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ABSTRACT

Ureasefromjack bean med (E.C. 3.5.1.5) wasimmobilized incalcium aginate
beads. Effects of varying alginate and CaCl,, concentration on immobiliza-
tion yield were examined. The influence of pH, temperature and enzyme
matrix ratio on the percent of the immobilization and activity was studied.
Aninhibiting effect of mercury (Hg?*) and copper (Cu?*) ion onimmobilized
urease has been investigated in order to elucidate the kinetics and mecha-
nism of inhibition. Optimum sodium al ginate and CaCl,, concentration were
found to be 2% (w/v). An increase in the concentration of alginate gives
rise to areduction in membrane thickness, while an increase in the concen-
tration of calcium chloride leads to the formation of a thicker film. The
straight lines intersecting at x-axis shows noncompetitive inhibition for
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both the Hg?* and Cu?.

INTRODUCTION

Theincreasng useof immobilized enzymesin vari-
ousindustrial processesis mainly because of the ad-
vantagesthey confer over their soluble counterparts.
Theseincludeincreased enzymatic stability in extreme
conditions of temperature, pH, storage and reuse of
theenzymes. Severd different methods have been em-
ployed for enzymeimmobilization whichincludesad-
sorption, entrgpment, encapsul ation, and crosdinkingY.
Themost common immobilization matricesused now a
daysarebiocompatiblepolymerslikedginate, chitosan,
agarosegel, etc. Of thisaginate gel beads have been
widely used to entrgp enzymesaslow molecular weight
substrates and products can diffusefredly into and out
of thebead without disturbance by theporesinthegd .
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Theimmobilization procedure on a ginate beadsis not
only inexpensive but also easy to carry out and pro-
videsextremely mild conditions, so that the potential
forindustrid gpplicationisconsiderable?.

Ureaseisamongst enzymes most extensively stud-
ied for immohilizationsand practica applicationg*®.
Thisisbecauseof many processesinwhich ureasetakes
part andits possible exploitationin practical applica-
tions. Theclassc methodsfor theestimation of urease
activity arebased on the determination of NH, or CO,
evolved from theconversion of ureaby ureasein solu-
tionf®l,

Inagriculturd settings, rapid hydrolysisof fertilizer
ureaby soil bacterial ureasesresultsin unproductive
volatilization of anmoniaand in ammoniatoxicity or
alkali-induced plant damage. Agricultural trialshave
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shown that ureaseinhibitors can be combined with fer-
tilizer toincreasetheoveral efficiency of nitrogen utili-
zation™. Control of therate of ureahydrolysiswithin-
hibitorswould asolead to improved thergpeutic strat-
egiesfor treetment of infectionsinvolving ureol ytic bac-
teria. Studies published sofar on heavy metd ionsinhi-
bition of urease of both plant and bacterial origin have
aimed either at listing the metalsin order of their de-
creasing toxicity®'? or at detection of their trace
amounts, e.g. Hg?*, Cu?* and Ag* iong*%16l,

The purpose of thiswork wasto investigate the
potential useof aginatestoimprovetheintegrity of the
matrix containing the enzyme urease. Theinfluence of
pH, temperature and enzyme matrix ratio on the per-
cent of theimmobilization and ectivity wasstudied. The
work examinestheinfluenceof variousparameterssuch
assodium aginate concentration, CaCl,, concentration
and hardeningtimeof ureaseentrappedin crosdinked
aginatebeadsfor stability improvement. Alsothework
was carried out to find out theinfluence of inhibitors
such asmercury (Hg?") and copper (Cu?*) iononim-
mobilized urease.

EXPERIMENTAL

Materials

Crude ureasefrom jack bean meal (E.C. 3.5.1.5)
was purchased from Hi-MediaL aboratories, India. Cd-
cium chloride, urea, Nessler’s reagent and Folin
Ciocalteau reagent werefrom Qualigen’s fine chemi-
cas, India. Mercuric acetate and copper sulphatewere
obtained from E. Merck, India. All other chemicaswere
of AndaR grade and werepreparedin doubledistilled
weter.

Preparation of immobilized calcium alginate beads

Urease powder (40 mg) and sodium alginatewas
dissolvedinwater (10 ml), gently stirred and dropped
into 50 ml of CaCl,, solution by using syringe befitted
with needle (18G). Thefiltered CaCl,, solution and the
two washingswerecollected for protein determination
and beads were stored at 6°C.

Preparation of immobilized calcium alginate beads
with inhibitor
Urease (40mg) and sodium a ginate solution 2%

BIOCHEMISTRY (mm—

(w/v) wasdissolved in water, thorough mixing with 0.2
ml of mercury acetate or copper sulphate (inhibitor so-
lution, 0.2uM) and dropped into 50 ml of chilled cal-
cium chloride solution (2%) with the hel p of asyringe
asdonebefore. The beadsformed werea lowed to stir
for 10min.

Protein estimation and ureaseactivity

Thefreeandimmobilized urease protein content
was evaluated using Lowry’s method*”. The activity
of ureasewas estimated by the known method™®. The
absorbance wasmeasured at 405 nm using UV-Spec-
trophotometer (Elico, India).

Optimization of immobilization parameters

Two setsof immobilized beadswere prepared and
used for comparative study.

1) Tostudy theeffect of sodiumaginate concentration
on bead permeability for urease activity was con-
ducted at various concentrationsranging from 0.5%,
1.0%, 1.5%, 2.0%, and 2.5%. The formation of
beadswas carried outina2% CaCl,, solution.

2) Inorder toinvestigate the effect of CaCl,, concen-
tration on the hardness of beads, the 2% sodium
aginate solution wasextruded drop-wiseinto dif-
ferent CaCl, concentrationsfrom 1to 3.5%. They
werewashed with (0.1 M) TrisHCI buffer (0.1 M).
Theimmobilization efficiency and retained activity
wascalculated.

pH profilefor freeand immabilized urease

Free or immobilized ureasewas added into 1 ml
buffershaving different pH vauesintherange of 4-9.
Threedifferent bufferswere used for thisstudy: 0.1 M
citrate phosphate buffer (pH 4.0-6.6), 0.2 M phos-
phatebuffer (pH 6.6-7.6) and 0.1 M Tris-acetate buffer
(pH 7.2-9.0). Thesolutionswere placed into ashaking
water bath for 30 min at 55°C. Theactivity of theen-
zymewas determined asdescribed earlier.

Repeated use of urease immobilized in the algi-
nate beads

In order to test the reuse of entrapped urease, the
activity inthe beadswas assayed severa times. After
each urease activity assay, the beads were removed,
washed thoroughly with distilled water and stored at
roomtemperature. Then, thebeadswere assayed again
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TABLE 1la: Effect of sodiumalginateand CaCl, concentr a-
tion on beadsdiameter and membranethickness

—— Regdular Peper

TABLE 1b: Effect of CaCl, and sodium alginate concentr a-
tion on beadsdiameter and membranethickness

Sodium alginate— 0.5 % wi/v
CaCl, Concentration %
1% 15% 2% 25% 3%

CaCl, Concentration — 1 % w/v
Sodium alginate %
0.5% 05% 0.5% 05% 0.5%

41 45 47 50 52
012 017 025 030 0.32

Diameter (mm)
Membrane Thickness (mm)

41 41 41 41 41
012 012 042 012 0.12

Diameter (mm)
Membrane Thickness (mm)

Sodium alginate— 1 % wi/v

CacCl, Concentration %
1% 15% 2% 25% 3%

CacCl, Concentration — 1.5 % w/v
Sodium alginate %
0.5% 05% 0.5% 05% 0.5%

39 42 44 49 51
011 016 0.23 029 0.30

Diameter (mm)
Membrane Thickness (mm)

45 45 45 45 45
017 017 017 017 0.17

Diameter (mm)
Membrane Thickness (mm)

Sodium alginate —-1.5 % w/v
CaCl, Concentration %
1% 15% 2% 25% 3%

CaCl, Concentration — 2 % w/v
Sodium alginate %
0.5% 05% 0.5% 05% 0.5%

31 34 40 42 47
010 014 018 024 021

Diameter (mm)
Membrane Thickness (mm)

Diameter (mm) 47 AT AT AT AT

Membrane Thickness(mm) 0.25 025 025 025 0.25

Sodium alginate— 2 % w/v

CaCl, Concentration %
1% 15% 2% 25% 3%

CacCl, Concentration — 2.5 % w/v
Sodium alginate %
0.5% 05% 0.5% 05% 0.5%

31 32 38 42 45
0.08 012 016 022 021

Diameter (mm)
Membrane Thickness (mm)

Diameter (mm) 50 50 50 50 50

Membrane Thickness(mm) 0.30 030 030 0.30 0.30

for ureaseactivity and the same processwas repeated.

Optimization of temperaturefor freeand immaobi-
lized urease

Free or immobilized ureasewas added into 1 ml
phosphate buffer (pH 7.2), and the solutions were
placed into ashaker for 30 min in water bath which
was adjusted to temperaturein therange of 10-80°C.
Enzymeactivitieswere eval uated as described above.

Determination of storagestability for freeand im-
mobilized urease

Thefreeand immobilized enzymeswere kept at
6°Cinorder to examinethe storage stabilities, the ac-
tivities of the enzymes were measured upto 35 days
after anintervd of fivedays.

Determinationof K_andV__ values

K, and V __ values were determined from
Lineweaver—Burk plots by measuring the initial rates of
the reactions by using various concentrations (0.2 to
2.0 M) of ureasolutionsat 55°C and pH 7.2. For this
purpose, urease sol utions containing 1 ml freeenzyme
(inphosphatebuffer) orimmobilized dginatebeadswere

used. Both form of enzymewereincubated with 0.2 ml
of inhibitor solution.

RESULTSAND DISCUSSION

Alginate and CaCl, concentration are major pa-
rametersfor enzymeentrapment becausethe cross-link-
ing between alginate and Ca?* ionsleadsto gelation
and theingtantaneousinterfacid crosdinkingleadingto
entrapment of enzyme. Therefore, effects of alginate
and CaCl,, concentration on urease activity werefirst
investigated.

The enzymeamount and the needlesizewere kept
constant. The percentage of immobilization and the
bead size werefound to be directly proportional to
alginate concentration upto acertain limit (2%) and
inversaly proportiona to calcium chloride concentra-
tion. When alginate concentration wasincreased from
0.5%102.5% at afixed CaCl, concentration (2% w/
V), thehighest urease activity & immobilizationyield
was found to be at 2% (w/v) and decreaseswith in-
creasesintheamount of alginateused (Figure1). Simi-
larly standardization of CaCl, solutions (1% - 3.5%)
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Figure3b : Plot of per cent maximum activity vs. time (days)
for storagestability and immobilized ureasein calcium algi-

Figure3a: Plot of per cent maximum activity vs. time(days)
for storagestability and immobilized ureasein calcium algi-

nate beads by changing calcium chloride concentration at

constant amount of sodium alginate (2%)

nate beadsby changing sodium alginateconcentration at con-

stant amount of calcium chloride (2%)

ondginatebeads. Therangeof aginateand CaCl,, con-

was done against 2% sodium alginate with 1mg/ml

urease solutionfor bothfreeandimmobilized. Thebest  centration used in our study were enough to hold ure-

immobilized ureaseectivitieswereobtained at 2% agi-
nate (42%) and 2.5% CaCl, concentration (61%).
However, beadswere not stable at 2.5% CaCl,, solu-

Alginate and CaCl, concentration aso affect the
membranethickness and diameter of beads (TABLE

tionandtherefore, 2% sodium aginateand 2% CaCl,

It has been reported that a ginate and CaCl,, con-
centrationintheenzymeand cell entrapment changed  solution wereused for further study.

urease activity was observed at 2.5% CaCl,, solution  aseinsidethegel duringimmobilization. Thehighest
intherange of 2-4% (w/v) and 2-5% (w/v), respec-

(Figure 2) but beads were disrupted after 24 hour so
it was presumed that 2% CaCl,, solutionis stablefor

immobilization of urease.

tively**2. Devi and Sridhar® found that CaCl,, con-

centration had aprofound effect on cephamycinCpro-  1a& b). Itisseenfrom thedatathat onincreasingthe

duction, using Sreptomycesclavuligerusimmobilized  sodium alginate concentration (0.5% to 2% w/v) for
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Figureda: Plot of percent maximum activity vs. temperature
stability for immobilized ureasein calcium alginate beadsby
changing sodium alginate concentr ation at constant amount
of calcium chloride (2%)

bead formation, thethickness of themembraneand the
diameter decreasefor agiven cal cium chloride con-
centration. Thiseffectispresumably duetothefact that
onincreasing the number of biopolymer moleculesper
unit solution volume, the number of binding sitesfor
Ca&* ionsaso increases. Asaresult, amore densely
cross-linked gdl structurewill probably form and, con-
sequently, it will have alower thickness. On the other
hand, onincreasing the ca cium chloride concentration
(1%to 3% wi/v) the thickness and diameter of the bead
increasesfor agiven sodiumdginateconcentration. This
behaviour a so confirmsthat the membranethickness
increases continuoudy until compl ete consumption of
the calcium ions. Similar results were observed by
Blandino et a.® by immobilizing glucose oxidasein
dginae,

Ingenerd dl theseresultscan beexplained by taking
into consideration the gel formation process, whichis
assumed to bean amost instantaneousandirreversble
processthat is governed by the diffusion of the two
componentsinvolvedinit: sodium aginateand Cea?*
ions.

Storagestability

Enzymestability isoneof thefactorsaffecting pro-
ductivity. Enzymesarevery ddicate, and losetheir ac-
tivity during storage. From storage studies, increased
rate of ureaseleaching was observed at [ower concen-
trationsof aginate (Figure 3a). Therefore, the concen-
tration of sodium aginate wasfixed at 2% for subse-
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Figuredb : Plot of per cent maximum activity vs. temper ature
stability for immobilized ureasein calcium alginatebeadsby
changing calcium chloride concentration at constant amount
of sodium alginate (2%)

quent experiments. Similar resultswere obtained for
calcium chloride concentration (Figure 3b). Ascan be
seen, theimmobilization increases storage stability of
theenzymeand 2% of sodium alginate/cal cium chlo-
ride concentration proved to beideal in both cases.
Theactivity of enzymeremainsabout 45% of theinitia
activity after 35 dayswhereasin case of freeit drops
downto40% of itsinitial valueafter 15 days.

pH stability

The pH optimum of thefreeand immobilized ure-
asewasdetermined by using threebuffer systems, i.e.,
citrate acetate (0.1M, pH 3.5-5.5), phosphate (0.2 M,
pH 6.0-8.0), and Tris-HCI (0.1 M, pH 7.0-9.0) buft-
ers. Theimmobilized and free ureasewasincubated in
1ml of phosphate buffer with 1 ml of ureasolution (0.5
M) inatest tubeat 55 °C. It wasfound that the calcium
aginate beadsformed by sodium alginate and CaCl,
(2% concentration of each) werestableonly intherange
of 6-8 pH, inrest pH ranges beadswere disrupted.

Thermal stability

Theeffect of temperature on theurease activity is
showninfigure4a& b. Theoptimum activity for free
ureasewas obtained at 55°C and where asfor immo-
bilized urease 55-60°C. At 65°C thefree and immobi-
lized ureasein 2% of each concentration of sodiumal-
ginate/calcium chlorideretained their activity toaleve
of 50% and 80% during a30-min incubation period.
Increasing temperature beyond 60°C and below 50°C
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Figure5: Lineweaver—Burk plot for inhibition of urease
immobilized in calcium alginatebeadsby Cu*?and Hg'% (O)
noinhibitor,(M)Cu*?, (*) Hg™

showsreduced activity, at temperature beyond 60°C
probably becausethey becamemorerigid at high tem-
perature. If thethermal stability of anenzymewereen-
hanced by immohilization, thepotentid utilizationof such
enzymeswould beextensive. In principle, thethermal
stability of animmobilized enzymereved ed the affinity
of ureaseto ureacan be enhanced, diminished, or un-
changed relativeto free counterparts, and several ex-
amplesfor each kind have been previoudly reported4.

Effectsof inhibitorson kinetic parameters

Theeffect of Hg?" and Cu?* ontheinhibition activ-
ity of freeand alginate entrapped ureasewasstudied in
the concentration rangethat had measurableinhibition.
Infigure5thedraight linesintersecting at x-axis, shows
noncompetitiveinhibition for both the Hg? and Cu?*.
Inthiskindof inhibitionV . modified by theinhibitor
and the effect was more pronounced for Hg** com-
pared to Cu* Thevaluesarereportedin TABLE 2.
Themaximumactivity,V _, decressed significantly upon
inhibition of urease. TheV_ vaueof thefreeurease
was found to be 1.17x10 mmol/min/mg enzyme,
whereastheV  vauesof theenzymeinhibited with
Cu*? and Hg™ were estimated from the data as
1.00x10 and 0.87x10* mmol/min/mg respectively.
There was no effect observed on the value of K
(1.48mM) by boththe heavy metal ions Theliterature
dataclearly show that heavy metd cationsstrongly in-
terfereby theinhibition of ureaseasthey strongly inhibit
enzymatic reaction of ureahydrolys §%2,

TABLE 2: Kinetic parameter sfor inhibition of ureaseimmo-
bilized in calcium alginatebeadsby Cu*2and Hg*

Inhibitor Km,mol Vi, mmol/min/mg enzymex10™*
Free enzyme 148 117
Cu*? 1.48 1.00
Hg™ 1.48 0.87
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