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Review

1. Introduction

& Literature Review

1-1 Introduction

The bioconversion of raw plant material intorezoercially important
chemicals has become a stimulating field of biotebbgy (Verhasselkt.
al., 1989). Despite the fact, that metabolic pathwagsling to such kind
of bioconversion have been largely revealed, bmbat nothing is known
about the genes involved in the regulation of tke&pression. Moreover,
if one wants to use plant raw materials like ceka or starch in
fermentation process, the secretion of the requmgdfolyzing enzyme
need to be studied.

One of the bacterial strains which have a mepbe in bioconvreston
of the raw plant material iXanthomonas campestris. Xanthomonas
campestris is Gram negative bacteria which infect cruciferqulant
causing black root disease. This bacterium haveegaits importance
from its ability to produce the xanthan polysacafamwhich has many
applications in industry, and a range of the extatar enzyme that have
a prime role bioconversion process of plant rawemialt into industrially
useful materials(Het. al., 1995)

One of these enzymes which are produceldmhomonas campestris
Is a — amylase enzyme that has a major role in theobigersion of
starch into smaller subunits in addition to itserah Xanthomonas

campestris pathogenicity (Dow and Daniels 1994).
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Amylases are enzymes, which hydrolyze starcheoubés to give
diverse products including dextrin and progresgivahaller polymers
composed of glucose units (Windish and Mhtre 19&%)ptaet. al.,
(2003) have shown that the alpha amylase familypc@®as a group of
enzymes with a variety of different specificity trel act on one type of
substrate being glucose residues linked thraugh6 ,o- 1,4 anda- 1,1
glycosidic bonds.

These enzymes are universally distributed througtimianimal, plant
and microbial kingdoms. Although Panéi al., (2000) had indicated
that enzymes from fungal and bacterial sources hdeeninant
application in industrial sectors, but bacterialytames are used more
frequently than those of fungal origin in industReddyet. al., 2003).

Even though there are different microbial sousast for the efficient
production of this enzyme, but only a few select&édins of fungi and
bacteria meet the criteria for commercial produc(i@eddyet. al., 2003).
Since the thermostable alpha amylasd3adillus licheniforms was first
employed in starch liquefaction process in earlyhef seventieth, the-
amylase has been introduced into various indusameisthe spectrum of
amylase application has widened in many other dietdich as medical,
molecular and as well as the wide spread applicaiio starch
liguefaction and food industry (Shaw and Oliee 1984; Pandy et. al.,
2000).

In addition to its industrial importance,— amylase has agricultural
importance being considered as one of the posjilaat pathogenicity
factor in phytopathogenic bacteria (Kari and Jo8) and Neinet. al.,
(1992) have used this enzyme as a module to stuzymee synthesis and
transportation through plasma membrane in Gramiiveglacteria.

-
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So due to the commercial and industrial importapice — amylase
this study was aimed to:
* Determination of the optimum conditions for the— amylase
produced by the local isolakanthomonas campestris.
« Partial purification of thex — amylase produced bB¥anthomonas
campestris.
« Characterization of some of properties of the pHytipurified o —

amylase.

RS
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1-2 Literature Review:

1-2-1 Genus Xanthomonas:

The first reported observation of phytopathogebacterium that
nowadays would be referred to the gem{amthomonas was made in
1881 by Wakker in case of yellow disease of hyhsiiMortimer,
1981). Elliot, (1930) was the first to classify memberstios genus into
independent group.

Xanthomonas are gram negative and obligately aerobic plartiquans
which are the causal agents of disease of at Igabstmonocot and 268
dicot plant hosts (Leynt. al., 1984). Cells ofXanthomonas are straight
bacilli of about 0.7 — 1.8 um in length and 0.4.# i width. Cells are
usually found as singular or pairs and they arelyaound in chains.
Optimum temperature is 25 — 3@ and colonies are yellow in color,
oxidase negative and catalase positive, GC contendbout 65 —
71%(Bergy’s manual 1994).

This bacterium is well known to produce an exopatghride, the
xanthan gum , the xanthan pigment seems to be enituthe genus
Xanthomonas and unlike those produced by other yellow pigradnt
bacteria (Star and Stephan, 1964), and a numbextfcellular enzymes
which find a variety of application in oil drillingagriculture, and food
industry (Sanford and Baird, 1983).

Synthesis of the extracellular enzymes and xantbaactivated by
products of a cluster of at least five genes, dwedagrpf (regulation of
pathogenicity factors) (Targ. al., 1990).

Being producer of xanthan pigment and being a vddesad plant
pathogens, this bacteria has been, and still, dbasf of many scientist
and researchers. Xanthan polysaccharides whiciubecoof its physical
properties and lack of toxicity to man and anintfedse a wide range of

S
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uses in industry .They are gelling agents, ematrsif stabilizing agents
and plasticizers particularly in food industry(Sandf and Baird 1983).

Plant disease caused B§anthomonas species occur the world over.
Representatives of practically all major groupshafher plants suffer
from one or more such disease, which range in enenanportance

from highly significant to negligible cultivars (Usmura and Kawano,
1983).

1-2-2 Xanthomonas campestris

Xanthomonas campestris is a phytopathogenic bacteria which is casual
agent of black rot of crucifer plants, resultinghi@avy loss in agriculture
worldwide (Onsando, 1992). This species consistsnofe than 140
pathovars, which can be differentiated on the bafsie host plants they
infect (Verneire et. al., 1993). A distinctive feature of most of these
pathovars is that they exhibit high degrees of Bpstificity in infection
and members of theanthomonas sp. exhibit the highest level by far of
both host range and race specificity. Althoughgpecies itself has a very
wide host range that includes at least 68 plantlie@srand more than 240
genera, any given strain is limited to a very narrange of hosts, often a
group of genera within one plant family or a grafspecies within one
genus. This makeXanthomonas an ideal species for the study of plant /
microbe interactions (Asha and DedA03: Hayward, 1993).

This bacterium is characterized by its ability tooguce xanthan
pigmented and different extracellular enzymes like amylase,
polygalacturonate, lyase, protease and endogluegihsnet. al., 1992;
Dow and Daniels, 1994). This ability is attributiedthe possession of a
mechanism that help the organism secrete the ermyhmeugh the

periplasmic space to the outer membrane éHal., 1995). Synthesis of

|
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extracellular enzymes iKanthomonas campestris pathovarcampestris
(Xcc) is subject to co-ordinate regulation by astdu of genes callexpf

(for regulation ofpathogenicityfactors). These genes are located within a
21 kb region of the chromosome Xénthomonas campestris.( Dow, et

al., 2000). These extracellular enzymes play a majde ra the
pathogenicity of this species and they contribut@lectively to
pathogenesis because these enzymes are cell watdieg enzymes
which enable th&anthomonas sp. to penetrate the xylem of susceptible
plant. Dowet. al., (2000) showed that mutation in the genes respansibl
for the synthesis of the extracellular enzymes temiilted in reduced
pathogenicity. Neiret. al., (1992) have found that pleiotropic mutant of
Xanthomonas campestris showed reduced pathogenicity and
accumulation of polygalacturonate, lyageamylase and endoglucanase
in the periplasm. This clearly demonstrated thatréduced pathogenicity
observed with these mutants was due to the defeeixporting enzymes
across the outer membrane.

Another feature of this species is that unlikhizobium,
Agrobacterium, Pseudomonas, Ralstonia and Erwinia, members of the
genus Xanthomonas are always plant-associated (although not always
pathogenic) and none are free-living or soil-borne.

The biochemistry and genetics Xd@nthomonas campestris are largely
unknown. Methods for plasmid transformation by &lgmoration (Wang
and Tseng, 1992) and conjugal transfer of plasnfidEniels et. al.,
1984) have just been recently developed for gemargd in this species,
and a transducing phage has been characterizesq#eal., 1994).
However, these techniques have not been extendesth&r genetic

studies of this species, and no genetic map hasagst reported.
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Therefore, as a first effort to characterize andlgtthe chromosome
and due to unavailability of a genetic map the olosome, recently
many researchers have constructed a physical nmaghése bacteria.
Tsenget. al., (1999) were able to construct a physical map hay tound
that the chromosome ofanthomonas campestris is about 4.8 Mb in
length. De Silveet. al., (2002) have shown that the chromosome is about
5Mb in length. Other studies have indicated tleg thromosome of
Xanthomonas campestris is 5Mb nucleotides, which encodes for about
4129 proteins (Widjajat. al., 1999).

1-2-3 The Amylase Family

In 1816, Kichhoff was able to use wheat extract asean to hydrolyze
starch. In 1831 another scientist called Leuchesadisred a substance in
human saliva capable of hydrolyzing starch. At fingt, this substance
was called Ptyalin but later Payen and Persoz B8 I#esignated it as
Diastase. Beijerinek in 1895 was the first to dhlé enzymes that
hydrolyze starch as amylases (Bernfeld, 1951).

Amylases are enzymes, which attack and hydrofyyeosidic bond
in starch, glycogen, and their polysaccharide dg¢itres. Therefore, the
amylase enzymes are called Starch hydrolyzing ead¥iogarty, 1983).

They can be divided into two categories, endoaseda and
exoamylases. Endoamylases catalyze hydrolysisrandom manner in
the interior of the starch molecule producing lineend branched
oligosaccharides of various chain lengths. Exoasgdaact from the non-
reducing end successively resulting in short prisl(itkor et. al., 1989;
Gupta et. al., 2003).These enzymes are widely distributed antg,
animals, and microorganisms (Whitaker, 1972; Norman, 1979; Fogary

and Kelly, 1980). They can be divided into thedwaling main groups:

<
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1-2-3-1 a-amylases
E.C.3.2.1.1¢-1, 4-glucan-4-glucanhydrolase

These enzymes can be found in plant, animal angl dne the most
abundant starch-hydrolyzing enzyme in microorgasigrogarty, 1983).

A classification system for glycosyl hydrolysessbd on sequence
similarity, has led to the definition that most thie starch hydrolyzing
enzymes belong to theamylase family or family 13 glycosyl hydrolases
based on amino acid sequence homology accorditigetalassification
of Henrissat, (1991). Table (1) shows known agésitof Glycosyle
hydrolase family 13 enzymes.

These enzymes are endo-split enzyme, which randattdgk theo-1,

4 gycosidic bonds in amylose, amylopectin, and aggn to produce
dextrin, maltose, and glucose ( Howling, 1989; Piest, 1992).

Although many have indicated that this enzyme isapable of
attacking then-1,6 glycosidic bonds (Fogarty and Kelly, 1980) many
studies showed that some amylases are capable of hydrolyzing the
1,6 glycosidic bond. For example the-amylase produced by
Thermoactinomyces vulgaris and Streptococcus bovis (Tonozukaet. al.,
1993).

Many researches had reported that the mode ofnaofidthis enzyme
on amylose consists of two steps: in the first ,shpltose is produced
while the second step leads to the production e€ade and maltose as
products. During its action on amylopectin, thigygne produces glucose
and maltose in addition to branched chaim-dimit dextrin (Walker and
Whelan, 1960; Kulp, 1979).

I
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Tablel Known activities of Glycosyle

hydrolase family 13 enzymes(Reddy30

Enzyme Main Substrate

Amylosucrase Sucrose

Sucrose phosphorylase Sucrose

Glucan branching enzyme Starch, glycogen
Cyclomaltodextrin Starch

glycosyltransferase
Amylomaltase Starch, glycogen

Maltopentaoe-forming-amylase Starch

a- amylase Starch

Oligo-1,6-glucosidasse 1@D-glucosidic linkages i
some oligosaccharids

a- glucosidase Starch

Amylopullulanase Pullulan

Cyclomaltodextrinase Linear and cyclomaltodextrin

Isopullulanase Pullulan

Isoamylse Amylopectin

Maltotetraose-forming-amylase Starch

Glucodextranase Starch

Trehalose-6-phophate hydrolase Trehalose

MaltohexaoseOforming a-  Starch
amylase

Maltogenic amylase Starch

Neopullulanase Pullulan

Malto-oligosyl trehalase Trehalose
hydrolase

Malto-oligosyl trehalose synthase  Maltose

1-2-3-2 B-amylases enzyme:-

Y
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E.C. 3.2.1.1¢-1, 4-glucan maltohydrolase

Widely distributed enzyme among plant kingdom memmband
especially in malted cereals (e.g. Barely and Wheabya bean, and
potato (Howling, 1989). These enzymes had beeatswblfrom different
microorganisms such d&acillus megateruim, Clostridium spp.,Bacillus
polymyxa and Sreptomyces spp. (Shinkeet. al., 1974; Friedberg and
Rhodes, 1986; Takekawa €t. al., 1991; Priest, 1993).

B-amylases are exo-splitting amylase, which attdek rion-reducing
ends in the chains of amylose, amylopectin andoglgn successively
resulting inp-maltose as final products (Robyt and Whelan, 1968; Kulp,
1979; Fogarty and Kelly, 1980).

During the hydrolysis of amylopectin and glycogehis enzyme
produces, in addition t@- maltose, large quantities @flimit dextrin
linked together through-1, 6 glycosidic bonds. This could be attributed
to the inability of this enzyme to attack thel,6 glycosidic bonds
(Whitaker, 1972; Fogarty, 1983; Howling, 1989; Takasaki, 1989; Priest,
1993).

1-2-3-3 Glucoamylases:-

E.C. 3.21.3 o-1, 4-glucan glucohydrolase. Also called
amyloglucosidase.

Fungi are the main source of this enzyme andptasiuced mainly by
Aspergillus spp., Rhizopus spp. andCorticium rolfsii (Fogarty, 1983;
Sakakiet. al, 1986; Priest, 1992).

This enzyme attack successively thé&,4 glycosidic bonds in amylose,
amylopectin and glycogen to produgglucose residues from their non-

reducing ends. These enzyme can also hydralyx& glycosidic bond




Cﬁapter one Introduction &, Literature
Review

but at slower rate than that afl,4 glycosidic bond. (Fogarty, 1983;
Tonozukaet. al., 1993).

1-2-3-4 Debranching enzymes:-

E.C. 3.1.2.6 Glycogen 60glucanohydrloase

Enzymes of this group have the ability to attack ¢hl,6 glycoside
bond in amylopetin, glycogen and pullun.

Mauro and Kobayshi (1951) was the first to isokliiese enzyme from
yeast. This group consists of two main enzymes:itil@amylase and
pullulanase. The former one acts on glycogen angaectin while the
later one acts on amylopectin and pullulan .

These enzymes are considered very important taslstlidying the
conformation of carbohydrate for being highly sfiecin breaking the
branchedr-1,6 glycosidic bonds (Kulp, 1979).

Table 3 shows amylases and their different sources
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Table2 show the different amylases enzyme
and their sources ( Haradiaal., 1984)

a-amylase Bacillus acidocaldaruis
Bacillus amyloliguefaciens
Clostridium acet.obutylicum
Aspergillus candidus
Aspergillus niger
Penicillium expansum
Mucor michel

Rhizopus javanicus

B- amylase Bacillus cereus
Bacillus subtilits
Aspergillus niger
Aspergillus oryzae

14

Amyloglucosidase

Pencillium sp.
Rhizopus niveus

Endomycopsis capsularis

Saccharomyces diastaticus
Debranching Klebsiela pneumonia
enzyme Bacillus endopul lulyticus

Pseudomonas spp.
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1-2-4 Factors Affecting a- Amylase Production:-

1-2-4-1 Effect Of Carbon Source:-

In order to enhance the microorganisms to produealésired enzyme,
the media, where the microorganism is grown, mustsbpplemented
with appropriate carbon source.

Different carbon sources can be used but each organism has only
one or only few propar carbon sources since thelymtoon of this
enzyme in many microorganisms occurs by induct@oodfellowet. al.,
1987).

Musaeva (1966) had tested the effect of starclcegiy, manitol and
dextrin on the production of- amylase, and he found that media
containing 6% starch gave the highest level of petidn of this enzyme.

Other researchers showed that maltose could ben#tie stimuli in
production of thea- amylase ofSreptomyces spp. andNocardia spp.
(Mordarskiet. al., 1970; Mordarski et. al., 1972). In another experiment,
it was found that production af- amylase could only be stimulated in
presence of either maltose or starch (Wojskaowl€®z 7). Sinha and
Chandra (1981) used starch as a carbon sourcerdougtion of the
enzyme front. rimosus.

Fairbrainet. al., (1986) had studied the effect of different carsonrce
on a- amylase production b$. limosus. They had used glucose, lactose,
galactose, sucrose, maltose, xylose, malt extsatiple starch and corn
starch and each source was used independentlg imekdlia. It have been
shown that the highest productivity @f amylase obtained from maltose
and malt extract being used as carbon source Whibeloro and Martines
(2000) showed that glucose has a repression affetihe production of

amylase enzyme Wyacillus sp..
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Other researchers have indicated that starch asuhable carbon
source for production of alpha amylase in manyeddht bacteria. Starch
Is the appropriate carbon sourceTinermoactinomyces viridis, Proteus
vulgaris and inBacillus sp. TS24 (Upton and Fogarty, 1977; Lin et. al.,
1998).

1-2-4-2 Effect Of Nitrogen Source:-

The nitrogen source is one of the basic elementgraduction ofa-
amylase. It is supplemented to the media in then fof inorganic salts or
as organic sources of nitrogen. (Kuo and Hartm&@66) The effect of
the nitrogen source varies from one microorganiemamnother. For
example, Upton and Fogary (1977) had found, amagpt alifferent
nitrogen sources tested of. viridis, peptone gave the highest
productivity of thea- amylase . While Obi and Odibo (1984 a, b) found
that ammonium sulphate is the best source for tleelystion from
Ther moactinomyces spp.

As a general case, most of the microorganisms mpiteke nitrogen
source in the form of ammonium salts and some eftare incapable of

utilizing the nitrogen sources in the form of nigrgons (Priest, 1993).

1-2-4-3 Effect Of pH:-

The pH of the media is very crucial factor becatséfects the growth
of the microorganisms and their activities. It alsas an effect in
metabolism and enzyme synthesis (Lonsane and Rah®i8M).

The production and activity od- amylase, like other enzymes, are
greatly influenced by the pH of the media. The lgata site of the
enzyme contains ionic groups, which should be enappropriate form to
keep the shape of the catalytic site and to fatditthe binding with
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reactants molecules (Segal, 1975). Therefore, awation from the
optimum range will affect the activity af amylase.

It has been found that the optimum pH for alphalas®g/production is
near the neutrality point or slightly deviated frotnIin addition it has
been found in some researches that the highedugeity of thea-
amylase enzyme fromacillus megaterium at pH 7.

However, different microorganism uses different pblues for the
optimum production ofi- amylase enzyme. For example, the optimum
pH of T. wulgaris is ranging 6.5 — 7.5 (Kuo and Hartman, 1966) wthik
optimum pH ofThermus sp. Ranging from 5.5 -6.5 (Shaival., 1995).

Heinen and Heinen (1972) had demonstrated that riselium
constitution (carbon source, nitrogen source, saietal ions ...etc.) can
play major role in keeping the pH value within tt@nvenient limit for
growth and activity of alpha amylase — producingnmorganisms. In this
context, Raimbult and Alzad (1980) used urea astragen source to
reduce the acidity of the media while Becketdhl., (1945) used calcium
salts to optimize the media for production of al@maylase byBacillus

subtilis.

1-2-4-4 Temperature:-

Temperature is an important factor for growth andyene production.
Each microorganism has an optimum temperaturédagrowth and there
might be compatibility between the optimum tempamtof growth and
optimum temperature for the enzyme productioned?yil993).

The optimum temperature of the amylase varies according to the
source of the enzyme, Ghosh and Chamdra (1980)dfdbat the
optimum temperature of the amylase fronBacillus agiarius is about




Cﬁapter one Introduction &, Literature
Review

38 °C, while Bahri and Ward (1990) used the 50 &€ droduction of

alpha amylase fror8. thermoviolaceus.

1-2-4-5 Calcium Ions:-

Calcium ions are radical factor in the stability the o-amylase
enzyme. Machiust. al., (1998). showed that the calcium-binding sit
conserved in alb-amylase enzymes forms part of an unprecedented
linear triadic array, with two ca ions ( Cal andliOaflanking a central
Na ion (Ca — Na — Ca metal triad). In the caseactdriala-amylases, the
metal triad and an additional Ca ion (Calll) cdmiite to the increased
thermostability.

Moreover,a-amylases undergo reversible transition from the/@do
the inactive state upon removal of Ca ions withatimeg reagents such as
EDTA, and because the distance of the Ca fromctitalytic center
precludes direct involvement in catalysis, it'seraé assumed to be
structural (Valleet. al., 1959).

1-2-5 a- Amylase Synthesis and Transport:-

In Gram negative bacteria, the extracellular prstehave two lipid
bilayers to cross, in contrast to the proteinsdtad in to the periplasm or
the outer membrane-amylase is synthesized as a preprotein precursor
composed of a typical signal peptide, Maturamylase and a C-terminal
propeptide. The latter part is removed by a nonfipgurotease shortly
after secretion in the extracellular medium (Fedteal., 1998).

Christoph (1998) and Claverig. al., (2003) had indicated that-
amylase enzymes in Gram negative bacteria is secteting pathway |l
of protein secretion pathways which is the primgathway for the

secretion of extracellular degradative enzymesrayngnegative bacteria.
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Type Il secretion pathway involves a separate efepansport across
the inner membrane prior to transport across thé exvelope. A
distinctive feature of this pathway is that thetpno being transported
will be exported to the periplasm via the secresgatem. This pathway
Is calledsec- dependant pathway (Pugsley, 1993).

A signature of type Il dependant protein experthe presence of a
short (about 30 amino acids ), mainly hydropholonere-terminal signal
sequence in the exported protein. The signal seguards the protein
export and is cleaved off by a periplasmic signaptmlase when the
exported protein reaches the periplasm (Federal., 1998). This
propeptide has no intramolecular chaperone funam®the recombinant
a- amylases produced with or without the propeptidere identical
structural, kinetic and ion binding properties. Hmar, in the absence of
the propeptide, the enzyme accumulates in the lpenpc space oE.
coli cells, whereas the full-length precursor is receglein the culture
medium. This has lead to the proposal that the gptighe is a secretion
helper (Felleet. al., 1998, Tutincet. al., 2002).

In type Il secretion pathways, transport across dbger membrane
requires an additional set of inner and outer mamdiproteins. Pugsley
(1993) have shown that in the case of pullulanaseeted byKlebsiella
oxytoca, the best-studied example of type Il secretion, atidlitional
secretion factors, which are encoded by a contisugene cluster, are
necessary and sufficient for secretion. At leagesef these proteins are
located in the cytoplasmic membrane, while PulS BotD are outer
membrane proteins.

In Xanthomonas campestris, Neinet. al., (1992) showed that secretion
of the a- amylase , and other extracelllular enzymes, éodit side can
not be completed only with the presence of protir83.5 kDa. This




Cﬁapter one Introduction &, Literature
Review

signal peptidase protein, which is called is chbg@sD protein, is an
outer membrane protein with part of it exposectdell surface and it is
responsible for the processing of the C — termprapeptide of the-
amylase. Mutation in the ORF of this protein haadi¢he accumulation
of the enzyme , together with other enzymes, indy@plasm of the
bacteria.

Other examples of type Il secreted protein incltiteout pathway of
Erwinia spp. for the secretion of pectic enzymes and esad, and
secreation of elastase, exotoxin A, phospholigasdy Pseudomonas
aeruginosa, and also the secreation of amylase and protedse
Aeromonas hydrophila. (Hobbs and Mattick, 1993

1-2-6 Mode of Action Of a- Amylase:-
Testeret. al., (2004), have demonstrated that digestion ofcktas

effected by hydrolyzing enzymes in a complex preagkich depends on
many factors; these include the botanical originstafrch, whether the
starch is amorphous or crystalline, the sourcenalymes, substrate and
enzyme concentration, temperature and time, as agethe presence of
other substances in the multi - component matriwlmch starch occurs
naturally, e.g. cereal grains. Native starch isesligd (i.e. hydrolyzed)
slowly compared with processed (gelatinized) stamtiose crystalinity

has been lost and where the accessibility of safestto enzymes is
greater and not restricted.

a- amylase is one of the endo-splitting enzymes wiaitackso- 1, 4
glycosidic bonds in amylase, amylopectin and glgrogom the inside.
This type of enzyme exerts its effect in a randomd aisorganized
fashion to produce glucose, maltose and dextrinfandhis reason this
type of enzyme is called "liquefying enzymes" (Fogand Kelly, 1979).
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The mode of action of- amylase when acting on amylose consists of
two stages. In the first stage, maltose and mais#rare produced while
in the second stage; glucose and maltose are prddag final products.
During its action on amylopectin, glucose, maltamed branched chain
of a- limit dextrin are produced (Fogarty and Kelly 309.

Koshland in 1953 was the first to suggest a mednmanior the
hydrolysis of starch by the effect of amylase engyBifferent amylases
have different mode of action on starch (Skb\al., 2001).

The a-amylase reaction mechanism is a generacatadlysis, similar to
all of the glycoside hydrolases and the chemicaligs that participate in
the hydrolysis reaction composed of positively gearamidazole groups
and a negatively charged carboxylic group. Thetr@aas initiated by
simultaneous protonation of the glycosidic bondalgyroton donor and a
nucleophilic attack on the anomeric carbon of thegse moiety. This
leads to the covalently linked substrate - enzymermediate. The
intermediate can react with either water or withotaer saccharide
molecule (Sinnot, 1990; Skov et. al., 2001).

1-2-7 Amylase Application:-

Amylases are among the most important enzymes amdfagreat
significance in present-day biotechnology (Paedwl., 2000).

These enzymes constitute a class of industrialyreeg having
approximately 25% of the enzymes market and theytls first enzyme
to be exploited by genetic engineering techniquésm@huet. al., 1997,
Raoet. al., 1998). Interestingly, the first enzyme producedustrially
was an amylase from a fungal source in 1894, whiels used as a
pharmaceutical aid for the treatment of digestisemers (Pandest. al.,
2000).
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Although both bacterial and fungal amylases arandhant, fungal
amylase are more frequently used than their batteounterpart in
industry. These enzymes have many applicationdnstry. For example
it used as additive in detergent, in desizing rfileeand proper formation
of dextrin in baking. Other researches showedtti&imostable amylases
are used for liquefying starch and to produce iga fructose corn syrup
(Norman, 1979; Shawn and Pan, 1989).

In medicine,a- amylase together with many other microbial enzyme
such as protease or lipase can be orally supplechdat their ability to
offer effective digestive support that work synstigally with, or as
alternatives to the animal derived enzymes in adsdisorders (Brad,
1997).

Satohet. al., (1993) were able to make use theamylase enzyme in
new field. They were able to use amylase gene, cloned from
Streptococcus bovis, in the construction of new efficient cloning vacto
be used inlactobacillus delbrueckii, which is known to be extremely
difficult to be transformed.

When using in industry, an important criteria sldoule put in
consideration which the thermostability. The thestability of this
enzyme must be matched to the application. For plgnthermostabile
alpha amylase should be used for liquefaction afchkt at high
temperature  and the thermolabile enzyme shouldideel in baking.
(Shawet al., 1995).
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1-2-8 Purification Of a Amylases:-

Enzyme application in pharmaceutical and clihisactors requires
high-purity amylases. Thus, it was very importantdevelop economic
processes for their purification to obtain chentcalure enzymes with
maximum specific activity. Several methods havenlbmade possible for
purification and characterization @f amylase, from both mesophilic and
thermophilic bacteria, and these methods includenanium sulphate
precipitation, dialysis, ion exchange chromatogyapel filtration and
different solvents like acetone (Pandely al., 2000). Purity of the
amylase obtained depends on the method of purditat

Mastuiet. al., (1977) used the following steps to purify the aas@
enzyme: ammonium sulphate precipitation followed iby exchange
chromatography of DEAE-Cellulose and DEAE - Sepkade 50
consecutively. Then they used gel filtration (Sej#ha75) twice. By
doing this they were able to get a 1764.7 fold frrdienzyme with 2.4%
recovery. Neinet. al., (1992) were able to purify the amylase from
Xanthomonas campestris using ammonium sulphate precipitation.

Uguruet. al., (1997) described a thermostable extracellalamylase
from B. subtilis, which was purified 24-fold to a specific activity 2200
units/mg per liter. Boltonet. al., (1997) purified a- amylase to
homogeneity using a combination of ammonium sulphm@ecipitation,
lon-exchange chromatography and gel filtration.

An extracellular thermostable amylase produced [&. licheniformis
was purified by two-phase separation in a poly letig glycol system
followed by gel filtration and ion-exchange chroogiaphy (lvanovast.
al.,1993).

Katoh and Kohei (1997) purified ana- amylase, produced by

recombinant cells, by specific elution from antppde antibodies. llori
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et. al., (1997) purified extracellular- amylase froniMicrococcus luteus
and Lactobacillus brevis. Purification was by 28- and 70-fold by gel
filtration and ion exchange chromatography, respelst

Shih and Labbe (1995) used a sequence of stepsder to get a
purified a- amylase frontlostridium perfringens. The supernatant fluid
was concentrated by dialysis against polyethylerigcoy chips.
Concentrated fluid was then dialyzed against Ti@&-Huffer and then
applied to a DEAE-Sephacel column. Active fractidresn the DEAE-
Sephacel column were dialyzed against sodium pladsptbuffer
ultrafiltration.

Finally the concentrated material was appliedatSephacryl S-100.
The amylase obtained was 24.4 fold purified wittBlreécovery.

Although there are only a very few reports diesag the purification of
a-amylase from yeasts, a raw starch - digestiverntbstablea-amylase
from yeastCryptococcus sp. was purified in just one step by using an
cyclodextrin— Sepharose 6B column (leftjial.,1996).

Recently, Teotia and Gupta2002) were able to develop a new
protocol for the purification of- amylase enzyme. They found that
amylase from various sources was found to binchatgiin free solution.
The alginate—enzyme complex could be precipitatath \Ca. The
enzyme activity could be recovered by dissolving pinecipitate in 1 M
maltose and precipitating alginate alone by adadlitd Ca. According to
this method they were able to purify the wheatrgamylase Based upon
these observations amylase from wheat germ was purified with 68-
fold purification and 72% recovery.
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1-2-9. Global Production Of Amylases:-

Aunstrup (1977) had estimated that the overalbgl production of
the amylase enzymes in 1977 have reached 610 tinasre enzyme.
This enzyme comprise about:

* 300 tones of Glugoamylase (Amyloglucosidase).
* 300 tones of bacterial amylase.
* 10 tones of fungal amylase.
Most of these amounts had been used in the pregest starch

liquefaction.
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3. Results & Discussion

3.1 Ability of Xanthomonas campestris H6

in a - amylase Production:

In order to test the ability ofanthomonas campestris H6 (Xc H6) ino —
amylase production, Xc H6 was allowed to grow oirieat agar plates
supplemented with 1% starch for 18 hours at 30After the flooding the
plate with lugal’s solution, a clear zone developealind the colonies of Xc
H6,as shown in figure 3, and this result indicakesability of the Xc H6 to
produce the extracellular— amylase (fig. 3).

After detection ofo — amylase production, Xc H6 was grow in PM1
medium to estimate the activity af — amylase in crude culture and results
have revealed that the specific activity was 8UJdfhg protein while the
enzyme activity in crude extract was 12.93 U/ml anotein concentration

in culture filtrate was 1.2 mg/ml.

3.2 Determination Of The Optimum

Condition for a - Amylase Production:

3.2.1 Effect of pH Medium:

Optimum pH represents one of the important parammeidnich effect
enzyme activity. It was found that most enzymesaianactive within a
wide or narrow range of pH. However most of enzymggear to be active

at the optimum pH of the microorganism itself (Rek@l75).
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Figure (3): hydrolysis of starch by Xc H6 on
PM1 media.
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To investigate the initial medium pH effect an- amylase production,
Xc H6 was grown on PM1 medium with different pHwed (6, 6.5, 7, 7.5,
and 8).

Results in figure (4) showed that, the highestamylase production was
obtained from Xc H6 when the pH of PM1 medium wgaat to 7, and in
this case the enzyme activity was 8.31 U/ml while s$pecific activity was
10.33 U/mg protein. The specific activity of thezgme was decreased
when Xc H6 allowed when the medium pH was lessnore than the
optimum pH.

Othe studies also showed that pH7 is the optimum medgibinfor o —
amylase fron8&treptomyces. hygroscopicus (Hidakaet. al., 1978) and from
Bacillus stearothermophilus. (Al-Safar 2000).

The fundamental characteristics of extracellulaylases are expected to
reflect the pH and temperature of the environmemhich they are grown
and that means the optimum pH for the amylase and pH of the growth
are the same (McTiguest. al., 1964). Nevertheless many researchers have
indicated that the pH of growth and pH @f amylase production is not
necessarily compatible (Volesky and Loung, 1983)e Effect of pH can
attributed to two factors, the first factor is itbility to affect the
characteristics of the medium including nutrierlubdity and transportation
and thus it affects the nutrient availability taetlgrowing microorganism
while the second factor is the effect of the pHemzyme ionizable group
and thus affects the stability (Bull and Bushn@91).
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Fig. (4): Effect of medium pH on the ability anthomonas campestris
H6 in a — amylase production. Cultures were grown at 3th’C

shaker incubator for 24 hours.
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3.2.2 Effect Of Nitrogen Source:

The amylase synthesis by several microorganismbé&eas correlated to
the presence or absence of various amino acidscamglex nitrogenous
sources in the culture medium (Hewitt. and SolomaA§9).

To determine the optimum nitrogen source for préoidacof a-amylase
by Xanthomonas campestris H6 in PM1 medium, six nitrogen srouces were
examined

Results in fig. (5) showed that PM1 medium sapmnted with peptone
as a sole source of nitrogen, gave the highesiesabf specific activity of
about 10.409 U/mg protein, enzyme activity of 124l while the protein
concentration was 1.2 mg. PM1 medium supplementéld yeast extract
resulted in a specific activity of 9.25 U/mg, adgvof 11.10 U/ml and
protein concentration of 1.2 mg/ml in crude fileafl he lowest level ot —
amylase was obtained from PM1 medium supplementtdd NH,(SO,), as
sole nitrogen source. Although Priest, (1993) atigero researchers had
indicated that casein is very suitable nitrogenra@@tior the production ot
— amylase but results in fig (5) shows that lowcdpe activity was gained
from using casein as a sole source of nitrogethfas — amylase production
by Xanthomonas compestris H6.

Figure (6) showed that the optimum concentrationpeptone for the
production ofa — amylase in PM1 medium was at 2 and 2.5 g/100 ml
respectively and there was a significant decreasbe specific activity of

the enzyme when concentration of 4 g/100 ml wad.use




Chapter Three Results L Discussion

B activity
14 O specific activity
13
12
11
10
94 g’
; S
=y =
g 1 e
S 61 2
25 3
< 3¢ Q
)
2.
' 40 JE
0. ——

Trypton  Casien NH4(S04)2  Yeast Pepton ~ NH3CL3
Extract

Nitrogen Source

Fig. (5): Effect of different nitrogen sources Xanthomonas campestris
ability to producer — amylase enzyme in PM1 medium. Cultures

were grown at 30 °C in shaker incubator for 24 Bour
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Fig. (6): Effect of peptone concentrationX@nthomonas campestris ability
to producen — amylase enzyme in PM1 medium. Cultures were grat30
°C in shaker incubator for 24 hours
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Hizukuri et. al., (1994) have found that the highest productivity co—
amylase was obtained when yeast extract and peptereeused as sources
of nitrogen for the production of periplasmie — amylase from
Xanthomonas campestris strain K — 11151. Other studies have also shown
that peptone was the proper nitrogen source fonthemylase production.
Hsu et. al., (1998) have found that the maximwm- amylase activity was
obtained in a medium containing peptone and solgtdech as a nitrogen
and carbon sources. Martinez and Teodoro, (2000¢ leund that, the
addition of yeast extract or peptone to the ligmedium shortened the lag
period and increased both the dry weight of thd eed the enzyme
synthesis. Therefore, the result suggests thatt y@dsact and peptone is
favoured for the growth and synthesis of amylas¢hiegysome organism. In
another study Martinez and Santos (2003) have shibatrpeptone was the
optimum nitrogen source for maximum amylase symshesBacillus sp.,
Peptone is considered as one of the best nitrogarces because it's a
mixture of amino acids, polypeptides and mineralslevyeast extract is a

source of growth factor and vitamins.

3.2.3 Effect Of Carbon Source:

Levels of then — amylase in crude culture supernatants variedtigren
response to the sole carbon source used for groimMie organism. Since
the secreted enzyme was highly stable, enzyme agistiibut not enzyme
turnover is likely to play a major role in mediairthe synthesis of
extracellular enzyme (Blumt. al., 1996).

In order to determine the proper carbon sotwcée used in PM 1

medium for the induction ai — amylase production b}anthomonas
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campestis H6, five different carbon sources have been teskédltose,
Glucose, Starch, Lactose and Sucrose were usédisqrurpose.

Result shown in fig. (7) showed that using glucasea sole source of
carbon in PM1 medium induced the highest levat efamylase production
by Xc H6. in this case the specific activity was3B®U /mg protein while
activity and protein concentration were 18.71 U/amhd 1.4 mg/ml
respectively.

From figure (7), it can be noted that the sfpeeictivity of o — amylase
in the crude filtrate was 9.04 U/mg protein whearch was used as a sole
carbon source. Although starch is supposed tthéerefect carbon source
for a — amylase production, but this might be due tocthraplexity of starch
structure to be utilized be microorganism for poitbn of different
proteins and growth factors when compared withsthmplicity of glucose as
a sole carbon source for this purpose. Presencwlvbse and lactose in the
media had resulted in specific activity of 8.06 &1 respectively and the
lowest specific activity was obtained when sucnwas used as a sole source
of carbon.

From the above results, it could be concluded that o — amylase
produced by Xc H6 is independent of starch and n¢'sponsive to the
availability of many different carbon sources. Asidce the higher specific
activity was obtained when glucose was used agt@wgasource then it's
possible to conclude that this enzyme is constlyi produced by Xc H6
and it's, in contrast to many other— amylases, not subjected to catabolite
repression by the presence of glucose in the medium

Other studies have indicated that- amylase could be constitutively
induced by glucose or many other carbon sourcdga Sad Moraes, (1989)

studied the effects of different carbon sources eramylase production.
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And they found that glucose was able to induce éheyme whereas
lactose, dextran and soluble starch were foundetsutable for enzyme
production, the highest enzyme yield was obtainedmyglucose was used
(Pandyet. al.,2000).

Chunget. al., (1995) have found that the addition of glucostheomedia
have no catabolite repression effect on the- amylase produced by
Thermococcus profundus.

In Saphylococcus mutans ,Simpson andRussel, (1998) have found that
starch had no effect of — amylase while the addition of maltose increased
the amylase activity two to three fold and glucdssed no catabolite
repression on amylase productivity. Nahas and \Waddim (2002) have
found that glucose have the ability to induce tetlsesis ot — amylase in
Aspergillus ochraceus. Attia and Ali (1974) showed that glucose wasyver
effective inducers ot — amylase inAspergillus. Awamori. Many other
researches shown that glucose is one of the gahatan for thex — amylase
in many different microorganisms.

After determination the optimum carbon sourceXoH6 in production
of a — amylase, gradual concentrations of glucose wded separately to
PM1 medium (2, 2.5, 3, 3.5, 4 and 4.5 %) to exantieeoptimum glucose
concentration forn — amylase production by Xc H6 .Results in fig) (8
showed that the ability of Xc H6 in production of amylase was raised
when PM1 medium was supplemented with glucose ctarateon of 3.5%,
this concentration resulted in  specific activity in 12.10 U/mg protein
(protein concentration was 1.3 mg/ml) while theyane activity was 15.7
U/ml. So it was considered as best glucose coratgort fora — amylase

production by Xc H6 in the next optimization expents.

| &
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Fig. (8): Effect of glucose concentration ¥anthomonas campestris ability
to producen — amylase enzyme in PM1 medium. . Cultures wesevgrat

30 °C in shaker incubator for 24 hours




Chapter Three Results L Discussion

3.2.4 Effect of Phosphate Source:

In order to determine the optimum phosphate soamceits concentration
for thea — amylase production byc H6, dipotassium hydrogen phosphate
(K,HPQy) and potassium dihydrogen phosphate {R@,) were tested in
PM1 medium with different concentration 2, 2.533, 4 g/100ml for both
of them.

Results in fig. (9) showed that the optimum caonicion of KHPO,
for thea — amylase production was 2 gm /100 ml, and urtties condition
the specific activity was 12.93 U/mg while the waityi was 15.52J/ml
activity (protein concentration in the crude fiteawas 0.5 mg/ml). These
results demonstrate that that there is a consturedse in the — amylase
productivity as the concentration o PO, increases.

Results in fig. (10) demonstrated that &, had a better capability in
increasingr — amylase productivity b}c H6. The highest productivity was
gained from using 2.5 g of KIROQ,as a phosphate source which resulted in
specific activity of 13.75 U/mg, protein concenipatwas 1.2 mg/ml and
enzyme activity was 16.50 U/ml.

Results (fig. 9 and 10) indicated that D, (2.5%) was the optimum
phosphate source far— amylase production byc H6 because it gained the

highest productivity.

3.2.5 Effect Of Temperature:
Temperature is considered as a crucial and teféec¢actor in the
growth of microorganism and their metabolism andider to investigate

the role of temperature on the production andragtof the o — amylaseX.
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campestris H6 was incubated at different temperature (25),30 35 and
40 °C).

Results depicted in fig (11) showed that that theast level of a —
amylase productivity was at 30 °C with specificivdty 13.54 U/mg,
activity 13.76 U/ml and protein concentration 1@8/ml and there was a
significant and obvious decrease at 35 °C and 4Qwhith resulted in
specific activity of 6.185 U/mg and 3.73 U/mg respvely.

These results demonstrate that the- amylase is produced in its
maximum level at the optimum temperature for thewgh of Xc H6 and
this can be explained by the ability of this orgamito grow properly and
use the medium nutrients efficiently at this tenapere, which in turn can
result in better production of constitutive enzynaesl other vital products
includinga — amylase enzyme.

The low specific activity that was obtained at 8 and 40 °C can be
attributed to the inability of Xc H6 to grow propeiat these temperatures
and thus affect its ability to produce differenhsttutive enzymes such as
— amylase.

Generally the decay of enzymatic activity withinethiecreasing or
increasing temperatures is attributed to thernfatebn either the growth of
the microorganism or the velocity of the enzymagiaction inside the cells,
or on both of them, reflecting the properties o€ tenzyme and its
environments (Cornish-Bowden, 1979). At low tempa, the decrease in
the enzymatic activity is caused by the unsuitgbiif these temperatures
for the growth of the organism where growth is skbown and metabolism
is delayed, while at high temperature the waterperates and affects
growth and other factor related to the growth sastoxygen concentration

and speed of enzymatic activity inside the celleiigerdy, 1985).
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Below optimum and up to optimum temperature, likk emzymes,
amylase catalyses a (bio)chemical reaction. A foretdal of chemical
thermodynamics is that all reaction rates will @ase as the temperature
increases. With a typical amylase, therefore apéeature increases to the
optimum, the rate at which an enzyme catalysesbteakdown of starch
increases. The reason for this is as the temperafureaction increases to
the optimum, the rate at which the enzyme andttrels substrate molecule
collide is increased also (the collision theory)nother reason is that,
amylase enzyme has an optimum shape or flexitahiy will hold this ideal

shape at the optimum temperature.

More over enzymes that do well at very high tempeges tend to have a
more rigid, inflexible structure that may be helogéther by covalent
linkages, known as disulfide bridges, between bffié¢ regions of

the structure (Internet 1).

Many research have used the 30 °C as the optimupetature for theo
— amylase production from different microorganisfst example Fairbarn
et. Al., (1986) have used this temperature to obtair amylase from
Sreptomyces and Sinha and Chandra, (1981) have usedC3@ith 4 dag
incubation as optimum condition fax — amylase production frons.
rimosus but it should be noted that- amylase can be produced at different

temperatures from different microorganisms.

1S
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3.3 Alpha Amylase Purification

In order to further characterize tkhe— amylase produced by Xc H6, a
sequence of purification steps have been condartddhese steps includes
ammonium sulphate precipitation, dialysis and dehfion using sepharose
CL - 6B.

3.3.1 Ammonium Sulphate Precipitation:

The first step ino — amylase purification was precipitation with
ammonium sulphate at different concentration 20,680and 80%. The aim
of precipitation is to remove water and obtain eighly purified enzyme.

Results showed that the lowest activityaefamylase was at saturation
ratio 0 — 20% which resulted, after dialysis stepa specific activity of 1.5
U/mg protein. An increase in the specific activiyas notable as the
saturation ratio was increased to 40, 60, and 8WHieh resulted, after
dialysis step, in 4.97, 9.64, and 17.56 U/mg. TiecHic activity was then
decreased at 80 — 100% saturation concentrationgé:76 U/mg.

From the above result it can be noted that mostexd- amylase specific
activity present in the precipitant formed at théusation ration 80% and it
represents about 76.25 % of the total specifiovagt{table 3).

Protein precipitation using ammonium sulphate ddpenn the salting
out phenomenon. Since ammonium sulphate has thiyaioi neutralize
charges at the surface of the protein and to distbhp water layer
surrounding the protein, it will eventually causdegrease in the solubility
of the protein which in turn will lead to the pnaitation of the protein by
the effect of salt (Englard and Seifter, 1990).

e
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Ammonium sulphate are widely used because of itslahility, high
solubility and low cost. Other important featureashmonium sulphate is
that it causes no damages to proteins (VoleskyLandg, 1985).

After being precipitated, the enzyme extract waalyded against
Potassium — Phosphate buffer 0.005M — CaCl 0.026rhree continuous

days with three successive changes.

3.3.2 Gel Filtration:

The purification steps fon — amylase from Xc H6 cell extract can be
summarized in (table3). These steps comprise coratem using
ammonium sulphate precipitation, dialysis and dgehfion using sepharose
CL — 6B. The concentration step appears to be aetiye in removing some
components of the cell extract and giving a paytiplrified enzyme with a
1.9 fold purification and 76.25% vyield.

After being dialyzed, the enzyme extract was furtbarified using
sepharose CL — 6B (pharmacia). Fig. (12) showsptb&ein peaks obtained
from gel filtration step using sepharose CL — 6@ &rreflects the presence
of two proteins.

Estimation of thex — amylase activity in all eluted fractions shoviledt
the first peak contains n@ — amylase activity whilee — amylase activity
was found to be concentrated in the second peakfraéhtions of the second
peak were then all collected and lypholized aneraéteterminingo —
amylase activity, it had been found that the pbytipurified enzyme had
demonstrated a specific activity of 41.14 U/mg ermotwith 4.5 purification
fold and 21.69 % over all yields.

| &
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Table (7)
Purification steps aof — amylase
Produced by. campestris H6

Purification | Vol. Activity | Prot. Specific | Total Purif. Yeild
Step (ml) (U/ml) Conce. | Activity | Act.(Units) | Fold (%)
(mg/m | (U/mg)

1)
Crude 25C 12.5 1.4 8.9¢ 3147.f 1 10C
Extract

Amm. 50 48 3.7 17.5 2400 1.9 76.2
Sulphate
Preciptat.

Gel 20 34.1 0.8 41.1 683 4.5 21.6
Filtration

(Sepharos

e CL —6B)

Sepharose CL — 6B was used in the final purificatgiep for its
characteristic, for being more rigid cross linkeghises, easily prepared
and can be used several times after activationa{sg@r 1989).

Different scientists have used differené¢thods for the purification of —
amylase from different organisms. Hizukusi. al., (1994) have used
ammonium precipitation followed by ion exchangeorhatography using
carboxymethyl — toyopearl 650M to purify the peaigrico — amylase from
Xanthomonas campestris. Shawet. at., (1995) had obtained a highly purified
a — amylase fronirhermus sp. by affinity absorption on starch granules.
Kobayashiet. al., have purified the — amylase oThermococcus profundus

to homogeneity by ammonium sulfate precipitationEAE-Toyopearl

| &
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chromatography, and gel filtration on Superdex 2ZROKochhar and Dua,
(1990) purified thex — amylase fronBacillus amyloliquefaciens by the
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Fig. (12):Elution ofo — amylase enzyme on sepharose CL — 6B. Flow
rate was 3ml / min. and fraction volume was 3t
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following steps: thermal treatment at 80 for 30 min. followed by ion
exchange on DEAE — Cellulose column and finallyday filtration using
Biogel P — 100 to produce 100 purification fold mw82% over all recovery.
Alpha amylase o&treptococcus mutans was purified by treatment the cell
extract with 30% KOH and thermal treatment at 90 ééntrifugation and
two precipitations with equal volume of 95% etha(®impson and Russel,
1995).

3.4 Test Of a - Amylase Purity:

The purity of the partially purifiedr — amylase was determined by
polyacrylamide gel electrophoresis under non deedticonditions. The
partially purified enzyme preparation showed onlygke protein band on
the gel after staining with commassie brilliantdl@ — 250, indicating the
probability of to reaching the apparent homodggnaf purification (fig.
13).

The location of the protein band on the gel coddab a result of the low
molecular weight of the protein, since the eledianesis mobility of
proteins in the gel essentially depends on the cntde weight of the protein

in addition to its net charge (Blackshear, 1984).
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Fig.(13): Polyacrylamide gel electrophoresis patt&o — amylase
of Xc H6




Chapter Three Results L Discussion

3.5 Molecular Weight Determination:

Gel filtration technigue was used for determinihg molecular weight of
a — amylase produced and partially purified frombB@. For this purpose ,
several standard proteins with know molecular wietrggre used like bovine
serum albumin (BSA) (67000 Dalton), lysozyme (14@4lton), trypsine
(55000 Dalton) and pepsin (34700 Dalton). Solutmheach of these
biomolecules were transferred separately to the ddration
chromatography column and run throughout sephatihse 6B matrix of
the column. To calculate the elution volume of eatthem, blue dextran —
2000 was used to determine void volume of the calufigures 14, 15, 16,
17 and 18 showed the elution curve of each of thH®eelolecules. A
relationship between the ratio of elution volumehe void volume (¥/ V,

) and molecular weight of these standard proteiasvplotted (fig. 19) to
estimateo — amylase molecular weight. And it was found ttie¢ o —
amylase molecular weight was about 14.000 Dalton.

Molecular weight determination using gel filtratidrave been used
through out many studies to find out the molecwaright ofa — amylase
enzyme. Pfueller and Elliott, (1969) have usedfilfeation to estimate the
Mwt. of a — amylase fronBacillus stearothermophilus and found it to be
53000 Dalton . shimazakt al., (1984) have found that Mwt. af— amylase
form Schizophyllum commune is about 66000 Dalton.

a — amylase from Bacillus sp. was estimated to loeirad 15500 using

osmotic pressure method.
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3.6 Alpha Amylase Characterization:

3.6.1 Effect of pH on a — Amylase Activity:

The effect of pH on the partially purified Xc H6- amylase was studied
in a pH range of 5 — 8 as shown in fig. (20). A evidinge of pH 7 — 8 was
observed to be suitable for the activity @f — amylase but there was a
decrease in the activity at pH 5 — 6.5. However linghest activity of
enzyme was obtained at pH 7.5 where the enzymeainhg highest level of
activity.

From the above mentioned results, it can be coedutie enzymatic
activity at neutral or slightly basic values waglter than values of acidic or
slightly acidic values. The obvious decrease inattevity could be as result
of effect of pH on enzyme activity by affecting thatical group at active
site of the enzyme and preventing these groups to the correct ionization

state for the reaction to be completed.

3.6.2 Effect of pH on a — Amylase Stability:

In order to determine the optimum pH for tlee— amylase stability, the
enzyme was incubated in buffer solution with pHgeus — 8 ) at 30 °C for
30 min.

Results in fig. (21) show that — amylase has a good stability at pH
range 6.5 — 7.5 in which it exhibited more tha@0%o of its total activity. A
decrease in the stability of the enzyme was notatgzH 6 and 8 while there
was a significant and sharp decline in the stghdalftthe enzyme at pH 5 and
5.5 where the enzymatic activity was less than 49%e total activity.

N
N
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This decrease in the— amylase activity could be attributed to the effe
of pH on the secondary, tertiary or quaternarycstme of the enzyme since
Whitaker (1972) had indicated that, most enzymdsgested to irreversible
denaturation in strong acid and alkaline conditions

Hsuet. al., (1998) have found that purified — amylase had optimal pH
9.0 while theo — amylase produced Bacillus subtilis had optimum pH
6.0. By comparisonp — amylase produced by Xc H6 is less stable than
amylase fromThermus sp.andBacillus subtilis which were found to be
stable at pH from 4 — 10 on standing for 2 hi3&fC and pH 5.0 — 10 at

below 70 °C respectively.

3.6.3 Thermal stability Of a - Amylase:

To investigate the stability of the partially pigd o — amylase on
standing different temperature degrees, the enzwae incubated at
different temperatures ranging from 30 °C to 6GdC15 min.

Fig. (22) revealed that the enzyme has retainembitgplete activity at 40
°C with slight increase in the activity at 45 °C evlb the enzyme had kept
about 94 % of its total activity and about 82 %68iC. A decline in the
activity of the enzyme was observed at temperatab®ve 50 °C where the
enzyme had kept 62 % at 55°C and only 49% of itivic when it was
incubated at 60°C. At temperatures just above aptithere may be a
situation where the enzyme is in a sort of equtitor where it temporarily
loses some of its structure and then regains Mvadk again. At higher
temperatures, the three — dimensional structtitheoprotein destabilizes
and might be disrupted.

N
()]
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Next, the partially purifiedn — amylase was incubated at 40 °C for
different periods of time 10, 20, 30, 40, 50, af@dndin. to investigate the
thermal stability of the enzyme at this temperatamd fig. (23) shows that
maximumao — amylase activity was obtained when enzyme inaabat 40
°C and 98% of the activity was retained at 50 “€6@°C more than 85% of
the activity was kept. These results are agreetblesults obtained by
Hizukuri et. al., (1994) whom were found tha&t — amylase from
Xanthomonas campestris is stable until 55 °C

Other studies have found- amylase from different sources has different
optimum temperatures according to the source migesosm and its
environment. Shin and Labbe, (1995) have found plafied o — amylase
from Clostridium perfringens was inactivated between 35 and 40 °C. While
Shawet. al., (1998) demonstrated that- amylase ofhermus sp. is stable
over 50 °C with optimum temperature 70 °C.

3.6.4 Effect of EDTA On a - Amylase Activity:

Valleeet. al., (1959) and many other studies have statedathamylase
is a metalloenzyme which depends on the presenCa afns for its activity
and since EDTA has the ability to remove Ca, dwvi#¢ of o — amylase
produced by many microorganism is supposed taippressed by EDTA.

To investigate weather— amylase is metalloenzyme or not; amylase
enzyme produced by Xc H6 was incubated with EDTtAddferent
concentration, 0, 1, 3, and 5 mM.

e
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Fig. (24) shows the results of incubationoof amylase with different
concentration of EDTA and these results demonstrattn, — amylase had
retained its activity during incubation with EDTA.

The above results indicate that- amylase produced byc H6 is non
metalloenzyme and its activity is not affected bg presence or absence of

Ca ions in medium.
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2. Material & Methods

2.1 Instruments and Chemicals:

2.1.1 Instruments:

The instruments used in this study are listetthe table (3).

Table 3: instruments used in this study.

Instrument

Source

Autoclave

Harayma (Japan)

Shaker Incubator

Gallenkmp. (Japan)

Magnetic Stirrer

Ikamaga RET (Japan)

Oven

Galenkamp (England)

Vortex

Rota Mixer Hati (USA)

Balance

Sartorius (Germany)

Sensitive Balance

Sartorius (Germany)

pH meter

Metler Toledo (England)

Vacuum Pump

Schu Co. Inc. (England)

UV — Visible spectrophotometer

Aurora Instruments Ltd (Englan

Centrifuge

Heraeus ( England)

Chromatography Column

Pharmaci Fine Chemics

(Sweden)

Water Bath

Atom (England)
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2.1.2 Chemicals:

Chemicals used in this study are listed in thiedong table

Table 4: Chemicals used in this study.

Company

Chemicals

Difco (USA)

Yeast Extract, Agar, Trypto
Starch, Sucrose, Lactose, ca
Acrylamide.

Fluka (Switzerland)

lodine crystals, Sodium potassi
tartarate, 3,Minitro Salicylic Acid
(DNSA), Riboflavin, MgC},

BDH (England)

MgS04.7H20, NacCl,
Glucose, Sodium
Maltose,85% orthophosphoric ag
NH4(SO4)2, NH3C|3, HydrOChlori
acid (HCIl), Glycine, Ammoniu
Persulfate, Ammonium sulpha
perchloric acid, methanol , Tri
Chloroacetic Acid, acetic acig
phosphoric acid NH,CI, , CaC},

Hopkin and Williams LTD

Potassium
KoHPO,

lodide, FeSM,0,

Sigma (USA)

Nutrient Broth, Nutrient Aga
Glycerol, Malt Extract, Pepto
Bovine Serum Albumin, Tri®ase
Bisacrylamide Bromophenol Blug
Tetra Methyl Ethylene Diami
(TEMED).

Pharmacia Fine Chemic

(Sweden)

Sepharose CL — 6L

| &
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2.2 Culture Media:
2.2.1 Nutrient Broth:

This medium was prepared according to the instms of the

manufacturer company.

2.2.2 Nutrient Agar:

This medium was prepared according to the instms of the

manufacturer company.

2.2.3 Starch - Nutrient Agar Medium:

This medium was prepared by supplementing nutiagar with 1%
soluble starch and sterilized by autoclaving.

2.2.4 PM 1 Medium (Lee et. al., 1989):

This medium composed of the following compounds)(%

Glucose 3
MgSQO,.7H,O 0.3
Pepton 2.2
KH,PO, 3

pH was adjusted to 7.0 and sterilized by autocipan121 °C for 15

min.

2.3 Buffers and Reagents:
2.3.1 Lugal’s solution (Fad, 1976):

It was prepared by dissolving 10 g of potassiumdedn 25 ml of

distilled water; 5 g of iodine was then added with stirring until completely

| R
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dissolved. The volume was then completed in a vetumflask to 100

ml with distilled water and kept in a dark bottle.

2.3.2 Phosphate buffer:

This buffer was prepared according to the insions of the

manufacturer company.

2.3.3 Soluble - Starch Solution (0.5 %):

This solution prepared by dissolving 0.5 g of stdustarch in 25 ml of
phosphate buffer (pH 7), the mixture was then ltkate hot plate to
boiling point until starch was completely dissoly¢den it was let to
cool at room temperature and the volume was coeylet 100 ml in a

volumetric flask with phosphate buffer.

2.3.4 3,5- Di NitroSalicylic Acid Solution (DNSA):
This solution was prepared according to ket and Bernhard, (
1972) by dissolving 1 g of DNSA in 50 ml of ditgdl water. Then 20 ml
of 2 M sodium hydroxide solution was added follovisdadding 30 g of
sodium — potassium tartarate gradually until it waspletely dissolved.
The volume was completed to 100 ml in volumetiask with distilled

water and kept in dark bottle.

2.3.5 Maltose Stock Solution:

This solution was prepared by dissolving 0.2 g aftose in 20 ml of
distilled water, and then volume was brought up@0 ml in a volumetric
flask.

R
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2.3.6 Bovine Serum Albumin Stock Solution:

Protein Bovine Serum Albumin ( BSA) stock solutiwas prepared by
dissolving 10 mg of BSA in10 ml of 0.05 M phosphhtdfer (pH 7).

2.3.7 Resolving Gel Buffer Solution:

This solution was prepared by dissolving 36.3g é-Base in 50 ml of
1M of HCIl. The pH was adjusted to 8.8 and the vaumas then
completed to 100 ml.

2.3.8 Stacking Gel Buffer Solution (0.5M):

This solution was prepared by dissolving 6g of HiBase in distilled
water and the pH was then adjusted to 6.8 usingHIMl The volume

was then completed to 100 ml in volumetric flask.

2.3.9 Reservoir Buffer Solution:

This solution was prepared by dissolving 3g of FiBase with 14.4 g
of glycine in 800 ml of distilled water. pH was asdied to 8.3 and the
volume was then completed to 1000 ml.

2.3.10 Acrylamide-Bisacrylamide Buffer Solution
(30%):
This solution was prepared by dissolving 30 g alylamide and 0.8

bisacrylamide in 80 ml of distilled water then thedume was completed
to 100 ml and kept in dark bottle.

| &
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2.3.11 Ammonium Persulfate Solution (10%):

This solution was prepared instantly by dissolvitgy of ammonium

persulfate in 10 ml of distilled water.

2.3.12 Riboflavin Buffer Solution (0.004%):

This solution was prepared by dissolving 4 mg bbflavin in 100

ml of distilled water and kept in dark bottle.

2.3.13 Sample Buffer:
This solution was prepared by dissolving 0.04guafrese in 0.2 ml of

the purified enzyme. 50l of bromophenol blue was then added, as an

indicator in the electrophoresis medium.

2.3.14 Fixing Solution:

This solution composed of 40% methanol and 10%hloroacetic Acid
(TCA).

2.3.15 Destaining Solution:

This solution Composed of 40 % methanol and 10%@aeid.

2.3.16 Tris — Acetate - Phosphate Buffer (Ellis
and Morrison, 1982):

This solution was prepared by mixing Tris — HCletc acid and
phosphoric acid with a final concentration of 0.2thle pH was adjusted

according to the needed values.

R
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2.3.17 EDTA Stock Solution (1M):

It was prepared as a stock solution with final @miation of 1 M then

1, 3 and 5 mM were prepared from this stock sofutio

2.4 Dyes:

2.4.1 Bromophenol Blue (0.25%)(Atlas et.al.,, 1995):

This dye was prepared by dissolving 0.25 g of lapinenol blue in 100
ml of distilled water. Mixed until completely disised.

2.4.2 Commassie Brilliant Blue G- 250 (Bradford,
1976):

This dye was prepared by dissolving 100 mg of CossneaBrilliant
Blue G- 250 in 50 ml of 95% ethanol, and then 10D ah 85%
orthophosphoric acid was added. The volume was twmmnpleted in
volumetric flask to 1000 ml with distilled water.

2.5 Bacterial Strain:

Bacterial strain Xanthomonas campestris H6 used in this study was
obtained from the department of biotechnologylegmd of science, Al-
Nahrain University (Al-Delaimi, 2000).

2.6 Methodology:

2.6.1 Growth of Bacterial strain:

Xanthomonas campestris H6 was allowed to grow on nutrient broth.

Aeration of the liquid culture was achieved by ibating the flasks in
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shaker incubator ( 150 rpm) at 30 °C for about 4.8h both liquid and

solid media.

2.6.2 Maintenance of Xanthomonas campestris H6:
Maintenance ofXanthomonas campestris H6 was conducted according

to Maniatiset. al. (1982), and as the following:

1. Short term storage:
Colonies of strain H6 was maintained for a pesiteew weeks on the
surface of agar medium, then slantes were tighthpped in parafilm

and stored at 4 °C.

2. Meduim term Storage:

Strain was maintained in stab cultures for longqueof few months.
Such cultures were prepared in small screw — capjadsl containing 2 -
3 ml of nutrient agar medium. The media were inatd using a sterile,

straight platinum wire that is dipped into a dermisgid culture of
bacteria and then stabbed deep in to the agar medafter proper
incubation, the cap was wrapped tightly in parafiitnprevent desiccation

of the medium and kept at 4 °C.

3. Long Term Storage:
Long term storage was achieved by adding 1.5 msterilized glycerol
to an exponential growth culture of strain H6 isa@ew-cupped bottle

with a final volume of 10 ml and stored at -20 °C .

E:
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2.6.3 Starch Hydrolysis test:

Strain H6 was inoculated into the plate of staralmutrient agar plates
(2.2.3) and incubated at 30 °C for 24 hr. afteubation the plate was
flooded with lugal’s solution (2.3.1). The develogmh clear zone around

the colonies indicates a positive result (Aghaal., 1995).

2.6.4 a - Amylase Assay:

a — amylase activity was assayed by measuring tbacneg sugars
released during the reaction, using starch as atsb, according to
Miller, (1959).

Enzyme activity (unit/ ml) is defined afthamount of enzyme
which produces one micromoleuy(mole ) in a minute under the
estimation condition. While specific activity xgresses the units
activity per each milligram (mg ) of a proteiAlpha amylase activity

was determined according to Miller (1959).

2.6.4.1 Maltose Standard Curve:

Maltose standard curve was prepared and as folpwin

1- The following volumes of  maltose standard 8ohu were
prepared from maltose stock solution (2.3.5) irtstégbes (triplicate
for each volume). Then proper volumes of distiNeater were added
and as table 4:

2- One ml of DNSA (2.3.4) was added to each tube.

3- Tubes were boiled in water bath for 5 minutes.

4- Tubes were cooled using tap water.

5- Ten ml of distilled water was added to each tube

6- Absorbency at 540 nm was then measured. Tub®&uome was

used as a blank.
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7- A standard curve was plotted between the conraigon of

maltose and the correspondent absorbance at 540 nm.

table 4: preparation of maltose standard curve.

Tube No. Maltose Distilled Maltose
Sol (ml) Water(ml) | (mg/ml)
1 0 1 0

2 0.1 0.9 0.2

3 0.3 0.7 0.6

4 0.5 0.5 1.0

) 0.7 0.3 14

6 0.8 0.2 1.6
7 1.0 0 2

P

0.6 0.9 1.2 1.5 1.8 2.1 2.4

Maltose Concentration (mg/ml)

Fig. (1)Maltose Standard Curve
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2.6.4.2 Alpha Amylase Activity Determination:

1. A mixture of enzyme and the substrate was prepéased
adding 0.1 ml of the crude enzyme to 0.9 ml ofgtaech solution
(2.3.3) in tests tubes. Tubes were incubated iremzdth at 30 °C
for 10 minutes.

2. 1 ml of DNSA (2.3.4) was then added to the mixtiorstop
the reaction. Tubes were then incubated at boikngperature in a
water bath for 5 minutes.

3. Tubes allowed cooling and then 10 ml of distilledter was
added to each tube.

4. Optical density at 540 nm was then measured.

2.2.5 Determination of Protein Concentration:
Protein concentration determination was performed aziginally
described by Bradford (1976). And as following:
1. Several dilution of standard protein ( BSA ) werepgared
from BSA stock solution (2.3.6) in the same buffied according
to volumes in table 5:
2. Then 1 ml of commassie brilliant blue G-250 (2.4vw2)s
added to each dilution and left to stand for 2 mam.room

temperature.

3. The absorbance at 595 nm was measured: the blask wa
prepared from 0.1 ml of the buffer and 1 ml af ttye reagent.

4. A standard curve was plotted between the amournisobdéin

corresponding absorbance of the standard proteme. gdrotein
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concentrations of unknown samples were calculatedn fthe
standard curve (fig. 2).

Table (5): preparation of BSA standard curve

BSA Buffer (ul) Protein amount Total Volume

conce. (ng/ml)
(ng/mli)

2 o8 2 0.1

4 96 4 0.1

6 94 6 0.1

10 90 10 0.1

14 86 14 0.1

16 84 16 0.1

20 80 20 0.1

\\

© o
N ®

S © e 9
W A a o

o
N

Absorbance (595 nm)

o
~

Qo

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

BSA Concentration (mg/ml)

Fig. (2): Bovine Serum Albumin Standard Curve.
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2.6.5 Optimal Condition for Alpha Amylase

Production:
Several factors were studied in order to determihe optimal
conditions for a- amylase production frodanthomonas campestris

H6 and as follows:

2.6.5.1 Determination of the Optimal Carbon Source:

PM1 media supplemented with different carbon sesir¢maltose,
glucose, sucrose, starch and lactose) at condentr@t3 g/100 ml were
inoculated with 100 pl of exponentially growth eult (O.D.= 0.6) of
Xanthomonas campestris strain H6 and incubated for overnight at 30 °C
with 150 rpm shaking to determine the optimum carbource for theo-
amylase production enzyme.
2.6.5.2 Determination Of The Optimal Concentration of
The Carbon Source:

Different  concentrations of the best cartswurce for the
production of thex — amylase was tested (2, 2.5, 3, 3.5, 4 %) tarchine
the optimal concentration of best carbon sourcetlier o — amylase

production.

2.6.5.3 Determination of the Optimal Nitrogen Source:

In order to determine the optimal nitrogen soumetiie production of
the o- amylase enzyme, different nitrogen sources wasedein a
concentration of 2.2 %. These sources are: pept@as=in, ammonium

sulphate, yeast extract, trypton and ammonium aidor

ES
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2.6.5.4 Determination Of The Optimal Concentration of
Best Nitrogen Source:

PM1 medium was supplemented with different conegian of the best
nitrogen source (2, 2.5, 3, 3.5, 4 %) to deteemihe optimal
concentration of the best nitrogen source for tHe ae amylase

production.

2.6.5.5 Determination Of The Optimal Temperature For
a- Amylase Production:

PM1 media inoculated withXanthomonas campestris H6 was
incubated at different temperatures (20, 25, 30,aB8 40 °C) to
investigate the optimum temperature for thewofamylase production.

2.6.5.6 Determination Of The Optimal pH For a-Amylase
Production:

PM1 media with different pH values ( 6, 6/5,7.5 and 8) were
inoculated withXanthomonas campestris H6 and then incubated at 30 °C
a shaker incubatofrpm 150)to determine the optimal pH value that is

suitable for thea- amylase production.

2.6.5.7 Determination Of The Optimal Phosphate
Source For a-Amylase Production:

in order to determine the optimum phosphate sofwcex- amylase
production, (KHPQ, and KHPQO, were supplemented to PM1 media
separately at different concentration (2, 2.5,.8,&d 5 %).
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2.6.6 a — Amylase Purification:
Crude filtrate was obtained by allowing the baetd¢a grow in PM1
media under the optimized conditions. Then puriiara steps were
performed in order to obtain the — Amylase in its pure form and to

further study some of the enzyme characteristidsaafollowing:

2.6.6.1 Ammonium Sulphate Precipitation Step:
Crude filtrate, obtained by allowing the bactewagrow in PM1
media under optimized conditions, was concentratesiing

ammonium sulphate with a saturation ratio of 6M-%@

2.6.6.2 Dialysis:
Supernatant obtained from the above mentionedvwsspredissolved in
distilled water and dialyzed against Phosphateotag3ium Buffer for

three successive days with three substitutions withree days.

2.6.6.3 Gel Filtration:

The final step ofa- amylase purification was gel filtration through
sepharose CL — 6B according to Salin and Brown+Bet€1993) with
slight modifications.

Sepharose CL - 6B suspension was packed aftessiagafor 10 min.
into the column. After settling of the column matnmatrix size was 2 *
14 cm, it was equilibrated with potassium phosplmatéer solution (pH
7) containing 0.4M NaCl. Extract obtained after thalysis step was
added to the column and equilibrated with the phasp buffer (pH 7).
Three ml fractions were collected in test tube®tdin concentration in
each fraction was monitored spectrophotometrically280 nm, fractions

of the protein peaks were assayed &eamylase activity. fractions
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containing enzymatic activity were collected, lydzled and stored at 5

°C for further characterization.

2.6.7 Poly acrylamide gel Electrophoresis under

nondenatured conditions:

In order to test the purity of the- amylase obtained from the gel
filtration step, protein poly acrylamide gel eleghoresis was performed
for the partially purified enzyme according to Edabear, (1984).

Separating gel was prepared by mixing 7.5 ml ofylaanide-
bisacrylamide (2.3.10), 17.5 ml of distilled waéerd 3.75 ml of resolving
gel buffer(2.3.7), the solution was degassed fomlf® using a vacuum
pump, then 1.5 ml of ammonium persulphate angll&d TEMED were
added to the degassed solution and mixed gentipgURasteur pipette,
the separating gel was transferred to Polyacrylangel electrophoresis
(PAGE) tubes, using another pipette, the top ofgitlenvas covered with
iIsobutyl alcohol. The gel was then allowed to pdadyize for 1 hour at
room temperature.

Stacking gel was prepared by adding 2.5 ml of acndle -
bisacrylamide solution, 5 ml of stacking gel bufi.3.8), 10 ml of
distilled water and 2.5 ml of riboflavin solutio2.8.12). The solution
was then degassed for 10 min. using a vacuum pfBpl of TEMED
solution was then added and mixed gently. The stgcgel was then
transferred slowly over the separating gel to p@se for about 1 hour
at 25°C .

The PAGE tubes were submerged in the reservoieb(#£3.9) and 100
ul of the sample buffer (2.3.13) was loaded on thlesgrface. The power
supply was connected and run at 2.5 mA tube oftanbfsurrent until the

traking dye enter the separating gel, and therdineent was increased to

|3
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6 mA. The total run time for the gel was about 4uihso Then,
polyacrylamide gels were removed from the PAGE subad placed
separately in test tubes. Gels were immersed ingisolution (2.3.14)
for 1 hour, fixing solution was then poured off atitk gels were
immersed in the staining solution (Coommassie i@antl Blue G-200) for
3 hours. Then staining solution was poured off tredgel was immersed
with destaining solution (2.3.15) to remove the aund stain.

The destaining process continued until blue bandgrotein were

obtained. Gels were stored in test tube 7% acetit a

2.6.8 Enzyme Characterization Assays:
Some of the main characteristics of the purifiedamylase were

determined and as following:

2.6.8.1 a - Amylase Molecular Weight Determination:

Molecular weight of the partially purified enzymeasvdetermined by
gel filtration chromatorgraphy method, through sapise CL-6B using
standard proteins as a molecular markers like ysez(1400 Dalton) ,
Trypsine (20000 Dalton) pepsin ( 34700), bovinaisealbumin (67000)
and blue dextran (2 x $0which was used to determine column void
volume (\p).

Gel filtration for the sample and each of the staddprotein was
performed as described in (2.6.6.3) and the elutmome (\) for each
protein was estimated.

Then, the relationship between the ratio of elutimlume of each
protein to the void volume of blue dextran elutmrlume V. /V:) and
the logarithm of the molecular weight of each staddoroteins to obtain

the standard curve which it was used then to egtirttae molecular
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weight of thea — Amylase enzyme according to Laue and Rhodes,
(1990).

2.6.8.2 Effect of pH on a- Amylase activity:

Using buffer solution described in (2.3.16) whicdhoeen distributed
evenly into aliquots, the pH was adjusted in eact according to the
required value as described by Eliss and Morrid@82). 0.1 ml of the
purified a-amylase was added to 3 ml of buffer solution vdifierent
pH values ranging from 4 to 8 containing starchaasubstrate and-
amylase assay was then performed.

The activity of a-amylase was plotted against the pH values to

determine the optimal pH feramylase activity.

2.6.8.3 Effects of pH on a- Amylase Stability:

Equal volumes of purified enzyme and buffer soltja.3.17) with pH
range from 4 to 8 were incubated in a water batB0atC for 30 min.
then tubes were transferred immediately into arbat. The enzymatic
activity for each tube was determined as it wasmlasd in (2.4.6).

The remaining activity (%) for the-amylase was plotted against the

pH values to determine the stability of theamylase.

2.6.8.4 Thermal Stability for a- Amylase:
Test tubes containing the partially purifie@mylase were incubated
in water bath for 15 min. at various temperatu3} @5, 40, 45, 50, 55
and 60°C) then immediately transferred into an ice bath.
Enzymatic activity was then measured and the reingiactivity (%)

was then plotted against the temperature.

| &
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2.6.8.5 Thermal Stability for a-Amylase at 40 °C:

The partially purified enzyme was incubated in dewdath at 40 °C
for different times (10, 20, 30, 40, 50 and 60 miand immediately
transferred into an ice water bath.

Enzymatic activity for then-amylase was then determined and the

remaining activity was then plotted against thestim

2.6.8.6 EDTA Effect on a- Amylase Activity:

Equal volumes of purified enzyme were incubateavater bath with
0,1,3and 5 mM of EDTA in Tris — Hcl ( pH 7.4t 35 °C for 10 min.
then immediately transferred into an ice bath. Thila enzymatic

activity was measured.

1%



Conclusions

Conclusions:

+ PM1 medium containing glucose 3.5 %, peptone 2 %R0, 2.5 %,
pH 7 and incubation at 30 °C was very appropriatelitions for the
extracelluara — amylase enzyme production froXanthomonas
campestris H6.

« Purification protocols using ammonium sulphate migation
followed by gel filtration using Sepharose CL — %8s successful in
purifying the extracelluan — amylase to apparent homogeneity.

+ o — amylase producedanthomonas campestris H6 was more active
at neutrality or slightly basic conditions more rthacidic or slightly
acidic conditions.

+ o — amylaseXanthomonas campestris H6 has a molecular weight of
14000 Daltons.

- Partial purified extracelluann — amylase has a narrow range of
thermostability and the activity is decreased hé tenzyme was
incubated at temperature above 40 °C.

« Thea — amylase produced B¥anthomonas campestris strainH6 is a
non — metalloenzyme and its activity is not affddby the presence of
the chelating agents like EDTA.

©
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Summary

Summary

The ability ofXanthomonas campestris strain H6 for the production of
a — amylase was studied and it was found that Xcigi6apable of
producing the e xtracelluar— amylase enzyme.

Optimal conditions for the. — amylase production in PM1 medium
were studied and the higher activity of this enzymas obtained in PM1
medium supplemented with glucose 3.5 %, peptote B,HPO, 2.5 %
at 30 °C and pH 7.0.

Results obtained demonstrate tthat amylase produced by Xc H6 is a

constitutive enzyme that is not subjected to cdiboepression by
glucose like many other amylases.
This enzyme was initially purified by ammonium sudpe precipitation
with saturation ratio or 60 — 80 % which gave acepeactivity of 12.97
U/mg with 1.4 purification fold, then it was puefl by gel filtration
using Sepharose CL — 6B which resulted in speaigtevity of 42.63, 4.7
purification fold and an overall yield of 21.69%.

Purity of the purifieda — amylase was confirmed using poly
acrylamide gel electrophoresis under non denatw@udition which
demonstrated only single protein band.

Characterization experiments showed that thecutdr weight of the
— amylase produced by Xc H6 is about 14000 Daltorthe other hand it
was found that optimum pH for the activity of theurified enzyme was
7.5 and the enzyme retained its complete activitgmit was incubated
at pH 6.5 and 7.0 and it retained more that 90%sddctivity at pH 7.5.

Thermostability of the purified — amylase was tested and the enzyme
showed 100% of its activity at 30, 35 and 40 °C ahdut 95% at 45 °C.

Activity of the enzyme was 50% when it was inculaae60 °C.



Summary

The effect of chelating agents @r amylase activity was investigated
and results showed that there was no significatrte@dese in the activity of
the a — amylase when it was incubated with differentasmtrations of
EDTA, indicating that chelating agent have no dffen o — amylase

enzyme and its is a non — metalloenzyme.
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