Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2015, 7(8):155-158

ISSN : 0975-7384

Review Article CODEN(USA) : JCPRC5

Enzymesimmobilized on polymeric supports as potential catalysts
Sandeep Chauhan

Department of Chemistrentre of Excellence Govt. College Sanjauli, Shinmdia

ABSTRACT

Enzymes immobilized on polymeric supports are beiignsively used for a number of chemical reastiand
syntheses especially esterification, trans-estaifon and enantioselective syntheses. The usenwofobilized
enzymes have several advantages including lowpcoduct formation, reusability, rapid terminatiaf reactions,
ease of separation and many more. Immobilized eezymave been reported to show enhanced thermal and
chemical stability as compared to the free enzymies.product formed is not only pure but yield Isoahigher as
compared to free enzymes. Many reports regardieguse of immobilized enzymes as biocatalyst eriishtion,
trans-esterification reactions, and enantioselextifiydrolysis are available in literature. The usfeimmobilized
enzymes in place of hazardous chemicals (geneedlgls and bases) in chemical reactions/syntheseanis
important step in the direction of green synthétiols and processes. Some of the remarkable adyesitthose
make the use of immobilized enzymes environmeigiatlfy and in accordance with the basic principtéds Green
Chemistry’ includes: use of simple benign operatingditions against the usual use of strong aciud bases, no
separation of water is required as most of the pasic supports/hydrogel are good water sorbentsalwent and
auxiliary chemical are required and high yieldswftigh purity.
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INTRODUCTION

In order to minimize the use of hazardous chemicesd to increase the interaction between polwoence and
biotechnology is being realized. This interacti@s Imanifested the immobilization of enzymes egfigdipase on
polymeric supports and use of these immobilizedyeres in many industrial applications and syntheses
Immobilization of enzymes not only enhances thigérmal, chemical, mechanical and conformatioteddikty but
also efficiency of such enzymes are more than the énzymes. Some enzymes can catalyse reactidingnbo
aqueous and nonaqueous solvents whereas thereréa@ @nzymes those can catalyze reactions inquatas
solvents only and these reactions are difficuleeen impossible to carry out in water. In the réqeast, many
research groups have reported the use of immobiereymes for the biosynthesis of molecules in migsolvents
[2-4]. It has been observed that the behavior alyews is different in organic phase from thathie fiqueous
phase. Further, most of the proteins are sparisglyble in organic solvents, and hense it becomeegssary to
immobilize enzyme onto a suitable porous matrisa@pport. The matrix or support is mostly polymerimature
and provides an increased interfacial surface @a&sy separation of catalyst, and reuse of imnmsgllenzyme. As
compared to free enzyme, the immobilized enzymessociated with many advantages like enhanced#idb]
and chemical stability, ease of handling, easyvexg and reuse relative to nonimmobilized formsgb
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No doubt, immobilized enzymes have above menticaxdehntages over free enzymes but at the same itime,
should be kept in mind that the immobilized enzyraes less active than free enzymes [9,10]. In vigwhe
foregone discussion, enzymes/lipases immobilinatexjuires specific polymeric supports for highetivity of
immobilized enzymes/lipases, especially under tarsbnditions such as adverse pHs, high ionic ctunaons
and higher temperatures.

Several factors are responsible to affect the éxtérthe immobilization and activity of immobilizeenzymes.
These factors include the nature of the polymetippsrt and many environmental factors such as tihe
immobilization, the pH of the medium, temperatuaed nature of the reaction medium. Keeping in vawthese
factors, designing a suitable support for enzymmddilization requires stringent and specific proloé&s most of
the enzymes exhibit catalytic properties both imesmys and non aqueous solvents and this behawohighly
sensitive, a combination of hydrophilic and hydrobic monomers in a hydrogel/polymeric supportdésirable
for better results. [11]

Proper selection of polymeric supports/hydrogels beeat role in tailoring and designing them aspsupfor
enzyme immobilization. Such enzymes have broadectspm of applications and can be used in adversend
strongly ionic solutions [12,13]Activity of immobilized enzymesl/lipases is also eaffed by the nature of the
reaction medium both from kinetic and thermodynapomts of view [14,15]. It has been establisheat thsupport
of moderate hydrophilicity not only provides higlemnformational stability to enzymes/lipases bdsbancreases
the surface area of hydrogels [10]. It has beenrted that lipase acts as an hydrolase in ancagumedium [16]
whereas it acts as an esterase in hydrophobic iargatvents [17]. After a close look at the litena available, it
has been observed that the major concerns in gzecddruse of immobilized lipase is its low activity compared to
free enzymes. At the same time most of the immudililipases do not act as biocatalysts in aque@asum but
are very good catalysts in the organic solventgs€&Himitations can be improved by designing stétabpports for
lipase immobilization. The present review aims @hlighting the recent advances in the immobiliaatiof
enzymes especially lipases on polymeric suppodslagir uses as catalysts in organic syntheses.

Some example of lipaseimmobilization and their subsequent usein organic syntheses
In literature there are numerous reports on theaisenmobilized lipases as biocatalyst in esteafion, trans-
esterification reactions, and enantioselectivetsses.

Chauharet al. reported the use of tailored polymeric supportsliftase immobilization. N-aminoethylacrylamide
and N-aminoethylmethacrylamide were crosslinkedchWtN-methylene bisacrylamide followed by reactthgm
separately with acrylic acid and methacrylic acldhe hydrogels thus formed consisting of both améhel
carboxylic functional groups were characterizednityogen analysis, SEM, FTIR and by swelling in eraas a
function of time, temperature, pH, and in solutiafssodium dodecyl sulfate and cetyl trimethyl anmioon
bromide. These hydrogels were found to be envirattally sensitive and in the presence of surfactahty show
micellization and swell to the maximum at the catimicellar concentration (CMC) of the surfactaipase was
immobilized on these hydrogels and the one exhifpithe maximum activity was further used as bidgstao
explore nonconventional green routes for the sishef some known and novel vinyl monomers. Yiadsined
have been high and the immobilized lipase showethrkable reusability [18].

Eraset al. reported the conversion of chlorotrimethylsilanechlorohydrin esters by using lipase immobilizexdoo
poly(acrylic acid) hydrogels [19]. Polymeric supfsobased on Poly(AAc) have been used for the imlzakibn of
lysozyme [20] and trypsin [21]. The effect of thenmber of carbon atoms in acids and alcohols oregtent of
reaction in esterification catalyzed by Rhizomuoaiehei lipase has been reported. Lipase catalysadtions
involving acids containing C-2 to C-5 and alcohotsntaining C-1 to C-8 were carried out [22]. Bedatral.
reported lipase catalyzed trans-esterification tteas in homogenous perfluorocarbon and hydrocarmwaents.
The catalysis not only gave remarkable yield bsib @nabled approximately 95% direct enantiomenititipening of
the products by liquid-liquid separation [23]. Imilzed lipase obtained from Candida species ha&s hesed in
the synthesis of 2-ethylhexyl palmitate with efitmtion degree of 91% [24]. Ethyl esters of ghohain fatty
acids were synthesized by using whole cell lipasmfRhizopus chinensis in nonaqueous medium [25].

Enantioselective trans-esterification of ester@-tsiromo-tolylacetic by using immobilized lipase lmeen reported

[26]. The fatty acid chain length has been repottedffects regioselectivity and initial specifieaction rate of the
lipase catalyzed esterification of disaccharidebak been found that initial specific reactiorenaicreases with the
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decreasing chain length of the acyl donor [27]. bhitized lipases have been used in the synthesekoyl ester
of L-ascorbic acid by using series of solventidabl, THF, butanol, t-amyl alcohol, hexanol, oclapyridine and
hexane) Activity of lipases and yield of the reant were found maximum in tertiary amyl alcohol][28anwaret

al. reported the immobilization of a purified alkaithermotolerant bacterial lipase of Bacillus cdags MTCC
6375 onto crosslinked poly(N-Aminoethylacrylamide-&crylic acid) hydrogel at pH 8.5 and at temperat&SC.

The immobilized lipase was used for the synthekethoyl propionate by using ethanol and propiagd in a ratio
of 300 : 100 mM in n-nonane along with 10 mg of togel-bound lipase resulting in 52% conversiondifidn of

molecular sieves (3 A°, 0.7 g/reaction volume)Hartenhanced the conversion rate to 82.4% [29].

Immobilization of lipase on polymeric supports lthsn acrylamide and methacrylates has been reportesl
polymeric supports were prepared by crosslinkingpotymerization using acrylamide and three different
methacrylates viz. methyl methacrylate, dodecyl haetylate and octadecyl methacrylate with ethylgheol
methacrylate and N,N-methylenebisacrylamide asstird®r. Lipase immobilization on selected hydregelas
studied as a function of the concentration of trethacrylate used in the feed and the nature ofrbeslinker. The
activity of the hydrogel series that showed thenbgj activity of the immobilized lipase was invgated further as

a function of the methacrylate concentration, phigd é&emperature. Activity of the immobilized lipase a few
organic solvents were studied. From these studiegs observed that the activity of the immobiidzgpase was
more than that of the free lipase. Further, thévigtwas affected by the structural attributestbé& polymeric
supports and by the nature of the solvent [30].

A large number of factors are responsible to infeethe activity of immobilized enzymes and thddyief the
products formed. Thus, before using an immobilieedyme, it becomes necessary to study the effethese
factors to get the desired activity and yieltd&ture of solvent plays an important role in imntiabid enzyme
catalysed reactions, especially for esterificateord trans-esterification reactions. [31-38). certain cases the
enzyme may be inactive in dehydrated systems [88pme other cases, production of acidic or bgsciss in the
reaction system or direct addition of exchangeushsas salt hydrates [40] or zeolites [41,42] clo alter the
performance of enzyme in organic solvents.

CONCLUSION

From the foregone discussion, it can be conclutiat énzymes especially lipases obtained from diffesources
can be immobilized on polymeric supports of varigmmpositions. Immobilization not onlghow enhanced
conformational, thermal and chemical stability asnpared to the free enzymes but also provide altien green
and clean routes for many esterification, trarieréication, hydrolysis and enantioselective thysesOther than
this, use ofimmobilized enzymes as biocatylysts have severahmtdges viz. reusability, low cost product
formation, rapid termination of reactions, eassegaration and higher yield. Most important aspesbciated with
the use of immobilized enzymes is its environmefitahdly nature. Use of immobilized enzymes avdlus use of
hazardous chemicals (generally acids and based)emical reactions/syntheses which is an impogeq in the
direction of green synthetic tools and processbsrd are many advantages associated with the userafbilized
enzymes those make the use of immobilized enzymasdordance with the basic principles of ‘Greeri@istry’.
These advantages include use of simple benign pgreonditions against the usual use of strondsaand bases,
no separation of water is required as most of thgnperic supports/hydrogel are good water sorbemolvent and
auxiliary chemical are required and high yieldshwitgh purity.
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