hy-
drolyticactivity (0.71 U mg-1) and esterification activity
(26%) wereobtaned fromimmobilized lipaseon cdlite
Aspergillusoryzaeand Aspergillusniger respectively.
But the addition of saltsenhanced theefficiency of im-
mobilization in the lipase from Acinetobacter
radiores stensadsorption on Ceite535 wherethehigh-
est specific activity of 167% of the support wasfound
when theenzyme ol ution contains 100mM NH,CI™,
lonichinding

Theimmohilizationbyionicbindingisbased ondec-
trostaticinteractionsbetween differently chargedionic
groups of thematrix and of the enzymes. The advan-
tagesand disadvantages are the same of the adsorption
process, but throughionic binding the enzyme confor-
mation isinfluenced morethan through adsorption and
lessthan through covalent binding™. In the present in-
vestigation intheionic binding, cation exchangerson
polystyrene such asAmberliteIR120 (Na") and IRCSO
(H*) wereusedinwhich theimmobilization efficiency of
73% and 78% respectively (Figure 1). Among the other
methodsaf immobilizatesionic binding, cation exchang-
ers such asAmberlite IR120 (Na*) and IRCSO (H*)
showed efficient immobilization. Similar to our results
many researchersobtai ned good percentage of immo-
bilization on resins. Rhizopusdeleniar showed good a
growth on Amberliteresinsand synthesized lipasg®!.
Lipase (Lip094) from Aeromonas sobriaimmobilized
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by ionic bindingwithAmberliteresinsIR120 (Nat)-
and IRCSO (H+)- inwhich theresinswere stable, and
could beused toimmobilizetheenzyme repeatedly#7.
Lipasewasfrom Candida rugosa Amberlite XAD-7
adsorbed most (65%) whereas celite adsorbed theleast
at about 46%6%. Theimmobilized form Pseudomonas
p. withAmberlite XAD-7 resnwasfound to beabet-
ter support retaining 92.85% of theinitid activity inthe
formation of 1,4:3,6-dianhydro-D-glucitol 2-acetateand
itsisomeric 5-actetate derivatives?. Among various
immobilizatestested with lipasefrom Candidarugosa
many exhibited either alow enzymeactivity or difficul-
tiesduring the hydrol ytic reaction except those prepared
by ionic adsorption on Amberlite IRC-50 showed bet-
ter activity with 2000 U/g support!*€l,

pH stability

Both free and immobilized enzyme showed their
optimum stability at pH 8.0. Thefree enzyme showed
optimum stability at pH 8.0 by retaining itsactivity of
85%. Theenzymeretained 55% and 30% of itsactivity
at pH 10.0 and pH 11.0 respectively at 12 hours of
incubation. Theimmobilized enzymeby calciumagi-
nate showed itsmaximum stability at thepH of 8.0with
86.2% when incubated for 24 hours. The stability of
enzymewasretained for increased incubation periods
indl methodsof immoilization when comparedtofree
enzyme. Thegtability of lipasein cdite, AmberliteIR120
(Na") and IRCSO (H*) at pH was 87.3%, 94.6% and

96.7% respectively (Figure2).
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Figure2: pH stability of freeand immabilized lipasefrom
Pseudomonassp.Lpl

Theimmobilizedlipaseinbeadsof cdciumdginate
and carrageenan beads showed themaximum |lipaseac-
tivity at pH 7.5°. Theimmobilized lipasefrom Rhizo-
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pusrecemosusNRRL 3631 remained nearly stableat a
pH rangeof 7.0-5.0 whereasthefreeenzymeshowed a
sharp decreasefrom 77.11- 46.73% of lipase activity!?!l,
Arthrobacter sp. (RRLJ-1/95) immohilizedin alginate
beadswas stable at pH 7; however, a pH 6, 8, 9, and
5, theresdua activity obtained after 96 h of incubation
was 85, 85, 40, and 20%, respectively whereasthefree
enzyme, became completdy inactivewithin 24 hwhen
incubated at pH 4 and 57?2, Both thefree and immobi-
lized preparations of Aspergillusniger lipaseon celite
showed smilar biochemica properties, with maximum
activity at pH 6.0%!. Theimmobilized Candidarugosa
preparation with AmberliteIRC-50 was stableand ac-
tiveinthewholerange of pH from 4 to 916,

Temper aturestability

Thethermal stability was studied by Thethermal
stability of thelipasein Ca-alginatewas markedly in-
creased after immobilizationin al theimmobilization
methodswhen pre-incubating both thefreeand immo-
bilized enzyme at varioustemperaturesranging from
30°C to 80°Cfor 1 h.. Thefree enzyme showed only
48% of activity at 40°C whenincubated for 1hwhereas
theimmobilized enzymein Ca-dginateretained 62.5%
of itsactivity, 65.3% in physica adsorption by cdlite,
76.2% inAmberliteresin IR120 (Na") and 80.5%in
AmberliteIRCSO (H*) whenincubated for 1h. The
immobilizates-AmberlitelR120 (Na") and IRCSO (H*)
showed 65% and 68% of enzyme activity at even at
60°C. Theimmobilized lipase exhibited 50% and 54%
of itsactivity inthetemperatures of 30°C and 50°C. In
both theionic binding agentstheenzymeretained 53.2%
and 51.5% of itsactivity when incubated for beyond
1h (90 minutes) whereasin all the other methodsthe
enzymeinactivated (Figure 3).
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Figure 3 : Temperature stability of free and immobilized
lipase from Pseudomonassp.L p1

Thebioconjugate of Pseudomonas cepacialipase
immobilized with calcium alginate was more stable at
55°C as compared to the free enzymel®. Thermal sta-
bility studiesof Candidarugosaimmobilizedlipasein
cacium dginate beadsand chitosan coated calcium a-
ginate beads were stabl e throughout the temperature
range of 30-60°C, however, freelipase becameless
stable at temperatures higher than 50°CiZ1, At 60°C
theimmobilized lipase of Rhizopusrecemosusin cd-
cium aginate4%, preserved about 40.74% of itsorigi-
na activity!?. A significantimprovement inthetherma
stability of immobilized lipaseon cdlitefrom Aspergil-
lusniger compared to the native form was observed.
Theimmobilization on Celite seemsto play animpor-
tant rolein the stabilization of the enzymatic protein
conformation and its resistance to thermal denatur-
ation*®, Both thefreeandimmobilized preparations of
Aspergillusniger lipase on celite showed similar bio-
chemicd properties, with maximum activity at atem-
perature of 30-40°C. The most important effects ob-
served when thelipase wasimmobilized werethermal
stability and animproved esterification activity™. The
immobilized preparation of lipasefrom Candidarug-
osa with Amberlite IRC-50 was stable and activein
thewholerange of pH (4 to 9) and temperature (20 to
50°C), demonstrating a 99% degree hydrolysis!.

Sability in the presence of metal ionsand EDTA

The addition of metal ions such as Ca?* and K*
enhanced theactivity of both freeand immobilized en-
zymefrom Pseudomonas sp.L p1 when incubated at
40°C for 30 minutes. The metal ions such as Na**,
Mg? and Mn?* did not ater the activity of theenzyme
inwhich theenzymewas stableand retained its origi-
nal activity. Themetal ions Cu?, Fe** and Zn?* inhib-
ited the stability of theenzyme. Thepresenceof EDTA
deactivated theenzymeactivity. In al the methods of
immobilization the activity retention was higher than
thefree solubleform of enzyme. Theactivity retained
by lipaseimmobilized by ionic bindingwithAmberlite
resin IR120 (Na") and AmberliteIRCSO (H*) inthe
presence of Ca?* ion was higher (152% and 140%)
than any other methods of immobilization respectively.
Theactivity retained by Amberliteresin IR120 (Na')
and AmberliteIRCSO (H*) immobilized enzymewas
greater than free enzyme such as 115.5% and 120%
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respectively in Mn?* respectively and 128% and 125%
inK* respectively (Figure4).
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Figure 4 : Sability of free and immobilized lipase from
Pseudomonassp.L p1 on metal ionsand EDTA

Effect of metal ions could be attributed to the
changein the solubility and the behavior of theionized
fatty acids at the interface and from achangein the
cataytic property of theenzymeitsd fi*. Theimmobi-
lized lipase of Bacillussp.Mg?, Na" and Li* sdltsin-
creased activity by 63%, 63% and 23% respectively
whereasHg?* and Cd?* had astrong inhibitory effect.
Lipasefully retained itsactivity in Ca?*, Fe** and K*
sats. Thelipaselost 40% of itsactivity with 10 mM
EDTA (in absenceof additiona metal ionf®Y. Ca?*, K*,
Na"ionsand EDTA activated thelipase of theimmo-
bilized Pseudomonas sp. KLB1 lipase Entrapment in
sol-gd from ricehusk ash and thefreeenzymewhereas
Mg?*, Fe?* and ascorbic acid inhibited enzyme activ-
ity. All of thelipasesimmobilized by entrgpment played
higher activity than solubleformf*2,

Soragestability

Immobilized lipase was stored at 4°C inarefrig-
erator for one month and the Activity retention by
lipase was analyzed for every two days. Thefreeen-
zymelost its 50% of its activity within 15 days of
storage. Theresults showed that the stability of im-
mobilized enzymewas greater than thefree enzyme
in all methods of immobilization. The stability was
higher inionic bonding method of immobilizationin
which they retained morethan 70% of itsoriginal ac-
tivity till 20 days of storage after that the enzyme ac-
tivity was ceased. The calcium alginateimmobilizate
retained only 50% activity till 17 dayswhere asthe
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celiteretained nearly haf if it’s original activity after
one month (Figure5).

Activity Retention (%)

2 4 6

8 10 12 14 16 18 20 22 24 26 28 30
Days

—a—Frec lipase

Figure5: Sorage stability of free and immobilized lipase
from Pseudomonassp.Lpl
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In contrast the lipase-producing strain,
Arthrobacter sp. wasimmobilized in calcium algi-
nate beads by entrapment stored at 4-20°C for 1
month wherenolossin activity was observed during
thisduration?, Theimmobilized Aspergillusniger
lipaseon celite maintained an esterification activity of
at least 73% after 5 days of storage at 40°C?°, The
storage stability of Amberlite IRC-50 immobilizedli-
pase from Candida rugosa wastoo remarkabl e too
after 9 monthsit had lost only 25 % of theinitial ac-
tivity. Theimmobilizate withAl,O, wasless stable
and less active!*®, Immobilized lipase from
Aeromonas sobriain Amberlite resinswasfound to
retain more than 90% activity after 15 days storage
at room temperaturel? and at 4°celite adsorption
immobilized lipase from the yeast Candida rugosa
DSM 70761showed 73% residual activity after more
than 1 month, by comparison with only 48% residual
activity for the immobilized lipase from the yeast
Yarrowia lipolytica ATCC 866173,

The stability of theimmobilized lipasewasim-
proved when compared with that of the free one.
The efficiency of immobilization was greater inthe
method of ionic binding withAmberliteresin IR120
(Na") and Amberlite IRCSO (H*) when compared
toimmobilizationincaciumalginateand celite. The
lipaseimmobilized withionic resin showed more sta-
bility for longer duration at pH 8.0 and temperature
at 60°C. Thestability of theimmobilized lipasewas
greater than freelipase. Theresultsrevea ed that the
lipase from Pseudomonas sp.Lp1 could be used for
production of certain high-value compoundsinim-
mobilized state.
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