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ABSTRACT

In germinating chickpea seeds after 72 hours, the abundant amylolytic ac-
tivity was found to be due to a-amylase. The enzyme was purified from
germinating chickpea (Cicer arietinumL.) seed by successive 30-50% ammo-
nium sul phate fractionation followed by DEAE-cel lulose and Sephadex G-75
odl filtration chromatography to the homogenous state as confirmed by dab
oel eectrophoress. The enzymewas purified 68.3-fold with ayield of 72.4%
of the total activity. The purified enzyme was found to be a glycoprotein
with an apparent molecular mass of 42 and 45 kDa as estimated by
sodiumdodecyl sulfate-polyacrylamide gel electrophoresis and gel perme-
ation chromatography, respectively. The purified amylasefrom germinating
chickpea seems to be a.-type as confirmed by EDTA and glycoprotein in
nature. The glycoprotein was found to contain 2.7% sugar. Amylolytic ac-
tivity of this enzyme was 96% and 63% for amylose and amylopectin, re-
spectively. The enzyme has no effect on maltose and maltotetraose. The
optimum pH and temperature of the purified a-amylase were 7.0 and 37°C
respectively. Metallicionslike Ca?*, Fe**, Mn?* and Na' increased amylase
activity while Cu?, Fe?*and Zn?* strongly; Hg', Ag*, Mg? and K* moder-
ately and Li*, Cd* dlightly inhibited the enzymatic activity. With increasing
concentration of EDTA and urea, the activity of the purified enzyme de-
creased sharply. The K value of this enzyme was found to be 0.28% for
starch as substrate. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Amylase is a digestive enzyme classified as a
saccharidase. Itismainly aconstituent of pancreatic
juice and saliva, needed for the breakdown of long-
chain carbohydratesinto smdler units. Alpha-amylases
hydrolyze alpha-1, 4-glycosidic linkages, randomly
yidding dextrins, oligosaccharides and monosaccha-

rides. Alpha-amylasesare endo-amylases. Itisaso a
major digestiveenzyme¥. a-Amylaseisderived from
plant, animal and fungal sources. Plant seeds, tubers
and vegetative organscontain amylolyticenzymes. Itis
syntheszedinthefruit of plantsduring ripening causing
them sweeter. a-Amylase digests carbohydrates
(polysaccharides) into smaler disaccharide units, even-
tually converting theminto monosaccharidessuch as
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glucose so that they can be used by the body. a-Amy-
lase, considered as one of the enzymes, which degrade
gtarch, may play aroleinthemobilization of starch dur-
ing germination or sprouting of tuberg?3. a-Amylase
playsavitd rolein human physology, pathology andin
different industries. Sdivary a-amylase hasbeen used
asabiomarker for stressthat does not requireablood
drawt¥. Somedisease condition may bedetermined by
theincreased or decreased level of a-amylase®. An
inhibitor of a-amylase called phaseolamin has been
tested asapotential diet aid®. Theindustrial impor-
tanceof a-amylasemakesit apopul ar subject for study.
Itisusedinthetextileindustry for designingtextiles, in
thelaundry industry to launder clothes, inthe paper in-
dustry for sizing and in thefood industry for prepara-
tion of sweet syrupstoincreasediastase content of flour,
for modification of food for theremoval of starchin
jelly production. Responses of sugar metabolism dur-
ing germination of rice (O.sativa), wheat (T.aestivum)
and rape (B.chinensisvar. oleifera) seedsto stimulate
acidranwereinvestigated”. Prematurity a-amylaseis
associ ated with temperature shocksduringwhest grain
fillingwasreported®. a-Amylaseinhibitor from ama-
ranth seeds has been studied and assumed that it may
be abetter candidateto make genetically modified po-
tatoesresistant to Teciasolanivoralarvaethan inhibi-
torsfrom common bean seeds?. Extensivestudieshave
been performed on the purification and characteriza-
tion of a-amylasefrom different originssuch asfrom
honey!™¥!; ripening bananas®¥; cassava (Manihot
esculenta)?; mung (Mignaradiata) beand*®; Bacil-
lus sp. PN5; Thermobifida fuscal’®; Nocardiopsis
p. 73261*°; Bacillussubtilis*?; potato tuberd®; Eisenia
foetidd¥ and Geobacillusthermol eovorans®. In con-
trast, rdativey littleinformationisavailableonthepuri-
fication and characterization of a-amylasefrom germi-
nating seeds. Theamylolytic activitiesin chickpeaseeds
have not been studied. Thiswork isan attempt tofill
thegap.

MATERIALSAND METHODS

Materials

Chickpea (Cicer arietinum L.) seeds were col-
lected from Bangladesh Agricultureresearch Institute
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(BARI), Ishwardi, Pabna, Bangladesh. The seedswere
soaked indistilled water for 6 hours, germinated ina
lighted room at 25°C for 24, 36, 48, 72, 96, 120 hours
including soaking time. Thegerminated seedsat differ-
ent hourswere separated from seedling, rinsed with
distilled water and stored separately inadeep freeze (-
10°C) for further analysis. Sephadex G-75, BSA, and
reagentsfor SDS-PA GE were purchased from Sigma
ChemicasLtd., USA. Standard proteins, DEAE-cdl-
lulosewere purchased from PharmaciaFine Chemicas
Ltd., Sweden. All other chemicals used were of ana-
lytical grade.

Enzymeextraction

100 grams of germinated seeds (germinated at 72
h) weretakeninapre-cooled mortar and pasted witha
pestle and homogenized with cold de-ionized distilled
water inaratio of 3:5 (weight of dry seeds/water vol-
ume) and then centrifuged at 6x10°rpm (at 2°C) for 10
minutesby arefrigerated centrifugemachine. After cen-
trifugation, theclear supernatant wastaken asacrude
extract of theenzyme.

Purification of amylase
Ammonium sulphatefractionation

Thecrude extract was saturated to 30-50% by the
addition of solid ammonium sulphateunder constant and
gentlegtirring a 4°C. Theresulting preci pitatewas col -
lected by centrifugation, dissolved in minimumvolume
of pre-cooled distilled water and didyzed against dis-
tilled water for 24 hoursat 4°C. Thediayzed solution
wasthen centrifuged in arefrigerated centrifuge ma-
chineat 10000 rpmfor 15 minutesto removeinsoluble
materids. Theclear supernatant thusobtained was des-
ignated as“‘crude enzymesolution”.

DEAE-cdlulosechromatography

The concentrated crude enzyme solution after di-
alysisin 50 mM phosphate buffer, pH 7.4, 4°C was
loaded onto a DEAE-cellulose column (32x1.0 cm,
flow rate 30 ml h'), whichwas equilibrated with the
same buffer. Thecolumnwas e uted with 50 mM phos-
phate buffer, pH 7.4, containingaNaCl linear gradient
(100-500 mM). Absorbance of each fraction at 280
nm, amylolyticactivitiesand protein concentration were
measured and the activefractionswere coll ected.
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Gd filtration chromatography

The enzymatically active protein fractions after
DEAE-cdllulose column were collected and dialyzed
against 50 mM phosphate buffer, pH 7.0 for overnight
and then concentrated to its 1/4" volumeby freezedryer
and finally applied to a Sephadex G-75 column
(2.5x120cm) previoudy equilibrated with 50 mM phos-
phate buffer, pH 7.0 and eluted with the same buffer.
Absorbancea 280 nm, protein concentration and amy-
lolytic activitieswere determined and the activefrac-
tionswerecollected.

M easur ement of amylase activity

Amylaseactivity wasassayed following themethod
as described by Jayaraman(?Y. 1% of starch solution
was used as substrate (1 gmin 100 ml of 0.1 M phos-
phate buffer, pH 6.7). The amylase activity was mea-
sured by estimating the amount of maltose rel eased by
it. Theamount of matosere eased wasca culated from
the standard curve prepared with maltose. Oneunit of
amylase activity was defined asthe amount required
for liberating 1ug of matosefrom starch per minuteat
37°C.

Molecular weight of a-amylase

(&) Themolecular weight of the purified a-amylasewas
determined by gd filtration on Sephadex G-75 column
(150X 3.0 cm) equilibrated with 50 mM phosphate
buffer, pH 6.8, following the established procedure?.
Trypsin inhibitor (12 kDa), carbonic anhydrase (29
kDa), ovabumin (43 kDa), bovine serumabumin (67
kDa), phosphorylase-b (97 kDa) and 3-gal actosidase
(116 kDa) wereused as marker proteing?.

(b) Electrophoresis: SDS-PA GE was performed ac-
cording to themethod of Laemmli?! onaBio-rad mini
electrophoresis system. The standard proteins used
were 3-lactoglobulin (18.4 kDa), carbonic anhydrase
(29.0kDa), ovalbumin (43.0kDa), bovine serum al-
bumin (67.0 kDa) and phosphorylase-b (97.4 kDa).
PAGE was performed with 7% gels and the el ectro-
phoresiswasrun at 2000V and 50A.

Test for glycoprotein and estimation of sugar

Phenol inthepresence of sulfuric acid can be used
for quantitative col orimetric micro determination of sug-
arsand their methyl derivatives, oligosaccharideand
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polysaccharides asdescribed by Duboiset al.?5. The
method was a so employed for detecting the presence
of sugar in protein.

Optimum pH of theenzyme

To study theeffect of pH on enzyme activity, the
enzymesolutions(0.6%) werediayzed against 50 mivi
buffer of different pH (pH 2.0-3.0, CH,COONa-HCl;
pH 4.0- 5.0, CH,COONa-CH,COOH; pH 5.5 - 8.0,
NaH,PO,-NaHPO,; pH 8.5 - 9.0, Na,B,O, - HCI,
pH 9.5, Na,B,O,-Na,CO3.) for 24 hours with fre-
quent changeof buffers. After necessary adjustment of
pH by adding 0.1 N HCl or 0.1 N NaOH, theenzyme
activitieswereassayed using starch assubstrate.

Optimum temper atur eof theenzyme

In order to determinethe optimumtemperature, the
enzyme solutions (0.5%) in 50 mM phosphate buffer,
pH 7.0, wereincubated at varioustemperaturesrang-
ing from 10°C - 90°C for 15 minutesin atemperature
controlled water bath and the enzyme activitieswere

assayed.
Substrate specificity

To determinethe substrate specificity of theenzyme
amylose, amylopectin, matotetraoseand matosewere
used as substrateinstead of starch during theassay. In
the procedure, 2.5 ml of 100 mM phosphate buffer pH
6.7, 2.5 ml of substrate (1%) of different typesand 0.5
ml of enzyme solution weretaken in different test tubes
and incubated at 37°C for 10 min and theenzymere-
action was stopped by adding 0.5ml of 2N NaOH.
Then 0.5ml of dinitrosdicylic acid (DNS) reagent was
mixed to each test tube. The tubeswere heated in a
boiling water bath for 5 minutes. After cooling at room
temperature the absorbance was measured at 520nm.

I nfluence of metal ionsand chemical reagents

Theeffectsof meta ionsand chemica reagentson
the enzymeactivity were examined by incubating the
enzyme sol ution at room temperaturein the presence
of differention or compound for 5 minutesand diquots
were withdrawn and assayed under standard reaction
conditions(pH 7.0, Tem. 37°C).

Measurement of K of a-amylase
Michaelis constant (K| ) was determined by the
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assay of enzyme activity for various concentration of
thesubstrate (starch 0.1 - 2.0 mM) at definiteinterval .
Initia velocities of respective substrate concentration
were calculated?®. Km was calculated from
Lineweaver-Burk doublereciproca plot.

Protein assay

Protein concentration of each fraction was deter-
mined by UV-visblespectrophotometer at 280 nm. The
amount of protein was estimated by the published
method of Lowry et d.1?"), using BSA asstandard sub-
drate.

RESULTSAND DISCUSSION

Theamylolyticactivity of a-amylasefromtheger-
minating chickpeaseeds showed their maximum activ-
ity at 72 hours of germination. After that the activity
declined rapidly. So, infurther studies, weused theex-
tractsof chickpeaseedsgerminated at 72 hours.

Purification of amylase

In DEAE-celulose column, the proteinsof crude
enzymeextract from germinating chickpeawered uted
asonemajor peak (F-1) and three minor peaks (F-0,
F-2, F-3) (figure1). Themajor fraction F-1 contained
theamylaseactivity whilethe other threeminor frac-
tionshad no amylase activity. Theactivefraction F-1
was pooled separately and the purity was checked by
thedab gd eectrophoresis. Asshowninthefigure, F-
1 fraction gave morethan onebandindicating that F-1
fraction contained morethan one protein.

Theactivefraction F-1 from DEAE-cel lulose col-
umn chromatography was dialyzed against 50 mM
phosphate buffer, pH 7.0 for overnight and charged
onto gel-filtration column previoudy equilibrated with
the same buffer at 4°C. The contents of F-1 fraction
weree uted with 50 mM phosphatebuffer; pH 7.0.The
F-1 fraction separated into three protein peaks F-1a,
F-1b and F-1c (figure 2). Of these, only F-1b con-
tained theamylase activity. Theactivefraction (F-1b)
obtained from gel-filtration chromatography was ho-
mogenousondab gd dectrophoressand showedsingle
protein band (Figure 3) indicating that the enzymewas
inpureform.

Thedataon purification of germinating chickpea
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Figure1: Elution profile of crude enzymefrom DEAE-
cellulosecolumn. Thecolumn (32x1.0 cm) was pre-equili-
brated with 50mM phosphatebuffer, pH 7.4 and waseluted
with the samebuffer. The column wasthen eluted with a
linear gradient of NaCl (0.1t00.5 M) in thesamebuffer.
Theflow rate of the column was 30 mi/h. Symbols: (e)
absorbanceat 280 nm, (a ) enzymeactivity and (—) NaCl
gradient
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Figure?2: Elution Profileof F-1fraction from DEAE-cdlu-
losecolumn. Fraction F-1 wasapplied to a Gel-filtration
column (2.5x12 cm) pre-equilibrated with 50 mM sodium
phosphate buffer, pH 7.0 and the column waseluted with
same buffer. The flow rate of the column was 20 mi/h.
Symbols: (e) absorbanceat 280 nm, (¢) enzymeactivity

amylaseare presentedin TABLE 1. Thepurity of the
enzymefrom chickpeaseedsincreased 68.3fold with
anoveral yield of 72% with specific activity of 125.4
unit/mg. The decreasein yield may be dueto denatur-
ation of theenzyme during purification or to someother
reasons. The specific activity of the purified chickpea
o-amylase compareswell with other highly purified

BIOCHEMISTRY (mm—
A Indéan ﬂo«/md



BCAIJ, 2(2-3) December 2008

Niranjan Kumar Sana et al. 95

£ g
: 5598

Standard protein

| P F-1 fraction
I F-1b fraction

Purifiejd ot-am ylase

Figure3: Sodium dodecyl sulfate polyacrylamidegel elec-
trophoresisof purified a-amylase and marker proteins
for thedetermination of purity and molecular weight of
theenzyme. Sandard = Phosphorylase B (MW 97.4kDa),
Bovin SerumAlbumin (MW 67.0 kDa), Ovalbumin (MW
43.0kDa), Carbonicanhydrase (MW 29.0kDa), B-lacto-
globulin (18.4kDa). F-1fraction =After DEAE-cellulose
column chromatography. F-1b fraction = After gel filtra-
tion column chromatogr aphy

TABLE 1: Summary of purification of a-amylasefrom ger-
minating chickpea seeds

Total Total Specific
Steos rotein activity activity Yield Purification
& P (Unit/  (Unit/ (%) fold
(mg)
mg) mg)
Crude extract 965 17756 184 100 1
dS?Jt'nQ outand a0y 15922 419 8967 228
iaysis
DEAE-cellulose 2532 143336 5661 80.72  30.77
Gelfilration 1453 198642 12573 7245  68.33
chromatography
endoamylases? 9,

Char acterization of amylase
Deter mination of thetypeof purified amylase

The purified amylasegave 100% hydrol ytic activ-
ity when incubated with the substrate in the absence of
EDTA, but no hydrolytic activity wasfound when the
enzymewaspre-incubated with 30mM EDTA, anin-
hibitor of a-amylase®. Further the hydrolytic activity
of the purified enzymewasfound to remain unchanged
inthe presence or absence of 10 mM cysteineand 20
mM HgCl,, (SH-dependent, -amylaseinhibitor). This
finding clearly reved ed that the purified chickpeaamy-
lasewasof a-type.

Deter mination of molecular weight
Themolecular weight of purified a-amylase(F-1b)
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asdetermined by gd filtration on Sephadex G-75tobe
45 kDa. The molecular weight of the chickpeaseeds
a-amylaseobtanedinthisinvestigationisinreasonable
agreement with the molecular weight estimated for a-
amylasefrom other sources. Chang et a.*U purified o
amylasefrom Aspergillusoryzae having amolecul ar
massof 52 kDaby ge filtration. Themolecular weight
of the purified a-amylasewasalso determined by SDS-
polyacrylamidedab gd dectrophoresisand wasfound
to be 42 kDa (figure 3). The molecular weight of
chickpeaa-amylaseisinthesamerange (38-45kDa)
of other previously reported amylases from plant
sources®33, Themolecular weight of theenzymewas
found to be unchanged in the presence or absence of
[-mercaptoethanol indicating that the a-amylase con-
tained no subunit.

Test for glycoprotein and estimation of percent-
age of sugar

Thepurified enzymegave yellow-orangecolor in
the presence of phenol sulfuric acidindicating that the
enzyme contained sugar and henceaglycoprotein. The
percentage of sugar in a-amylasewas ca culated from
the standard graph of glucoseto be2.7%. Kuzovlev et
a *4, reported that the a-amylasein germinating maize
seeds was a glycoprotein. Beaupoil-abadie et al.I*,
a so observed the presence of carbohydratein porcine
pancrestic amylase.

Effect of pH on theenzymeactivity

Theoptimum pH of a-amylasewas 7.0 (figure4).
Very similar pattern of pH profile have been reported
for the a- amylases from pear fruits® and crude en-
zymesfrom bananapul p*”. Theactivity wasfoundto
decreasegradudly intheacidic pH, butintheakaline
pH it decreasad rapidly. Very negligibleenzymeactivity
was observed below pH 3.0 and abovepH 10. Berbezy
et d . observed the optimum pH 7 for a-amylasefrom
vine shoot inter-nodes, whichisnearly similar to the
present finding. Beers and Duke™ reported the opti-
mum pH 5.5-6.5 for a-amylase from shoots and coty-
ledonsof pea(PisumsativamL.) seedling, whichislower
thanthepresent finding.

Effect of temperatureon theamylaseactivity

Theeffect of temperature onthe activity of a-amy-
lase of germinating chickpeawasexaminedintherange
e, BIOCHEMISTRY
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Figure4: Effect of pH on theactivity of chickpea a-amy-
lase
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Figureb5: Effect of temperatureon theactivity of chickpea

a-amylase

of 10-90°C. Asshowninfigure5, the optimum activity
of amylasewasobserved at 37°C. Therewasasharp
increasein activity with gradua increaseintemperature
up to 37°C whiletheactivity gradual ly decreased with
further riseintemperatureindicatingthelossin active
conformation of the enzyme. The enzyme was only
about 20% active at temperature 70°C. Theseresults
areinaccordance with those previoudly published data
for a-amylasefrom Moringaol eiferaseedd*? and a.-
amylasefromAllernariaalternatad*!. Berbezy et d .
observed that the optimum temperature of 57°Cfor a-
amylasefromvineshoot internodeswhichishigher than
our result.

Substrate specificities

Thesubgrate specificity of the o-amylasewas stud-
ied using some disaccharidesand polysaccharides as

TABLE 2: Substrate specificity of ger minating chickpeasa-
amylase

Substrate Glycosidic bond acl'?isi?;l\(/;) )
Soluble starch  Glu a-1,4 Glu-Glu 1,6 Glu. 100
Amylose Glua -1,4 Glu 96
Aylopectin Glua -1,4 Glu- Glu 1,6 Glu 63
Maltotetraose Glua -1,4 Glu 0
Maltose Glua-1,4Glu 0

The activity for soluble starch was taken as 100%
TABLE 3: Effect of variousmetallic saltsand chemicalson
theactivity of a—amylasepurified from chickpea seed

Relative activity (%)

Reagent mMm 3mM 5mM
None 100 100 100
FeCl, 90 74 35
MgCl, 93 85 78
AgCl 87 81 75
LiCl 85 78 55
MnCl, 125 135 145
NaCl 101 103 105
KCl 89 82 76
cucl, 73 65 43
Zncl, 65 61 51
HgCl, 9% 86 80
cdcl, 84 79 62
FeCl, 109 118 127
cacl, 148 170 180
EDTA 90 3.0 15
Urea 55 22 50

substrate and theresultsare summarized in TABLE 2.
Theenzymewasableto hydrolyzeawiderange of car-
bohydrate containing a-1,4-glycosidic bond. In gen-
erd, high-mol ecular-mass substrates containing o.-1,4-
linkage were better substratefor theenzyme. Therda
tiverate of hydrolysisof the polymeric substrate de-
creased with decreasing percentage of a.-1, 4-linkages
andincreasing percentage of a-1,6-linkagesinthe sub-
Srate, suggesting that the enzyme prefers high-molecu-
lar-mass, amylose type materia asthe substrate. o-
Amylase hydrolyzed amylose at ratessimilar to those
obtained with soluble starch, but it was considerably
lessactivewith amylopectin assubstrate. Thisenzyme
hasno effect on maltose and M atotetraose. Beersand
Duke® reported thesimilar substrate specificity of pea
a-amylase. Morgan and Priest*? and Nakakuki et
al.[*3, reported that B. licheniformis a-amylasewere
capableof polymerization of 6 (maltohexose). Saito*,
on the other hand, reported that B.licheniformis o
amylasewas capableof cleaving oligosaccharideswith
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aminimum degreeof polymerization of 4 (matotetrose).
Effect of metal ionsand or ganic compounds

Theeffect of ccium asmeta sdt ontheactivity of
purified amylasefrom germinating chickpeaispresented
inTABLE 3. Theactivity of theenzymegradualy in-
creased withtheincreasein concentration of calcium.
Inthe presenceof 0.1 M C&*, theactivity of amylase
wasamost double. Fromtheresult it may be suggested
that cal ciumisneeded for maintaining theenzymemol-
eculeintheoptimum configuration for maximum activ-
ity and stability. A variety of a-amylase, mostly from
microbid, mammalianand cered sourcesarewd | char-
acterized. Theseenzymesbelongto alargefamily of
Ca*-proteins, which shareseverd structural features®.
Ca cium hasbeen shownto beessentid for theactivity
of anumber of amylases obtained from mesophilic
sources“®l, Buisson et a.[*" reported the role of cal-
ciuminstructureand activity of porcine pancredtic o-
amnylase.

Theeffectsof variousmetal saltsontheactivity of
a-amylase purified from germinating chckpeawere
studied (TABLE 3). Fromthetable, it wasevident that
the presence of Li*, K*, Ag’, Hg?", Cu?", Fe**, Cd*,
Mg? and Zn?* reduced the enzyme activity whilethe
presenceof Na* Mn?*, Fe* increasetheactivity of the
enzyme. Theseresultsarein good agreement withthose
reported by Shaw et a.“*@for a-amylasefrom Thermus
sp. and Takeuchi et al.*, from thetraditional starter
“murcha’inNepd.

Theeffectsof ureaand EDTA ontheactivity of o-
amylase purified from germinating chickpeawereaso
demongtratedinthe TABLE 3. Theactivitiesof theen-
zymewerefound to be decreased significantly inthe
presence of ureaand EDTA. Thedecreased activities
inthepresence of ureaand EDTA might be dueto the
denaturation of the enzyme or changesin the confor-
mation of theactivesites. Landerman et a.™ reported
at aureaconcentration of 2M therewasasignificant
decreasein activity of thermostabl e o-amylasefrom
the hyperthermophilic archaeobacterium, Pyrococcus
furiosus. Toralballaand Etington® also reported the
inhibitory effect of ureaand other amidereagentson
theactivity of crystalline porcine pancrestic amylase.
Berbezy et a.*¥ also reported that amylase was com-
pletely inhibited by EDTA.

— Regular Paper
K., value of the amylase enzyme

TheK  vaueof the purified enzyme was deter-
mined by Lineweaver-Burk doublereciproca plot and
wasfound to be0.28% for starch assubstratewhichis
similar to that reported by Baker> for two allozymes
(was0.25%) from Soryzae. K _vauefor theamylase
preparation from R.donfinicia was 0.13%, whichis
lower thanthe present finding®™. K _valuesof purified
amylasesfrom other granivorouscoleopteransfor soluble
starch ranged from 0.18% for T.molitor®¥ to0 0.23%
for C.chinensig™!.
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