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ABSTRACT

Immobilization has emerged since last decade aarya powerful tool to improve almost all enzyme gmies like
stability, activity, specificity and selectivitypé reduction of inhibition. The immobilization miagip to solve some
of the problems of enzymes as industrial biocataliike enzyme recovery for reuse. In the presevistigation
A.niger was isolated from soil and identified byct@phenol staining and microscope observation. Asg/l
producing A.niger were screened using starch blydis mediuma- amylase enzyme assay was done by DNS
method. Immobilization was performed using entragmeethod. The Entrapment materials were polyacnidi,
agar-agar, and gelatin and ca- alginate. Differemtatrix was immobilized with amylase and the ferson
period was noted as 36, 72, 108, 144, 180, 216Ihrsobilized microbes were subjected to growthrzdpction
medium and enzyme activity was noted as every 86Tire 36 hrs sample was subjected to Folin’s Lowry
procedure to determine the activity of amylase gpegieased by the immobilized cells. The O.D regdias done

by periodic sample obtained from the immobilizeld rmedia were noted. Immobilization efficiency viasnd to be
highest for polyacrylamide matrix 76.9% followed edginate (57%), agar- agar (33%), and gelatin 8%).
Polyacrylamide was showed the maximum enzymetgsdtian three types of immobilized matrixes.

Keywords: Immobilization efficiencyA.niger,polyacrylamide, Gelatiry- amylase, ca alginate.

INTRODUCTION

Faithful industrial process depends on process lgiitypthat ultimately saves energy, labor therefegucing
overhead production cost. In that respect enzymmdhilization technology has gained tremendous @ojvland
has taken leading edge over free enzyme catalystegs. Several studies indicated that immobileeziyme has
shown increased catalytic activity, increased $itgluf enzyme (1), easy recovery of enzyme, ea&pasation from
product minimizing or eliminating protein contamiiia of product, repeated or continuous use ofhglsibatch of
enzyme (2).

Several methods of enzyme immobilization technigaed (3) covalent binding in gelatin by chemicejamic

cross linkers like glutaraldehyde or formaldehydes bbeen very effective in retaining enzymatic dstigince
availability and accessibility of substrate bindisite of enzyme is not compromised(4). The immabdi enzyme
can contact easily with substrate and do not defastn inert support matrix maximizing all benefitsf

immobilization.
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Immobilization is defined as confining the molecut# cells to a distinct phase from the one in Whie substrates
and products are present. It is critical that thiestrates and the products move freely in and dthe phase to
which the molecules or cells are confined (5).

Enzymes are immobilized by physical adsorptionjddsinding, covalent binding, cross — linking angrapment
methods (6).In the past few decades, many immalbitim methods and carrier materials have been tigated (7)

There are many reports about immobilizationaedmylase used for the hydrolysis of starch and ypetidn of
maltose. Immobilization by entrapment differs fraovalent binding and Adsorption in that enzymelscete free
in solution but restricted in movement by the &atstructure of a gel.

Immobilization of enzymes refers to techniqueschihiepresent variety of advantages over free enzatedysis
including increased stability of enzyme, easy vecy of enzyme, easy separation of reactant andugtprepeated
or continuous use of a single batch of enzyme (Bichvwill ultimately save the enzyme, labor and rvead
costs(8). Immobilized enzymes have been widely dsednany years in different industrial procesddsually,
immobilization of enzymes is carried out by threengiple means, matrix assisted entrapment of emezym
adsorption on a solid support, ionic or covalemidiig (9, 10). Entrapment is taken as the mostepabfe method
because it prevents excessive loss of enzyme tyctafter immobilization, increases enzyme stability
microenvironment of matrix, protects enzyme fromcmbial contamination (11). Physical entrapmentaof
amylase in calcium alginate beads has shown ttatively easy, rapid and safe technique (12) in garson with
other immobilization methods. The method of immiabifion should be such that an enzyme faces ds litt
conformational change as possible.

Agar is well known as a solidifying agent in the pregiizm of microbiological media. It is obtained frard algae.
Species ofGelidium, Gracilaria are used extensively. Agar is polymers of galagtam galactose-containig
compounds, with surface groups. Some of the sulfabeips are involved in the bonds between sugadues,
which are used to make gels or to make solutiossouis.it is also important in the food industry)(13

Alginate is a naturally occurring polymer extracted on istdial scale froom various species of brown algae
(Phaeophyceaeg)including Ascophyllum, Laminaria, Lessoni&ome species dPseudomonasnd Azatobacter
produce alginate as an exopolysaccharide by mdaragious extracellular epimerases (14). Alginageapplied for
paper manufacturing, paint thickening, dentistsnfaking impression of teeth (13).

Polyacrylamideis a polymer formed from acrylamide subunits. dincbe synthesized as a simple linear-chain
structure or cross-linked, Polyacrylamide is noticoHowever, unpolymerized acrylamide, which isearotoxin,
can be present in very small amounts in the polizadracrylamide (15) therefore it is recommendedtandle it
with caution. One of the largest uses for polyaamjide is to flocculate solids in a liquid. This pess applies
to water treatment, and processes like paper makKotyacrylamide can be supplied in a powder anitlform,
with the liquid form being subcategorized as solutand emulsion polymer.

Gelatin is a mixture of protein and peptides producedhgygartial hydrolysis of collagen extracted frore #kin,
bones, and connective tissues of animals such @mesticated cattle, chicken, pigs, and fish. Phafagc and
pharma grades of gelatin are generally made froaf benes, although some beef bone gelatin is ugabebfood
industry. Gelatin is an animal protein unlike mastyer gelling agents used by the food industry. Tag&ural
molecular bonds between individual collagen straans broken down into a form that rearranges maslye
Gelatin melts to a liquid when heated and solidifiehen cooled again. Together with water, it formmsemi-
solid gel. Gelatin forms a solution of high visdgsh water, which sets to a gel on cooling, arsl dhemical
composition is, in many respects, closely simitathat of its parent collagen (16).

Amylase is an enzyme that catalysis the hydrolgtasch into sugar that is water soluble and hasrtmlecular
weight, this enzyme is used extensively in drirdkuistry for example the production of high fructsgeup (HFS) or
textile industry. Amylase can be made from varimisroorganisms especially froBacillus, Pseudomonaand
Clostridium, Aspergillus, Rhizopus, Penicilliuvest. Thea- amylase is a starch hydrolyzing enzymes which has
many application in various fields. It is used isweries, chocolate, pharmaceuticals industrieg¢l&tpn-Amylase

is endo enzymes catalyze hydrolysis in a randomneraim the interior of the starch molecule prodgdinear and
branched oligosaccharide of various chain lendgtB3. (
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A.niger isa fungus and one of the most common species ofiehasAspergillus It cause a disease called black
mold on certain fruits and vegetables such as grape#on and peanuts, and is a common contamiridabd. It is
ubiquitous in soil. In the classic book, the geAspergillusby listed close to 200 species and great manytesie

EXPERIMENTAL SECTION

Sample collection
The soil sample was collected from Mannargudi, OVarur district, Tamil Nadu, India. The collecteah®ple was
transferred to the sterile plastic bags and sealed.

Isolation of fungi

After sample collection, serial dilution was perfed for isolating microbial growth from the colledtsamples..
Potato dextrose agar was prepared and poured tetdesseparate petridishes of allowed to solidiffter
solidification the selected dilution factor of furguch as 18to 10° were spreaded on the medium then the plates
were incubated at 27°C for 42 to 72 hours respelgtil.actophenol cotton blue technique is usediemiify fungal
morphology (19, 20)

Determination of amylase activity (21)

The Aspergillus nigemvere tested for amylase production by starch hydisl When starch agar medium ( Peptone-
0.5g, Beef extract-0.15g, Yeast extract- 0.15g, INa&g, Starch-1g, Agar-2g, Distilled water-100mi)as
inoculated withAspergillus niger and the plates were incubated at 37°C at 24sh@ubsequently the plates were
flooded with iodine solution (lodine-0.2%, potassiindide-0.4%, and distilled water- 100ml) and ibated for 15
min, the zone of clearance around the microbialvgnandicated the production of amylase.

Quantitative assay (22)

Quantitative assay was done by centrifugating émménted broth of each strain at 1000 rpm. Thersapent was
used as crude enzyme. The fermented liquid cutksiestrains were taken and centrifuged at 5000fgerd0 min

and the supernatant was discarded. The cell pellets washed thoroughly with sterile 20.0g/l patasschloride

solution followed with sterile distilled water swugiently. Finally the cell mass suspended in stepdium chloride
solution (9.0 g/l), and the cell suspension wagldse immobilization as well as for free -cells feentations. The
whole cell was immobilized using entrapment method.

Partial purification of a-amylase was done (23)

Immobilization (Entrapment) (24, 25)

Polyacrylamide

A cell suspension was prepared by adding cell suspe to 10 ml chilled sterile distilled water.another 10 ml of
0.2 M sterile phosphate buffer (pH 7.0) was taked the following chemicals were added: 2.85 g aomnytle, 0.15

g bisacrylamide, 10 mg ammonium persulphate, and TEMED (NNN1N1 tera methyl ethylene diamine). The
cell suspension and phosphate buffer mixture wa®dnivell and poured into sterile flat bottom 10 emdiameter
petriplates.  After polymerization (solidificationjhe acrylamide gel was cut into equal size cufgsnt),
transferred to 0.2 M phosphate buffer (pH 7.0), ket in the refrigerator for 1 hour. The cubeseveashed 3 to 4
times with sterile distilled water and stored iarée distilled water at 4°C until use

Agar-agar

A definite quantity of agar-agar (Hi media, Mumbiaidia) was dissolved in 18ml of 0.9% sodium chderto get
final concentration of 2% and sterilized by autetig. The cell suspension (2ml) was added to thééemaagar-
agar maintained at 40°C, shaken well for few sesdqadthout forming foam), poured into sterile flaattom 4 inch-
diameter petriplates and allowed to solidify. Théicified agar block was cut into equal cubes (4inradded t
sterile 0.1M phosphate buffer (pH 7.0) and keptie refrigerator (1 hour).phosphate buffer wanttlecanted and
the cubes were washed with sterile distilled water 4 times.

Ca alginate

The alginate entrapment of cells was performedtasely under laminar flow unit. Sodium alginatel#ion was
prepared by dissolving sodium alginate in 100 nilimg water and autoclaved at 121°C for 15 minutBeth

alginate slurry and cell suspension were mixedsinced for 10 min to get a uniform mixture. Tharsy was taken
into a sterile syringe and added drop wise intd0CaCl, solution from 5-cm height and kept for curing &€ 4or

770



N. Uma Maheswari and S. Indra priyadharshini J. Chem. Pharm. Res,, 2014, 6(5):768-774

1 hour. The beads were washed with sterile didtilater 3 to 4 times. When the beads were not besed, they
were preserved in 0.9% sodium chloride in a refétg®.

Gelatin

Five milliliters of cell suspension was added toribof 20% sterile gelatin (hi-media), maintainegd4&°C. The
mixture was then poured into a sterile Petrididie §el was then left for hardening at 30°C. Thelties) block was
cut into small- size cubes (4mjrand the cubes were washed thoroughly with stdidlled water.

Immobilized Enzyme Assay

The activity of immobilized enzyme was assayedrmubating 1 ml of 3 % (w/v) starch solution (pregzhin 50
mMTrisHCI buffer of pH 7.5) with 1 g of beads offféirent immobilization, at 70°c for 5 minutes. Ta@mylase
level was determined by measuring the reducingrsugieased from soluble starch (26). An enzyme ignitefined

as the amount af-amylase that liberates 1 mol of reducing sugamfthe substrate per gram of beads under the
assay conditions.

Immobilized enzyme activity for starch hydrolysis £2)

Immobilized enzyme 0.1 g (1 ml enzyme solution) waged with buffered 5% starch solution and shakea
water bath shaker. One milliliter of the productswaixed with 5 ml iodine solution and the absorleawas read at
610 nm. One unit of enzyme activity is definedtes amount required to hydrolysing 1 mg starch pieute under
the assay conditions. All results are presented mormalized form with the activity under optimumnditions
being assigned a value of 100%. Influence of pHaativity was determined by carrying out the reactat varying
pH in the range and keep in all other reaction @@rds constant. The pH stability was determined pog-
incubating the catalyst and buffer for differemhdi intervals between 15 min and 20 hours at 30fiGwed by the
reaction.

Enzyme assay
Assay of amylase done by measuring the reducingrsu(RS) dinitrosalicyclic acid (DNS) method (27he
protein contented was determined (28)

Preparation of starch substrate (0.1%)

100 mg of soluble starch was dissolved in 80-9®@fdistilled water and the solution was boiled im&ro oven for
complete dissolution. Then the volume was madeoufO0 ml with distilled water for each time thislg@mn
prepared freshly.

Estimation of reducing sugar by DNS method and Estiation of protein was done by Lowry’s method
Immobilization Efficiency (29)
Immobilization Efficiency (IE) (%) = (I/A-B) X 100

Where, A = Added enzyme (U/g of beads or cubes)lUBbound enzyme (U/g of beads or cubes), | = Imiizza
enzyme (U/g of beads or cubes)

RESULTS AND DISCUSSION

Aspergillus nigerwas isolated from soil samples, collected from Margadi, Thiruvarur District, Tamil Nadu.
Basal media was used féspergillus nigerisolation, amylase produced under submerged femtien. Enzyme
assay was done by DNS method. Immobilization wasedny sodium alginate, Agar agar, gelatin, poly@mjde

gel with a-amylase and immobilized enzyme efficiency was alalzulated. The 36 hrs sample was subjected to
Folin’s Lowry procedure to determine the activitlyamylase being released by the immobilized cdllse O.D
reading was done by periodic sample obtained froenitnmobilized cell media were noted. In polyacnyide
matrix maximum immobilization activity was noticéd 36 hrs, OD 0.095 at pH 9.2, minimum immobilipati
activity was noticed at the pH 7.5 and the duraf@6 hrs. Gelatin maximum activity was occurre®@thrs, pH

9.2 and the Optical Density value 0.082.In agaarafermentation period was 36 hrs Optical Densibyed as
0.079, at pH 9.1. In pH 7 enzyme activity was deagi. Ca alginate, Optical Density was noticed 889%).at pH 9.0
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and the duration 36 hrs. Overall immobilizationivty was noticed in polyacrylamide matrix (15 IUjnca-

alginate (14 IU/ml) followed by agar-agar(12 IU/rgglatin(8 1U/ml).

Immobilization efficiency was found to be highest polyacrylamide matrix 76.9% followed ca- alg@db67%),
agar- agar (33%), and gelatin (5.27%).Maximum imitiation efficiency was occurred in the polyacnyl@e.

In present study, amylase enzyme was produced Aarigerfrom that immobilization done by various matrixes,
such as ca alginate, polyacrylamide, agar- agat, gatatin. Polyacrylamide was showed the maximuzyee

activity than three types of immobilization, therfeentation were performed at 36 hrs.

TABLE-1 Polyacrylamidelmmobilization of A.niger with Different Matrix

Entrapment matriY FinalpH Fermentation Per OHn mObIII(ZSg(;n activty | Amylase E??an?ﬁ]tgjrg)mducnwty
97 36 0.095 15
85 72 0.093 16
, 8.2 108 0.090 18
Polyacrylamide 8.0 144 0.087 22
7.8 180 0.080 185
75 216 0.077 17

TABLE-2 Agar — agar Immobilization of A.niger with Different Matrix

. ) . Immobilization activity | Amylase volumetric productivity
Entrapment matriy Final pHl  Fermentation Per od" (OD) (IU/mthour)
9.2 36 0.082 12
8.8 72 0.079 135
Adar-acar 8.4 108 0.075 15
gar-ag 7.0 144 0.073 175
7.0 180 0.050 155
7.0 216 0.045 145
TABLE-3 Gelatin Immobilization of A.niger with Different Matrix
) ) . Immobilization activity | Amylase volumetric productivity
Entrapment matriy Final pji  Fermentation Per od" (OD) (1U/mi/hour)
9.1 36 0.075 8
8.3 72 0.071 10.5
. 8.0 108 0.069 13
Gelatin 7.0 144 0.067 155
7.0 180 0.040 13
7.0 216 0.032 115
TABLE-4 Caalginate Immobilization of A.niger with Different Matrix
. : ) ._Immobilization activity | Amylase volumetric productivityf
Entrapment  matri Final Ph  Fermentation Perjod" (OD) (1Umithour)
9.0 36 0.089 14
8.9 72 0.086 125
Ca alginate 8.8 108 0.082 14
g 8.5 144 0.079 165
8.3 180 0.075 16
8.C 21€ 0.06¢ 15.5
TABLE-5 Immobilization Efficiency
S.No | Entrapment Matri¥ Immobilization Efficiency %
1 Polyacrylamide 76.92
2 Ca alginate 57.14
3 Agar agar 33.3
4 Gelatin 5.27
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FIGURE -1 Immobilization Activity (OD)
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CONCLUSION

Entrapment is a promising method of immobilizatfon easy production. Immobilised cells are supetithat of
free cells because it leads to highelumetric activities within the same line of fermtation. Specific advantages
immobilization technique such as long life termbdlity, reusability, and possibility of regenemtito be adoptabl
for the production.
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