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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 Science Inc. - INDIA
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INTRODUCTION

Lipases (triacylglycerol acylhydrolase, E.C.3.1.1.3)
constitute a versatile class of enzymes, which catalyze
hydrolysis, esterification, interesterification, trans-esteri-
fication reactions. The multifaceted properties make li-
pases find applications in detergent, food,
bioremediation, chiral resolution of pharmaceuticals,
synthesis of fine chemicals, cosmetics and perfumery[1].
Although lipases can be sourced from various animals,
plants and microorganisms, all the lipases belong to á/â
hydrolase superfamily, which composed of a central,
parallel or mixed â sheet surrounded by á helices[2].
Lipases with different origin do not share high homolog
in the protein sequences. However, the activity of li-
pase depends on a catalytic triad composed by Ser,
His and Asp residues, among which serine residue is
included in the conserved pentapeptide Gly/Ala-Xaa-
Ser-Xaa-Gly. There is a region homologous to the
oxyanion hole region (-His-Gly-) of the Pseudomonas
glumae lipase located 60-108 aa upstream of the ac-
tive site in the lipases possessing the active-site con-

sensus sequence[3]. Some lipases have a conserved sig-
nal peptide SS or SS+P located 10-40 aa upstream of
oxyanion hole region (-His-Gly-)[4]. Except from three
conserved sequences, various lipases with different ori-
gin have low similarities in primary sequences. Further-
more, most lipases have a unique property called inter-
face activation. When lipases contact with the oil/water
interface, the lid covering the active site moves and ex-
poses hydrophobic pocket, in which catalysis occurs[5].
The phenomenon has a direct impact on lipase immo-
bilization.

Until now, screening, optimization of fermentation
conditions, purification and characterization, cloning and
expression, molecular engineering, immobilization and
application of lipase have been described in numerous
publications[6-16]. Immobilized lipases have attracted tre-
mendous attention due to their facile separation from
the reaction system, improved stability towards harsh
reaction conditions such as extreme pH, high tempera-
ture or the presence of organic solvents and recycled
use. Generally, non-covalent adsorption and deposi-
tion, ionic interaction, covalent binding, cross-linking,
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entrapment and cell surface display are the frequently
used techniques for lipase immobilization. Pros and cons
of these methods are summarized in TABLE 1. The
present review focuses on the recent progress in lipase
immobilization.

(CRL) was immobilized onto Al
2
O

3
. By immobiliza-

tion, the lipase witnessed shifts in optimum pH from 7
to 8.5 and optimum temperature from 35 to 40°C, as

compared with free enzymes[17]. Sun et al. were suc-
ceeded in the immobilized of Candida antarctica li-
pase B (CALB) on the macroporous resin by physical
adsorption. The immobilized lipase exhibited a similar
stability to Novozyme 435 in the synthesis of ethyl lac-
tate[18]. With the efforts of katiyar et al., a novel mate-
rial called MCM-41 as a support for immobilization of
Candida rugosa lipase by the physical adsorption tech-
nique. The immobilized lipase was employed as bio-
catalyst for biodiesel preparation with high conver-
sion[19]. An eco-friendly support called poly [bis (p-
methyl phenoxy)] phosphazene was tried for lipase im-
mobilization by Cabrera- Padilla et al. The test for op-
erational stability indicated the immobilized lipase re-
tained 50% of original activity after 12 cycles of re-
use[20]. In recent years, there was a rise in the study on
the enzyme binding to nanomaterials including
nanoparticles, nanotube and nanofiber. Generally speak-
ing, enzyme molecules have a size of several nanom-
eters, which make it possible to benefit from the na-
nometer-scale manipulations[21]. Mesoporous silica, one
kind of nanoparticles, were frequently applied to im-
mobilize lipase due to its uniform pore diameters (2-40
nm), very high surface areas (300-1500 m2/g) and pore
volume (ca. 1 ml/g)[22]. Gustafsson et al. synthesized
three kinds of mesoporous silica, all of which had 9 nm
pores but varied particle size (1000 nm, 300 nm and
40 nm). The prepared silica was used as carriers for
immobilization of Mucor miehei and Rhizopus oryzae
lipases, among which the 300 nm particles was the most
suitable supports for both lipases in term of specific
activity[23]. 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. Lipase loading and catalytic activity
of the immobilized lipase were closely dependent on
the pore size of NPG and adsorption time. In addition,
lipase-NPG complex with a pore size of 35 nm have
exhibited good reusability without loss of activity after
ten recycles[24]. Carbon nanotubes are one of one di-
mensional nanomaterials. Shah et al. reported the im-
mobilization of Candida rugosa lipase (CRL) on multi-

TABLE 1 : Pros and cons of six methods for lipase
immobilization

Methods Benefits Drawbacks 
Non-covalent 
adsorption 
and 
deposition 

Little loss of 
activity, simple 
method 

Easy leakage of 
enzyme from 
carriers 

Ionic 
interaction 

High recovery of 
enzyme, easy 
preparation 

Dependent on pH 
and ionic strength 

Covalent 
binding 

Tight binding of 
enzyme, good 
stability 

High loss of 
activity 

Cross-linking 
Strong attachment 
of enzyme 

Low recovery of 
activity 

Entrapment 
High recovery of 
activity 

Only for 
immobilizing 
enzyme using 
small molecular as 
substrate 

Cell surface 
display 

Production of 
biocatalysts 
without the 
extraction and 
purification of 
enzymes, a useful 
tool for the 
engineering of 
lipase 

Overwhelming 
numbers of false 
positives, a 
complicated 
method 

NON-COVALENT ADSORPTION
AND DEPOSITION

Non-covalent adsorption and deposition are simple
methods for lipase immobilization. Van der Waals force,
hydrophobic interaction and hydrogen bond play an
important role in the technique. Inorganic supports such
as silica gel, Celite, porous glass, hydroxylapatite and
organic supports such as cellulose, porous acrylic res-
ins and ceramic are generally used as carriers. The bind-
ing capacity of organic supports is usually higher than
that of inorganic supports, and thus organic supports
attract more interest among researchers. Some success-
ful examples are showed in TABLE 2[17-29]. According
to Yeþiloðlu et al., lipase from Candida rugosa
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walled carbon nanotubes by adsorption. The immobi-
lized biocatalyst actually gave rise to considerable in-
crease of transesterification activity and enantioselectivity
in non-aqueous media[25]. Electrospun nanofibers rep-
resent an extreme example of one dimensional
nanomaterials because fibers can be unlimited long[21].
Electrospun nanofibers also have attracted much atten-
tion as carriers for enzyme immobilization. Wang et al.
investigated the feasibility of Poly[bis(p-
methylphenoxy)] phosphazene nanofiber membrane for
the immobilization of Candida rugosa lipase by physi-
cal adsorption due to biocompatibility, high surface/vol-
ume ratio, and large porosity. The immobilized lipase
showed the adsorption capacity (20.4 ± 2.7 mg/g) and

activity retention (63.7%)[26]. Immobilization of
Pseudomonas cepacia lipase onto electrospun poly-
acrylonitrile fibers through physical adsorption was
achieved by Sakai et al. The immobilized lipase re-
tained 80% of activity in the first run after 10 reuse for
conversion of (S)-glycidol with vinyl n-butyrate to
glycidyl n-butyrate in isooctane[27]. Recently, lipases
have been immobilized using a smart technique, by which
enzyme molecules were attached to functionalized mag-
netically nanoparticles via hydrophobic interaction. Usu-
ally, the very small particles (micron- or nano-size) were
difficult to separation by filtration and centrifugation.
However, lipase bound to functionalized magnetically
nanoparticles can be separated by magnetic field.
Pseudomonas fluorescens lipase (PFL) was immobi-
lized onto the magnetic Fe

3
O

4
 nanoparticles via hydro-

phobic interaction. The immobilized AKL was success-
fully used for resolution of 2-octanol, with the highest
enantioselectivity (E=71.5±2.2) under the optimum

conditions[28]. Candida rugosa lipase was immobilized
onto magnetite nanoparticles coated with alkyl silanes
of different alkyl chain lengths through hydrophobic in-
teraction. The lipase immobilized on C18-Fe

3
O

4
 re-

tained 65% of its original activity after 7 times recycle
use[29].

IONIC INTERACTION

For most of enzymes, their surface may be posi-
tively or negatively charged, and thus they have ionic
interaction with supports such as ion exchanger poly-
mers. Ion exchanger polymers include DEAE-

Sephadex, Amberlite IRA-93, DEAE-cellulose, CM-
cellulose, Amberlite CG-50, Dowex-50 etc. Fuentes
et al. successfully prepared novel tailor-made cationic
exchange resins by covalently 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 the immobilization of Candida antarctica
B lipase onto these supports[30]. Agarose gels coated
with a dense layer of polyethylenimine (anion exchanger)
were used to adsorb Candida antarctica lipase. The
resultant preparations were applied for the
enantioselective hydrolysis of R,S-mandelic acid me-
thyl ester. Interestingly, the activity and the
enantioselectivity were dependent on the pH value and
temperature in the immobilization process[31].
Rhizomucor miehei lipase (RML) was immobilized in
the presence of sucrose laurate on different anion ex-
changers by multipoint anionic exchange through the
region with the highest density of negative charges. RML
immobilization based on ionic interaction was superior
to that based on covalent binding in term of activity for
hydrolysis of fish oils. In addition, the immobilized li-

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

Lipase origin Carrier References 
Candida 
rugosa lipase 

Al2O3 [17] 

Candida 
antarctica 
lipase B 

Macroporous resin [18] 

Candida 
rugosa lipase 

MCM-41 [19] 

Candida 
rugosa lipase 

Poly(3-hydroxybutyrate-co-
hydroxyvalerate) [20] 

Mucor miehei 
and Rhizopus 
oryzae lipase 

Mesoporous silica [23] 

Pseudomonas 
cepacia lipase 

Nanoporous gold [24] 

Candida 
rugosa lipase 

Carbon nanotube [25] 

Candida 
rugosa lipase 

Poly[bis(p-
methylphenoxy)]phosphazene 

[26] 

Pseudomonas 
cepacia lipase 

Polyacrylonitrile fibers [27] 

Pseudomonas 
fluorescens 
lipase 

Magnetic nanoparticles [28] 

Candida 
rugosa lipase 

Magnetite nanoparticles [29] 
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pases are fairly stable against heat and organic co-sol-
vents[32]. Except ion exchanger polymers, Fe

3
O

4

nanoparticles also used to bind lipase via ionic interac-
tion. Mukherjee et al. described Candida rugosa li-
pase adsorbed on Fe

3
O

4
 nanoparticles coated with PEI

via electrostatic interactions. The immobilized lipase
exhibited 110 folds higher transesterification activity in
low-water media[33].

COVALENT BINDING

Lipase can be bound to carriers by covalent cou-
pling. The coupled amino acids in lipases can not play a
role in the active sites of enzymes. Otherwise it would
result in the complete loss of enzyme activity. There are
some coupling reactions between lipases and carriers,
which depend on the functional groups of supports and
the side chain groups of enzyme. In normal case, carri-
ers are not capable of reacting with enzyme directly,
and thus the activation of supports is necessary, which
makes them bearing functional groups. TABLE 3 de-
scribes some examples of covalent coupling for lipase
immobilization[34-41]. In order to improve the perfor-
mance of the enzyme, Candida rugosa lipase (Lipase
AY-30) was immobilized on Poly (gamma-glutamic
acid) by covalent binding, and then immobilization pa-
rameters were optimized by response surface method-
ology[34]. Three different covalent immobilization meth-
ods were applied for the immobilization of Candida
rugosa lipase on Eupergit® C by Knezevic et al. Cou-
pling Candida rugosa lipase via its carbohydrate moi-
ety modified by periodate oxidation gave rise to the
highest activity retention of 43.3% among the three
methods. The immobilized lipase was 18-fold more
stable than free lipase[35]. Pahujani et al were succeeded
in the immobilization of an extracellular alkaline lipase
of a thermo tolerant Bacillus coagulans BTS-3 onto
glutaraldehyde activated Nylon-6 by covalent couping.
The immobilized lipase only lost 12% of original activ-
ity at 55°C for 2h and also retained 85% of its original

activity after eight cycles of hydrolysis of p-NPP[36].
Free hydroxyl groups in insoluble yeast beta-glucan were
converted into activated epoxy groups using epichlo-
rohydrin. The immobilization of Candida rugosa lipase
onto the epoxy-activated IYG was carried out. There
remained 51.05% of original activity after six repeated

esterification cycles[37]. Lipases from Candida rugosa
and porcine pancreas were covalently bound using glu-
taraldehyde as binding agent and silica amino as sup-
port. In continuous reactors, no significant loss of ac-
tivity was detected along the period of 17 days for both
immobilized PPL used in aqueous medium at 32 °C

and immobilized CRL in organic medium at 40°C[38]. A
novel support to bind enzyme by covalent coupling is
stimulus-responsive polymer. Changes in temperature,
pH and ionic strength result in the dramatic conforma-
tion change of these polymers[39]. For example, tem-
perature-responsive polymers have a critical solution
temperature (LCST). Above LCST, the polymer is in-
soluble, while below LCST the polymer becomes dis-
solved in the solution. The property makes it a useful
support in enzyme immobilization. When enzymes bind
to such polymer, below LCST the immobilized enzyme
is soluble, thereby decreasing the diffusion resistance.
Above LCST the immobilized enzyme is insoluble, thus
facilitating its recovery. Matsukata et al. have synthe-
sized poly (N-isopropylacryl-amide)[poly(IPAAm)] co-
oligomer with N, N-dimethylacrylamide (DMAAm),
which exhibits a LCST at 37°C, and then lipase was

covalently attached to the polymer. The immobilized
lipase retained its native enzymatic activity and was
readily separated from the aqueous reaction system in-
duced by a small temperature change[40]. Candida rug-
osa lipase was covalently bound to a pH-sensitive sup-
port. After eight reuses, the immobilized lipase retained
46% of original activity and its enantioselectivity re-
mained unchanged[41].

CROSS-LINKING

For carrier bound insoluble enzymes, the carriers
increase the cost of enzyme immobilization and diffu-
sion hindrance. A carrier-free immobilization is a robust
method for biocatalysis. Enzyme molecules can be linked
by bi- or multi-functional crosslinking agents such as
glutaraldehyde. Two kinds of preparation, cross-linked
enzyme crystals (CLECs) and Cross-linked enzyme
aggregates (CLEAs) have been applied to the field of
biocatalysis. Cross-linked enzyme crystals (CLECs)
were obtained by adding a crossing agent to cross-link
enzyme crystals, which were formed under optimum
condition. Lipase from Burkholderia cepacia was
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crystallized using ammonium sulfate and then cross-
linked with glutaraldehyde. CLECs lipase had improved
thermal and reuse stability[42]. A crystallized enzyme of
Candida antarctica lipase B was prepared for
enantioselective esterification of racemic 1-phenyl etha-
nol with vinyl acetate in supercritical carbon dioxide[43].
However, enzymes require a high purity in order to
obtain crystals, which is a laborious process. Conse-
quently, CLEA is an alternative to CLEC due to its sim-
pler and less expensive preparation. These CLECs are
prepared by adding a precipitant such as ammonium
sulphate and then these aggregates are crosslinked by
crossing agents. Pan et al. prepared crosslinked en-
zyme coaggregates of Serratia marcescens lipase, with
polyethyleneimine as coprecipitant and glutaraldehyde
as crosslinking reagent. The immobilized lipase exhib-
ited excellent operational stability for asymmetric hy-
drolysis of trans-3-(42 -methoxyphenyl) glycidic acid
methyl ester, without no significant activity loss after 10
cycles of repeated use[44]. Pseudomonas sp. Lipase
was immobilized via cross-linked enzyme aggregates
(CLEAs), using acetone as the optimal precipitant. The
immobilized lipase not only exhibited excellent
enantioselectivity (E-value > 100), but had higher ac-
tivity and thermal stability as compare with the free li-
pase for the kinetic resolution of N-(2-ethyl-6-

methylphenyl) alanine[45].

ENTRAPMENT

In the case of entrapment, monomers and enzyme
solution are mixed, and then monomers are polymerlized,
whereby enzyme molecules are entrapped in polymers.
The technique also is applied for entrapping whole cell.
Sol-gel is a kind of silica based material used for en-
zyme entrapment. In the sol-gel methodology, organic
silane derivatives such as Si(OCH

3
)

4
 and RSi(OCH

3
)

3

were added into enzyme solution, which are hydrolyzed
to produce a sol of colloidal silicon dioxide particles by
a catalyst. The sols undergo condensation to form a
gel[46]. Additives such as isopropanol, polyvinyl alco-
hol, cyclodextrins, ionic liquids or surfactants increase
the efficiency of sol-gel methodology, which is industri-
ally viable owing to the low price of sol-gel entrapment,
the excellent performance of immobilized enzyme, and
the recycle ability for biocatalysis[47]. According to Yang
et al., different silanizing agents including vinyl-
trimethoxy silane, octyl-trimethoxy silane, gamma-
(methacryloxypropyl)- trimethoxy silane and
tetraethoxysilane were selected as the precursors to
produce gel for encapsulation of lipase from
Arthrobacter sp.. Among all of silanizing agents,
etraethoxysilane was the most suitable precursor, with
the highest activity in both the hydrolysis of p-nitrophenyl
palmitate and the asymmetric acylation of 4-hydroxy-
3-methyl-2-(2-propenyl)-2-cyclopenten-1-one[48]. Li-
pase from Candida antarctica B was immobilized by
sol-gel entrapment. Immobilization gave rise to an in-
crease of stability in several organic solvents and excel-
lent operational stability[49]. Candida rugosa lipase was
encapsulated, using tetraethoxysilane and
octyltriethoxysilane as silane precursors in the presence
of â-cyclodextrin-based polymer. The â-cyclodextrin-

based encapsulated lipases had higher conversion and
enantioselectivity than covalently immobilized lipase for
the enantioselective hydrolysis of racemic Naproxen
methyl ester[50]. Except that polymers based on inor-
ganic material, organic polymers such as temperature-
responsive polymers are also applied to entrap enzymes.
Candida antarctica lipase B (CALB) was immobi-
lized within micron-sized thermosensitive p-NIPAM
hydrogel particles. For the immobilization of the en-

TABLE 3 : Examples of covalent binding for lipase
immobilization

Lipase origin Carrier References 
Candida 
rugosa lipase 

Poly(gamma-glutamic 
acid) 

[34] 

Candida 
rugosa lipase 

Eupergit® C [35] 

Bacillus 
coagulans 
lipase 

Nylon-6 [36] 

Candida 
rugosa lipase. 

Insoluble yeast beta-
glucan [37] 

Candida 
rugosa lipase/ 
Porcine 
pancreatic 
lipase  

Silica [38] 

Crystallized 
lipase 

Poly(N-
isopropylacrylamide) 

[40] 

Candida 
rugosa lipase 

A terpolymer of 
methacrylic acid, 
acrylamide and maleic 
anhydride 

[41] 
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zyme, p-NIPAM particles and CALB were mixed 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 in n-hexane increased after immobili-
zation[51]. Another organic polymers to entrap is
electrospinning fibers. Electrospinning constitutes a
simple and versatile way to fabricate nanofibrous sup-
ports, which show many advantages for their high po-
rosity and interconnectivity as compared with other
nanostructured supports (e.g. mesoporous silica,
nanoparticles). The encapsulation of enzymes in the
nanofibers can be achieved by direct co-electrospinning
of enzymes and other components (organic or inorganic
materials)[52]. Sakai et al. entrapped lipase in
electrospun poly(vinyl alcohol) fibers of approximately
1 ìm in diameter for the synthesis of glycidyl n-bu-
tyrate with (s)-glycidol and vinyl n-butyrate as substrate.
The initial transesterification rate of the immobilized li-
pase was 5.2-fold higher than that of free lipase[53].

DISPLAY LIPASE ON THE
SURFACE OF CELLS

The display of enzyme on cell surfaces represents a
novel immobilization technique. The method enables us
to produce biocatalysts without the extraction and pu-
rification of enzymes, which helps to drive down the
product cost and makes the enzymatic process eco-
nomically viable. At first, the technology was hampered
by the lack of a suitable anchoring motif[54]. In recent
years, there are more and more successfully used an-
choring motifs[55-64] (TABLE 4). Lee et al. used OprF,
a major outer membrane protein of Pseudomonas
aeruginosa, as an anchoring motif to display
Pseudomonas fluorescens SIK W1 lipase on the sur-
face of Escherichia coli. The E. coli whole cell cata-
lyst was used for enantioselective resolution of racemic
1-phenylethanol in hexane, which gave rise to the enan-
tiomeric excess of greater than 96% in 36 h of reac-
tion[56]. A thermostable lipase (TliA) from Pseudomo-
nas fluorescens was immobilized on the cell surface of
a solvent-resistant bacterium, Pseudomonas putida
GM730. The Whole cells exhibited potential for hy-
drolysis of olive oil, synthesis of triacylglycerol and chiral
resolution[57]. Yarrowia lipolytica lipases Lip7 and Lip8

were attached to the cell surface of Saccharomyces
cerevisiae, using small binding subunit Aga2 of a-ag-
glutinin as an anchoring motif. The activities of surface-
displayed Lip7 and Lip8 towards p-nitrophenyl capry-
late were much higher than that using Flo1 as anchor
protein in Pichia pastoris[61]. Rhizomucor miehei li-
pase (RML) variants were surface-displayed on Pichia
pastoris by fusion to Flo1p as an anchor protein. The
activities of four variants increased from 1.1- to 5-fold
in an esterification reaction in heptane as compared with
the activity of native lipase[62].

TABLE : 4 Display lipases on the surface of cells

Lipase Host and anchoring 
motif Reference 

P. fluorescens 
SIK W1 lipase 

P. putida KT2442 
/OprF 

[55] 

P. fluorescens 
SIK W1 lipase 

E. coli/OprF [56] 

TliA P. putida GM730/INP [57] 

B. subtilis lip B. subtilis /CWBc [58] 

Lip A S. cerevisiae /Pir4 [59] 

Lip2 S. cerevisiae /Cwp2 [60] 

Lip7 and Lip8 
S. cerevisiae /Aga2 of 
a-agglutinin 

[61] 

RML variants P. pastoris/Flo1p [62] 

CALB 
P. pastoris/alpha-
agglutinin and Flo1p 

[63] 

LipB52 
P. pastoris KM71/ 
FLO 

[64] 

CONCLUDING REMARK

Currently, immobilized lipases are of special impor-
tance because they have found wide applications not
only in the field of biotechnology, but also in pharma-
ceutical, environmental, food and biosensor industries.
The technique and skill to prepare the immobilized li-
pase rendering an enzymatic process economically vi-
able arouse considerable interests among researchers.
Several novel type of carriers and methods have been
tried to improve traditional lipase immobilization. New
carriers include nanometer scale materials, magnetic
particles, mesoporous support etc, while new methods
are involved in cell surface display, sol-gel method,
CLEC and CLEA, combinational use of immobiliza-
tion methods[65-67]. More and more new methods and
supports should be explored in order to enhance lipase
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loading, activity and stability, thereby decreasing bio-
catalyst cost in various industries. It should be noted
several new ways for immobilization have been applied
to other enzyme. For instance, microwave irradiation
technology was used to immobilize papain and penicil-
lin acylase in the mesocellular siliceous foams (MCFs)
to decrease immobilization time and increase enzyme
loading[68,69]. Kumar and Nahar used
photoimmobilization technology to bind horseradish
peroxidase (HRP) andglucose oxidase (GOD) onto the
photoreactive cellulose membrane by sunlight. In addi-
tion, sunlight exposure gave better immobilization re-
sults than 365 nm UV light[70]. Although lipase has its
unique properties, fine-tuning of techniques for other
enzymes to suit lipase will be fruitful in the future.

ACKNOWLEDGEMENTS

The authors would like to gratefully thank National
Nature Science Foundation of China for financial sup-
port.

REFERENCES

[1] F.Hasan, A.A.Shah, Hameed A; Enzyme
Microb.Technol., 39, 235 (2006).

[2] S.H.Krishna, N.G.Karanth; Catal.Rev., 44, 499
(2002).

[3] P.J.L.Bell, A.Sunna, M.D.Gibbs, N.C.Curach,
H.Nevalainen, P.L.Bergquist; Microbiology, 148,
2283 (2002).

[4] H.K.Kim, Y.J.Jung, W.C.Chio; FEMS
Microbiol.Lett., 23, 349 (2004).

[5] A.Svendsen; Biochim.Biophy.Acta., 1543, 223
(2000).

[6] R.Peng, J.Li, Q.Wang, W.Zhang; Adv.Mater.Res.,
749,439 (2013).

[7] N.Mahanta, A.Gupta, S.K.Khare;
Bioresour.Technol., 99, 1729 (2008).

[8] R.Peng, J.Lin, D.Wei; Appl.Biochem.Biotechnol.,
162, 733 (2010)

[9] R.Gaur, A.Gupta, S.K.Khare; Process Biochem.,
43, 1040 (2008).

[10] R.Peng, J.Lin, D.Wei; Appl.Biochem.Biotechnol.,
165, 926 (2011).

[11] H.Zhao , X.Xiao , L.Xu, Y.Liu , Y.Yan; Wei Sheng
Wu Xue Bao, 51, 1374 (2011).

[12] X.Fan, X.Liu, K.Wang, S.Wang, R.Huang, Y.Liu;

J.Mol.Catal.B Enzym., 72, 319 (2011).
[13] N.Zhang, W.C.Suen, W.Windsor, L.Xiao,

V.Madison, A.Zakas; Protein Eng.,16, 599 (2003).
[14] A.O.Maganusson, J.C.Rotticci-Muder,

A.Santagostino, K.Hult; ChemBioChem., 6, 1051
(2005).

[15] R.Peng, J.Lin, D.Wei; Afr.J.Food Sci.Technol., 2,
59 (2011).

[16] Y.Kojima, E.Sakuradani, S.Shimizu;
J.Biosci.Bioeng., 102, 179 (2006).

[17] Y.Yeþiloðlu, L.ªit; Artif, Cells Blood

Substit.Immobil.Biotechnol., 39, 247 (2011).
[18] J.Sun, Y.Jiang, L.Zhou, J Gao; N.Biotechnol., 27,

53 (2010).
[19] M.Katiyar, A.Ali; J.Oleo.Sci., 61, 469 (2012).
[20] R.Y.Cabrera-Padilla, M.C.Lisboa, A.T.Fricks,

E.Franceschi, A.S.Lima, D.P.Silva, C.M.Soares;
J.Ind.Microbiol.Biotechnol., 392, 89 (2012).

[21] P.Wang; Appl.Biochem.Biotechnol., 152, 343
(2009).

[22] R.A.Sheldon, S.van Pelt; Chem.Soc.Rev., 42, 6223
(2013).

[23] H.Gustafsson, E.M.Johansson, A.Barrabino,
M.Odén, K.Holmberg; Colloids Surf.B

Biointerfaces, 100, 22 (2012).
[24] X.Du, X.Liu, Y.Li, C.Wu, X.Wang, P.Xu; Nanoscale

Res.Lett., 8, 180 (2013).
[25] S.Shah, K.Solanki, M.N.Gupta; Chem.Cent.J., 1,

30 (2007).
[26] S.G.Wang, X.Jiang, P.C.Chen, A.G.Yu, X.J.Huang;

Int.J.Mol.Sci., 13, 14136 (2012).
[27] S.Sakai, Y.Liu, T.Yamaguchi, R.Watanabe,

M.Kawabe, K.Kawakami; Biotechnol.Lett.,
32,1059 (2010).

[28] E.N.Xun, X.L.Lv, W.Kang , J.X.Wang, H.Zhang,
L.Wang, Z.Wang; Appl.Biochem.Biotechnol., 168,
697 (2012).

[29] J.Wang, G.Meng, K.Tao, M.Feng, X.Zhao, Z.Li,
H.Xu, D.Xia, J.R.Lu; PLoS One, 7, e43478.(2012).

[30] M.Fuentes, J.V.Maquiese, B.C.Pessela, O.Abian,
R.Fernández-Lafuente, C.Mateo, J.M.Guisán;

Biotechnol.Prog., 20, 284 (2004).
[31] R.Torres, C.Ortiz, B.C.C.Pessela, J.M.Palomo,

C.Mateo, J.M.Guisán, R.Fernández-Lafuente; En-

zyme Microb.Technol., 39,167 (2006).
[32] M.Filice, M.Marciello, L.Betancor, A.V.Carrascosa,

J.M.Guisan, G.Fernandez-Lorente;
Biotechnol.Prog., 27, 961 (2011).

[33] J.Mukherjee, K.Solanki, M.N.Gupta; Mol.Biol.,
1051, 117 (2013).



Recent progress in lipase immobilization36

Review
BTAIJ, 9(1) 2014

BioTechnology
An Indian Journal

BioTechnology

[34] S.W.Chang, J.F.Shaw, K.H.Yang, S.F.Chang,
C.J.Shieh; Bioresour.Technol., 99, 2800 (2008).

[35] Z.Knezevic, N.Milosavic, D.Bezbradica,
Z.Jakovljevic, R.Prodanovic; Biochem.Eng.J., 30,
269 (2006).

[36] S.Pahujani, S.S.Kanwar, G.Chauhan, R.Gupta;
Bioresour.Technol., 99, 2566 (2008).

[37] K.Vaidya, R.S.Singhal; Colloids Surf.B
Biointerfaces, 61, 101 (2008).

[38] L.dos Reis-Costa, A.M.Soares, S.C.França,

H.C.Trevisan, T.J.Roberts; Protein Pept.Lett.,
10,619 (2003).

[39] I.Y.Galaev, I.Galaev, B.Mattiasson; Taylor and
Francis, London, (2004).

[40] M.Matsukata, Y.Takei, T.Aoki, K.Sanui, N.Ogata,
Y.Sakurai, T.Okano; J.Biochem., 116, 682 (1994).

[41] S.Zhu, Y.Wu, Z.Yu; J.Biotechnol., 116, 397 (2005)
[42] A.Rajan, T.Emilia Abraham; Bioprocess

Biosyst.Eng., 31, 87 (2008).
[43] Z.J.Dijkstra, H.Weyten, L.Willems,

J.T.F.Keurentjes; J.Mol.Catal.B Enzym., 39, 112
(2006).

[44] P.Jiang, X.D.Kong, C.X.Li, Q.Ye, J.H.Xu,
T.Imanaka; J.Mol.Catal.B Enzym., 68, 256 (2011).

[45] L.Zhao, L.Zheng, G.Gao, F.Jia, S.Cao;
J.Mol.Catal.B Enzym., 54, 7 (2008).

[46] P.Adlercreutz; Chem.Soc.Rev., 42, 6406 (2013).
[47] M.T.Reetz; Methods Mol.Biol., 1051,241 (2013).
[48] G.Yang, J.Wu, G.Xu, L.Yang;  Bioresour.Technol.,

100, 4311 (2009).
[49] A.Ursoiu, C.Paul, T.Kurtán, F.Péter; Molecules, 17,

13045 (2012).
[50] E.Yilmaz, M.Sezgin; Appl.Biochem.Biotechnol.,

166, 1927 (2012).
[51] K.Gawlitza, C.Wu, R.Georgieva, D.Wang,

M.B.Ansorge- Schumacher, R.von Klitzing;
Phys.Chem.Chem.Phys., 14, 9594 (2012).

[52] Z.G.Wang, L.S.Wan, Z.M.Liu, X.J.Huang, Z.K.Xu;
J.Mol.Catal.B Enzym., 56, 189 (2009).

[53] S.Sakai, K.Antoku, T.Yamaguchi, K.Kawakami;
J.Biosci.Bioeng., 105, 687 (2008).

[54] E.P.Hudson, R.K.Eppler, D.S.Clark;
Curr.Opin.Biotechnol., 16, 637 (2005).

[55] S.H.Lee , S.Y.Lee, B.C.Park;
Appl.Environ.Microbiol., 71, 8581 (2005).

[56] S.H.Lee, J.I.Choi, M.J.Han, J.H.Choi, S.Y.Lee;
Biotechnol.Bioeng., 90, 223 (2005).

[57] H.C.Jung, S.J.Kwon, J.G.Pan; BMC Biotechnol.,
6, 23 (2006).

[58] G.Kobayashi, K.Fujii, M.Serizawa, H.Yamamoto,
J.Sekiguchi; J.Biosci.Bioeng., 93, 15 (2002).

[59] M.Mormeneo, I.Andres, C.Bofill, P.Diaz, J.Zueco;
Appl.Microbiol.Biotechnol., 80, 437 (2008).

[60] W.Liu, H.Zhao, B.Jia, L.Xu, Y.Yan;
Biotechnol.Lett., 32, 255 (2010).

[61] W.S.Liu, X.X.Pan, B.Jia, H.Y.Zhao, L.Xu, Y.J.Yan;
Appl.Microbiol.Biotechnol., 88, 885 (2010).

[62] S.Y.Han, J.H.Zhang, Z.L.Han, S.P.Zheng, Y.Lin;
Biotechnol.Lett., 33, 2431 (2011).

[63] G.D.Su, D.F.Huang, S.Y.Han, S.P.Zheng, Y.Lin;
App.Microbiol.Biotechnol., 86, 1493 (2010).

[64] Z.Jiang, B.Gao, R.Ren, X.Tao, Y.Ma, D.Wei; BMC
Biotechnol., 8, 4 (2008).

[65] C.X.Liu, S.P.Zhang, Z.G.Su, P.Wang;
Bioresour.Technol., 103, 266 (2012).

[66] D.H.Zhang, L.X.Yuwen, Y.L.Xie, W.Li, X.B.Li;
Colloids. Surf.B Biointerfaces. 89, 73 (2012).

[67] M.M.Zheng, Y.Lu, L.Dong, P.M.Guo, Q.C.Deng,
W.L.Li , Y.Q.Feng, F.H.Huang; Bioresour.Technol.,
115, 141 (2012).

[68] Q.Wang, C.X.Li, X.R.Fan, P.Wang, L.Cui; Biotrans-
formation, 26, 437 (2008).

[69] Z.G.Wang, L.S.Wan, Z.M.Liu, X.J.Huang, Z.K.Xu
; J.Mol.Catal.B.Enzym., 56,189 (2009).

[70] S.Kumar, P.Nahar; Talanta, 71, 1438 (2007).


