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ABSTRACT

Lipases are versatile biocatalysts in research laboratories and various
industries. Immobilized lipases have attracted tremendous attention due
to their facile separation from the reaction system, improved stability
towards harsh reaction conditions and recycled use. The different methods
and carriers for lipase immobilization in progress are the topic of this

review. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Lipases(triacylglycerol acylhydrolase, E.C.3.1.1.3)
constitute aversatile class of enzymes, which catalyze
hydrolysis, esterification, interesterification, trans-esteri-
fication reactions. Themultifaceted propertiesmakeli-
pases find applications in detergent, food,
bioremediation, chiral resolution of pharmaceuticals,
synthesisof finechemica's, cosmeticsand perfumeryt”,
Although lipases can be sourced from variousanimals,
plantsand microorganisms, dl thelipasesbelongto o/
hydrol ase superfamily, which composed of acentral,
parallel or mixed 3 sheet surrounded by o helices?.
Lipaseswith different origin do not sharehigh homolog
inthe protein sequences. However, the activity of |i-
pase depends on a catalytic triad composed by Ser,
Hisand Asp residues, among which serineresidueis
included inthe conserved pentapeptide Gly/Ala-X aa-
Ser-Xaa-Gly. There is a region homologous to the
oxyanion holeregion (-His-Gly-) of the Pseudomonas
glumaelipaselocated 60-108 aaupstream of the ac-
tivesitein thelipases possessing the active-site con-
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sensus sequence’®. Somelipaseshaveaconserved sig-
nal peptide SSor SS+Plocated 10-40 aaupstream of
oxyanion holeregion (-His-Gly-). Except fromthree
conserved sequences, variouslipaseswith different ori-
ginhavelow smilaritiesin primary sequences. Further-
more, most lipaseshaveauniqueproperty caledinter-
face activation. When lipases contact with the oil /water
interface, thelid covering theactivestemovesand ex-
poses hydrophobic pocket, inwhich catalysisoccurs®.
The phenomenon hasadirect impact on lipaseimmo-
bilization.

Until now, screening, optimization of fermentation
conditions, purification and characterization, cloningand
expression, molecular engineering, immobilizationand
application of lipase have been described in numerous
publicationg®8, Immobilizedlipaseshavedttracted tre-
mendous attention dueto their facile separation from
thereaction system, improved stability towards harsh
reaction conditionssuch asextreme pH, hightempera:
ture or the presence of organic solventsand recycled
use. Generally, non-coval ent adsorption and deposi-
tion, ionicinteraction, covaent binding, cross-linking,
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entrapment and cell surfacedisplay arethefrequently
used techniquesfor lipaseimmobilization. Prosand cons
of these methods are summarized in TABLE 1. The
present review focuses on therecent progressinlipase
immohbilization.

TABLE 1 : Pros and cons of six methods for lipase

immobilization

M ethods Benefits Drawbacks
gdon—coyal ot | ittleloss of Easy leakage of
sorption D
activity, smple enzyme from
and !
- method carriers
deposition
lonic :qlghnrzcovery of Dependent on pH
interaction yme, easy and ionic strength
preparation
Covalent Tight binding of High loss of
binding enzyme, good activity
stahility
o Strong attachment ~ Low recovery of
Cross-linking o
of enzyme activity
Only for
High recovery of mmobi I|Z|_ng
Entrapment 2 enzyme using
activity
small molecular as
substrate
Production of
biocatalysts
without the Overwhelming
extraction and numbers of false
Cell surface e o
display purification of positives, a
enzymes, a useful complicated
toal for the method
engineering of
lipase

NON-COVALENT ADSORPTION
AND DEPOSITION

Non-covaent adsorption and depositionaresimple
methodsfor lipaseimmobilization. Van der Wad sforce,
hydrophabic interaction and hydrogen bond play an
important rolein thetechnique. Inorganic supportssuch
assilicagel, Celite, porousglass, hydroxylapatiteand
organic supportssuch ascellulose, porousacrylicres-
insand ceramic aregeneraly used ascarriers. Thebind-
ing capacity of organic supportsisusually higher than
that of inorganic supports, and thus organi c supports
attract moreinterest anong researchers. Some success-
ful examplesareshowed in TABLE 2”21, According
toYepilodlu etal., lipasefrom Candida rugosa
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(CRL) wasimmobilized onto Al O,. By immobiliza-
tion, thelipasewitnessed shiftsin optimum pH from 7
to 8.5 and optimum temperaturefrom 35t0 40°C, as
compared with free enzymes'”. Sun et al. were suc-
ceeded intheimmobilized of Candida antarcticali-
pase B (CALB) onthe macroporousresin by physical
adsorption. Theimmobilizedlipaseexhibited asmilar
stability to Novozyme435inthe synthesisof ethyl lac-
tated. With theefforts of katiyar et al., anovel mate-
ria called MCM-41 asasupport for immobilization of
Candidarugosalipase by the physicd adsorption tech-
nique. Theimmobilized lipase was empl oyed as bio-
catalyst for biodiesel preparation with high conver-
sion*¥, An eco-friendly support called poly [bis (p-
methyl phenoxy)] phosphazenewastried for lipaseim-
mobilization by Cabrera- Padillaet al. Thetest for op-
erationa stability indicated theimmobilized lipasere-
tained 50% of original activity after 12 cyclesof re-
use?, Inrecent years, therewasarisein thestudy on
the enzyme binding to nanomaterials including
nanoparticles, nanotube and nanofiber. Generdly spesk-
ing, enzyme molecules have asize of severa nanom-
eters, which makeit possibleto benefit from the na
nometer-scal emanipul ations?!. Mesoporoussilica, one
kind of nanoparticles, werefrequently appliedtoim-
mobilizelipaseduetoitsuniform porediameters(2-40
nm), very high surface areas (300-1500 m?/g) and pore
volume (ca. 1 ml/g)?3. Gustafsson et al. synthesized
threekindsof mesoporoussilica, all of whichhad 9nm
pores but varied particle size (1000 nm, 300 nm and
40 nm). The prepared silicawas used as carriersfor
immobilization of Mucor miehel and Rhizopusoryzae
lipases, among which the 300 nm particleswasthe most
suitable supportsfor both lipasesin term of specific
activity®. In a study by Du et al., lipase from
Pseudomonas cepacia was immobilized onto
nanoporous gold (NPG), a new kind of nanoporous
material with tunable porosity and excellent
biocompatibility. Lipaseloading and catalytic activity
of theimmobilized lipase were closely dependent on
thepore size of NPG and adsorptiontime. In addition,
lipase-NPG complex with apore size of 35 nm have
exhibited good reusability without loss of activity after
ten recycles?d. Carbon nanotubes are one of onedi-
mensiona nanomaterias. Shah et al. reported theim-
mobilization of Candida rugosalipase (CRL) on multi-
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walled carbon nanotubes by adsorption. Theimmobi-
lized biocatalyst actually gaveriseto considerablein-
creaseof transesterification activity and enantiosd ectivity
in non-agueous media?. Electrospun nanofibersrep-
resent an extreme example of one dimensional
nanomaterials becausefiberscan be unlimited long?Y.
El ectrospun nanofibersa so have attracted much atten-
tion ascarriersfor enzymeimmobilization. Wang et al.
investigated the feasibility of Poly[bis(p-
methyl phenoxy)] phosphazene nanofiber membranefor
theimmobilization of Candidarugosalipaseby phys-
cd adsorption dueto biocompatibility, high surface/vol -
umeratio, and large porosity. Theimmobilized lipase
showed theadsorption capacity (20.4+2.7 mg/g) and
activity retention (63.7%)2%. Immobilization of
Pseudomonas cepacia lipase onto e ectrospun poly-
acrylonitrilefibersthrough physical adsorption was
achieved by Sakai et al. Theimmobilized lipasere-
tained 80% of activity inthefirst run after 10 reusefor
conversion of (S)-glycidol with vinyl n-butyrate to
glycidyl n-butyratein isooctane®. Recently, lipases
havebeenimmobilized usngasmart technique, by which
enzymemol ecul eswereattached tofunctionaized mag-
neticaly nanoparticlesviahydrophobicinteraction. Usu-
aly, thevery smd| particles(micron- or nano-size) were
difficult to separation by filtration and centrifugation.
However, lipasebound to functionalized magneticaly
nanoparticles can be separated by magnetic field.
Pseudomonasfluorescenslipase (PFL) wasimmobi-
lized onto the magnetic Fe,0, nanoparticlesviahydro-
phobicinteraction. Theimmobilized AK L was success-
fully used for resol ution of 2-octanol, with the highest
enantiosel ectivity (E=71.5+2.2) under the optimum
conditions®. Candidarugosalipasewasimmobilized
onto magnetite nanoparticlescoated with akyl sillanes
of different kyl chainlengthsthrough hydrophobicin-
teraction. Thelipaseimmobilized on C18-Fe,0O, re-
tained 65% of itsoriginal activity after 7 timesrecycle
use?,

IONICINTERACTION

For most of enzymes, their surface may be posi-
tively or negatively charged, and thusthey haveionic
interaction with supports such asion exchanger poly-
mers. lon exchanger polymers include DEAE-

——=— Review

TABLE 2 : Examples of non-covalent adsorption and
deposition for lipaseimmobilization

Lipaseorigin Carrier Refer ences
Candida

rugosa lipase Al2Os [17]
Candida

antarctica Macroporousresin [18]
lipase B

Candida — \1op-g1 [19]
rugosalipase

Candida Pol y(3-hydroxybutyrate-co- [20]
rugosalipase hydroxyvalerate)

Mucor miehei

and Rhizopus Mesoporous silica [23]
oryzae lipase

Pseud_om_onas Nanoporous gold [24]
cepacialipase

Ca”d'd? Carbon nanotube [25]
rugosa lipase

Candida Pol y[ bis(p- [26]
rugosalipase methylphenoxy)]phosphazene
Pseud.om'onas Polyacrylonitrile fibers [27]
cepacialipase

Pseudomonas

fluorescens  Magnetic nanoparticles [28]
lipase

Candida . .

rugosa lipase Magnetite nanoparticles [29]

Sephadex, AmberliteIRA-93, DEAE-cellulose, CM-
cellulose, Amberlite CG-50, Dowex-50 etc. Fuentes
et al. successfully prepared novel tailor-made cationic
exchangeresinsby cova ently binding aspartic-dextran
polymers (e.g. MW 15 000-20 000) to porous sup-
ports (aminated agarose and Sepabeads). Very high
activity recovery and immobilization rates were
achieved, with theimmobilization of Candidaantarctica
B lipase onto these supportd®). Agarose gel s coated
with adenselayer of polyethylenimine(anion exchanger)
were used to adsorb Candida antarcticalipase. The
resultant preparations were applied for the
enantiosel ective hydrolysisof R,S-manddlic acid me-
thyl ester. Interestingly, the activity and the
enanti osel ectivity were dependent on the pH valueand
temperature in the immobilization process®!.
Rhizomucor miehei lipase (RML) wasimmobilizedin
the presence of sucroselaurate on different anion ex-
changers by multipoint anionic exchange through the
regionwiththehighest density of negativecharges RML
immobilization based onionicinteractionwas superior
to that based on cova ent binding interm of activity for
hydrolysisof fishails. In addition, theimmobilizedli-
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pasesarefairly stable against heat and organic co-sol-
vents*. Except ion exchanger polymers, Fe,O,
nanoparticlesa so usedto bind lipaseviaionicinterac-
tion. Mukherjee et al. described Candidarugosa li-
pase adsorbed on Fe,O, nanoparticles coated with PEI
viaeectrostatic interactions. Theimmobilized lipase
exhibited 110foldshigher transesterification activity in
low-water media™=.

COVALENT BINDING

Lipase can be bound to carriers by covalent cou-
pling. Thecoupled amino acidsinlipasescannot play a
roleintheactive sitesof enzymes. Otherwiseit would
result inthecompletelossof enzymeactivity. Thereare
some coupling reactions between lipasesand carriers,
which depend on thefunctiona groupsof supportsand
thesidechangroupsof enzyme. Innormal case, carri-
ersarenot capable of reacting with enzymedirectly,
and thustheactivation of supportsisnecessary, which
makesthem bearing functiona groups. TABLE 3 de-
scribes someexamples of covalent coupling for lipase
immobilization*4Y, In order to improve the perfor-
manceof theenzyme, Candida rugosa lipase (Lipase
AY-30) wasimmobilized on Poly (gamma-glutamic
acid) by covaent binding, and thenimmohbilization pa-
rameterswere optimized by response surface method-
ology™. Threedifferent covaentimmobilization meth-
odswereapplied for theimmobilization of Candida
rugosa lipase on Eupergit® C by Knezevic et al. Cou-
pling Candida rugosalipaseviaits carbohydrate moi-
ety modified by periodate oxidation gaveriseto the
highest activity retention of 43.3% among the three
methods. Theimmobilized lipase was 18-fold more
stablethan freelipasg®. Pahujani et al were succeeded
intheimmobilization of an extracd lular dkalinelipase
of athermo tolerant BacilluscoagulansBTS-3 onto
olutaraldehyde activated Nylon-6 by cova ent couping.
Theimmobilized lipaseonly lost 12% of origind activ-
ity at 55°C for 2h and also retained 85% of its original
activity after eight cyclesof hydrolysisof p-NPP=9,
Freehydroxyl groupsininsolubleyesast beta-glucanwere
converted into activated epoxy groups using epichlo-
rohydrin. Theimmobilization of Candidarugosalipase
onto the epoxy-activated 1Y G was carried out. There
remained 51.05% of original activity after Six repeated

inogecﬁtzofo_qy C—

esterification cycled®’. Lipasesfrom Candidarugosa
and porcinepancreaswere covaently bound using glu-
tara dehyde as binding agent and silicaamino as sup-
port. In continuousreactors, no significant loss of ac-
tivity was detected d ong the period of 17 daysfor both
immobilized PPL used in agueous medium at 32 °C
and immobilized CRL in organic medium at 40°CE. A
novel support to bind enzymeby covalent couplingis
stimulus-respons ve polymer. Changesintemperature,
pH andionic strength result in thedramatic conforma:
tion change of these polymerd®. For example, tem-
perature-responsive polymershaveacritical solution
temperature (LCST). Above LCST, the polymer isin-
soluble, whilebelow LCST the polymer becomesdis-
solvedinthesolution. The property makesit auseful
support inenzymeimmobilization. When enzymeshind
to such polymer, below LCST theimmobilized enzyme
issoluble, thereby decreasing thediffusion resi stance.
AboveL CST theimmobilized enzymeisinsoluble, thus
facilitatingitsrecovery. Matsukataet al. have synthe-
szed poly (N-isopropylacryl-amide)[ poly(IPAAmM)] co-
oligomer with N, N-dimethylacrylamide (DMAAmM),
which exhibitsaLCST at 37°C, and then lipase was
cova ently attached to the polymer. Theimmobilized
lipase retained its native enzymatic activity and was
readily separated from the aqueousreaction systemin-
duced by asmall temperature change®. Candidarug-
osa lipasewascova ently bound to apH-senstive sup-
port. After eight reuses, theimmobilized lipaseretained
46% of original activity and itsenantioselectivity re-
mained unchanged“Y.

CROSS-LINKING

For carrier bound insoluble enzymes, the carriers
increasethe cost of enzymeimmobilization and diffu-
son hindrance. A carrier-freeimmobilizationisarobust
method for biocatayss. Enzymemoleculescan belinked
by bi- or multi-functional crosslinking agentssuch as
glutaraldehyde. Two kindsof preparation, cross-linked
enzyme crystals (CLECs) and Cross-linked enzyme
aggregates (CLEAS) have been applied to thefield of
biocatalysis. Cross-linked enzyme crystals (CLECYS)
were obtained by adding acrossing agent to cross-link
enzyme crystal's, which wereformed under optimum
condition. Lipase from Burkholderia cepacia was
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TABLE 3 : Examples of covalent binding for lipase
immobilization

Lipaseorigin Carrier References
Candida Poly(gamma-glutamic

. . [34]
rugosalipase  acid)
Candida ®
rugosa lipase Eupergit™ C [35]
Bacillus
coagulans Nylon-6 [36]
lipase
Candida Insoluble yeast beta- [37]
rugosalipase.  glucan
Candida
rugosa lipase/
Porcine Silica [38]
pancrestic
lipase
Crystallized Poly(N-
X X . [40]
lipase isopropylacrylamide)

A terpolymer of

Candida methacrylic acid,

: ? ' [41]
rugosalipase  acrylamideand maleic

anhydride

crystallized using ammonium sulfate and then cross-
linked with glutard dehyde. CLECslipasehadimproved
thermal and reuse stability“?. A crystallized enzyme of
Candida antarctica lipase B was prepared for
enanti osel ective esterification of racemic 1-phenyl etha-
nol withvinyl acetatein supercritica carbon dioxide*3.
However, enzymes require ahigh purity in order to
obtain crystals, which isalaborious process. Conse-
quently, CLEA isan dternativeto CLEC duetoitssm-
pler and lessexpensve preparation. These CLECsare
prepared by adding a preci pitant such asammonium
sulphate and then these aggregates are crosslinked by
crossing agents. Pan et al. prepared crosslinked en-
Zyme coaggregatesof Serratiamarcescenslipase, with
polyethyleneimine as coprecipitant and glutaral dehyde
ascrosslinking reegent. Theimmobilized lipaseexhib-
ited excellent operational stability for asymmetric hy-
drolysisof trans-3-(42 -methoxyphenyl) glycidicacid
methyl ester, without no significant activity lossafter 10
cycles of repeated use*4. Pseudomonas sp. Lipase
wasimmobilized viacross-linked enzyme aggregates
(CLEAS), using acetoneastheoptimal precipitant. The
immobilized lipase not only exhibited excellent
enantiosel ectivity (E-value > 100), but had higher ac-
tivity and thermal stability ascomparewiththefreeli-
pase for the kinetic resolution of N-(2-ethyl-6-

—===mr> Review
methylphenyl) daning“.

ENTRAPMENT

Inthe case of entrapment, monomersand enzyme
solution aremixed, and then monomersare polymerlized,
whereby enzyme moleculesareentrapped in polymers.
Thetechniqueasoisapplied for entrappingwholecdl.
Sol-gel isakind of silicabased material used for en-
zymeentrapment. In the sol-gel methodol ogy, organic
slanederivativessuchas S(OCH,), and RS(OCH,),
wereaddedinto enzyme sol ution, which arehydrolyzed
to produceasol of colloidd silicondioxideparticlesby
acatalyst. The solsundergo condensationto forma
gel“®l, Additives such asisopropanal, polyvinyl aco-
hol, cyclodextrins, ionicliquids or surfactantsincrease
theefficiency of sol-gd methodology, whichisindustri-
alyviableowingtothelow priceof sol-gd entrgpment,
theexcdlent performanceof immobilized enzyme, and
therecycleahility for biocatalysig*. Accordingto Yang
et al., different silanizing agents including vinyl-
trimethoxy silane, octyl-trimethoxy silane, gamma-
(methacryloxypropyl)- trimethoxy silane and
tetraethoxysilane were selected as the precursorsto
produce gel for encapsulation of lipase from
Arthrobacter sp.. Among all of silanizing agents,
etraethoxyslanewasthemost suitable precursor, with
thehighest activity inboth thehydrolysisof p-nitrophenyl
pal mitate and the asymmetric acylation of 4-hydroxy-
3-methyl-2-(2-propenyl)-2-cyclopenten-1-ong“@l. Li-
pase from Candida antarctica B wasimmobilized by
sol-gel entrapment. Immobilization gaverisetoanin-
crease of stability in several organic solventsand excel-
lent operationd stability™*?. Candidarugosalipasewas
encapsulated, using tetraethoxysilane and
octyltriethoxysilaneassilane precursorsin the presence
of B-cyclodextrin-based polymer. The B-cyclodextrin-
based encapsul ated lipaseshad higher conversionand
enantiosdlectivity than covadently immohilized lipasefor
the enantiosel ective hydrolysis of racemic Naproxen
methyl ester’™). Except that polymers based oninor-
ganic materid, organic polymerssuch astemperature-
respong ve polymersared o goplied toentrap enzymes.
Candida antarctica lipase B (CALB) wasimmobi-
lized within micron-sized thermosensitive p-NIPAM
hydrogel particles. For theimmobilization of the en-

—— ﬁiogecﬁnokyy

A Tudéan Journal



34 Recent progress in lipase immobilization

BTAIJ, 9(1) 2014

Review o

zyme, p-NIPAM particlesand CALB weremixed at
25°C, followed by heating the mixture to 50 °C over-
night. Another solvent exchange was performed by the
exchange of isopropanol against n-hexane. Specific
activity of CALB inn-hexaneincreased after immobili-
zation®4. Another organic polymers to entrap is
el ectrospinning fibers. Electrospinning constitutesa
smpleand versatileway to fabricate nanofibrous sup-
ports, which show many advantagesfor their high po-
rosity and interconnectivity as compared with other
nanostructured supports (e.g. mesoporous silica,
nanoparticles). The encapsul ation of enzymesin the
nanofiberscan beachieved by direct co-dectrospinning
of enzymesand other components(organicor inorganic
materials)®3. Sakai et al. entrapped lipase in
el ectrospun poly(vinyl dcohol) fibersof gpproximately
1 um in diameter for the synthesis of glycidyl n-bu-
tyratewith (s)-glycidol and vinyl n-butyrateassubstrate.
Theinitia transesterification rateof theimmobilized |i-
pasewas5.2-fold higher than that of freelipase™.

DISPLAY LIPASEONTHE
SURFACEOFCELLS

Thedisplay of enzymeon cdl surfacesrepresentsa
nove immobilizationtechnique. Themethod enablesus
to produce biocata ystswithout the extraction and pu-
rification of enzymes, which helpsto drivedownthe
product cost and makes the enzymatic process eco-
nomicaly viable. At firgt, thetechnol ogy was hampered
by thelack of asuitable anchoring motift™. In recent
years, thereare more and more successfully used an-
choring motifg% (TABLE 4). Leeet al. used OprF,
amaor outer membrane protein of Pseudomonas
aeruginosa, as an anchoring motif to display
Pseudomonas fluorescens SIK W1 lipase on the sur-
face of Escherichia coli. TheE. coli wholecell cata-
lyst was used for enanti osdl ectiveresol ution of racemic
1-phenylethanol inhexane, which gaveriseto theenan-
tiomeric excess of greater than 96% in 36 h of reac-
tion™, A thermostablelipase (TliA) from Pseudomo-
nasfluorescenswasimmobilized onthe cdll surface of
asolvent-resi stant bacterium, Pseudomonas putida
GM730. TheWhole cellsexhibited potential for hy-
drolysisof oliveail, synthesisof triacylglycerol and chird
resolution™. YarrowialipolyticalipasesLip7 and Lip8

ziogecﬁtzofo_qy C—

were attached to the cell surface of Saccharomyces
cerevisiae, using small binding subunit Aga2 of a-ag-
glutinin asan anchoring motif. Theactivitiesof surface-
displayed Lip7 and Lip8towards p-nitrophenyl capry-
late were much higher than that using Flo1 asanchor
proteinin Pichia pastorig®. Rhizomucor miehel li-
pase (RML) variantswere surface-displayed on Pichia
pastorisby fusionto Flolp asan anchor protein. The
activitiesof four variantsincreased from 1.1- to 5-fold
inan egterification reactionin heptaneascompared with
theactivity of nativelipasd®.

TABLE : 4Display lipaseson thesurface of cells

Host and anchoring

Lipase ) Reference
motif

P. fluorescens P. putida KT2442 [55]
SIK W1 lipase [OprF

P. fluorescens .

SIK W1 lipase E. coli/OprF [56]
TIA P. putida GM730/INP [57]
B. subtilislip B. subtilis/CWB, [58]
LipA S cerevisae/Pird [59]
Lip2 S cerevisae /Cwp2 [60]

. . S. cerevisae /Aga2 of
Lip7 and Lip8 aagglutinin [61]
RML variants P. pastorigFlolp [62]
P. pastorig/a pha-

CALB agglutinin and Flolp [63]
LipB52 P. pastorisKM71/ [64]

FLO

CONCLUDING REMARK

Currently, immohilized lipasesare of specid impor-
tance because they have found wide applications not
only inthefield of biotechnology, but asoin pharma
ceutica, environmental, food and biosensor industries.
Thetechnique and skill to preparetheimmobilized li-
pase rendering an enzymati c process economically vi-
able arouse cons derableinterestsamong researchers.
Several novel typeof carriersand methods have been
triedtoimprovetraditiona lipaseimmobilization. New
carriersinclude nanometer scale materias, magnetic
particles, mesoporous support etc, while new methods
areinvolvedin cell surface display, sol-gel method,
CLEC and CLEA, combinational use of immobiliza-
tion methodg®¢7. M ore and more new methods and
supportsshould be explored in order to enhancelipase

A Tudéan Journal



BTAIJ, 9(1) 2014

Ren Peng 35

loading, activity and stability, thereby decreasing bio-
catalyst cost in variousindustries. It should be noted
severd new waysfor immobilization have been gpplied
to other enzyme. For instance, microwaveirradiation
technol ogy wasused to immobilize papain and penicil-
linacylaseinthemesocd lular sliceousfoams (M CFs)
to decreaseimmobilization time andincrease enzyme
loading®®®, ~ Kumar and Nahar used
photoimmobilization technol ogy to bind horseradish
peroxidase (HRP) andglucose oxidase (GOD) onto the
photoreactive cdlulosemembrane by sunlight. In addi-
tion, sunlight exposure gave better immobilization re-
sultsthan 365 nm UV light™. Although lipase hasits
unique properties, fine-tuning of techniquesfor other
enzymestosuitlipasewill befruitful inthefuture,
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