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ABSTRACT

KEYWORDS

Chickpea (Cicer arietinum

Urease, the urea-hydrolyzing enzyme, wasidentified abundantly in germi-
nating chickpea (Cicer arietinum L.) seed. The enzymewas purified to ho-
mogeneity by the sequential steps of 20% acetone extraction, followed by
50% acetone fractionation, gel filtration on Sephadex G-200, and DEAE-
cellulose chromatography. The purification fold was 44.99 with afinal spe-
cific activity of 489.57 mMminmg. The purified urease was ahexamer of
identical subunits. The native enzyme had amolecular massof 510 kDa (Gel
filtration, Sephadex G-200) whereas subunit values of 85 kDa were deter-
mined on PAGE with sodium dodecyl! sulfate. The optimum pH and tem-
perature of the purified urease were 7.2 and 48°C, respectively, using urea
as substrate. The half-life of urease was 30 days in 50 mM phosphate
buffer (pH 7.2) at 40C. Kmvalue of the purified ureasefor ureawas 3.1 mM.
Urease activity was decreased by 50% within 5 minutes at 70°C. The opti-
mum substrate (urea) concentration for urease was 25 mM. The enzyme
showed the highest activity when incubated for 30 minutes at 48°C. Ca?*
enhanced urease activity by 120.47%, while Pb?*, Cu?*, Zn** and Hg?" al-
most compl etely inhibited the urease activity.

© 2009 Trade ScienceInc. - INDIA

L.) seed;
Urease;
Ureg;
Purification;
Characterization.

INTRODUCTION

Thereareat |east three key enzymesinvolvedin
ureametabolisminplants. arginase, ureaseand glutamine
synthetase. The primary role of ureaseisto alow the
organismto useexternd or internally generated ureaas
anitrogen source’*2. Significant amounts of plant ni-
trogen flow through urea. Thiscompound derivesfrom
arginineand possibly from degradation of purinesand
ureides®. Thenitrogen presentin ureaisunavailableto
the plant unless hydrolyzed by urease. Ammonia, the

product of urease activity, isincorporated into organic
compoundsmainly by glutaminesynthetase. It may func-
tion coordinatedly with arginasein the utilization of seed
protein reserves during germination®. Germination of
Arabidopsis seedsinwater contai ning ureaseinhibitor
was delayed by 36 hours and compl etely blocked in
case of aged seeds. Immobilization of urease hasbeen
carried out in severa matricesfor clinica/andytica ap-
plicationg™® and has a so been used for the treatment
of ureacontaining effluents™8. Sofar ureaseshavebeen
purified from severd different sources, includingafun-
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gal respiratory pathogen of human Coccidioides
immitig®% and Schizosaccharomyces pombe®, from
jack bean (Canavdiaensiformis)*>%, mulberry (Morus
aba) leaves*®, silkworm (Bombyx mori)i*”, pigeon pea
(Cgjanus Cajan L.)12&21 water melon (Citrullusvul-
garis)i?3, soybean (Glycine max)23, Staphylococcus
leei? and also from Helicobacter pylori!,

Inthisstudy, we gaveattention to the purification
and characterization of uressefrom germinating chickpea
(Cicer arietinum) seed for thefirst time.

MATERIALSAND METHODS

Materials

Chickpea(Cicer arietinumL.) Seedswerecollected
from Bangladesh Agricultureresearch Inditute(BARI),
substation of Ishwardi, pabna, Bangladesh. The seeds
weresoaked indistilled water for 6 hrs, germinatedin
the dark at 22°C for 48, 72, 96, 120, 144, 168, 192
and 216 hrsincluding soaking time. The germinated
seeds at different intervalswere stored separately in
the deep freeze (-10°C) for further experimental pur-
pose.

BSA, SDS/PA GE-chemicalsand Sephadex G-75
were purchased from Sigma Chemicals Ltd., USA.
Standard proteins, DEA E-cdllulosewerepurchased from
Pharmacia Fine Chemicals Ltd., Sweden. All other
chemicasusedfor thisresearch wereof andyticad grade.

Enzymeextraction

Unlessmentioned otherwised| the operationswere
done at 4°C. Ten grams of germinated seeds were
pasted inamortar and pestle and then suspended in 40
ml of 20% chilled (-20°C) acetone. After occasional
gentlestirring for 3 hoursthe suspension wasfiltered
through doublelayer of cheesecloth. Thefiltratewas
then collected and centrifuged for 15 minutes. The su-
pernatant was used as ““crude extract”.

Purification of urease
Acetonepr ecipitation

The“crude extract” was adjusted to 50% satura-
tion by theaddition of acetone (chilled to-20°C) under
condant and gentlestirring. Theresulting precipitatewas
collected by centrifugation, dissolved in minimumvol-
umeof pre-cold 50 mM phosphate buffer pH 7.0 and
dialyzed against the samebuffer for 24 hours. Thedia

lyzed solution wasthen centrifuged for 10 minutesand
the clear supernatant thus obtained was designate as
“crudeenzymesolution”.

Gé filtration chromatography

G filtration was carried out on Sephadex G-200
column (150x3.0 cm). The “crude enzyme solution”
after didysisagainst 50 mM phosphate buffer, pH 7.0,
was loaded onto the Sephadex G-200 column pre-
equilibrated with the same buffer and the protein was
eluted with the buffer. Theenzymatically activefrac-
tionswere pooled and dialyzed against 50 mM phos-
phate buffer, pH 7.8 for 24 hrs.

DEAE-cdlulose chromatography

Thedialyzed enzyme solution was|oaded on the
DEAE-ce lulose column (20x3.0 cm), preequilibrated
with 50 mM phosphate buffer, pH 7.8. The bound pro-
teinswereel uted with alinear gradient of NaCl (100-
500 mM) in the same buffer at aflow rate of 0.5 ml
min'. Absorbancea 280 nm, protein concentration and
urease activity was determined. The activefractions
were collected.

Enzymeassay

Urease activity was assayed following themethod
asdescribed?!, Ureasolution (3%in 0.2 M phosphate
buffer, pH 7.0) was used as substrate. Oneunit of ure-
aseactivity wasdefined astheamount required for lib-
erating 1lumol of ammoniaper min at 55°C. Protein
concentration wasdetermined by themethod of Lowry
et d.?1, using BSA asthe standard.

Determination of molecular weight by ge filtration

Themolecular weight of the purified urease was
determined by themethod of Andrews® by gdl filtra-
tion on Sephadex G-200 column (150x3.0 cm) equili-
brated with 50 mM phosphate buffer, pH 7.0. Phospho-
rylase-b (97.4 kDa), B-galactosidase (116 kDa), -
amylase (200,000 kDa) and Catd ase (Aspergillusniger
385 kDa) were used as marker proteing®l. The mo-
lecular weight of theenzymewascd culated from astan-
dard curve, constructed by plotting theel ution volume
againgt log of molecular weight of standard proteins.

SDS-PAGE pattern of subunit

SDS-PAGE was performed according to the
method of Laemmli®® on aBio-rad mini € ectrophore-
sissystem. The standard proteins used were 3-lacto-
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globulin (18.4 kDa), carbonic anhydrase (29 kDa),
ovabumin (43 kDa), bovineserum abumin (68 kDa),
phosphorylase-b (97.4 kDa) and 3-ga actosidase (116
kDa). PAGE wasperformed with 7% gelsand theelec-
trophoresiswasrun at 2000V and 50A.

Optimum pH of theenzyme

To study theeffect of pH on enzyme activity, the
enzymesolutions(0.6%) weredidyzed against 50 mv
buffer of different pH (AcONa- HCI, pH 2.0-3.0;
AcONa - CH,COOH, pH 4.0-5.0; NaH,PO, - Na,
HPO,, pH 5.5-8.0;, Na,B,O.-HCI, pH 8.5-9.0;
NaB,O, - Na,CO,, pH 9.5.) for 24 h with frequent
changes of buffers. After necessary adjustment of pH
by adding 0.1 N HCI or 0.1 N NaOH, the enzyme
activity was assayed using ureaas subgtrate.

Optimum temper atureand thermal inactivation

In order to determinetheoptimumtemperature, the
enzyme solutions (0.5%) in 50 mM phosphate buffer,
pH 7.2, wereincubated at varioustemperatures rang-
ing from 10°C - 90°C for 15 minin atemperature con-
trolled water bath and the activity was assayed.

Approximately 25-30 different enzyme sol utions
were incubated in assay buffer (50 mM phosphate
buffer pH 7.2) at the desired temperature (70°C). At
definitetimeinterva stwo solutionswerewithdrawn,
cooled and transferred immedi ately to the assay solu-
tion (50 mM phosphate buffer pH 7.2 and 1 ml of 0.2%
ureq). Residual activity was determined by the usual
enzyme activity assay method at 48°C.

Substrate specificity

Substrate specificity of chickpeaurease was de-
termined using urea, hydroxyurea, thiourea, and urea-
phosphate as substrate. In the procedure, 1 ml of 50
mM phosphate buffer pH 7.2, 1 ml of substrate (0.2%)
of different typesand 1 ml of enzyme solution were
takenin different test tubesand incubated at 48°C for
15 min and the urease reaction was stopped by adding
1 ml of 0.6N H,SO,. Then 1ml of sodium tungstate
solution (0.1%) was added to each test tube to pre-
cipitate out the protein and centrifuged. Theamount of
ammoniarel eased during incubation was estimated by
thereactionwith Nesder’sreagent!®3.

Soragestability
For storage stability studies, the enzyme solution
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waskept at 4°C. Theactivity of ureasewasdetermined
on different daysby the usual method described earlier.
Effect of incubation time The effect of incubationtime
ontheactivity of enzymewasexamined. For thestudy
theenzymewasincubated at varioustime (10, 20, 30,
40, 50, 60, 70 min.) using ureaas substrate, keeping
other operationa conditions(pH and temperature) con-
stant and the enzyme activity was subsequently moni-
tored.

Effect of variouschemicalsand metal ionson the
activity of urease

Effect of variouscompoundsand metd ionsonthe
activity of urease was examined by incubating theen-
zyme solution at room temperaturein the presence of
different ion or compound for 5 minutesand aliquots
werewithdrawn and assayed under standard reaction
conditions(pH 7.2, Tem. 48°C).

M easur ement of Km of urease

Michaelis constant (Km) was determined by the
assay of ureaseactivity for variousconcentration of the
subgtrate (urea0.1- 2.0 mM) a definiteintervd. Initia
velocity of respective substrate conc. were cd cul ated.
Km was calculated from Lineweaver-Burk double
reciprocd plot2.

RESULTSAND DISCUSSION

Urease playsanimportant rolein germination and
inseedlings’ nitrogen metabolism. After 120 h of ger-
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Figure3: lon exchange chromatogr aphy of F-1fraction on
DEAE cdllulose, obtained by gel filtration, wasapplied to
the column (1.5%3.0 cm) prewashed with 50 mM phos-
phatebuffer, pH 7.5 and eluted with a gradient of NaCl
(0.1- 0.5M) in thesamebuffer with aflow rateof 25 ml/
hour. (¢) OD at 280 nm and (a ) enzymeactivity.

mination the activity increased gradual ly and showed
maximum activity at 192 h after germination and then
declined rapidly (figure 1). Therefore, weused 192 h
germination for further experimenta purpose.
Thepurificationresultsof germinated chickpeaseed

TABLE 1: Ureaseactivitiesin thecour seof purification of
chickpea seed urease

Step of Tota_l T(.)t".ﬂ Spe_C|_f|c Yield Purification

purification proteinactivity activity (%) fold.

(mg) (mU) (mU/mg)

Crude extract 1676 18236 10.88 100 1
Acetone

precipitation 430.42 12513 29.07 6861 2.67
and dialysis

Gel filtration 87.39 9532  109.07 52.27 10.02
DEAE- 1803 8827 48057 4840 44.99
cellulose

ureaseissummarized in TABLE 1. Specific activity of
the extracted enzymeincreased throughout the purifi-
cation stlepsand thefinal purification fold achieved was
nearly 45. The specific activity of thefina preparation
was489.57 mU mg™.

Purification of enzyme

Thediayzed enzyme sol ution obtained from 50%
acetonefractionation was applied to Sephadex G-200
column pre-equilibrated with 50 mM phosphate buffer,
pH 7.0 and was el uted with the same buffer at aflow
rate of 25 ml/h. The components of the crudeenzyme
solution separated as two mgjor peaks, F-1 and F-2
and aminor peak F-3 (figure 2). The activefraction
(F-1) indicated by solid bar was pool ed and concen-
trated by freeze dryer. The concentrated enzymewas
dialyzed against 50 mM phosphate buffer, (pH 7.5) for
24 h and applied to aDEAE-cellulose column, pre-
equilibrated with the same buffer and eluted by gradi-
ent of sodium chloride (0.1- 0.5M) inthesamebuffer.
Asshown infigure 3, the componentsof F-1 fraction
were separated into three minor peaks (F-1a, F-1b
and F-1c) without activity and amajor peak (F-1d)
having ureaseactivity. F-1dfraction asindicated by solid
bar was pooled and used for further experimenta pur-
POSES.

Themolecular weight of the purified urease (F-1d
fraction) asdetermined by gdl filtration on Sephadex
G-200 was 510,000. The molecular weight of the
chickpeaseedsureasereported inthisinvestigationis
inrelative agreement with molecul ar wel ghtsestimated
for ureasefrom other sources. Fishbeinet d.,*¥ have
purified ureasefrom seeds of jack bean hasamol ecu-
lar mass of 480,000; while Daset a.[*¥ haveisolated
urease from dehusked pigeonpea (CaganuscganL.)
seedswith molecular weight of 540,000. Theplant and
fungd ureasesarehomo-oligomericproteinsconssting
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Figure4: Native(ll) and SDS-PAGE (1) patter nsof chickpea
seed urease. (11) laneA and B, pureenzymeand crude; (1)
laneA and M, pureenzymeand molecular wt. marker pro-
teins
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of identical subunits, whilethe bacterial ureasesare
multimersformed from acomplex of two or three sub-
unitsof different size4.

The purified chickpea seeds urease al so had six
subunits. Molecular mass of each subunit was 85,000
(figure4). Sung et d.* found that purified ureasefrom
seedsof jack bean contain six subunits, each of 80,000.
Daset ., investigated that urease from dehusked
pigeonpea seedswas ahexamer of identical subunits
(90,000). Our result on subunit molecular massrela-
tively coincided with thoseresults.

Theoptimum pH cal culated for the urease activity
of chickpeaseedswas 7.2 (figure5). Fromtheresult it
might be concluded that the urease isolated from
chickpeaseeds bel ongsto the category of basic ure-
ase. Thisresultissmilar to thosereported for urease
from jack beant® and pigeonped®® but different from
that isolated from mulberry leaves® and the patho-
genic fungus Coccidiodesimmitig?.

Temperature of incubation was optimized by con-
trolling the reaction mixture at 20-80°C (figure 6) at
optimum pH 7.2. Theactivity increased withincreasing
temperature 45 - 55°C, followed by asharp declineat
80°C. Thisresultisclosdy related to thosereported by
Daset ad.,*® and Srivastava et a.,?@ but differsfrom
that stated by EI-Shord®.

The half-life of urease was determined to be 30
daysin 50 mM phosphate buffer (pH 7.2) at 4°C. This
vauefor ureasefrom seeds of pigeonpeawasreported
to be 31 dayd®¥. Half of theinitial activity of urease
was destroyed within 5 min when incubatedin 50 mM
phosphate buffer (pH 7.2) at 70°C whilethat of urease
from seeds of pigeonpeawasreported to be destroyed
within 7 min®8, The optimum substrate concentration
of ureasewas 25 mM. The enzyme showed the highest
activity whenincubated for 30 min under standard con-
ditions (48°C, pH 7.2).

Urease purified from chickpeaseeds catalyzed the
hydrolysisof ureaand hydroxyurea(TABLE 3) similar
to the ureaseisol ated from jack bean*",

Enzymeactivation or inhibition

Effect of various metal ion and chemicalsonthe
activity of chickpeaureasewasstudied (TABLE 2).
Cdciumionsexhibited distinct roleintheureaseaction.
Theurease activity increased in presenceof calcium
ionat low concentrations (3mM or |ess) but decreased
at higher cal cium concentrations, whichisconsstent with
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TABLE 2: Effect of variousmetallic saltsand chemicalson
theactivity of ureasepurified from chickpea seed

Relative activity (%)

Reagent —1 M amM 5mM
None 100 100 100
BaCl, 105 113 103
MgCl, 103 110 104
Nacl 98 97 95

KCl 9 o8 %
cucl, 32 30 31
Zncl, 50 49 45
HoCl, 12 12 14
PbSO, 24 23 22
cacl, 105 115 92

*EDTA 61 50 42

*Ethylene diamine tetraacetic acid, EDTA

TABLE 3: Substrate specificity of chickpea seed urease
(Action of ureaseon different substrates)

Substrate Specific activity (mU/mg/min)
Urea 192
Hydroxyurea 185
Thiourea 0
Ureaphosphate 0
theresultsreported €l sawhere®.

EDTA, ameta chelator, decreased the enzyme
activity sgnificantly. Thismay beduetotheremova of
metal ionslocated on or near theactivesite. Divalent
cationslikeBa™ and Mg** dightly stimul ated theen-
zymeat aconcentration of 1-3mM whereasNat+ and
K* produced little or no effect onthe activity. Heavy
metalssuch asCu**, Zn**, Pb* and Hg"* amost com-
pletdy inhibited enzymeactivity, indicating the presence
of thiol (-SH) group intheenzymeactivesite. These
resultsarein good agreement with thosefrom pigeon
peaurease“” and jack bean ureases*4,

Kinetic conastant

Asdetermined fromthe Lineweaver-Burk double
reciprocal plot, Km value for urease was 3.1 mM.
Reddy et a.,*and Mirbod et a.,[¥ observed the Km
values of 4.75 and 4.1 mM for jackbean and patho-
genicfungusurease, respectively whereas Daset .18
determined the Km of 3.0 mM for pigeonpeaurease,
that agreeswell with our result.
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