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ABSTRACT

Bacillus licheniformis levansucrase was immobilized on different carriers
using different immobilization methods including physical adsorption,
covalent binding, ionic binding and entrapment. The most efficient
immobilization was achieved by chitosan (10%) using glutaraldehyde as a
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bifunctional agent. This method gave animmobilizationyield of 83% and a
levansucrase activity recovery of 97%. Theimmobilized enzyme exhibited a
shiftintheoptimal pH from5.5to 7.0, but the optimal temperature of activity
was not affected. Theimmobilized enzyme retained about 50% of itsinitial
catalytic activity even after being used during 5 successive uses. The main
product synthesized was levan which could be used for important

applications. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Levansucrase (EC 2.4.1.10) is a B-D
fructosyltransferase enzyme and its activity is
characterized by the formation of free fructose,
oligosaccharides and polysaccharides¥. Microbial
levans are produced from sucrose-based substrate by
transfructosyl ation reaction of levansucraseby avariety
of microorganismg?23. Potentia applicationsof levan
have also been proposed asan emul sifier, formulation
aid, stabilizer and thickener, surface-finishing agent,
encapsulating agent, and carrier for flavor and
fragrances”. It has been reported to have anumber of
biologica functionssuch asthe promotion of infection
and necrosis, tumor inhibition, tumor stimulation, and
increasing the permegbility of cdlsto cytotoxic agents®.
Fructooligosaccharides (FOS) possess anumber of

desirable characteristics such as low calories, no
cariogenicity, and safety for diabetics and bifidus-
stimulating functionality®®”.

For industrial application, immobilization of
biocatalysts such asenzymesor living cellsoninert
supportsisavery appealing approach becauseit offers
severd advantagesover free-cell fermentationinthat it
can facilitate product isolation and biocatalyst
reutilization. From the commercia point of view the
enzymeimmobilizationisavery important gpproach to
facilitatetheenzymereuse. In addition, thisapproach
may help to enhance catalytic activity and prolong
catalytic life of the biocatal ysts®. Enzymes may be
immobilized by variousmethods, which may bebroadly
classfied asphysica, whereweak interactionsbetween
thesupport and theenzyme occur, and chemica, where
covdent bondsareformed withtheenzymée?. Enzyme
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immobilization can be classified into five broad
categories: physical adsorption®, entrapment in a
matrix™, ionic binding™?, covalent binding*¥ and
cross-linking*.

Theenzymeimmobilization on asolid support can
offer several advantages, including repeated enzyme
usage, ease of product separation, improvement of
enzyme stability, and continuous operation in packed
bed reactorg™™. Also, enzymeimmobilization frequently
resultsinimproved thermal stability or resistanceto
shear inactivation*®., The covalentimmobilization of
enzymes can be achieved in variousways, depending
onthecarrier onwhichthebondingisintended. Among
themost commonly known carriers, gdatinand chitosan
areoften preferred. Both of them present high levelsof
biocompeatibility and non-toxicity. Gelatinisanatura ly
occurring polymer produced by the partial hydrolysis
of collagen. Thereactivegroupspresentingelainare
primarily hydroxyl, carboxyl and aminofunctions. Itis
availableworld wideat low cost. It hasthe biological
propertiesof collagen*”. Chitosan hasbeen known as
anided support for enzymeimmohilization because of
itsbiocompeti bility, biodegradability and anti-bacteria
property1819,

Generally, levansucrase immobilization can be
carried out by different methods, i.e. adsorption,
covaent binding and gel entrgpment. Only few reports
have been published on the immobilization of
levansucrasd?®.

Thiswork amedtoinvestigatetheimmobilization
of Bacilluslicheniformislevansucraseusing different
methods of immobilization including, physical
adsorption, covalent binding and entrapment. The
changes of the characteristic features of the enzyme
brought about by immobilization were studied and
stability of theimmobilized enzyme hasbeen compared
to those of thefreeenzyme.

MATERIALSAND METHODS

Chemicals

Chitosan, chitin, glutaraldehyde (GA) and
acrylamidewereobtained from Sigma. Thegelatinwas
provided by Amersham. Mono-Q-sepharose was
purchased from Pharmacia.
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Microorganism and cultureconditions

The present study reports on a newly isolated
thermophilicbacterid srainfrom Tunisantherma source
andidentified asBacilluslicheniformig?l. Thestrain
was cultivated in aliquid medium containing sucrose
200 ¢/l, Na,HPO, 3.5 g/l, NaH,PO, 0.8 g/l, MgSO,
0.2 g/l, NaNO, 3.5 ¢/l and yeast extract 5.0 g/l.
Cultivationwasmadein 500 ml flasks, each containing
100 ml of culturemedium. Theinoculum (6%, viv), was
transferred to the culture medium and the flaskswere
incubated at 40°C for 36 h and at an agitation rate of
200 rpm.

Enzymeproduction

The culture medium was centrifuged (5000 rpm)
for 15 mininacooling centrifuge. Theclear supernatant
was concentrated and fractioned at 70% ammonium
sulfateaccording to standard preci pitation methods. The
pellet was suspended in the minimum volume of
phosphate buffer (20 mM, pH 6.5), and centrifuged
again. Thesupernatant was didyzed against 3 changes
of phosphate buffer (20 mM, pH 6.5) at 4°C for
overnight toremovetheammonium sat. Didysiswas
carried out using acellulose diadysismembrane (220
mm in diameter) with acut off point of 10kDa. This
partidly purified enzyme(specific activity 15.62 U/mg
protein) wasused for the preparation of theimmobilized
enzyme.

L evansucr ase assay

Thiswasdoneaccording to themethod of Yanase
etd, (1991) with somemodification. 0.5ml of culture
filtrate wasincubated with 1 ml of 20% sucrose and
1ml of 0.1 M acetate buffer at pH 5.2 wasincubated at
30°C for 15 min. The reducing sugars produced were
measured by glucose oxidasekits. Oneunit of enzyme
activity was defined as the amount of enzyme that
producesreducing sugarsequiva ent to 1umol of glucose

per min.
I mmobilization methods

Thepartidly purifiedlevansucrasewasimmobilized
by different methodson different carriers. Immoilization
steps and enzyme storage were carried out at 4°C.
Supernatants and washing volumes were pool ed after
each step and the non immobilized activity was
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determined.
lonic binding (M ono-Q-sephar ose)

1 g of DEAE-Sepharoseresin waswashed twice
witha50 Mm phosphate buffer pH 7.0 and centrifuged
for 2minat 4600xg. Theresnwasmixed with0.5ml
of the enzyme preparation (45 U/ml) and 1.5 ml
phosphatebuffer during 12 hunder agitation. Themixture
was then washed twice with the same buffer and
centrifuged for 2min at 4600xg.

Inclusionin polyacrylamide

The immobilization in polyacrylamide gel was
achieved by mixing 3 mL of asolution of acrylamide
and bisacrylamide(30:1), 4 ml water, 2ml of 100 mM
Tris-HCl buffer pH 7.0 and 1ml enzyme (67 U/ml) and
the polymerization wasachieved by theaddition of 100
plammonium persulphate and 6ul TEMED. The gel film
was polymerized at 4°C on a surface of Semx5c¢m and
cutintosmall blocks (1cmx1cm). The gel pieces were
washed twicewith 25 mM phosphatebuffer pH 7 before
use.

Covalent binding by glutaraldehydeto chitosan,
chitinand gelatin

Chitosan (0.5 g) wasdissolvedin 50ml of HC| 0.1
M containing 2.5% (v/v) glutaraldehydefor 2h at 30°C.
Thesolubilized chitosan was preci pitated by the addition
of 1ml of 0.1 M NaOH. Theprecipitate was separated
by centrifugation (10 min at 4000xg) and washed with
digtilled water to eliminatethe glutaral dehyde excess.
Thewet chitosan was mixed with 0.5 ml of theenzyme
solution and stirred for anight at 4°C. The unbound
enzymewasremoved by washing with distilled water
until no proteinor activity was detected?,

Chitin (0.5 g) was shaken with 5 ml 2.5% (v/v)
glutaraldehyde. Chitin was then collected by
centrifugation (10 min at 4000xg) and washed with
digtilled water toremovetheglutarddehydeexcess. The
wet chitinwasmixedwith 0.5 ml of theenzymesolution
for anight at 4°C. The unbound enzyme was removed
by washingwith distilled water asdescribed early.

The gelatin powder (5-10%, w/v) used for
immobilization of thelevansucraseenzymewasswe led
in5ml potassium phosphate buffer 50 mM pH 7.0 and
hested & 50°C for 10 min till complete solubilization of
gelatin. Themixturewas cooled and the enzymewas
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added (67 U/ml). After mixing of enzyme, therequired
amount of organic cross-linker (0.6%, w/v),
glutaraldehyde was added. The mixture was stirred
constantly and poured on a5cmxS5cm glass plate to
prepareathinfilm of theenzyme. Thefilm was stored
at 4°C for complete cross-linking. The immobilized
enzyme film was thoroughly washed with 50 mM
phosphate buffer pH 7.0 and cut into small blocks
(Lecmx1cm) before being eventually used in subsequent
experiments.

The immobilization yield was expressed in the
equation below:
Immobilizationyield = (A-B)/A x 100
And the activity yield was defined according to the
following expresson:
Activityyild=C/Ax 100

Variousparameterswereused intheimmobilization
estimation: where(A) isthetotal enzymeactivity used
forimmobilization, (B) istheunbound enzymeactivity,
(A-B) thetheoretica immobilized enzymeactivity, and
(C) isthe obtained immobilized enzymeactivity. The
total enzymeactivity isthetota number of unitsadded
to thesupport during theimmobilizationreaction. The
non-immobilized ctivity isthenumber of unitsinfiltrates
and washing volumes after immobilization; and the
immobilized activity isthenumber of unitsdetectedin
the support after immobilization and washing.

Properties of the free and immobilized
levansucrase

Effect of pH

The effect of pH on the free and immobilized
levansucrase was studied using sodium acetate buffer
(pH 4-6, 50 mM), potassium phosphate buffer (pH 6-
8, 50 mM) and glycin buffer (pH 8-10, 50 mM).
pH stability

ThepH gahility of thefreeand immohilized enzymes
was examined after preincubating enzyme samplesat
25°C for 60 min at different pH values followed by
adjusting the pH to the value of the standard assay

system. Theresidual activity was assayed under the
standard conditions.

Optimum temper ature

Theoptimum temperaturefor levansucraseactivity
e, BIOCHEMISTRY
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was determined by incubating theenzymein 0.05 M
phosphate buffer pH 7.0 at different temperature (30-
50°C). In each case, the substrate was pre-incubated
at therequired temperature beforethe addition of the

enzyme.
Thermostability

Thefreeenzyme aswell astheimmobilized one
wereincubated in phosphate buffer 50 mM pH 7.0 at
different temperature (40-50°C) for different periods
of time. The residua levansucrase activities were
measured according to the standard assay method.

Operational stability

It was performed with 1.0 g of immobilized
levansucrase (wet) containing about 30 U of theenzyme.
The immobilized form was incubated with 4 ml of
sucrose substratein acetate buffer (0.2 M, pH 5.2) at
30°C for 15 min. At the end of the reaction period, it
was collected by centrifugation at 6000 rpmfor 10min,
washed with distilled water and resuspended in4 ml of
freshly prepared substrate to start a new run. The
supernatant was assayed for levansucrase activity.

Continuous synthesis of levan by levansucrase
immobilized on chitosan

Theimmobilized enzyme (0.1 g/g of support) was
incubated in batch for 45 hat 40°C in the presence of

20% of sucrosethat waspre-dissolvedin 20 mM acetate
buffer, pH 5.6. Aliquotswerewithdrawn a varioustime
intervas. Thesugarsin the sampleswere measured by
the DNS method4,

All theexperimentswererepeated threetimes, and
theresultswerereproducible.

RESULTSAND DISCUSSION

Effect of immobilization methodsand carrierson
levansucraseactivity

In the present study, Bacillus licheniformis
levansucrasewasimmobilized ondifferent carriersusing
different methodsof immobilizationincluding, physicad
adsorption, covalent binding, ionic binding and
entrgoment.

Thedatafor theimmobilization of theextrace lular
levansucrase by covalent binding (TABLE 1) indicated
ahighimmobilizationyield (97% and 83% of activity
andimmobilization yields, respectively) with chitosan
through aspacer groups (gluteraldehyde). The good
loading efficiency for theimmobilization by covaent
binding could be due to the formation of stable
crosslinking betweenthe carrier and theenzymethrough
spacer groups (glutera dehyde) molecule. Thedecrease
of activity withthe other carriers could beattributed to
diffusiond limitation of the substrate and product®!.

TABLE 1: Levansucraseimmobilization and activity yieldson different matrixes. DEAE-Sephadex, Amberlite, Duolite,

Fluor osil, chitin, gelatine, polyacrylamide, chitosan

Typeof resin Polyacrylamide Q-Sepharose Chitin Gelatin Chitosan
Activity yield (%) 81.0 86.36 87.6 90.0 97.0
Immobilization yield (%) 454 78.0 72.0 318 83.0

Theyidd of enzymeactivity dependson thenature
of the carrier used for immobilization. Jang et al
(2001)[8 reported that the immobilization of
Fructosyltransferase (TFase) enzyme from Bacillus
cereus by ionic binding on DEAE-cellulose-53
showed the highest immobilization yield (75%).
M ostafa (2006)?" obtai ned approximately the same
immobilization yield (76.29%) for FTFase from
Zymomonas mobilison titanium activated magnetite.
Onthecontrary it wasreported that theimmobilized
FTFase prepared by physi cal adsorption on polyvinyl
alcohol (PVA) had the highest immobilizationyield
(71.42%).

BIOCHEMISTRY  (mm—

Char acterization of theimmobilized preparation
pH optimum and stability

Tofurther characterizetheimmobilized preparation,
pH and temperature dependence of enzymétic activities
wasinvestigated. Figure 1 showstheactivity of free
and immobilized levansucrase at different pH values.
Thedataindicatethat theimmobilized enzymeexhibited
ashift of pH from 5.5to 7 when compared to thefree
enzyme. An improvement of pH stability upon
immobilization was a so observed (Figure 2). Study of
the pH stability showed that theimmobilization process
protected the levansucrase from alkaline and severe
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Figurel: Effect of pH on free and chitosan -immobilized
levansucrase. Valuesreported in thefigurearethe meansof
determination performed in triplicate. Free enzyme (A);
immobilized enzyme (m)
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Figure2: Sability of pH on freeand chitosan immobilized
levansucrase. Free enzyme (A); immobilized enzyme (m)

acidic media. Similar result was reported by Bryjac
(2003)(28,

Effect of temperature on immobilized enzyme
activity and thermostability

The free and immobilized B. licheniformis
levansucrasesassayed at temperaturesranging from 30
to 55°C (Figure 3). Both the free and immobilized
levansucrase enzyme had an optimum temperature at
40-45°C, whereas the immobilized enzyme wasmore
gtableand retained 80% of itsactivity after 4 hincubation
intherangeof 30-50°C (Figure 4). Theincreaseinthe
thermostability of theimmobilized levansucrase could
beattributed tothefact that thelatter islesssusceptible
to conformational changes caused by temperature after
immobilizationinto chitosan systemwhilethequaternary
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Figure 3: Effect of temperature on free and immobilized
levansucrase. Valuesreported in thefigurearethe meansof
deter mination performed in triplicate. Free enzyme (A);
immobilized enzyme (m)
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Figure4: Thermostability of thefreeand immobilized en-
zyme. Freeand chitosan immobilized enzymeat 37 (A); 45
(w) and 50°C (®). Residual enzymeactivity wasdetermined
intheperiodically withdrawn samplesusing sucroseassub-
strate. Free levansucrase (—); chitosan-immobilized
levansucrase(.....)

structure of the free enzyme can be easily
disaggregated®.

Reusability of theimmaobilized enzyme

The operational stability of the immobilized
extracd |ular partidly purified levansucrasewasevaduaed
inrepeated batch process (Figure5). The performance
of theimmobilized enzymeindicated the durability of
thecatalytic activity inrepeated use of 5 cycles. It was
reported by Jang et a (2001)E% that theimmobilized
levansucrase of Zymomonas mobilis expressed in
Escherichia coli retained 61% of the origina activity
after fiverepeated uses.
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Production of levan

Attemptswere madeto producelevan by thefree
andimmobilizedlevansucrases After 10hof incubation,
the percentage of levan synthesis by theimmobilized
enzyme increased and exceeded that of the free one
(Figure 6). This could be explained by the better
thermostability of the immobilized enzyme. The
percentage of levan synthes shy theimmobilized enzyme
reached 40 % after 10 h of incubation.
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Figure5: Cyclenumber of theimmobilized enzyme. The
immobilized preparation was reused consecutively for 6
cycles

120 -
100 -
80 -
60 -
40 -

20 - //I/L\‘\\.
0 . . .

0 10 20 30 40 50
Time (h)
Figure6: Timecourseof levan production by B. licheniformis

levansucrase; Freelevansucrase (A); chitosan-immobilized
levansucr ase (m)

synthesis (%)

CONCLUSION

The overall performance of the immobilized
extracd lular partidly purified levansucrase stability is

rather promisingthanthefreeenzyme. Thus, it suggests
that Bacilluslicheniformisextracd lular partidly purified
levansucrase immobilized on chitosan by covalent
binding issuitablefor practica application. Thus, the
immobilized levansucrase described here can be
advantageoudy applied to producelevan which canbe
used asavauablefood additive.
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