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Conclusions

1. Bacillus stearothermophilus M13 produced a valuable amount of
a-Amylase among the local thermophilic isolatesat tbould be used in
many industrial applications.

2. The optimal conditions fora-Amylase production and byBacillus
stearothermophilus M13 were determined ;represented by TSM medium,
at 55 °C, late log and early stationary phasgr@ivth .

3. a-amylase showed a high activity at pH 7.0 with gitgbat pH range
(6.5-8.0), and a high activity at 70°C with 100%4he remaining activity
.while, at 90°C showed 55% of the remaining agtivit

4. The purification protocol included DEAE —sephader Exchange and gel
filtration gel were recommended.

5. Four possible forms (a, b, ¢ and d) of enzyme wawed from ion-
exchange chromatography in which “b” showed thghést specific
activity among them , and the overall activity nfseydue to it namely.

6. Molecular weight oti-amylase was" 56234 Da.” when estimated by gel
filtration and “55426 Da.” when estimated by SIFRGE technique .

7. TLC technique was applied to verify theAmylase time-effect —products
in which monosaccharide and disaccharides were @rti@products.

8. a-Amylase showed antigenic properties in vivo byrdasing the activity
37.4% for the partially purified-amylase forms.

9. The DNA fragment that coded farAmylase was cloned inté .coli MM
294 using pBR22 as a vector, in which the length of the clonedrimagt
was estimated of 1790bp approximately.

10.The expression of the recombinant fragment was ctigte in the

transformants cells on a solid medium and liquidiinne, which showed a
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slight decrease in the specific activity in compan with original

organism with no accompanying proteases activity.
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5.2 Recommendations

1. Studying the optimization ai-Amylase production by the clonégl.coli
MAZ1 using the liquid media.

2. Conducting further molecular studies ferAmylase regulation and
secretion in the original Bacillus stearothermophilus M13 and
transfrormed ( cloned} .coli AM1.

3. Cloning the multicopy number far-amylase gene in pBR322 or other
suitable vectors.

4. Producing and purifying Monoclonal antibodies tded¢ the enzyme and
more accurate assay @amylase activity.

5. Conducting more detailed studies concerning prog&rigineering ofo-
Amylase produced by the clonefl. coli to undergo the industrial
processes within different conditions such as aikgl stability and more
thermophilic stability .

6. Studying the kinetics ai-Amylase form(s) (if any) in the new host .

7. Founding of a specialized center to enhance théuyatmn and to improve

the proteins for future important industeries mwlr



Summary

Sixty-nine local bacterial isolates of thermophHacillus spp. isolated
from different soil locations over Iraq land wesereened for their ability to
produce extracellulam-amylase (EC 3.2.1.1) in solid and submerged
cultures. The isolatBacillus stearothermophilu8i13 was selected based on
its production of enzyme among the other isolated used in the present
work to study the production,purification andatterization of enzyme then
the cloning of thex-amylase gene. It was susceptible for soamibiotics
(Imipenem, Cefotaxime, Norfloxacin, Gentamicin, Pencillin, Ampicillin).
while, it was resistant to Aztreonem.

The optimum conditions fora-Amylase production from Bacillus
stearothermophilu$113 were grown in TSM medium with an initial pH 7.0
at 55C for 24 hrs of incubation, the activity of crugleract was 0.04 U/ml.
a-Amylase was purified frorBacillus stearothermophilug!13 isolate
by several steps including saturation of crude asttrwith ammonium
sulphate (40-80%), ion exchange chromatography EBAB Sephadex in
which four isozymes(forms) were noticed namedags.¢andd). “b forn’,
which showed the higher specific activity among tthers, was applied to
gel filtration through Sephadex-G100 that revealeérall specific activity of
1.675 U/mg ; 30.45 folds of purification and yield of 50.25 %.
The characterization of the partial purified enzyshewed that its molecular
weight was “56234” dalton as determined by geldtibn technique, on the
other hand the estimation of molecular weight usBDS- PAGE was
“565426" dalton.
The enzyme activity was higher at pH rang 6.5-1é& & showed stability at
pH rang 6.5-8.0. The maximum enzyme activity wamreed at 68C and it



was stable at 7€ for 30 min and retained 50% of its original aityivat
90°C, which confirmed that this enzyme is hedilstanzyme.

The a-amylase showed antigenic activity in vigdRabbits) ,the polyclonal
antibodies could decrease theamylase activity with 37.4% . Then the
products ofa-amylase action on the starch over the reactioe tvad been
investigated using TLC , glucose ,maltose andrathé&nown carbohydrates
were produced that could not be identified due to unvaiabilitystandard
analoges .

Immobilization of a-amylase via entrabment method using the calcium
alginate was successful, it retained 24% of itginal activity on the 28 day
of storage when it kept at 4°C.

a-Amylase genome was investigated for any possilasnmd DNA carrying
the a-amylase gene , the plasmid DNA was isolated lhyee different
protocols, ( Alkaline lyses ;CTAP and Mielenz stoicol ) results showed no
detectable plasmid.

Cloning of a-amylase gene was done ; chromosomal DNABof
stearothermophiluM13was extracted and partially digested witimd 11l .
The pBR322 was isolated and purified via CsCIl-EtByradient
ultracentrifugation, then it completely digested Byndlll. The digested
chromosomal DNA and vector was ligated by T4 ligas&tio of the inserted
DNA : vector DNA as 5:1 , followed by the transfation of the host cells
( E. coli) with hybrid vector. Transformants (3847) weréstd according
to the ampicillin resistance as in the primamesaing then to hydrolysis of
starch. Five clones ( 0.13 %) only out of 3847 ¢sfamments were able to
produce a-amylase on solid and liquid media , the highendfarmant-
producer was namel. coli MA1 , in which the specific activity was 0.045

U/mg .
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1.1 Introduction

Enzymes are complex proteins that act as catalgstthe countless
biochemical reactions that keep humans, animalsantgl and
microorganisms alive. Enzymes have an importancéhénindustrial and
commercial uses as well. Since ancient times, elogVe observed enzymes
at work when fermenting their wine and beer, tugntheir sour milk into
cheese, and causing their bread dough to rise.

In 1833, the French chemist Anselme Payen sephi@atsubstance
from an extract of malt that, he realized, seenazhble of speeding up the
conversion of starch to sugar. Payen called thestanbe diastase (Greek
expression separation, from, to stand apart; tii@ugh + to stand)diastase.

(Webster, 1918 the first enzyme to be isolated and preparedain

concentrated form.
Starch-degrading, amylolytic enzymes are widely triisted among
microbes. Several activities are required to hydmlstarch to its glucose
units. These enzymes including-amylase, -amylase, glucoamylase,
a-glucosidase, pullulan degrading enzymes, and dgsioin
glycosyltransferase. Properties of these enzymeg &ad are somewhat
linked to the environmental circumstances of thedpcing organisms,
features of the enzymes, their action patternssipbghemical properties,
occurrence and genetics (Vihinen and Mantsk&9 .
Screening for new microbial strains producing tlesiceda-amylase from
extreme environments has been reported (Senala, 1997; Niehaus et al.,
1999;Veille and Zeikus, 2001) .Utilization of high concentrations of starch,
thermostability, and protein vyield are important itesta for
commercialization (Schafet al., 2000).

Genetic engineering has been used extensivelydamg of amylase-

producing strains, mainlg-amylase and glucoamylase (GA), in order to



CRAPEET OME ..ot Introduction

achieve desirable characteristics in the cloned. idse purpose of gene
cloning can be, among others, the expression aimibstable enzymes,
higher enzyme productivity, co-expression of twayemes by the same
organism or as lessamylase contaminated with the other enzymes.
a-Amylase is found in saliva and pancreatic secnstiovhere they play an
obvious role in polysaccharide digestion. More ssimpgly, a-amylase was
also found in blood, sweat, and tears, possiblafdir-bacterial activity.
a-Amylase determination has been recognized as aportant
diagnostic tool for many years, because the eleMatesls of the enzyme are
associated with liver and pancreatic disorderswal as other diseases
(Bookrags, 2006). Enzymes are the catalysts ofredictions in living
systems. These reactions are catalyzed in thesagites of globular proteins.
Enzymatic processes have been increasingly incatgadin textiles over the
last years. Cotton, wool, flax, or starches arenmaimaterials used in textiles
that could be processed with enzymes. Enzymes lhaen used for
desizing, scouring, polishing, washing, degummpegpxide degradation in
bleaching baths as well as for decolourisation y¢ douse wastewaters,
bleaching of released dyestuff and inhibiting dyansfer. Furthermore,
many new applications are under development suctatasal and synthetic
fibers modification, enzymatic dyeing and finishinglost of the textile
processes are heterogeneous where an auxiliarydgs, &@nzyme, softener,
or oxidant has to be taken from the solution to fiber. These processes
require the presence of surface-active agents; fonce “balancers” buffers,
stabilisers and others, and are characterized wigin turbulence and

mechanical agitation in the textile baths.
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The present study attemptsto:

1.

Isolation and identification ofBacillus stearothermophilus from
different soil samples.
Production, Purifification and chractrization ofonse properties of

thermoliable a-amylase.

3. producing Anti-amylae sera as polyclonal antibedie

Molecular cloning of a-amylase gene from Bacillus
stearothermophilus in E. coli MM294 using pBR322 vector, then
investigate of the possible expression whmylase gene in the

transformed cell(s).



CRAPLET TUWO. ... literature Review

2.1Bacillus

Bacillus spp. as a genus, are gram positive , rodlet skdped,
straight or nearly so, endospores are very resistanmany adverse
conditions ,formed not more than one per cell orgjation not repressed by
exposure to environment. Aerobic or facultativeaanhic , catalase- positive
; oxidase —positive or negative ,G+C is ( 32-69%igly or chains (0.5-
1.2um)—(2.5 - 10um) (Sneathet al.,1986).

The basis of classification and identification vestablished by Gibson and
Gordon(1974), they allocatacillus spp. Into 19 species based on shape of
endospores and position inthe mother cells or sporangium.
With the introduction of modern taxonomic technigusich as numerical
phenetics ,DNA reassociation experiments have akdbWNA sequence
homology between strains to estimate the rangeN DIt could be best be
appreciated by numerical classification for whsthains are examined for
numerous physiological, biochemical and morpholalgiccharacters
similarities in which they were recovered in saxge groups or aggregates
of clusters ( Nielsest al.,1995).

According to the optimum temperature of growBhcillus sp. could be

placed in one of four classes :

1. Psychrophiles grow well at 0°C and have an optimgrowth

temperature of & or lower; the maximum is around 20°C .

2. Many species can grow at@even though they have optimum between
20°C and 36C ,and maximum at about %5 these are referred to as

psychrotrophs or facultative psychrophiles .

3. Mesophiles are microorganisms with growth optin@uad 20-458C and

a temperature maximum of AIsto 20C.
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4.Thermopiles can grow at temperature ofGBr higher —their growth
minimum is usually around 46 and they often have optima between
55°C and 65C (Prescottt al.,1990)

2.2 Bacillus stearothermophilus

Bacillus stearothermophilus, means fat-and heat -loving, The most
distinctive diagnostic characterictic is the azfyato grow at 65C and a
limited tolerance to acid.It occurs in arctic eatocean sediments, food and
compost, mol % G+C of the mol% DNA which igeported to be( 43.5-
52.6) (Sneatlet al.,1986).Thermophiles are adapted to temperaturecabov
°C in a variety of ways, often thermopiles havagh{%G + C) content in
their DNA such that the melting point of the DNAégttemperature at which
the strands of the double helix separate) is @t las high as the organism's
maximum for growth, but this is not always the ¢am®d the correlation is
far from perfect, so thermophile DNA must be siabil in these cells by
other means. The membrane fatty of thermophilictdyega are highly
saturated allowing their membranes to remain stabté functional at high

temperatures ( Daron ,1970) .

Membranes of hyperthermophiles ,virtually all ofigfhare Archaea
,are not composed of fatty acids but of repeatinbusits of the C5
compound , phytane , a branched ,saturated,"isopkrsubstances ,which
contributes heavily to the ability of these bacteto live in superheated
environments (Presco#t al.,1990).The structural proteins (e.g. ribosomal
proteins, transport proteins permease) and enzyhabermophiles and
hyperthermophiles are very heat stable comparett thieir mesophilic
counterparts .The proteins are modified in a numifeways including
dehydration and through slight changes in theimpry structure ,which
accounts for their thermal stabilit)Kénneth and Todgr2005).
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2.2 Starch:

2.2.1 Molecular structure of Starch

Corn starch is found in granules within the keragla long polymer
composed of two structural classes: amylose andogmgtin. The basic
repeating unit for both types of starch is D-gliecosolecules, connected by
glycosidic bonds (figure 2.1). The polymer chainsl dhe formation of the
intermolecular network traps water and resultsehfgrmation and solution
thickening, after the starch is completely hydrelyzor broken down, its
basic component is D-glucose also called dextrose corn sugar
( Koivula,1996).

Amylose is a lanear polymer of short 1, 4-linkedioglse chains.
Typically, the amylose fraction is about 25-30% tbé starch molecules
found in corn and has a molecular weight of ab@60(kd), The percentage
of amylose in the starch is genetically determin@énetic modifications
producing high-amylose (50-70%) cornstarch are &&md. amylopectin
comprises about 70-75% of the starch found in tm &ernel and has a
molecular weight of about 50-500 million Daltonsmplopectin is a
branched polymer of the basic repeating units df lihked glucose with
branches of 1, 6 linked glucose, The branching cauwegularly in the
starch, approximately one per twenty-five glucosdétsu(Karkallas, 1985
Randleman, 2000).

The corn starch separated from the kernel by themilkeng process is
generally 99% pure and contains 0.25-0.35% pro@br0.6% lipid and less
than 0.1% minerals. 35% of the industrially predacernstarch is utilized by
the food industry; the remainder of the starchuishier refined or modified
for use in the paper and construction industriesighificant proportion of

the corn starch derived from the wet-milled processd for food goes into
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the fermentation of alcohol. It first has to be wered into dextrose or
D-glucose(Karkallasl 985;Bhosale et al.,1996).

oo {1+ 1) bnd
o e
0 ]
]
Amylose

o

Amylopectn

QQ@

. (10 6] bond

a1 0] Bond

]

Figure(2.1):Amylose and amylopectin of starch modiéd from (Koivula,

1996)

2.2.2 Starch in industry work

Enzymes of various types are used in these presesSlithough

starches from diverse plants may be utilised, asrrthe world's most

abundant source and provides most of the substsat in the preparation of

starch hydrolysates (Hazare, 2005).

There are three stages in the conversion of s{éigtire 2.2) (Bhosalest al .,

1996)

1. Gelatinisation, involving the dissolution of thenogram-sized starch

granules to form a viscous suspension.

2. Liquefaction, involving the partial hydrolysis ohd starch, with

concomitant loss in viscosity.

3. Saccharification, involving the production of ghse and maltose by

further hydrolysis.
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Gelatinisation is achieved by heating the starckh wvater, and occurs
necessarily and naturally when starchy foods aokex. Gelatinised starch
iIs readily liquefied by partial hydrolysis with gmaes or acids and
saccharified by further acidic or enzymatic hydsidy(Chaplin, 2003; Crabb
and Shetty, 2003).

Starch granules

25 % in cold water
pH &5
§40 ppm Cast

Starch sluny

Gelatinisatdon bacterial cearmylase, 1500 U kg
*‘Ililﬁc‘l:, S min

Gelatinised starch (< 1 DE)

Ligquefaction 95°C, 2 h

L
— Ligquefied starch (1 1 DE)—
0.3 % D-glucose
2.0 % maltose
97 .7 % oligosaccharides

Saccharification | pH 4.5 pH 2.5
glucoarmylase, 150 U ko fungal c-amylase, 2000 U kg
pullulanase, 100 L kg 50 ppm Ca2t
B0, T2 h 55°C, 18 h
L
Glucose’symp (99 DE}) MhMaltose syrup (44 DE)
97 % D-glucose 4 % D-glucose
1.5 % maltose 96 % maltose
0.2 % isomaltose 25 % maltotriose

1.0 % other aligosaccharides 12 % other oligosacchandes

Figure (2.2) Starch hydrolysis as in the industriabpplications (Chaplin ,
2003).

DE, represents the percentage hydrolysis of the gigsidic linkages present

2.3 Microbial amylolytic enzymes
Starch-degrading, amylolytic enzymes are widelytridhgted among

microbes. Several activities are required to hydmlstarch to its glucose
units. These enzymes include-amylase, B-amylase, glucoamylase,
a-glucosidase , pullulan-degrading enzymes, exawgcénzymes yielding
a-type end products, and cyclodextrin glycosyltrarste table (2.1).
Properties of these enzymes vary and are somewhkeédl to the
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environmental circumstances of the producing osgasi(Vihinen and
Mantsala , 1989 ).

2.3.1 Amylases
A term that refers here ta-amylase,-amylase and glucoamylase

(Pandeyet al., 2000), which hydrolyze starch molecules to giveedie
product including dextrin and progressively smapeitymers composed of
glucose units (Reddst al., 2003).

2.3.1.1la-amylase

With the advent of new frontiers in biotechnologye spectrum ofi-
amylase application has expanded into many otledusfi such as clinical,
medicinal, and analytical chemistries.amylase has been in common use to
control the viscosity of chocolate syrup since 1948l in the brewing
industry since 1936 that amylase find potentialliappon in anywhere of
industrial process such as in the food, textile paper ( Shavet al., 1995).
Furthermoreg-amylases are used as targets for drug desigrniempis to
treat diabetes, obesity, and hyperlipidmia. The ewidg interest in the
treatment of sugar metabolic disorders has bepnktted to search for new
and efficient drugs to apply them as inhibitors arhylolytic enzymes
(Kandraet al., 2002).

a-amylase is a class of enzymes that is capabléigasting these
glycosidic linkages found in starches,amylases can be derived from a
variety of sources, Amylases are present in alhdjvorganisms, but the
enzymes vary in activity, specificity, and requiemts from species to
species and even from tissue to tissue in the sang@nism a-amylase
(1,40-D-Glucan-glucanohydrolase) acts upon large polgmelr starch at
internal bonds and cleaves them to short glucodgmaos, a-amylase

catalyzes the hydrolysis of internall-4 glucan bonds in polysaccharides
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containing 3 or more-1-4 linkages; it results in a mixture of maltose and
glucose. Amyloglucosidase works on the shorter melg and splits off
single glucose sugars. Bacteraamylase is particularly suited for industrial
usage since it is inexpensive and is thermallylstéfarkallas, 1985).
a-amylase (EC 3.2.1.1) (IUB,1979) catalyzes the wdga of thea-1,4-
glucosidic linkages between glucose moleculesancht This hydrolysis of
starch is a common first step in conversion of cétainto an utilizable
substrate for fermentation or for conversion totdese and high fructose
syrups (Pandest al.,2000).In additiong-amylases can sometimes cleave
1,6 linkages with a low catalytic rate and they bgpass am-D-1,6 branch
linkage, (Koivula ,1996) .

a-Amylase producers of commercial importance inclugbeillus
subtilis , Bacillus licheniformis, Bacillus amyloliquefaciens and Bacillus
stearothermophilus; a gram-positive thermophilic bacterium, produces a
a-amylase during growth at temperatures of 55-70FQis. a-amylase is
highly thermostable, therefore, it is more desedbl industrial applications
of the enzyme(lto and Horikoshi, 2004).

2.3.1.2p-amylase
B-amylase ¢-1.4-glucan maltohydrolase EC 3.2.1.2) is usualty o

plant origin ,but a few microbial strains are aksmwn to produce it ,its an
exoacting enzyme that cleaves non-reducing chamds eof amylose
amylopectin and glycogen molecules. It hydrolytdteraate glycosidic
linkages ,yielding maltosé{anomeric form ).p-amylase is unable to break
a-1,6-glycosidic linkages in amylopectin (Hagihaet al.,2001;Ha et
al.,2001).

2.3.1.3 Glucoamylase ( GA)
Synonyms ;Amyloglucosidase, Glucogeninc amylagar¢8 glucogenase

and y-Amylase;exo-1,4-D-glucan glucanohydrolase, (EC 3.2.1.3)
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hydrolase ,hydrolyze single glucose unit from then meducing ends of
amylose and amylopectin in a stepwise manner uriddenylase. Most

glucoamylase are also able to hydrolyze dhE6 linkages at the branching
points of amylopectin although at lower rate thad+ linkage; thus, maltose
and limit dextrin are the end products of GA(Kd&it996).

2.3.1.4 Pullulanase
Which is also called Neopullulanase , Amylopulldaa and

Pullulanases , has important applications , pddrbu in the food and
detergent industries. (Haseltiree al., 1996)a-dextrin 6-glucanohydrolase
(EC3.2.1.41) which have a primary affinity farl,6 linkages and catalyse
the hydrolysis obi-1,6-glycosidic bonds in amylopectin and relatetypmers
it is called debranching enzymes ( Koivula,199)e et al.(1994) reported
that pullulnase fronBacillus stearothernophilus degraded the pullulan into
panose, maltose, and glucose at a molar ratio bfl 3with very weak
activity on starchy substrates.

Table (2.1): Enzymes used in starch hydrolysis mofied from (Hagihara
et al., 2001; Reddy et al., 2003)

Enzyme EC Action
number
a-amylase 3.2.1.1 Only-1,4-oligosaccharide links

are cleaved to give-dextrins and
predominately maltose (G2),G3,G6
and G7 oligosaccharides

B-amylase 3.2.1.2 Only-1,4 links are cleaved ,from
non-reducing ends, to give limit

dextrins ang-glucose

Glucoamylas 3.2.1.3 a-1,4 anda-1,6 links cleaved ,from
e the non reducing ends, to gige
glucose
Pullulanase 3.2.1.41 Onéy1,6-links are cleaved to
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give panose.maltose and glucose

2.4 Structure ofa-amylase

A feature common to all reportedamylase structures is thefbofs
catalytic core-domain, termed domain A. An excurdietween barrel strand
B-3 and helixa-3 forms the B domain, whilst the C domain, freglbean
eight-stranded3 -sheet, lies at the C-terminal extremity of theréla All
family 13 members possess a constellation of tacedic residues, located at
the C-terminal face of thg¢)s -barrel, which are implicated in the catalysis
(Brzozowskiet al., 2000).

a-amylases perform catalysis with net retention aforaeric
configuration in a double-displacement mechanishe mechanism involves
the formation, and subsequent breakdown, of a eavajlycosyl-enzyme
intermediatevia oxocarbenium-ion like transition state. One of tiagalytic
acidic residues functions as the catalytic nucldepihilst another function
Is the catalytic acid/base (Daviesal., 1997),they possess p/q)s or TIM
barrel structure (which is similar to triose phaostghisomerase ) containing
the catalytic site residues(Reddst al.,2003).While in Psychrophile
Alteromonas haloplanctis amy gene encodes am-amylase precursor
composed of 669 amino acid residues. N- and Cht@lmamino acid
sequences of the native-amylase secretedAbyaloplanctis allow the
location of three distinct functional domains oé tbrecursor: 1- The peptide
signal made of 24 residues, 2-The mature enzymeaosed of 453 residues
with aMr value of 49,340, and 3- Large C-terminal propgptomposed of
192 residues (Fellet al ., 1998 )

The available amino acid sequences ofdfaanylase family (glycosyl
hydrolase family 13) have been searched to iderhBir domain B, A
distinct domain that protrudes from the regularalydic (0/B)s barrel
between the strangt3 and the helig-3.Sequence analyses and inspection of

9



CRAPLET TUWO. ... literature Review

the few available three-dimensional structures esgyghat the secondary
structure of domain B varies with the enzyme spatyf Domain B in these
different forms. However, may still have evolvedrfr a common ancestor.
The largest number of different specificities hasiiofound in the group with
structural similarity to domain B frofBacillus cereus oligo-1, 6-glucosidase
that contains &-helix succeeded by a three-stranded antiparaleheet
(Skov et al.,2001).Domain B, of this type, was observed alsosame
mammalian proteins involved in the transport ofreorécids, These proteins
show remarkable similarity withu(B)s-barrel elements throughout the entire
sequence of enzymes from the oligo-1,6-glucosidasep. The transport
proteins, in turn, resemble the animal 4F2 heawirchell surface antigens,
for which the sequences either lack domain B otaiaronly parts (Janecek
etal., 1997).

2.5 Structural and functional characteristics

a-Amylases are often divided into two categoriesoading to the
degree of hydrolysis of the substrate (Fukumoto &khda, 1963),
Saccharifyinga-amylases hydrolysis 50 to 60 % , and liquefyirgmylases
about 30 to 40 % of the glycosidic linkages of dtaHowever, this division
IS not an absolute one. Some bacteria produce #macekular enzyme
cyclodextrin glycosyltransferase (CGTase) (&;8-glucan4e-D-(1,4-0-D-
glucano) transferase , EC (2.4.1.19), which hydisly a-1,4-glycosidic
bonds of starch to produce cyclodextrins (cyclimpounds of six to eight a-
1,4-linked glucose units) via an intramoleculansglycosylation reaction. In
addition, CGTases can display coupling, dispropogtion and hydrolysing
activities, and are functionally related te-amylases(Macgregor and
Svensson , 1989).
The primary structures of CGTases andmylases from different organisms

share about 30 % amino acid sequence identity drgklang to the same
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glycosyl hydrolase family 13 (Henrissat and BairotB93). Other related
amylolytic enzyme in family 13 is pullulanases (Ghget al., 2002).

The 3D structures ofa-amylases have revealed monomeric, calcium-
containing enzymes, with a single polypeptide chfolded into three
domains (A-C) figure(2.2). While, the polypeptideats of CGTases fold
into five domains (A-E), three of these corresptmd-amylase domains and
domain E has been recognized as having a simildrafo the starch-binding
domain of glucoAmylases). Domain D of CGTases masranunoglobulin-
type fold, the function of which is not yet knowKegivula ,1996).

Dauter et al.(1999)described maltogenico-amylase of B.
stearothermophilus which is composed of five domains that is similathe
CGTases structure using X-ray technique, figur8)(2Zhe catalytic domain
A of a-amylases and all family 13 hydrolases folds into (a/b} barrel
protein. The active site is created by residueatémtat the C-terminus of the
b strands and in the helix-connecting loops extamdiiom these ends. This
is typical to all enzymes belonging to the a/b rblaprotein family .The
domain B protrudes from the middle of the barreihat C-terminal side and
forms a small separate, €astabilized structural domain, which has also
been recognized in a number of other amylolyticyares (Jespersest al.,
1991; Aghajariet al.,2002).The sequence of this domain varies most; in
Bacillus a- amylases, the sequence is relatively long andsfoito a more
complex structure of b-strands (Machetsal., 1995), whereas in barlay
amylase it is an irregularly structured domain éfrésidues (Kadziolet al.,
1994).

The open active site cleft is formed between domaAirand B, so that
residues from domain B also participate in substkanhding. Based on the
solved 3D structures it could be deduced that treserved regions ai-

amylases and CGTases involve the calcium-binditeg&tween domains A

11



CRAPLET TUWO. ... literature Review

and B, and regions belonging to the active siteddviagor and Svensson,
1989; Klein and Schultz, 1991; Lawson et al., 1994).

a-Amylases have a domain C which is relatively esned and folds
into an antiparalleB-barrel, The orientation of domain C relative tovdon
A varies depending on the type and source of Amy(&sayeret al., 1995).
The function of this domain is not known (koivul®96).
A study abouB. circulans CGTase (Lawsomt al., 1994) and another from
pig pancreatia-amylase (Qiaret al., 1994), both clearly showed based on
electron densities, that maltose units stack ag#nmesaromatic side-chain of
a tryptophan situated on the surface of domain @.(B.2,2.3). The
truncation of domain C more than 30 to 40 amindsafiom the C-terminus
was shown to be deleterious to the proper foldinf tbe B.

stear othermophilus a-amylases (Vihinewst al., 1994).

Figure (2.2): Ribbon presentation of human pancreat a-amylase is
composed of three domains (A-C) (Koivula, 1996)

While Aghajariet al.(2002) described that-amylase produced by animals
andPseudoalteromonas hal oplanktis activated by chloride .

12
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The thermostability and structural integrity of theamylase due to the
presence of three &4 Srivastava and Baruah,1986) and one ims has
been found inBacillus licheniformis , a lanear triad Cal- Na-Call
arrangement figure (2.4) ,is located at the int&rflaetween domain A and B.
another C& (Calll) bridges between domains A and C. (Ito &fatikoshi,
2004).In addition, the prolane residues are to lee lhackbone rotation
proposed a prolane @ turn makea-amylase more stability (Mattheves
al., 1987).

Figure (2.3):Divergent stereo schematic diagram dhe maltogenica-
amylase , novamyl, fromB. stearothermophilus (Dauter et al.,1999)

All o-amylases bind at least one strongly conserved iBa that is
required for structural integrity and for enzymadictivity (Aghajariet al.,
2002).Felleret al.(1996) showed that the chloride freeamylase display a
low level of basal activity , typically < 0.5 % né chloride follows a simple
binding isotherm . Activation is also provided, lboita lower level, by other
small monovalent anions and notably by ;NG CIO; indicated that the
negative charge is essential for the amylolyticctiea (Aghajariet al.,
2002).

13
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b !

Figure (2.4): Ribbon representation of the crystalstructure of Bacillus

licheniformis template active site .o helices andp sheets are shown in
red and cyan , respectively. The catalytic residue&sp231, Glu261, and
Asp328 along with the subsite Met197. Yellow spheseaepresent Ca ions
(1, 11, 11). oxygen atoms in red, nitrogen atoms n purple, carbon atoms
in green, and hydrogen atoms in white (Hagiharat al.,2001)

14
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2.5 Breaking down of O-glycosidic bond

Amylases, like all glycosidases, catalyze the fiemsf a glycosyl
group to water utilizing general acid catalysiseT@nzymatic breakdown of
a glycosidic bond is also a stereo- selective m®cm which configuration
about the anomeric centre (C1 carbon) can eitheinberted or retained.
Different mechanisms are required for such differestereochemical
outcomes, as suggested over 50 years ago by KaosHB®53); both
mechanisms contain a pair of carboxylic acid ressdsuitably disposed on
either side of the bond to be cleaved. The rolethe$e two residues are
different. Inverting enzymes use a single-displaame@inmechanism involving
a general acid and a base. In this mechanism, ergeacid (AH) donates a
proton to the leaving glycosidic oxygen and a gahbase (B-) assists the
nucleophilic attack of water.

O-Glycosylhydrolases ( EC 3.2.1.) are a widespraadig of enzymes that
hydrolyze the glycosidic bond-amylase family in that of the- retaining
double displacement (van der Maagkdl., 2002) a-retaining mechanism is
the characteristic feature of the enzymes fromdttzanylase family. They
vary widely in their reaction specificities. Thetaamthments of different
domains to the catalytic site or to extra sugadipig subsites around the
catalytic site are the prime reason for these iffees (Van der Maaret
al., 2002).

The catalytic domain A is the most conserved domairthe a-amylase
family, It consists of an amino termindd/¢)s barrel structure. (Matsuuet
al., 1984; Boelet al., 1990).The mechanism for retaining glycosidases
involves a double displacement reaction in whiclcawvalent glycosyl-
enzyme intermediate has been shown to be formed mvétny but not all
retaining enzymes (Skory and Freer, 1995), Ass fatep the deprotonated
carboxylate acting as a nucleophile attacks atahemeric centre and

displaces the glycosidic oxygen. This process sistexl by a general acid
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catalytic residue (AH) which is deprotonated (A-)n the second step water
attacks at the anomeric centre with general basdyta assistance (A-)
displacing the nucleophile and releasing the produgar Koshland, 1953;
Sinnott, 1990; Withers and Aebersold, 1995).

The stereochemical course of the hydrolysis is llysdatermined by proton
NMR, in which the A- and B-anomeric protons givéatient chemical shifts
(Withers et al.,, 1986).In most cases that studied the same enzaymati
mechanism, (inverting or retaining) has been camgemwithin a glycosyl
hydrolase family (Geblest al., 1992). Thus, both the fold of the protein and
the stereochemistry of the hydrolysis reaction appe be conserved within
a given family.

Retaining enzymes are also able to bring abousgigoosylation which, in
the second step of the reaction another oligosaickehanstead of a water
molecule, attacks at the anomeric centre, leadmgelongation of the
saccharide chain , figure (2-5) (Sinnott, 1990).

Transglycosylation was described to play a roléhainduction of cellulase
promoters (Bielyet al., 1991; Fowler et al., 1993; Nevalainen and Penttila,
1995) and it could be applied in the enzymatialsgsis of oligosaccharides
(Ogawaet al., 1990; Gusakoet al., 1991).

Inverting amylases such as glucoamylases have sls@nn to be able to
reverse the hydrolysis by condensation reactiokqiv et al., 1989;Sinnott,
1990). This ability has also been used in the ssghof some gluco-
oligosaccharides (Nakareb al., 1995) .With some retaining enzymes, most
studied with lysozyme, attempts to prove the ersteof a covalent
glycosyl-enzyme intermediate have failed (Sinnd&90). Another type of
mechanism has been suggested in which the pogitidiarged
oxocarbonium is stabilized by the catalytic nuclatgthrough electrostatic
interactions (Sinnot1990; Koivula, 1999).
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In addition, ring distortion at the subsite preogdithe scissile bond was
suggested as an element of the catalytic machifwerpoth inverting and
retaining glycosyl hydrolases (Harret al., 1993; Strynadka and James,
1991; Kuroki et al., 1993; Varghese et al., 1992). The identification of active
site carboxylic acid residues usually occurs thlhoXgray crystallographic
determination of the 3D structure of protein (Daweal., 1999). In the case
of retaining enzymes, the active site carboxylidsaibave been identified by
the use of affinity labels or mechanism-based imatidrs to specifically
derivatives the key amino acids. 2- Deoxy-2-fludextvatives of glucose
and cellobiose have successfully been used as meaidased inhibitors,
which covalently bind the nucleophile in the retaghenzymes (McCarter
and Withers, 1994; Withers and Aebersold, 1995).
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Figure (2.5) Two different reaction mechanisms oflgcosyl hydrolases
(Koivula ,1996).
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2.6 a-Amylase isoenzymes (Forms)

Electrophoretic analyses of barley endosperm #&treifit stages after
germination allowed the detection of 16 principailyéase bands plus one
secondary band(Maris,1992).Amylases showed lesymuoophism than
other enzymes such as esterases, acid phosphatedate dehydrogenases,
leucine aminopeptidases ( George and Cavali,2003).

Amylases are hydrolases involved in peripheral bwiam, and for
this reason are considered potentially polymormnzymes (Gillespie and
Langley, 1974)Bacillus sp. showed two and three isoenzymeas-amylase
(Lin et al., 1998).Brazilian barley cultivarshowe different isoenzymes ,the
major differences in Amylase patterns found whenlelyavarieties were
analyzed at the same developmental stage were atglulatory level. These
differences are probably due to differential gengvation in the different
genotypes (George, 1996).

The reasons behind the existence of more thanane dould be the
purification procedures, protease hydrolysis andmideation (Shih and
Labbe,1995). The regulatory difference is of a tgeaadaptive and
evolutionary significance than structural gene gesn(Soule ,1973 ;Wilson,
1976) emphasized that the process involved in epedifferentiation
requires changes mainly at the gene regulatoryl.ldyéferently, at the
intraspecific level, gene regulation follows a stard development program
with precisely coordinated sequences, although soegelatory mutants
have been detected in different species (Holgtes., 1983; Doaneet al.,
1983; Scandalios, 1983).

2.7 Methods ofa-amylase quantitative estimations

Several methods were developed to detect of thdodytig activity and to

estimate the amylase activity precisely:
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2.7.1 Viscometric method (Maslow and Davison )
It is based on the change in the viscosity ofcktalue to the amylases

activity.

2.7.2 Polariscopic method (Maslow and Davison )
1. It is based on determining the reduction in lightiation to the right

due to maltose and the maltosaccharides by theitpadf amylases on

starch.

2.7.3 Caldwell — Hildebrand method
This method is based on the direct determinatfdheresidual starch

or amylose at any stage in its hydrolysis, and dépaipon its quantitative
precipitation, free from dextrin and maltose, blyyetlcohol. The difference
between the weight of original amylose and the Wedf residual amylose
gives a measure of the amyloclastic activity of éheyme analogous to the
measurements of its saccharogenic activity whice based upon the

determination of reducing the sugar formed.

2.7.4 Photometric method
This method depends on the difference inntensity of the color

produced with iodine by a measured amount of sel@hrch before and

after hydrolysis by the-amylase.

2.7.6 Somogy-Nelson Colorimetric method
A photometric method, in which one unit afamylase activity is

defined as the amount of enzyme that librates anel |of reducing sugar
equivalent per minute, using the glucose as a atdndnder the specified
conditions (Abest al., 1994)
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2.7.5 Fuwa's colorimetric method (Fuwa, 1954)
It depends on iodine —starch color reaction. Oni¢ of a-amylase

activity is defined as the amount of enzyme, wldelkreases the absorbance
at 660 nm, by 1.0 in 10 min.

2.7.7 Bernfield's method (Bernfield, 1955)
A colorimetric method depends on using 3,5 dosiédicylic acid. One

unit of amylase activity was defined as the amafnénzyme that librates
one pmol of reducing sugar, with maltose as thedstal, per minute under
the specified conditions (Aiyer, 2004).

2.8 Engineering ofa-amylase to improve the stability.

Since a thermostablea-amylase originating from Bacillus
licheniformis was first employed in the starch liquefactiongass in the
early 70’s g-amylases have been introduced into various iniegst
The starch liquefaction process is still the maipligation ofa- amylases,
while the application to detergent (additive toedgént formulations) has
been growing very much both for laundering and disshing (Ito and
Horikoshi, 2004). Protein engineering techniquegehbeen employed for
a-amylase development, which are to improve the adtaristics of a
targeted enzyme by introducing mutations aramylase encoding DNA
sequence. The methods for protein engineering desilcbughly categorized
into two: site-directed mutagenesis and random gautesis (Miyoko and
Henrik, 2000)

Site-directed mutagenesis is to introduce additicshsletions and
substitutions of specific amino acids, and strwdtunformation of the
targeted enzyme is essential to make those aliensaiBhosalest al., 1996;
Miyoko and Henrik,2000).
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Computer technology is done to make molecular ohyos calculations and
predictions for the structure when certain aminadsacare substituted.
(Ladermaret al., 1993; Hagihara et al.,2001).

Random mutagenesis is to introduce mutationsradam along the
entire length of a gene using error-prone PCR, Ddtwffling , chemical
mutagenesis and UV irradiation. This method cowddedbp new generation
of a-amylases as a detergent (Yoneda and Maruo, Miydko and
Henrik (2000),0-amylase could obtain improved a detergent allaktable
and calcium independent by site-directed mutagenesifter microbial
screening. Engineering of the available commereiamylases have been
advocated hybrids of two homologous strains ofBh&cheniformis and B.
amyloliquefaciens (Suzukiet al., 1989) and two regions that are important
for thermostability has been identified. To imprabe stability, disulphide
bonds are introduced in the enzyme and alteratidheoamino acids prone
to the oxidation by an amino acid that is unaffdcby oxidative agents
(Barnettet al., 1998;Agiharaet al.2001).

Engineeringn-amylase for changed pH of activity profiles, afsould
be in favor of the stability of the enzymes (Nex and Borchert, 2000;van
der Maarelet al. ,2000 ; Guptaet al. ,2003) . Declereclet al.(2002)
engineered a thermostakleamylase fronB. licheniformis using a structure
based on mutagenesis, which could be used foparation occurring over

50°C without perturbing significantly .

2.9 Regulation ofa-amylase synthesis

It has been reported that the synthesis of cadraly degrading
enzymes in most species of the gereaxillus is subject to catabolic
repression by readily metabolically substrates sashglucose (Linet
al.,1998).
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The addition of glucose to the culture has dinmad greatly the
synthesis of-amylase similar to the findings reported by Haselet al.(
1996), who observed that glucose represses thaigod of a-amylase in
the hyperthermophilic archae@&ulfolobus solfataricus. According to them,
glucose prevents-amylase gene expression and not merely secrefion o
preformed enzyme, Levels of theamylase in crude culture supernatants
vary greatly in response to the sole carbon sousssl for growth of the
organism( Srivastava and Baruah,1986). Substralgction of this enzyme
by starch emanated relatively early under all ghowbnditions tested,
glucose has also been observed, which indicated siinzh repression of
further enzyme synthesis might be due to the actatmoo of starch
hydrolytic products, including glucose (Saito anaihyamoto,1975).

The maltase is likely to play an important metabalole in the
accumulation of repressing levels of glucose, as thaltase exhibits
considerable activity against dextrins which areithmediate products of
amylase action repression @famylase synthesis by glucose represents one
type of catabolic control over this enzyme andgheond type which is the
graded production of catabolic enzyme levels regulrom growth on other
control is independent of the presence of starebghtwo forms of
regulation ofa-amylase production may represent a generalizgzbnsg to
carbon source quality or availability (Rolfsmei@daBlum 095; Haseltine
etal., 1996) .
a-amylase of Sreptomyces lividans is regulated byregl, a Pleiotropic
regulatory geneegl acts as a repressor@fimylase genes i8 lividans. no
other regulatory gene (repressor or activator) seencontrol the expression
of the a-amylase genes(Nguyest al., 1997;Van wezel et al.,1997) , since
the o-amylases is at a maximum level in a minimal medand is not
further inducible by maltose wheregl is disrupted.egl seems to be solely

responsible for glucose catabolite repressioh@fi-amylase genes, which
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iIs completely lost uporegl disruption. The dual role akgl resembles that

of gylR, the repressor of thgyl operon inS codicolor which is also
involved in catabolite repression of this operonnfie and Smith, 1994).
However, the relative locations of the two reguiatgenes are different, as
gylR is adjacent to thgyl operon under its control i coelicolor whereas
regl is not adjacent ta-amylase genes & lividans. By analogy withmalR
(Van Wezelet al.,, 1997) it is likely thatregl is adjacent to themalE
homolog of S. lividans and therefore also ensures a dual control of the

expression of this gene #lividans. (Nguyenet al., 1997).

2.10 Secretion and Transport ofx-amylase

Amylase secretion is mostly started at the logamt growth phase, in
which extracellular secretion starts in the stargrgrowth phase parallel to
degradation of cell wall components in the courfanoreased autolytic
activity (Saito and Yamamoto,1975).

Permeability studies applying the (SUMs), S-laykratiltarion membranes
technique, and using culture supernatants for ulthation experiments
showed that the S-layer lattice completely rejecttd enzymes once
they had assumed the final three dimensional sireict for B.
stearothermophilus ,the passage of three Amylase through the porteeifs-
layer lattice is only possible for enzyme molecubesfolded into smaller
domains. After passing through the cell wall, costplfolding of enzymes
into their final three-dimensional structure wilcaur either on the cell
surface or after the release into the culture fliids unknown how the
amylase is associated with S-layer protein. Gelyetaree possibilities exist
1- adhesion to S-layer surface 2- incorprtion ofylase into the S-layer
lattice 3- binding of the enzyme to S-layer protéiomain (Egelseeret
al.,1995) .
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Transport of protein by the major secretary pattsva&yoss the
bacterial wall in wall is a two-step mechanism tha periplasm ,Exporting,
taking this two-step route, possesses an N-terrsigabl peptide and use the
general seanachinery for inner membrane translocation. Trartspoross
the outer membrane in the second step requiresceetse/ apparatus
encoded by several exproteins, whenBh&cheniformis a-amylase, AmyL,
iIs secreted fronB. subtilis, it is subjected to considerable cell-associated
proteolytic degradation (Stephenson, 1996).Thisemlgsis results in only a
proportion of the newly synthesizedtamylase being released into the
culture medium. AmyL, an extracellulan-amylase from Bacillus
licheniformis, is resistant to extracellular proteases secrétedacillus
subtilis during growth. Nevertheless, when AmyL is produeed secreted
by B. subtilis, it is subject to considerable cell-associatedtqmiysis.
(Stephenson and Harwood, 1998).

In the gram-positive bacterium Bssubtilis, the only one protein outside the
cytoplasmic membrane, PrsA, is known to be involiregrotein secretion.
PrsA is a lipoprotein that consists of a 33-kDarlgsrich protein part and the
N-terminal cysteine with a thiol-linked diacylglyoé anchoring the protein
to the outer leaflet of the cytoplasmic membrar(&ontinen, et al., 1991;
KontinenandSarvas1993).

The PrsA protein is crucial for the efficient sd¢me of a number of
exoproteins. InprsA mutants, the secretion and stability of some model
proteins is decreased, while overproduction of PesAances the secretion
of exoproteins engineered to be expressed at aléigdh (Kontinenet al.,
1991).

Although the nature of the PrsA protein hints at autivity outside the
cytoplasmic membrane, its mode of action and ictema with other
components of the secretion apparatus and thefispstaps of secretion in

which it is involved remains to be elucidated.(ikainenet al., 2001)
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2.11 Amylase gene cloning

Genetic engineering has been used extensively Herctoning of
amylase gene of producing strains, maialgmylase and GA, in order to
achieve desirable characteristics in the cloned. Hdse purpose of gene
cloning can be, amongst others, the expressiorh@irostable enzymes,
higher enzyme productivity, and co-expression aj emzymes by the same
organism.

1.8 KB fragment containing the amylase gene is seced( figure 2.6) .The
fragment of the open reading frame (ORF) which hegiith an ATG codon
at nucleotide 1 and ends with TAA codon at nucteoti545 in the 1786 bp
nucleotide sequence is determineatillus subtilis (figure2.7) ( lgarashat
al.,1998) .Upstream from this ORF ,the putative rilmsebinding sequence
AGGAGA is found( Igarashiet al., 1998,Hagiharaet al., 2001).Thea-
amylase gene iRyrococcus furiosus encompasses 1950 nucleotides, with
the initiation codon GTG at position 715 (Ladermanal., 1993). Many
genes involved in the synthesis of extracellulaamylase have been
identified inB. subtilis. The structural gene for theamylase enzyme, amyE,
and its regulatory gene, (amyR), are closely linkedhe genetic map of the
B. subtilis chromosome. Furthermore, the gene order surrognthis o-
amylase cistron is similar for three distinct steaofB. subtilis. The location
of the gene fon-amylase fronB. stearothermophilus has been examined by
using recombinant DNA methods. In contrast to theegfora-amylase from
B. subtilis, the gene fora-amylase in B. stearothermophilus has been
reported in one study that is located on a naturaticurring plasmid
(Mielenz , 1983).

Igarashiet al.(1998) cloned 1.8 Kb fragment carrying the engjeme ofa-
amylase intcE. coli using pUC19 as vector , which was actually exmess

The gene encodingramylase 1.8 kb was cloned frdBacillus polymyxa 72
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into E. coli HB101 by insertingdind Ill generated DNA fragments into the
Hind Il site of pBR322 (Kawazuet al.,1987).
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Figure (2.6): The sequence ai-amylase gene irBacillus subtilis(lgarashi
et al.,1998)
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LAMY 1 {HENGTHGTMMO Y FEWALPNDGHEWRRLEDDAANLE SKC ITAVWIPPAWNEGTSQNDVGYGRA] 60
#7707 1 {HENGTHG TN Y FEW T LPHDGHEWRRLN SDASHLESEG I TAVW I PPANEGAS QNDVEYGA] 60
BAR  —-4:KTSAVHGTLMQYFEWYTPNOGOHWERLONDAEHTL.SDIGITAVWIPPAYEGLSQSDNGYGR] 56
BSAR  -1: IFEWYLPDDGTLHTE VANEANNLSS LG ITALWLPPAYRGTSREDVGYGY] 59
BLA  -2: ¥FEWYMPRDGOEWRERLONDSAYLAEAGI TAVWTPPAYRCTSQADVGYGA] 58
N BT A .
LAMY 61 iYDLYDLGEFNOEGTVRTEYGTRSQLOGAVTSLENNG IOVY G PECGADGTEMVRAY 120
#707 61 fYDLYDLGEFHOEGCTVRTEY CTRSOLOAAVTSLENNG IOVY G HRGGADATEMVRAY 120
BAR swimumrmmwnmaﬂmmmmmwmvm (ACADATEDVIAY 116
BSA 60 {YDLYDLCEFNQECTVRTEYGTEAOYLOATQAAHAAGMOVY ADVVFDHKGGADGTEWVDAY 1149
BLA 59 T'EDLEDLGBFHQKGMTRIGHGEIQSMK%HSRDIM HEFGGADATEDVTAY 118

LAMY 121 :EVHNRSNRNOEISGEYTIEAWTEFDE PORGNTHSNFEWAWE HF DG TOWDOSROLONEIYEF 180
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BSA 120:EVNPESDRMNOEISGTYOIQAWTEFDPRGREHTY SSF KWAWYHFDCVDWDESRRL-SRIYEF 178
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D _ - -
: ENGNYDYLMYADIDMORFEVINELRNWCVHY TN TLNLOGFRIDAVEH| 240
#707 181 :RCHGKAWOWEYDTENGNYDY LMY ADI DMDHPEVVNELRNWGVWY TN TLGLOGFRIDAVEH 240
BAA 176 :BGEGEAWDWEVSSENGNY DY LMY ADY DY D P DV VAETREWG IWYANEL SLOGFRIDAARH 1235
BSA 179 :RGTGEAWDWEVDTENGHYDYLMYADL PEVVTELENWGEWYVNTTH IJGFRLDAVEH| 2 38
BLA 178 :-—QCEAWDWEVSHENGNYDYLMYADT DVAAE IKRWGTWY. 238
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361 JOGY PESVEYGDYY———GIPTHGVPSMESEIDPLLOARQTYAYGTOHDYFDHEDI IGHTREG 417
#707 361 30GYPSVFYGDYY===GIPTHGVPAMRSEIDPILEARQEY AYGRONDYLDHHNITGWTREG 417
BAR 3564SGYPOVFYGDMNYGTRGTSPREEIPSLEDNIEPILEARKEYAVCPOHDY IDHPDVICWTREG 415
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LAMY 418 :DSSHPNSGLAT IMSDGRGGHEHMY VERHKAGOVWRDITGHRSGTVT INADGWGRFTVHGG 477
#707 418 :NTAHPHNSGLATIMSDGAGESEWMF VGRNEAGOVWSDITGHRTCTVT INADGWGHFSVNGE 477
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LAMY 478 1 AVSVWVEQ-————== 4185
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Figure (2.7) :Amino acid sequence alignment af-amylase in Bacillus
amyloliquefaciens (BAA), Bacillus stearothermophilus (BSA), and
Bacillus licheniformis ( BLA), Novel liquifiying a-amylase (AMYL)
( Igarashi et al.,,1998)

The a-amylase genes ditreptococcus bovis 148 were cloned .
coli MC1061, using pBB22 in which it was cleaved bgamH1 and Among
about 50000 ampicillin resistant transformants, cblonies showed clear
halos detected with | (Satohet al.,1993).(Sidhuet al., 1997) could clone in
E. coli pPBR322 systems and the 4.8 kb cloned fragmentmagsped with
restriction enzymes. Mielenz,(1983) reported clgnof a-amylase gene
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fragment carried on plasmid &f stearothermophilus using pBR322 vector
cleaved withHind Ill, expressedt. coli , the fragment was 5.4 Kb that result
in chimeric plasmid of 9.7kb length .

a-amylase gene fromB. stearothermophilus was cloned inB.
stearothermophilus and B. subtilis using pATB90 and pATB53, they
expressed the trait (Aibat al.,1983). A gene encoding the periplasmic
a-amylase ofXanthomonas campestris K-11151 was cloned intd. coli
using pUC19 as a vector (Abet al.,1996).Thermostablai-amylase of
Bacillus sp. was cloned ik&. coli, the fragment length was 3 kb (Adi al.,
1999).The genomic DNA oB. licheniformis was double-digested with
EcoRI andBamHI and ligated the pB82 in which the gene fragment was
3.5 kb (lefujiet al., 1996) . The detection methods for cloned fragmesetie
different ,in which they depended on the formatdrnalo zones around the
transformed cells , antibiotic resistance and iseitg or both( Satohet al.,
1993; Aiba et al.,1983).
A great deal of work has been done on the cloning-amylase genes in
different microbes, mostly i&. coli or Saccharomyces cerevisiae.
Liebl et al., (1997) described the gene structure of #hamylase from
Thermotogamaritima MSB8in which it was located on chromosoma-,
amylase gene, designatadiyA, and was predicted to code for a 553-amino
acid preprotein with significant amino acid sequeentheT. maritima a-
amylase appeared to be the first known examplelipogroteina-amylase.
Following the signal peptide, a 25- residue putalinker sequence rich in
serine and threonine residues was found.
Tsaoet al.(1993) could clone the-amylase gene fror&reptomyces lividans
into E .coli. The amylase gene was expressedt.incoli. Suganumaet al.,
(1996) studied the N-terminal sequence of the aramds of thea-amylase
from Aspergillus usanii. The sequence of the first 20 amino acids was

identical to thea-Amylase fromA. niger. Marcoet al., (1996) inserted.
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subtilis a-amylase gene into a plasmid, which was transfax&d coli. And

he could replace 171 C-terminal with new 33 amicid & order to achieve
extensive activity .In animalsy-amylase genes have a complex structure
with an interrupted coding sequence, in the mollds&ssostrea gigas, the
two a-amylase genes are characterized by the same patjani
with the existence of eight exons separated byrsévieons ( Sellos and
Wormhoudt , 2002).

2.12 pBR322 cloning vector

The plasmid pBR322 is one of the most commongdiscoli cloning
vectors,pBR22 is 4361 bp in length and contains: 1- the replicep
responsible for the replication of plasmid (sourgdasmid pMB1); 2- rop
gene coding for the Rop protein, which promotesveosion of the unstable
RNA | - RNA Il complex to a stable complex and sswo decrease the
copy number (source plasmid pMB1); 3- bla gene, coding for beta-
lactamase that confers resistance to ampicillinr{s® -transposon Tn3); 4-
tet gene, encoding tetracyclane resistance proteirr¢scuplasmid pSC101)
figure(2.8) ( Rodriguez and Tait,1983).

The circular sequence is numbered such that ledfitht T of the
unique EcoRI site GAATTC and the count increases first througé tet
gene, the pMB1 material, and finally through th& Tegion. The map shows
enzymes that cut pBR322 DNA once,The exact postifogenetic elements
iIs shown on the map (termination codons includleella gene nucleotides
4153-4085 complementary strand) code for a sigeglige. The indicated
rep region is sufficient to promote replication. DNApteation initiates at
position 2533 (+/- 1) and proceeds in the directiondicated.
(Hardy,1988;Fermentas, 2006)
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Figure(2.8):Description and restriction map of pBR322 (Fermentas ,
2006)

2.13 Optimal conditions fora-amylase production

2.13.1 Culture conditions
a-Amylase synthesis, by several microorganisms,bdeesn correlated

to the presence or absence of various amino aods@mplex nitrogenous
sources in the culture medium (forgaty and Keé#ig0; Hewitt and
Solomons|1996; Hillier et al., 1996).

In production ofa-amylase fromBacillus , the addition of yeast extract
(0.5%) and peptone (1%) to the liquid medium shwatethe lag period and
increased both the dry weight of the cell and timeyme synthesis

Therefore, the result suggests that yeast extratpaptone is favored for the
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growth and synthesis of amylase by the organisndiedu (Saito and
Yamatomo,1975; Krishnan and Chandra ,1983).

The starch is very important to stimulate the puotidun of a-amylase
in B. stearothermophilus ( Aiba et al.,1983). While, Chakrabortst al.(1997)
reported that the best source faramylase production byB.
stearothermophilus was starch 1.25%. Teodero and Martins (2000) d%ed
soluble starch in production media teamylase byBacillus sp.

Srivastava and Baruah (1986) described the culameditions for the
production of the enzyme B stearothermophilus, in which they mentioned
peptone, starch had enhanced the production ofetizzgme , while the
synthesis was suppressed greatly by glucose , seadtiod sucrose .

Saito and Yamamoto (1975) reported that the glucomressed the
production ofa-amylase ,while the starch , glycogen and oligdsacdes
induced the formation of it at the end of logaritbiphase .

Concerning the inorganic nitrogenous compound, drAgom
hydrogen phosphate and ammonium dihyrogen phospyere found to be
better than Ammonium sulphate in synthesis of emy@rivastava and
Baruah, 1986; Aiyer,2004 ). While, Chakrabortyet al.(1997) reported that
the best source fos-amylase production by. stearothermophilus was
ammonium sulphate .The addition of 10 -20 mM caltito the liquid
medium improved the growth and amylase productinoe the enzyme is
known to be a calcium metalloenzyme, it is possthkt the results found
were because of the more availability of calcium (Srivastava and Baruah,
1986).These results are similar to the findings(ldéwitt and Solomons,
1996) with cultures oBacillus amyloliquefaciens.

2.13.2 Optimal growth temperature

The temperature is one of the important factorst ttontrol the

production ofa-amylase. Srivastava and Baruah (1986) noticed titat
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optimal growth temperature fora-amylase production by B.
stear othermophilus was 50°C, while the optimal growth temperaturetfat
one used in the study of Welker and Campbell( 19683 55-70°C.while
Chakrabortyet al.(1997) reported that the optimal temperature fodpation
a-amylase byB. stearothermophilus was 50 °C.

Saito(1973) noticed the optimal temperature for dpotion by B.
licheniformis was 50°C,in contrast (Aiyar,2004) reported the ropti
temperture foB. licheniformis SPT 27 was 37°C.

More recently The optimum temperature for amylase production by
thermophilic andalkaliphilic Bacillus sp. was 55 °C (Ito and Horikoshi ,
2004 ).

2.13.3 Initial pH of the media

It is clear that the optimal pH ef-~amylase production depends on the
strain or the nature of the producer microorganisine research of Mazza
and Ertola ( 1976) on the productioncemylase byB. subtilis showed the
optimal pH was 7.2 ,using fermentor ,that couldatigbuted to the influence
of pH on enzyme formation, or on the release olyemefrom cells, and to
consider strain differences as well as the infleeoicthe components of the
medium. While, Chakrabortst al.(1997)reported that the optimal initial pH
for the productior-amylaseB. stearothermophilus was 7.2 .

Foosiet al.( 2005 ) mentioned that the initial pH of meda famylase
production by yeast was 4.5, while lahal.( 1998 ) reported that optimal
initial pH for production by thermophilic and alkailic Bacillus sp. was
8.5 .The pH for the production Bhizomucor pusillus was 7.0. Saito(1973);
Saito and yamamoto ( 1975); Kochhar and Dua( 1983)chi and Becker
(1987) reported that the initial pH for the prodatby B. licheniformis was
7.0, while Aiyer(2004) reported that the optimé for B. licheniformis SPT
27 was 9.0 .
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2.14 Purification and properties ofa-amylase

Enzyme application in pharmaceutical and clinicattsrs requires
high-purity amylases. Thus, it is significant tovdl®p economic processes
for their purification to obtain chemically pure zymes with maximum
specific activity. Traditionally, the purificationof o-amylases from
fermentation media has been done in several stegpsch include
centrifugation of the culture (a step of extractimay be required for solid
media), selective concentration of the supernataally by ultrafiltration,
and selective precipitation of the enzyme by ammmonisulphate and
chromatography methods such as affinity chromaggy or ion-exchange
chromatography and gel filtration.

Extracellular a-amylase enzymes extracellulax-amylase from
Clostridium perfringens Concentrated by polyethylene glycol were separated
by DEAE-Sephacel chromatography (Shih and. Labb®&95)The
precipitated of crude enzyme (cell —fraction brotimtained six amylolytic
iIsoenzymes that were detected by isoelectric foguaind polyacrylamide
gel electrophoresis,one of these amylases wasgauib¥ diethylaminoethyl-
Sephadex A-50 ion-exchange chromatography andlfyetibn by Sephadex
G-200(McWethy and Hartman, 1977).

The extracellulara-amylase fromClostridium acetobutylicum ATCC 824
was purified to homogeneity by anion-exchange clatography (Mono Q)
and gel filtration (Paquedt al.,1991).As bacteriak-amylases have generally
been produced from the strains belonging to g&agdlus, several attempts
have been made at their purification and charaagon, from both
mesophilic and thermophilic strains.

Furthermore,a-amylase was purified from Alkaliphili@acillus sp. using
DEAE —Toyopearl and CM-Toyopearl obtaining a spea@acttivity of 5009.3
U/mg protein and 35 % vyield (Igarasdial., 1998). While, Linet al.( 1998)
could use Sephacryl S-100 and HiTrap Q in aeguare to purify the-
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amylase from thermophilc alkaliphiliBacillus sp. , they could achieve
specific activity of 921.0 U/mg protein , purificah folds of 708 .5 and
yield (13.2%) .It was purified fror®. stearothermophilus using DEAE-

Sephadex A 25 to get specific activity 100 U/mgteirg and 57 % yield
(Aibaet al. ,1983).

Krishnan and Chandra( 1983)and Boltral.( 1997) purified arw-amylase

to homogeneity using a combination of ammonium Isalip precipitation,

ion-exchange chromatography and gel filtration.

An extracellular thermostabkeamylase produced . licheniformis
was purified by two a phase separation in a polgette glycol / dextran
system followed by gel filtration and ion-exchargpgomatography (lvanova
,1993),while Kochhar and Dua(1983) applied hezdttnent , lon- exchange
chromatography and gel filtration procedures he purification theo-
amylase and the purified enzyme showed activit @ x 16 units .

Saito (1973) used DEAE-cellulose, CM- cellulose &@ephadex G-100 in
the purification of the enzyme froB licheniformis . Hanzaweet al.(1986)
purified thea-amylase fromAspergillus oryzae using DEAE- cellulose and
gel filtration using Sephadex G-75 .Affinity chratography and HPLC
technique were also applied in the purificationreakyme fromRhizomucor
pusillus. Katoh et al., (1997) purified ana-amylase, produced by

recombinant cells, by a specific elution out ofti-qeptide antibodies.
2.15 Characterization ofa-amylase

2.15.1 Optimal pH for activity and stability

The optimal pH of the activity and stability wetigferent according to
the nature of the source organism.
The optimal pH fora-amylase produced Wgacillus amyloliquefaciens was
6.0 ( Kochhar and Dua ,1983).while, Bakhmatetal.(1984) indicted that
the optimal pH for a- amylases produced by variantsBacillus subtilis
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was within the acidic range (4.5-5.0),which is alito optimal pH for the
activity of that produced bylostridium perfringens ( Shih and Labbe
,1995) .

The optimal pH for the maximal activity ofi-amylase produced by
Pyrococcus furiosus was 5.5 (Dongt al., 1997). Saito (1973) mentioned that
the optimal pH fora-amylase produced bg. licheniformis was at 9.0 ,
which is similar to the findings of Krishnan a@handra(1983) in the
activity of a-amylase fromB. licheniformis was at pH of 9.0 , also the
activity of enzyme was reduced when Tris- hydroode and carbonate-
bicarbonate buffers were used .

Concerning the stability af-amylase, ther--amylase produced bBacillus
stearothermophilus was stable at pH range (6.0-11) while thamylase
produced byB. amyloliquefaciens was stable at pH (6-9.5) for 24 h. Kochhar
and Dua (1983) in the presence of calcium ion JewMamylase produced
by Bacillus licheniformis was stable at pH rang (6- 11) after the incubation
for 30min and 24 hr. and in another study it st@able at pH range (7.0-9.0)
(Krishnan and Chandra, 1983) .

2.15.2 Optimal temperature for activity and stabilty

The optimal temperature for the activity and digbof enzyme is
different from each organism to the other, the ropti temperature for
thermostablen-amylase activity produced biacillus stearothermophilus
was at 40°C (Aibeet al., 1983) While in another study, it was at 82°C
(Srivastava and Baruah, 1986).

The maximal activity for-amylase produced bacillus licheniformis was

at 90°C (Krishnan and Chandra, 1983). While Sdi&v8) reported that the
optimal temperature for the enzyme was at 76°C d-aenylase produced
by B. amyloliquefaciens showed the maximal activity at the temperature of
65°C. (Kochhar and Dua, 1983).
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Concerning the temperature of stability, the resulevealed that the
a-amylase produced bl ostridium perfringens was stable in the presence of
Ca* with 100% of remaining activity up to 45°C, an@uhthe stability was
lowered (Shih and Labbe, 1995),while that produoe& . acetobutylicum
retained about 30% of the remaining activity afteatment at 45°C for 60
min.( Paquett al.,1991), in which the Cé plays an important role in the
thermostability of enzyme (Ligt al., 1998).

2-16 Immobilization of a-amylase

Immobilized enzymes are used in food technologgielbhnology,
biomedicine, and analytical chemistry,they haveots advantages over free
enzymes including easy separation of the reactantslucts, and reaction
media, easy recovery of the enzyme, and repeatedowtinuous reuse
(varavinitet al., 2002).

Immobilization is the technique of binding the lataysts to a carrier as
means of increasing their activity, stability amebroving the technological
application of the reaction (Hazare, 2005). The ohilzation of enzyme on
insoluble supports provides a stabilization eftgcelevated temperature and
pH.(Tzanowet al., 2003 ).

Many techniques for immobilization of enzymes hde=n used in which
Chalation of Glucose oxidase (GOD) on hydrousditgon metals oxides
CrCl; ,CuCl, CoClh Zncl, and Fed ( Aziz ,1997).

The immobilization of glucoamylase has been studiegtensively in
which The enzyme is immobilized on a multitude dfedent carriers by
entrapment, adsorption, ion exchange, and leav&onding (Reilly, 1979;
Schafhauser and Storey, 1992). Glycosylated enzymmesobilized on
(Concanavalin A ) supports showed impressive gamsesistance to
inactivation induced by heat, chemical denaturizpr@teolysis, storage and

long-term continuous operation for several weeksidicovaet al. ,2000).
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Biomimetic silica support was used recently in infmfieation of enzymes
(Lauckarift et al., 2004).Immobilized enzymes were coupledsitu with
polyurethane polymer. Immobilized cholanesterases wtable for long
periods (LeJeunet al., 1997)

The greatest number of attempts to immobilize ghneglase have
been applied using a covalent attachment to orgamicinorganic carriers,
including low-cost magnetic support (Pieters & Baedti, 1992). Among
these attempts, the most common method is to empiogus acid or
glutaraldehyde to link the enzyme to amine-actigdgterous glass or silica.
The immobilized glucoamylases treated with gludghlyde approximately
45% of the original activity is retained upon immniaation (Reilly, 1976).
Cellulose fibers of bagasse were oxidized by pleciacid at positions 2 and
3 of the an hydro-glucose unit to obtain dialdehgd#ulose the aldehyde
groups of the dialdehyde cellulose were able totre@h amino groups of a
thermostable alpha-amylase to form covalent bondd eesulted in a
dialdehyde cellulose immobilized enzyme. The ativyield of the
immobilized enzyme was 44% (varavingt al., 2002). Alginate was
commonly used in immobilization of enzyme; it wasided from algae and
stabilized by a divalent cation. It consists of behded D-mannuronic and
L-gluronic acid groups (lvanovet al.,1995; Rodziewicz and Rymowicz ;
1999 ) used the calcium alginate in the immobiliBadillus polymyxa cells
for a-amylase production in continuous biosynthesis .

Gels are formed due to binding of divalent catidmsthe guluronic acid
groups ,The strength of the gel depends stronglherorigin of the alginate,
the strength of the matrix improves with an incregsamount of guluronic
acid groups in the alginate, The type of divalesian used also regulates
the gel strength ,The strength of an alginate mEreiases with the affinity of
the used cation according to the following order:

PE*>Cu* = B&">SF>Cd*>Ca*>Ni**>Zn**>Cd”* (Leenen, 2001).

38



CRAPLET TUWO. ... literature Review

3¢



CRAPLET LATEE ...ttt materials and methods

3.1 Materials and Methods

3.1.1 Equipments and Apparatus
The following equipments have been used througtieustudy.

Equipment

Company

Autoclave

Gallenkamp (England )

Compound microscope

Olympus (Japan)

Ultracentrifuge

Beckman (USA)

Cooled centrifuge

M.SE (U.K.)

Micro centrifuge

Sigma (Germany )

Cooled shaker incubator

Gallenkamp (U.K.)

Distillatory unit

Kent (England)

Lyophilizer

LKB (Switzerland)

Hot plate magnetic stirrer

Stuart scientific (U.K.)

Incubator

Gallenkamp(U.K.)

Millipore filters

Millipore and Whatman( England)

Oven

Memmert (Germany)

pH-meter

Metter-Toledo(U.K.)

Sensitive balance

Sartorius (Germany)

Shaker incubator

GFL (Germany)

Shaker water bath

Kotterman (France)

Spectrophotometer

Aurora instrument Ltd. UV 201 (U.K.)

Vacuum Pump

Robin Air (USA)

Vortex mixer

Buchi (Switzerland)

DNA —Gel Electrophoresis

Bio-Rad ( USA)

Protein —Gel Electrophoresig Lkb(Sweden)
Micropipettes Witeg ( USA)
Ultracentrifuge Beckman(USA)




Chapter three
and Biological Items 3.1.2 Chemical

materials and methods

The following chemical and biological items havebeised throughout the

study.

Materials

Manufacturer

Absolute ethanol, Glacial acetic acid, Potassium
chloride, Casein hydrolysates , Dihydrogen
potassium phosphate, Dipotassium hydrogen
phosphate, Glycine , Sucrose, Potassium iodide ,
Paraffin ,Glycerol, hydrochloric acid, Isoamyle
alcohol , Methylene blue ,lodine , Safranine,
Dimethyl- a-naphthalane , a-Naphthylamine

,Sulphanilic acid

BDH ( England)

Yeast extract, Agar, Nutrient broth, Gelatin. Biolife ( Italy)
Soluble corn-Starch, Urea, Maltose Difco(USA)
Sodium lauryl sulphate, Tris(hydroxyl methyl )

Fluka

amino methane base ,Sodium hydroxide, Hydrogen

peroxide ,Na ,EDTA, Sodium azide

( Switzerland)

Calcium chloride hydrate, Magnesium sulphate Reidel-
hydrate , Bromophenol blue ,Ammonium chloride DeHaeny
,Glucose, Sodium chloride, Ethidium bromide Germany
Calbiochem-
2-Merceptoethanol
USA

Ampicillin , Tetracyclane ,Chloramphenicol

Sinochem

jlangsu (China)

Cesium chloride, 2,3-dinitrosalicylic acid ,TEMED,

Ammonium persulfate , Complete freund's adjuvant

Sigma

3.1.3 Culture media:

3.1.3.1 Ready to use media




Chapter three

Media

Manufactured company

Brain heart infusion agar

Biolife ( Italy)

MacConky agar

Oxoid (England)

Nutrient agar

Oxoid (England)

Nutrient broth Oxoid (USA)

Simmon’'s citrate medium Difco (USA)
Triple sugar iron ( TSI) Difco( USA)
Tryptic soy agar Biolife(ltaly)

Urea agar Base Biolife
Muller-hinton medium Difco

materials and methods

3.1.3.2 Laboratory prepared media

The autoclaving was done for the all autoclvabléimat 121°C for 15min.
3.1.3.2.1 Blood Agar ( Atlaset .al,1995)

It was prepared by dissolving 37 g of blood baga & 950 ml of

distilled water then the pH was adjusted to 7.@ amoclaved , after cooling
to 50°C, the blood was added to final concentratfo® %, mixed well and

poured into Petri dishes .

3.1.3.2.2 Nitrate broth medium (Cruickshanket al.,1975)

It is composed of:-

Beef-extract 34g.

Peptone 540.

Potassium nitrate0.2 g.

Distilled water

UptollL.

The pH was adjusted to 7, distributed into tubesautoclaved at 121Gor
15 minutes
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3.1.3.2.3 Carbohydrate fermentation medium ( Parnet al,1983)

Ammonium salt sugars medium (A.S.S) was used;dbmposed of :-

Ammonium diphosphate 19.
Potassium chloride 0.2 g.

Hydrous magnesium sulphate 0.2 g.
Yeast extract 0.2 g.

Agar-agar 14 g.
Bromophenol blue solution 1% 3.2ml
DW. UptollL

pH was adjusted to 7.0 and sterilized by autoclaten desired sugar
solution was filtrated and added to be 1% as d $iolation and kept as

slants.

3.1.3.2.4 Gelatin medium (Cruickshanlet al.,1975)

Twelve gram of gelatin were dissolved and complésetD0 ml of nutrient

broth medium. Distributed in tubes and autoclaved .

3.1.3.2.5 Sporulation medium (Cruickshanlet al.,1975)

Nutrient broth 6 Q.

Hydrous magnesium sulphate| 0.03 g.

Potassium phosphate monoba<ic25 g.

Agar-agar 20 g.
D.W UptollL
The pH was adjusted to be 7.0, distributed int@sudnd autoclaved

and then kept as slants.

3.1.3.2.6 Methyl red and Voges- proskauer (MR-VPnedium
(Cruickshanket al.,1975)



CRAPLET LATEE ... materials and methods
It is composed of :-

Glucose| 5 g.

Peptone 7 g.
Ko.HPO, | 5 g.
D.W Up to 1L

The pH was adjusted to be 7.0, distributed int@$udind autoclaved, then the

filtrated glucose was added.

3.1.3.2.7 Peptone water medium (Atlast al.,1995)

It is composed of:-

Peptone 24.
Sodium Chloride 0.5 g.

D.W Up to 100 ml.

pH adjusted to 7.0,the media were distributed tnb@s and autoclaved.

3.1.3.2.8 Urea agar medium (Colleet al,1996)

It was prepared by adjusting the pH of the urea bgse (Christensen’s
media ) (3.1.3.1) to 7.0, autoclaved, allowed tol ¢o 50°C. Then 50 ml of
40% urea (sterilized by filtration) mixed togettieen distributed into

sterilized tubes, kept as slant.

3.1.3.2.9 Casein medium (Cruickshankt al.,1975)

It is composed of :-

Skimmilk | 5 g.

Agar-agar| 2 g.
D.W U to 100 ml.

The pH was adjusted to 7.0 and autoclaved for X0 mi




CRAPLET LATEE ... materials and methods
3.1.3.2.10 Starch- agar | medium

Nutrient agar supplied with 1.5 % soluble starble, pH was adjusted to 7.0
then autoclaved.

3.1.3.2.11 Luria —Bertani (LB) broth (Maniatis et al,, 1982)

It is composed of :-

Tryptone 10g
Yeast extract 59

NaCl 5¢
Glucose 19
D.W. Upto 1L

The pH was adjusted to 7.5 and autoclaved.

3.1.3.2.12 Semi -solid agar medium (Collest al.,1996)

It was prepared by dissolving 0.7 % of agar, tthistributed into tubes,

autoclaved and allowed to stand in a verticaltposi

3.1.3.2.13 starch- agar media Il (Mielenz, 1983)

It is composed of :-

Na,HPO, 0.6 g.
KH,PO, 0.3g.

NacCl 0.05g.

NH,CI 0.19.

Yeast extract 1g.
Peptone 1.0g.
Soluble starch 1.0g.
Agar-agar 24.

D.W. Up to 100mi

The pH was adjusted to be 7.0 , and autoclaved
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3.1.3.2.14 SH media (Saito and Yamamoto, 1975)

It is composed of :-

Soluble starch 40 g.
Ammonium hydrogen phosphate 5g.
Yeast extract 50.

Magnesium sulfate heptahydrate 0.50¢.
sodium citrate 2 4.

Calcium chloride 0.08g.

DW. Upto1llL.

The pH was adjusted to 7.2, then autoclaved at@ 2415 min.

3.1.3.2.15 TSM media (Campbell, 1954)

It is composed of :-
A) Stock elements solution :

Magnesium chloride hexahydrate 0.5¢.
Calcium chloride 0.5¢.
Iron( Il) chloride tetrahydrate 0.3 9.

D.W Up to 100ml

The pH was adjusted to 7.2, then autoclaved at@ 2410 min.

B) Media Solution :

Soluble starch 10 g.

Trypton 20 g.

Sodium phosphate dibasic 2.540.
potassium phosphate monobasic 1g.
Sodium chloride 1g.

D.W Up to 999 ml

The pH was adjusted to 7.2 and autoclaved at 1&4r°C5 min, then the

stock (1 ml) elements solution was added and mixed
Y
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3.1.3.2.16 Nutrient broth with 1% soluble starch (Ayar, 2004)

Nutrient broth supplemented with 1 % soluble stavas prepared and pH
was adjusted to 7.0, then autoclaved.

3.1.4 Reagents and Dyes

3.1.4.1 Catalase reagent (Atlast al,1995)

It is composed of 3% hydrogen peroxide

3.1.4.2 Oxidase reagent (Collins and Lyne ,1987)

One gram of Tetramethy-phenylene —diamine dihydrochloride was
dissolved in 100 ml distilled water, kept in a dadktle at 4°C.

3.1.4.3(Lugol’s solution) Starch hydrolysis reage(€ollins and Lyne,
1987)

Potassium iodidel10 g.

lodine 24.
D.W 100 mi
Kept in dark bottle at 4°C.

3.1.4.4 Nitrate reduction reagent (Cruickshanlet al.1975)
Reagent A 0.8 % sulphanilic acid was dissolved in 5N acatid
over heated.
Reagent B 0.5 %a-naphthylamine was dissolved in 5N acetic acid
over heated .Equal volumes of A and B were mixggther .
C: Zink dust

3.1.4.5 (Barritt's indicator) Voges —proskauer (Cuickshank et al.,1975)

» Solution A : Potassium hydroxide 40 %

» Solution B: a-naphthol 5% in absolute Ethanol.
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3.1.4.6 Methyl red indicator (Colleeet al.,1996)

It is composed of :-
Methyl Red 0.025 g.
Ethanol (95 % V/V) 75 ml
D.W 50 mi

3.1.4.7 Kovac's reagent

It is composed of :-

p-dimethylaminobenzaldehydé g.

Isoamyl alcohol 75 ml.

Con. HCI 25 ml.

P-dimethylaminobenzaldehyde was slowly dissolvegaamylacohol
with heating in a water bath at 500@til it became cold; HCI was added,
kept in a dark bottle at 4°C

3.1.4.8 3, 5-Dinitrosalicylic acid (DNSAJAiba et al.,1983)

It was prepared by dissolving 1g. of DNSA in 5@inD.W then 20

ml of NaOH 2M was added ,until it completely dissal ,30g.of Potassium
—sodium tartrate teterahydrat- (Rochelle Salt )gadlg was added to be
completely dissolved , then the total volume braugl00 ml, and kept in a
dark bottle .

3.1.4.9 3, 5-Dinitrosalicylic acid for TLC prodicts detection

It was prepared by dissolving 0.5g of DNSA in 100ofMNaOH
solution (3.1.5.16) (Caraway, 1976).

3.1.4.10 Coomassie brilliant blue G 250(Bradfordl976)
Coomassie brilliant blue G-250 (0.1 g) was dissobive50 ml of 95%

ethanol, then 100 ml of 85@ephosphoric acid was added ,the volume

completed to one liter with distilled water .
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3.1.4.11 Bromophenol blue (0.25%) (Shi and Jackowsk998)

It is composed of :-
Bromophenol blue 0.25¢.
D.W Up to 100 ml

3.1.4.12 Coomassie brilliant blue R-250 (Shi and dkowsk, 1998)

Coomassie brilliant blue R-250 (2g.) was dissolve8i00 ml of
methanol, 100 ml of glacial acetic acid then 40®frD.W . The dye was
filtrated through Whatman No.1 filter paper andtiepa dark bottle at room

temperature.
3.1.4.13 Methyl Red Indicator (Colleeet al.,1996)
3.1.4.14 Gram stain (Atlaset al., 1995)

3.1.4.15 Ethidium bromide solution (10 mg/ml) (Maratis et al.,1982)
Ethidium bromide (0.1 g) was dissolved in 10 mDoW and stirred

with a magnetic stirrer for six hours to ensuredbmplete dissolving, then it

filtrated and stored in a dark bottle, wrapped vailinminum foil at 4°C.

3.1.4.16 Staining solution (for SDS-PAGE and Non-S%) (Shi and
Jackowsk, 1998)
Methanol 250
Glacial acetic acid 50 ml
Coomassie brilliant BRE50 1 gm
D. W up to 500ml

3.1.4.17 Destaining solution(Shi and Jackowsk, 1998)
Methanol 200 ml

Glacial acetic acid 50 ml
D.W up to 250 ml
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3.1.4.18 McFarland standard turbidity suspension (Tibe 0.5)

Chapter three

It is composed of :-

Barium chloride 1.175 %

Sulfuric acid

Which equals to 1.5 x $Qin general

3.1.5 Buffers and Solutions

0.36 N 99.5 ml

3.1.5.1 TE buffer pH 8.0 (Maniatiset al, 1982)

It is composed of :-

3.1.5.2 Potassium phosphate buffer (100 mM) pH 7.0

It is composed of :-

Tris-HCI

10 mM

EDTA

1 mM

KHPO,

100 mM

KH,PO,

100 mM

3.1.5.3 EDTA — SDS buffer pH 8.0

It is composed of :-

EDTA

50mM

SDS

1%

3.1.5.4 TEG buffer pH 8.0(Kieser, 1995)

It is composed of :-

Tris-HCI | 25 mM
EDTA 10 mM
Glucose | 50 mM
RNase A 5upg/mi
3.1.5.5 TE25S( Kieser, 1995)
It is composed of :-
Tris-Base 25 mM
Na-EDTA 25 mM
Sucrose 300 mM

AR
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3.1.5.6 CTAB/NaCl (Kieser, 1995)

It is composed of :-

CTAB 10g.
NacCl 4q.
D.W. 100 mi

3.1.5.7 5M NaCl (Kieser, 1995)
It was prepared by dissolving 29.22 g. in 100 nWD.

3.1.5.8 Solution | for DNA isolation (Maniatiset al.,1982)

It is composed of :-
Glucose 50mM
Tris.HCI (pH 8.0) 25mM
EDTA 10mM
Autoclaved, stored at 4°C and Lysozyme dissolvesbintion just before use

in concentration of 5mg/ml.

3.1.5.9 Solution Il for DNA isolation (Maniatiset al.,1982)
It was prepared freshly, as stock solution of IR&0OH and 20 % SDS , pH

was adjusted to 10.5 . The concentration of the&kingrsolution should be:
NaOH 0.2 N
SDS 1%

3.1.5.10Lyses buffer

It is composed of:-
Sucrose 12.5 %

Tris-Base 25 mM pH 8.0
Lysozyme 2 mg/ml

The pH was adjusted to 8.0

3.1.5.11 TBE buffer 5x (Maniatiset al.,1982)
It is composed of :-
Tris-Base 54 g

Boric acid 27.5gm
EDTA 0.5M (pH8 20 ml

VY
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The volume was brought to up 1 L and autoclaved

3.1.5.12 Potassium acetate pH 4.8(Maniatet al, 1982)

To 60 ml of 5M potassium acetate, 11.5 ml of gleacetic acid was
added and then 28.5 ml of D.W was added, mixedhegeand allowed to

stand on ice for 10 min. before use.

3.1.5.13 SET buffer (Kieser, 1995)

It is composed of :-
NaCl Yo mM

EDTApH 8.0 25 mM
Tris-Base 20 mM

3.1.5.14 TEGRLR buffer pH 8.0 (Kieser, 1995)

It is composed of :-
Tris-base pH 8.0 25 mM

EDTA 10 mM
Glucose 50mM
Lysozyme 1mg/ml
RNase 10 pg/ml

3.1.5.15 Gel loading buffer 6X (Maniatiset al.,1982)

It is composed of :-
Bromophenol Blue 0.25 g.
Sucrose 404g.
D.wW 100 ml
Kept at 4°C

VY
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3.1.5.16 1 M NaOH

3.1.5.17 0.005 M Potassium phosphate buffer -@5M CaCl, pH 7.0
3.1.5.18 0.25 M NaCl -0.25 M NaOH

3.1.5.19 0.25NHCL

3.1.5.20 0.005 M Potassium phosphate buffer pHO7.

3.1.5.21 0.01 M Potassium phosphate buffer pH 7.0

3.1.5.22 Starch solution 0.5 %

It was prepared by dissolving 0.25 g. of corn $tanc25 ml of

potassium phosphate buffer-Ca(3.1.5.18) dissolving solution and then
25 ml of boiled potassium phosphate buffer-G48l1.5.18) dissolving
solution was added, boiled for two minutes, untdampletely dissolved

,then allowed to cool .

3.1.5.23 Maltose stock solution 1 mg/ml

It was prepared by dissolving 0.1 g. of Maltos&@@ml of D.W.

3.1.5.24 Sodium alginate 4 % solution
It was prepared by dissolving 4 g. of sodium alggria 100 ml of D.W and

autoclaved for 10 min. at 121°C.

3.1.5.25 Cad1 % solution

It was prepared by dissolving 1 g. of Caf@l 100 ml of D.W and autoclaved
for 10 min. at 121°C.

3.1.5.26 Tris-acetate-phosphate buffer (Eliss and trison, 1982)

It was prepared by mixing Tris, acetate and phosplaeid with final
concentration of 0.2 M (using prepared computegram). The final pH was

adjusted according to the needed values.

)¢
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3.1.5.27 Tris.Cl 10mM / EDTA 1mM pH 7.5

3.1.5.28 Chloroform/ Isoamyl alcohol solution (Kiesr, 1995)

Potassium phosphate buffer-CacCl
Chloroform 24 ml

Isoamyl alcohol 1 ml

3.1.5.29 Transformation buffer

Potassium phosphate buffer-CaCl
Tris.base pH 8.0 10 mM
CaCl, 50mM

3.1.5.30 Discontinues SDS — PAGE and (Non-SDS)-PAGkffers and

solutions based on (Shi and Jackowski, 1998)

Acrylamide /Bisacrylamide 30% stock solution
It is composed of :-
Acrylamide 29.22 g.
Bisacrylamide 0.78 g.
D.W Up to 100 ml
Stock solution filtrated through 0.45 um filterdastored in dark bottle.

3.1.5.31 Stacking gel buffer solution 4 X (0.5 M Ts.base pH 6.8)

It is composed of :-
Tris —Base 121.1 g
D.W Up to 200 ml
The pH was adjusted with 6M HCI

3.1.5.32 Resolving gel buffer 4 X (1.5 M Tris-HCI H 8.8)

It is composed of :-

Tris.base 36.3 9.
D.W Up to 200 ml

The pH was adjusted to 8.8 with 6 N HCI.

\o
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3.1.5.33 Running buffer 5 X (pH 8.3) for SDS-PAGE
It is composed of :-
Tris- Base 15 g.
Glycine 72 g.
SDS 5g.
D.W Upto 1L.
The pH should be 8.3 without adjustment, the buéépt in dark bottle at

room temperature.

3.1.5.34 Running buffer 5 X (pH 8.3) for PAGE

It is composed of :-
Tris- Base 15 g.
Glycine 72 g.
D.W Upto 1L.
The pH should be 8.3 without adjustment, the buéépt in dark bottle at

room temperature.

3.1.5.35 Sample buffer 2X ( SDS- PAGE)

It is composed of :-
Stacking Gel Buffer 2.0 ml

Glycerol 1.6 ml
10 % SDS 3.2ml
2-mercaptoethanol 0.8 ml
Bromophenol Blue in D.W(0.1% w/v) 0.4 ml
kept at 4°C in dark bottle.

3.1.5.36 Sample buffer 2X (PAGE)

It is composed of :-
Stacking Gel Buffer 2.0 ml

Glycerol 1.6 ml
D.W 4 ml
Bromophenol Blue in D.W(0.1% w/v) 0.4 ml

Kept at 4°C in dark bottle.
R
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3.1.5.37 Ammonium persulfate solution 1.5%

It is composed of :-
Ammonium Persulfate 0.15 g.
DW 10ml
It was freshly prepared

3.1.5.38 Fixing solution

It is composed of:-
Methanol 40 %
TCA( Tri-Chloroacetic acid) 10 %

3.1.5.39 TLC separation system (Aibat al.1983)

It was prepared by mixing n-butanol /glacial acatal/ distilled water

as ratio of 5:4:1.
3.1.5.40 Glucose 1% solution
3.1.5.41 0.005M potassium buffer —1M NaCl pH 7.0

3.1.5.42 Enzymes and Nucleic acids

Lysozyme Sigma
A DNA digested with Pst | sigma
Hindlll Fermentas
Pronase Sigma
RNase- free DNase Sigma
Alkalane phosphatase Sigma
T4 Ligase Fermentas

3.1.5.43 Bacterial standard strains

E.coli hsdS20,recA-13,ara-14,proA2, lacYl, | Genetic Engineering and
HB101 | galK2, rpsl (Sm),ryl-5,mtl-1,supE44 | Biotechnology Institute

\RY%
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University of Baghdad, Iraq

E.coli | hsd R,dsd M* thi",end A Genetic Engineering and
MM294 Biotechnology Institute

University of Baghdad, Iraq

3.1.6 Antibiotic

3.1.6.1 Antibiotic disks

The source of these disks was (Bioanalyse, Turkey):

o o Content

Antibiotic | Abbreviation
(Mg or U)

Imipenem IPM 10
Cefotaxime CTX |30
Norfloxacin NOR | 10
Gentamicin CN| Y
Penicillin Pl10U
Amipcillin AM |-
Aztreonam ATM | 30

3.1.6.2 Ampcillin stock solution (25mg/ml) (Maniats et al.,1982)
Ampcillin (25 mg ) was dissolved in 1 ml of D.W théltrated through

Millipore and stored at -20°C in dark as aliquots.

3.1.6.3 Tetracyclane stock solution (12.5 mg/ml) (Mhiatis et al.,1982)

Tetracyclane (12.5 mg/ml) was prepared in Ethamater (50% V/V)
then filtrated through Millipore and stored at -20h dark as aliquots.

YA
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3.1.6.4 Chloramphenicol stock solution (34 mg/miManiatis et al.,1982)
Chloramphenicol (34 mg /ml) was prepared in Eth#men filtrated
through Millipore and stored at -20°C in dark aguabts..

3.1.7 Enzyme solutions (Maniatit al, 1982)
3.1.7.1 Lysozyme solution (50mg/ml) in lysis buffe

3.1.7.2 Pronase solution (20 mg/ml)

Pronase 20mg/ml was prepared and incubated &tf87?2 hours in
water bath to inactivate possible DNase and Riastaminants , distrubted

into aliquots and stored at-20°C.

3.1.7.3 RNase Solution (10 mg/ml)
RNase 10mg/ml was prepared in 10 mM Tris.HCI andndb NaCl,

Heated to 100°C for 10 min. allowed to cool sloatyoom temperature.

Then distributed into aliquots and stored at — 20°C
3.2 Methods

3.2.1 Isolation of thermophilic bacteria producinga-amylase (Teodoro
and Martins, 2000)

Sixty nine soil samples were collected from differsites in Baghdad,
Babylon, Dyhala and Diwaniyha districts .They tgami$ed to the lab., using
sterilized nylon sacs, 10 grams of each sampleblean added to 90 ml.
D.W, mixed vigorously and heated to 80 °C for 3@.mwith shaking in water
bath, the pH of the soil sample was measured fxirstadies.Serial dilutions
of each sample using sterilized phosphate buffeewet up from 10
through 10. ( 0.1) ml of appropriate dilutions were spreadatb Petri
dishes of Stah —Agar medium (3.1.3.2.10) , incubated at 8%cCtwo

days . Replica plating was made for the growingui@s then starch

hydrolysis test was done for one of the replicagsdy flooding plates with

14
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lugol's reagent(3.1.4.3). The colonies that shoavbdlo diameter zones

(Z/G) ratio ; halo diameter: colony growth diametgere picked to repeat the

same test to confirm the resuilt.

3.2.2 Microscopic and morphological identificatiorof the isolated
bacteria (Harley and Prescott, 1996).

The morphology ,size and the margin of isolatddrdes grown on nutrient
agar (3.1.3.1) and blood agar (3.1.3.2.1) medaewstudied. 18 hour old
colonies were subjected to a microscopic exanainalf their shape ,size
and gram's stain. The sporulation ability was sddiy cultivating the isolate
on sporulation medium (3.1.3.2.5) for 72 hrs. Spavere been examined of

their shape and position within the cell uditttase contrast Microscope.

3.2.3 Biochemical tests.
The colonies that produced amylase and showedatkasdics similar
to Bacillus as a genus have been chosen for further exanmsabodetermine

the genus and species accurately.

3.2.3.1 Catalase test (Cruickshankt al.,1975)

This test was performed by adding drops of hydrqueEoxide (HO,)
3% (3.1.4.1) on a single colony grown overnighéceld on glass slide. The
production of gaseous bubbles indicated the presehcatalase.

3.2.3.2 Oxidase test (Atlast al., 1995)

Filter paper was moistening with the substratetswiu3.1.4.2), colony
of bacteriagrown overnight was rubbed on the filter paper Isyeaile
wooden applicator stick. An immediate color chatgga deep blue indicated

a positive test result.

3.2.3.3 Starch hydrolysis test (Harley and Prescqti996)

The ability of bacteria to hydrolyze the starchswp&rformed by
inoculating the bacteria on the plate of starcharagedium ( 3.1.3.2.10) by
making a single streak of the bacteria and bybatng at 55°C for 48 hour.

Y.
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After incubation, the plate was flooded with lugo$olution(3.1.4.3).The

presence of halo zone around the colonies indidatdablysis of starch.

3.2.3.4 Urease test (Atlast al.,1995)

This test was used to examine the presence ofeyredisch hydrolyzes
urea to ammonia, and €Ghristensen urea agar slants were inoculated with
single colony of bacteriancubated at 45°C for 4-5 days. The appearance of

pink color slant indicated a positive test.

3.2.3.5 Triple sugar iron (TSI) test (Atlaset al.,1995)

Isolates were cultured on TSI agar slants by stapipito the agar and
streaking on the surface, and then incubated drd. at 55°C .Bacteria that
only ferment glucose produce an alkalane (red skrd an acid (yellow)

butt. Bacteria that ferment lactose or (and) swecesswell as glucose produce
an acid (yellow) slant and an acid (yellow) butacReria that do not ferment
glucose, lactose, or sucrose produce an alkaladg glant and an alkalane
(red) butt. Bacteria that produce gas during fematgyn form bubbles or

cracks in the medium. Bacteria that produg8 Has turn the medium black.

3.2.3.6 Citrate utilization (Atlaset al.,1995)

This test was used to examine the ability of baterutilize citrate as a
sole source of carbon. In this test, a colony wasulated on the surface of
simmon’s citrate medium (3.1.3.1) slant and theinmedvas incubated
overnight at 55°C. The change of the color to Inhdecated the positive

result.

3.2.3.7 Methyl red and voges- proskauer (Collest al.,1996)

The methyl red test was used to determine the pHeoénd products

of glucose fermentation.

Y
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Tubes of MR-VP liquid media were inoculated anduimated at 55°C

for 48hrs. Both tests were performed from the samoeulums suspension,
which was divided for testing. The methyl red t@ats performed after adding
about five drops of methyl-red reagent (3.1.4.8)pbsitive test was bright
red and negative test was yellow.To detect the d&ion of Acetoin , Barritt's
solution ( 3.1.4.5) (600ul of 5 ¥naphthol and 200 pl of 40% NaOH) were
added to the 1 ml bacterial culture ( 3.1.3.2l&),appearance of red color
within minutes indicated the formation of intermetei -compound Acetyl-

methyl carbionl(Acetoin).

3.2.3.8 Carbohydrates fermentation (Parryet al.,1983)

Bacteria were grown on ASS (3.1.3.2.3) medium dairtg the sugar
to be tested and incubated at 4%5@ 3-5 days, the turn of reagent's color into

yellow indicated utilization of the sugar and tleeming of an acid.

3.2.3.9 Nitrate reduction test (Cruickshanket al.,1975)
One hundred pL of each test reagent solution ABa(8l1.4.4) was

added to the culture in medium (3.1.3.2.2). A relbicdeveloped within few

minutes indicated the ability of the organism tduee nitrate to nitrite.

3.2.3.10 Gelatin liquefaction test (Cruickshanlet al.,1975)

Tubes of gelatin media (3.1.3.2.4) were inoculatét bacteria and
incubated at 45Tor 5 days then transferred to the refrigerator ain hour,
the liquefaction of tubes indicated positive réstd be compared with the

control one .

3.2.3.11 Indol formation test (Colleeet al.,1996)

The tubes of peptone water media (3.1.3.2.7)wereuliated with
bacteria ,and incubated at 45°C for 48 hrs , tl@@ullof kovac's reagent
(3.1.4.6) was added to the culture . the Formatdfaied ring near the surface

indicated the positive result due to the formatbtryptophanase.
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3.2.3.12 Motility test (Colleeet al.,1996)
Semi solid agar medium ( 3.1.3.2.12 ) was indedlavith bacteria by
stapping in the center of agar , to half ofittcubating at 55 °C for 48 hrs.,
a diffuse and hazy growth that spread slightlptighout the medium

indicated positive results .
3.2.4 Maintenance of bacterial isolates

3.2.4.1 Short term storage

Bacteria were maintained in slant culture for pgd a month. Such
cultures were grown on slant surface in tubedaining 5-8ml of nutrient

agar medium and stored at 4°C .

3.2.4.2 Storage in soil

clean soil was sterilized successive times usitgciave , then its

aseptic condition was tested by inoculating a $ampit on nutrient agar for
three days , no visible growth indicated its siteation .Then 1 ml of spores
suspension was mixed with it, allowed to dry anpitke 4°C for

undetermined period.

3.2.4.3 Storage in 15 % glycerol.

Bacteria could be stored for a relatively longdim media containing

15% glycerol at a low temperature without a siguaifit loss of viability. This
was done by adding 1.5 ml of sterilized glycerchtoexponential growth of
bacteria grown in nutrient broth in a screw-capbpettle in final volume 10

ml and stored at -20°C.

3.2.5 Preparation of Spores

B. stearothermophilus M13 was cultured on the surface of sporulation
media(3.1.1.2.5) in slant tubes at 55°C for thiesdthen sterilized D.W
was added to the culture and centrifuged at 300@xd¢ min., discarding the

Yy



CRAPLET LATEE ... materials and methods
supernatant, the same procedure was repeatedpdtesispension was

obtained and kept onto the soil at 4°C.

3.2.6 Estimation of protein ( Bradford,1976)

Protein was estimated by dye-binding (Coomassi&@G)anethod in

which the bovine serum albumin used as a stanutatdin .

1. The standard protein bovine serum albumin (BSA) prapared by
dissolving 10 mg (BSA) in 10 ml of 0.05 M phosphhtdfer pH 7.0
2. Several dilutions of standard protein (BSA)(1upiuere performed in

the same buffer and according to the followingunags :

BSA uL | Buffer pL | Protein amount pug| Final volume mi
20 80 20 0.1
40 60 40 0.1
60 40 60 0.1
80 20 80 0.1
100 0 100 0.1

3. Twenty ul of each concentration were mixed \&ifiul of NaOH 1M
(3.1.5.16)
4. Two hundred and fifty ul of the dye reagent (3.104 were added,
mixed, and allowed to stand for 10 minutes abraemperature.
5. The absorbance at 595 nm was measured; the blank was prepared from
0.1 ml of the buffer and 2.5 ml of the dye reagent.
6. A standard curve was plotted between the amourgsotéin in the
given sample against the corresponding absorbaiesprotein
concentrations of unknown sample were calculatesh fthe standard

curve (Fig. 3.1).
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1.00 — A

0.90 —

0.80 —

0.70 —

0.60 —

0.50 —

Fit Results

Fit 11: Linear, Y=B*X+A
Equation:
0 40 — Y =0.0103514 * X + -0.00894568
" Number of data points used = 6
Average X = 49.1667
Average Y = 0.5
Regression sum of squares = 0.698722
_ Residual sum of squares = 0.00127795
0.30 Coef of determination, R-squared = 0.998174
Residual mean square, sigma-hat-sq'd = 0.000319489

O.D. at 595 nm.

0.20 —

0.10 —

0.00

30.00 50.00 70.00 90.00
0.00 20.00 40.00 60.00 80.00 100.00
protein amount ug/ml

Figure(3.1):Standard curve for protein estimation ty Bradford's method.

3.2.7a-amylase activity assay

Method of Bernfield (1955) was used toramylase assay; one unit
enzyme activity is defined as the amount of enztfmag liberates one pmole
of reducing sugar and measured as maltose perenimaker the conditions of

assay.

3.2.7.1 Standard curve of maltose solution
1. the following volumes of standard maltose stockisoh (1mg/ml)
( 3.1.5.23) had been distributed into test tudseduplicates for each

single volume , then the appropriate volumes of Ph@d been added for
each, as follows;

Tube | Stock standard | D.W Final conc.

No. maltose( ml) | (ml) | maltose(mg/ml)

Blank 0 1 0
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1 01| 0.9 0.1
2 03| 0.7 0.3
3 04| 0.6 0.4
4 05| 05 0.5
5 06| 0.4 0.6
6 08| 0.2 0.8
7 1.0 0 1

2. One ml of DNSA Reagent (3.1.4.8) was added to aamh
3. Tubes were incubated in boiling water bath for &.mi
4. Tubes were removed from the boiling water bathiemdediately placed
into ice bath.
5. Ten ml of D.W. were added to each tube and welkenhi
6. Reading the absorbency for each sample at 540ensu¥ blank.
7. The Absorbency values at 540nm were plotted agaiaose

concentration (mg/ml), then the activity was cadted! .
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1.20 —

1.00 —

0.80 —

0.60 —

0O.D at 540 nm

Fit Results

Fit 9: Linear, Y=B*X+A
Equation

Y =1.07
N

0.40 —

304 * X + -0.00570682

um| of data points used = 9

X =0.488889
=0.518889

squares = 0.977417
R d of squares = 0.00607173
Coef of determination, R-squared = 0.993826
Residual mean square, sigma-hat-sq'd = 0.00086739|

0.20 —

0.00

X 0.30 0.50 0.70 0.90
0.00 0.20 0.40 0.60 0.80 1.00
Maltose concentration mg/ml

Figure(3.2):Standard curve for maltose, using DNSAs blocking reagent

3.2.7.2 Assay method
1. Enzyme solution (0.1 ml) was added to 0.9 ml ofcstasolution
(3.1.5.24) in tubes and incubated at 60°C for 19. mi
2. The reaction was stopped by adding 1ml of DNSA, thed the tubes
were incubated in boiling water bath for 5 min.
3. Tubes removed from the boiling water bath and ichately placed
into an ice bath.
4. Ten ml of D.W was added to each tube.
5. The absorbency for duplicate tubes was measurgdiOatm , the
blank was created by adding the enzyme solutiaar BINSA addition
(blocking solution).
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3.2.8 Optimum conditions fora-amylase production in liquid media

The main optimal conditions for amylase productiawe been studied

in order to produce it with higher amount using lbiaéch cultures.

3.2.8.1 Determination of optimala-amylase production media

The colonies that revealed halo zone of hydrolgaisnedia

(3.1.3.2.10) and classified Bsstearothermophilus were picked for the next
experiments in order to choose the most efficieolate by inoculating on SH
mediumB. stearothermophilus was grown in nutrient broth for overnight,
then three duplicated flasks containing SH inmed3.1.3.2.14) , TSM
medium (3.1.3.2.15) and nutrient broth supplementéal 1% soluble potato
starch (3.1.3.2.16) were inoculated with 1 mihef previous grown culture
at log phase of growth . Then flasks were incubatedshaker incubator (120
rpm, 55°C, 24 hrs.). The cultures were centrifuge8000xg for 5 min and
supernatant was used for assayingotfa@nylase activity (3.2.7).

3.2.8.2 Optimal temperature fora-amylase production

B. stearothermophilus M13 was grown in TSM medium broth (in

which it was the best among the media) and incadbiatdifferent
temperatures (35, 40, 45, 50, 55, 60, and 65°@)shaker incubator (120
rpm, 48hrs). The cultures were centrifuged at 3000ior 5 min and
supernatant was used for assaying-aimylase specific activity as described
in (3.2.7).

3.2.8.3 Optimal Initial pH for a-amylase production

The optimal pH for production aef-~amylase was determined by

preparing the TSM medium with different pH, rangfngm (6, 6.5, 7, 7.5 and
8) .Media were inoculated and incubated in shakewbator (120 rpm, 55°C,
24 hr.). The culture was centrifuged at 3000rpnbfonin and supernatant

was used for assaying @famylase specific activity as described in (3.2.7).
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3.2.8.4 Measurement of bacterial growth (Growth cuve) and optimal

growth phase fora-amylase production.

Growth of bacteria was monitored by measuring thtecal density of a
liquid culture using spectrophotometer at 600nnmt&trval time of 2 hours
.The corresponding-amylase activity was determined as described.i{3
after centrifugation of the samples at 3000xg .

3.2.9 Antibiotic susceptibility (Aslim et al.,2002)

B. stearothermophilus M13 was inoculated into nutrient broth and
incubated at 55°C for several hours until the withiwas easily visible. The
turbidity was adjusted by nutrient broth againstRdidand (3.1.4.18) standard
tube. Then 100 pl of bacteria suspension wasfeaesl to the surface of
Muller-Hinton agar plates , spreaded and incub&ied5 min. at 55°C
Antibiotic discs were placed on muller-hinton agsdium seeded with
bacteria and the diameters of inhibition zones fivghed following 24 h.
incubation were measured and test results of atitttsusceptibility were
determined according to the inhibition zone diam@&CCLs, 1991).

3.2.10a-amylase purification

3.2.10.1 Precipitation by the Ammonium sulphate (Sgl, 1976)

One hundred ml of the crude extract were made 4 & saturation

with ammonium sulphate stirred on the ice for 1rtben centrifuged at 9000
xg for 20 min. at 2C . Ammonium sulphate was added again to superni@tan
raise saturation ratio to 80% using the sarneqature. The mixture was
centrifuged, then the supernatant was discai®el precipitated was
dissolved in 5 ml of the potassium phosphate bff@d5M — CaGl0.025M

pH 7.0 (3.1.5.17). Then enzymatic activity and phatein concentration were

measured after dialysis.
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3.2.10.1.1 Preparation of dialysis tubing with10004d. cutoff (Maniatis et
al., 1982)

1. Cut the tubing into pieces of 15 cm length.
2. Boiled for 10 min., with 100 ml of 2% sodium bicartate and 1mM
EDTA.
3. The tubing was rinsed thoroughly in distilled water
4. Boiled for 10 min. in 0.001 M EDTA.
5. Allowed to cool and stored at 4°C in D.W
6. Washed with D.W before application.

3.2.10.1.2 Dialysis
The supernatant of the last step was dialyzed ag#ia following

buffers, taking into consideration changing theisoh many times during the
process
1. Distilled water.
2. potassium phosphate buffer —-Ca(CB8.1.5.17 )

3.2.10.2 Preparation of the ion exchange chromatogphy column (LKB)

The DEAE-sepahdex was prepared according to thelfaeturer

( LKB), in which the exchanger was washed wNRCI-NaOH solution
(3.1.5.18). Using the buchner funnel as a rationdi4 20 g. of DEAE-
Sephadex, filtrated under vacuum through WattnagepNo.1. then washed
for many times over running distilled water, susged by HCI solution
(3.1.5.19) then washed for many times by potasgibasphate buffer
(3.1.5.20), and resuspend onto it, until the pHabse 7.0 ,allowed to stand
for 1 hour ,then the fines were removed , waskiitly distilled water was
repeated to ensure a better removal of fines puriies and degassed .
Glass wool was inserted at the bottom of columd,taen the slurry was
poured into column,allowed to be packed in glassmon to be (1.3 x 35) cm.
The equilibration was done overnight using potasgitnosphate buffer

solution (3.1.5.20) at speed of 40 ml/hour.
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3.2.10.2.1 Sample application
The concentrated enzyme ( 4ml) was added to tleevaadl using a

glass rod gently , then it was washed by potasginosphate buffer solution
( 3.1.5.20) ,the washing fractions were colldaespeed of 5 ml/frac, the
optical density was measured for each fractior8atrin. The declane of the
optical density readings to the base lane indictitatithe washing process of

column was completed.

3.2.10.2.2 Elution of the enzyme
A laner salt gradient of (potassium buffer -Na@I)L(5.41) in order to

recover the enzyme from lon- exchanger, the prdteieach fraction was
estimated at 280 nm. The enzymatic activity foihefaaction was assayed as
described in (3.2.7); the curve of enzymatic activity (unit/ml) was plotted
against the 0.D.280nm.

The fractions that revealed significant peak oivetgtwere mixed together.

3.2.10.2.3 Dialysis
The enzymatic solution that recovered from the d&sp was dialyzed

against potassium phosphate buffer 0.005 M — Q@25 M pH 7.0(3.1.5.20)
, and for several times until the next day idewrto remove all the salt used

in the recovery , then it was lyophilized .
3.2.10.3 Gel filtration chromatography (Laue and Rlodes, 1990)

3.2.10.3.1 Preparation of Sephadex G-100 Column

The gel was prepared according to the instructodibe manufacturer

(LKB) in which the gel was washed with potassiunogphate buffer solution
(3.1.5.21), then it was suspended in the sami@o overnight at 4°C to
allow swelling .The fines were removed . Degassiag done using vacuum
, the slurry was poured into the column and allo¥eelde packed in the glass
column( 2.5x 35 ) cm , the washing, overnight, wase with solution
(3.1.5.21) at a flow rate of 30 ml /h. . The vem@ume was measured by

blue dxtran- 2000 (Mat concentration of 5mg/ ml, the blue dextr2®00
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was recovered from the column by potassium phosgdizter solution

(3.1.5.21) in which it was collected at speedhef$ ml /frac. , at a flow rate
of 30 ml /h., the absorbency of each fraction massured at 600 nm. The
lyophilized enzyme was dissolved in 2 ml of (&0@ phosphate buffer —
0.002 Cadl) then was gently added to the side wall of colwsimg the
glass rod of the gel, the elution was done bystrae buffer , 5ml / fraction
at flow rate of 30 5ml /h. using same conditiohghat for the blue dextran -
2000 recovery .

The fractions that revealed the protein and enzignaativity in the

same peak was mixed and dialyzed against solu®idns(21), then protein
and enzymatic activity were assayed once agaith®partially purified

enzyme.

3.2.11 Determination ofa-amylase purity and estimation of its molecular
weight .

3.2.11.1 SDS- Polyacrylamide gel electrophoresis drtial purified
a-amylase (Shi and Jackowski, 1998)

Tubes used were soaked overnight in 95% ethareoi, alowed to dry.

Each tube was sealed from the bottom side by #engbarafilm and aligned
in casting stand board.

The separating (resolving) gel was prepared bymaddi5 ml of (acrylamide
and bisacrylamide) solution ( 3.1.5.30) , 7.5 miexolving gel buffer 1X
(3.1.5.32) pH 8.8, 0.3 ml of 10% SDS solution ab¥l49 ml of distilled
water . The solution was degassed for 10 min. usimgcuum pump , then
150 ul of 1.5% ammonium persulphate (3.1.5.37)Xmd of TEMED were
added to the degassed solution and mixed gentlyg uBasteur pipette ,the
separating gel was transferred to PAGE tubes uamgther pipette ; the top
of the gel was covered slowly with "Isobutyl alobh and allowed the gel to
be polymerized for two hours at room temperatdreen the layer of isobutyl

alcohol poured off.
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Stacking gel was prepared by adding 3.9 ml of (aomde and

bisacrylamide ) solution (3.1.5.30),7.5 ml of stagkgel buffer 1X( 3.1.5.31)
,0.3 ml of 10 % SDS solution and 18.3 ml of distlwater .The solution
was degassed for 10 min., using a vacuum pump] 60 |4.5 % ammonium
persulphate (3.1.5.37) and 5 ul of TEMED were adddtie degassed
solution and mixed gently. Using Pasteur pipette,dtacking gel was
transferred slowly to cover the upper surfacelwd deparating gel to
polymerization about 2 hr at room temperature. Sastor SDS —PAGE
were prepared by adding equal volumes of a samyfertsolution 1X
( 3.1.5.35) to the sample and mixed well. The@amwere incubated in
water bath at 90 Tor 5 min. and cooled to 25°C .
The PAGE tubes were submerged in running buffe( 131.5.33)
and 100 pul of the prepared sample was loadedeogeh.The power supply
was connected to the samples and run at 2.5mAftul®® min. then it was
raised to 6mA. The run was kept at 4°C until tiaeking dye reached

a narrow distance just before the end of gel

3.2.11.2 Standard Proteins Solution
It was prepared by dissolving the following prog&imolecular weights (150

, 80, 67, 50, 20, 14 kDa) as a concentration ofyAwhin sample buffer
(3.1.5.35). Then the same procedures for electr@siswere applied.

3.2.11.3 Detection of protein bands on the polyadgmid gel.

Polyacrylamid gels were removed from the SDS-PA@#es$ and

placed separately in test tubes .Gels were coweitbdixing solution
(3.1.5.38) for 1 hour; fixing solution

was poured off and the gels were covered witmstgisolution ( 3.1.4.10)

for 3 hrs . Then a staining solution was pourecaoff the gels were

immerged with destaining solution .1.8.16) The destining process
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continued with changing the solution several timesl blue bands were

obtained with white background, gels were storetlOfo acetic acid.
The molecular weight was determined using speedlsoftware
PhotoCapMw.Also, based on the application of thiedong equation to
measure the ( Relative mobility; R(Elyassaki,1991)
Ri=MXxL/M' x L'

Where

M = Migration of protein band

M' = Migration of tracking dye

L= Length of gel before staining

L'= Length of gel after staining

In order to confirm the value of;Bf the markers were plotted against
their known molecular weight on a semi logarithistele and the samples

were calculated in accordance.
3.2.11.4 Determination ofx-amylase molecular weight by sephadex G-100

3.2.11.4.1 Standard Protein solution

(lysozyme 14400, ovalbumin 43000, bovine serumralbu67000 and
Alkalane phosphatase 160000 Dalton), were preparedncentration 10
mg/ml in phosphate buffer 0.005 M pH 7.0 (3.1.5.20)

3.2.11.4.2 Gel Filtration
Gel filtration was done using Sephadex G-100 ferdtandard protein ,

well-known molecular weights for each one alondpfing the same
procedures and under the same conditions appliedtida-amylase and blue
dextran (3.2.11.3) (Whitaker, 1963) .

The protein was estimated in each fraction by datimg the elution volume
Vfor each one, then the ratio between recovery veltoneach protein to
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void volume (V) for column as measured by the blue dextran-2000

(3.2.11.3).
A standard curve was drawn by plotting the valug/¢/V,) against log
molecular weight for each single standard protéien thex-amylase
molecular weight was estimated by plotting itg/{X) value against the

corresponding log value of it .

3.2.12a-amylase characterization

For all reactions the mixture of enzyme and substraere

supplemented with 0.005 M CaG@Ind assayed as described in (3.2.7).

3.2.12.1 Determination of pH effect om-amylase activity

Using buffer solution described in (3.1.5.26) whidd been

distributed equally into aliquots, the desired pébkvadjusted according to the
what was described by Ellis and Morrison(1982).1lGf purifieda-amylase
was added to 900ul of each one of the differenspldtions ranged (5.5-
8.5)containing soluble starch 0.5 % as a subsfféte activity ofa-amylase
was assayed and plotted against the correspopéinglues to determine

the optimal pH for-amylase activity.

3.2.12.2 Determination of pH effects on-amylase stability.

Equal volumes of purifiestamylase and buffer solution of (3.1.5.26)
with pH range 5.0 through 9.0 evercubated in a water bath at
55°C for 45 min. then transferred immediately iatoice bath .The
enzymatic activity for each one was determined.
The remaining activity (%) for enzyme was measued plotted
against the corresponding pH values of solutiotetiermine the optimal pH

for a-amylase stability in industry.
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3.2.12.3 Determination the optimal temperature fo-amylase activity
The enzyme was incubated with the substrate, iemtth at different
temperatures (30, 40, 50, 60,70,80,90 and 1009Ggfomin. Enzymatic
activity was measured and the enzyme activity Waitqal against the

temperature.

3.2.12.4 Determination of thermal stability fora-amylase activity

The purified enzyme was incubated at different terafures (30, 40,

50, 60,70,80,90 and 100°C) for 30 min., then imratdy transferred into an
ice bath. Enzymatic activity was assayed and thanm@ng activity (%) was
plotted against corresponding temperature.

3.2.13 products separation by ascending paper chratography
analysis

Hydrolysis products from soluble starch were anadiyay paper
chromatography, as described by (Hatetda., 1996; Safar,1998) with
modifications .
1. One hundred pl of purified enzymatic solution wased with 900ul of
the 0.5%-starch solution (3.1.5.22).
2. The reaction solution was incubated af@dor (0, 15, 30, and 75 min) ,
then transferred immediately to an ice bath .
3. Thirty pl of the product were transferred to tHeCTpaper wattman No.1
with 0.16 mm thickness, allowed to dry , then isviaice to hold a high
concentration of possible products , after tha ghme procedures were
applied to standard maltose ( 3.2.7.1) and gki¢B4..5.40) solutions
4. The paper was placed in the glass jar contais@paration system
(3.1.5.39) and the jar was covered, the processstopped when the

solvent reached the end lane
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5. After determining the distances of the solvent,ghper was removed

from the jar and allowed to dry at room temperattiren it was treated
with DNSA (3.1.4.8).
6. The paper was baked in an oven at®ér 20 min. to complete the
reaction , then the{Rvas calculatetbr each sample according to the
formula ( Ghosh and Chandra ,1980).

Rs = Distanceimmigrant by solute
Distance immigrant by solvent

3.2.14 Immobilization ofa-amylase.

Thea-amylase was immobilized by an entrapment methotjus
sodium alginate according to (Getal., 1990)
1. The enzymatic solution was added as 0.2U/ml towsodilginate
solution (3.1.5.24) and mixed well for 10 min .
2. Then the mixture was pulled in by a syringe angdeal into a beaker
containing cooled calcium chloride solution ( 3.2%)to form beads ,allowed
to solidify, then washed off many times with acoain chloride solution to

remove the remaining of unimmobilized enzyme .

3.2.14.1 Determination of the efficiency of immobited a-amylase

Twenty five grams of granules in which the enzynaswmmobilized

to them was placed into 25 ml of 0.5% starch. Iated at 68C degree in a
shaker incubator 50 rpm for 10 min. The efficiem@s measured according
to the formula below (Varavingt al., 2002) . The immobilized-amylase
was kept in the phosphate buffer at 4°C for momtpthe activity over 30
days.

Activity yield (%) = 100 x activity of immobilized enzyme / A-B

Where:

A: The activity of free enzyme added .

B: The activity of the unimmobilized-amylase (remaining enzyme and

unimmobilizeda-amylase in washed water).
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3.2.15 Preparation of the anti- amylase sera (Yamaghi et al.,
1974 a,b;1999)
A mixture of thea-amylase (2mg in 0.5 ml of 0.85 NaCl) and 0.5 ml

of complete freund's adjuvant was injected subadasly into a mature

white rabbits (two rabbits-New Zeeland with twolsab as a control). Two
weeks later, the rabbits received an additionatstameous injection of the
amylase —adjuvant mixture (2 mg of ir@amylase). The mixture was injected
Into rabbits. Booster injections of the samplesenggven in the same manner
after 4 and 6 weeks, and the blood was collectedek after the last booster
injection, sera were separated and incubated &€ %6r 30 min to inactive

complement, and stored at °20.

3.2.15.1 Neutralization ofa-amylase with anti-amylase Sera(Yamaguchi
etal.,1974a)

Five hundred pl volume of theamylase solution was mixed with an
equal volume of the antiserum .After incubatiod@C for 30 minutes; the
remaining enzyme activity was assayed .The nep#tadn was almost
completed within 60 minutes. After the reaction pteted, the mixture was

centrifuged at 6000xg for 20 minutes, theamylase activity was assayed.

3.2.16 Genetic analysis dB. stearothermophilugvi13

3.2.16.1 Isolation of plasmid DNA fromB. stearothermophilusv13
(Mielenz ,1983)

In order to analyze the genetic potential®fstear othermophilus M13
concerning the possibility of harboring a plasmide following procedure
was applied.
1. B. stearothermophilus was cultured in 25 ml nutrient broth overnight
with shaking (120 rpm )at 55 °C ,then 250 ml oéstr nutrient broth
was cultured with 2.5 ml of 18 hrs. old growthcubated at 55°C with
shaking( 120) rpm overnight.
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2. B. stearothermophilus M13 cells were harvested at 6000g , 4°C using

cooling centrifuge.
3. Cells were resuspended in 5 ml of lysis bufferl(510) and incubated
for 1 hr. on anice .
4. Lysate was allowed to stand at room temperatbhesys 5 ml of SDS
solution (3.1.5.3) was added , after 15 min. 10afhgronase was
added and incubated at 37°C for 30 min.
5. The mixture was diluted with 2.5 ml buffer (3.1.B)2H 7.5.
6. An equal volume of (chloroform /Isoamyl alcohol)wgmn (3.1.5.28)
was added, and centrifuged at 12000xg for 15 min.
7. The aqueous phase was transferred to a clean Qubeolume of
chilled isopropanol was added , and centrifuget?800xg for 10 min.
The DNA pellet was washed with 70% ethanol , alloweedry , and
dissolved in 750 pl of TE buffer

3.2.16.2 Isolation of genomic DNA oB. stearothermophilusM13
1- By Salting outprocedure ( Pospiech and Neumann, 1995; Kieser, 1995)
The genomic DNA o8B. stearothermophilus M13 was isolated by

salting out procedure with some modifications agblihrough the study.
1. B. stearothermophilus was cultured in 25 ml nutrient broth overnight

with shaking (120 rpm) at 55 °C , then 250 ml oésh nutrient broth
was cultured with 2.5 ml of 18 hrs. old growthcubated at 55°C with
shaking(120 rpm) overnight.

2. Cells harvested from 250 ml of bacterial culturengscooling
centrifugation 6000g,at 4°C.

3. Resuspended in the 5 ml SET buffer, then 200 pbzyse solution
(3. 1.7.1) and 60 ul of RNase solution (3.1.7.3)ensxlded, incubated

for 1 hour at 37C.
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4. Three hundred pl pronase solution (3.1.7.2) wasadad incubated at

37°C for 45 min., then 600 pul 10% SDS was addatked by

inversion, incubated 2hrs. at %5, inverted occasionally.

5. Two ml of NaCl (5M) solution (3.1.5.7) was addedxed thoroughly
by inversion, allowed to stand at 3.

6. Equal volume of (chloroform /Isoamyl alcohol) sadut (3.1.5.28) was
added, mixed by inversion for 30 min at%Zh

7. Centrifuge 15 min, 12000 xg at 20°C.

8. Supernatant transferred to a fresh propylene tdde)& volume
chilled Isopropanol ,mixed by inversion then keit 2 hours in
refrigerator then centrifuged , DNA was rinsedhwi0% ethanol
,allowed to dry ,and dissolved in 750 pl TE at’60

9. Kept at -20°C.

2- By CTAP Procedure (Rogers and Bendich, 1988; Kser, 1995)

The genomic DNA o8B. stearothermophilus M13 was isolated by
CTAP procedure with some modifications appliedtigh the study .
1. Cells harvested from 250 ml of bacterial cultuyecbld centrifugation
2. Resuspended in the 5 ml TE25S buffer (3.1.5.5)n 29 ul lysozyme
solution (3. 1.7.1) and 60 pl of RNase solutionl(B33) were added,
incubated for 1 hour at 3T.
3. Three hundred pul of pronase solution (3.1.7.2renadded ,incubated
at 37°C for 45 min. , then 600 ul of 10% SDS wadeald, mixed by
inversion, incubated 2hrs. at %5, inverted occasionally.
4. Two ml of NaCl (5M)solution (3.1.5.7) was addedxed thoroughly
by inversion, allowed to be at 3€.
5. 700 pl of CTAB/NaCI (3.1.5.6) mixed thoroughly amdubated for 15
min at 55 °C, then cooled to 37°C .
6. An equal volume of (chloroform /Isoamyl alcohol)wgmn (3.1.5.28)

was added, mixed by inversion for 30 min af@5
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7. Centrifuge 20 min, 12000xg at 20 °C .

8. Supernatant transferred to a fresh propylene tueyolume chilled
Isopropanol was added ,mixed by inversion thérfde 1 hours in

refrigerator then centrifuged at 12000xg for 15 miBNA was rinsed
with 70% ethanol ,air dry ,and dissolved in 750'glat 50°C .

9. Kept at -20°C.

3.2.17 lIsolation and purification of pBR322vector from E. coli
HB 101 by Cesium chloride—Ethidium bromide density
gradients ultracentrifugation method (Maniatis et al.,1982).

1- Isolation
1. Ten ml of LB medium containing ampicillin (50ug/mias inoculated
with single colony oE. coli HB101 at 37 °C overnight with shaking.
2. Two hundred and fifty ml of LB medium containing jicillin
(50ug/ml) was inoculated with 0.25 ml&fcoli HB101(18 hrs old).
incubated at 37 °C with shaking. When thegDf culture was 0.5
1.25 ml of Chloramphenicol solution( 34mg/ml in 9&¥anol) was
added in which the final concentration was 170ug/ml
3. The culture was incubated at 37°C for further 116
4. The bacteria were harvested by centrifugation 80%Q for 10 min. at
4°C.
5. Wash with 50 ml of ice-cold STE Buffer (3.1.5.10jce.
6. The cells were resuspended in 10 ml of solutiolyses
solution(3.1.5.8) containing 10 mg/ml Lysozyme,ubated at 37°C for
30 min. in polypropylene tube.
7. Twenty ml of freshly prepared solution Il (3.1.5¥8as added, gently
mixed for 5 min., allowed to stand on ice bathZX6rmin.
8. Fifteen ml of an ice-cold solution of potassiuneiate solution
( 3.1.5.12)(pH 4.8),then an equal volume of chlonaf was added,
mixed immediately by inversion and allowed to stéor 5 min.on an
ice bath.

&)
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9. Centrifuged for 20 min, 10000xg at 4°C
10. Aqueous phase was transferred to clean polypeogyiube and 0.6
volume of isopropanol was added , mixed well alhmlved to stand at
room temperature for 15 min.
11. Centrifuge 20min, 10000 rpm.
12. The supernatant was discarded, the pellet wakegasith ethanol
70%, and then the pellet was dried at room temperat
13. The pellets were dissolved in 5 ml of TE buffezpkat — 20 °C.
14. Ten pl of the sample was added to 990 ul of TEeourh a quartz
cuvette and the absorbency at 260nm and 280nm wasured after
calibration based on blank of TE buffer at 260nm 280nm., the

calculations were done according to the followiimgmula:-

Concentration of double strand DNA (ug/ml) in tlaenple
= (ODG()X 50 x 100 )

O.D 260/ 0.D286 1.8 provides an estimate the purity of DNA
ODy60 1= 50 pg/ml of double strand DNA and 20 pg/midmmgle stranded

oligonucleotides

2-Purification
1. The concentration of DNA in TE buffer was estimated 0 g. CsCl

per 1 ml of DNA solution (4.29 g to 3.9 ml) was addmixed and
dissolved.
2. Ethidium bromide solution 234 pl of ( 10 mg/ml) centration was
added and mixed immediately by inversion in whiod final
concentration of the ethidium bromide was 600 pgitmvas
centrifuged 10 min. ,8000rpm at 20°C.
3. The empty part of the tube was filled with lightg@in oil and sealed
using electric-thermo fuser.

4. The tubes were centrifuged 45 000xg for 36 houZOat.
£Y
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5. The tubes were removed from the rotor, and fixeabtoard , a small

hole at the top tube was made , then # 21 hypodereedle inserted
into the side of the tubes just below the plasnaidd, and withdrawal

completely.

3.2.18 Removal of Ethidium bromide (Maniatiset al.,1982).

1. An equal volume of 1-butanol saturated with wataswdded to the
cesium chloride —ethidium bromide solution contagnihe plasmids.
2. The two phases were mixed by pipetting vigoroasigt Centrifuged at
3000xg for 3 min. at room temperature.
3. The lower aqueous phase was transferred by a plpatie; the same
steps mentioned above were repeted until the mide disappeared
completely from the aqueous solution.
4. The agueous solution was dialyzed against theuftetovernight
(pH 8.0), three times, and dissolved in 500 piptlet -20°C.

3.2.19 Digestion of DNA byHind Il (Maniatis et al.,1982)

All items used in the restriction experiment weepton ice during the
experiments, and then transferred to the water df&3 °C in which the
reaction was occurred.

One unit ofHind IIl is defined as the amount required digestipg bf
lambda DNA in 1 hour at 37°C in 50ul of assay buffe

3.2.19.1 Partial digestion oB. stearothermophiluggenomic DNA
(Rodriguez and Tait, 1983)

For partial digestion, four duplicate pilot expeeints were made,
The DNA concentration was set up to be 1 ug,/guid the stock restriction
enzyme 10U/ul was diluted using the dilution buticcording to the

manufacture to be 1U/ul.

¢y
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Experiment | Experiment | Experiment
Control
One Two Three
ddH,0 12 pll 12 i 12 pl 14 pl
DNA volume
¥ Aullapl 4l 4 pll
Hind 11 12U/l 2ul]o ul 2 ul -
Total
Reaction 20 ul| 20 ul 20 pl 20 pl
volume ul
Reaction _ _ _
_ 20 min. 30 min. 40 min. | 1 hour
Time

The reaction was stopped by the addition of 4fj9.® M EDTA pH 7.5 and
by being mixed together.

3.2.19.2 Digestion of pBR322 plasmid witklind IIl (Rodriguez and Talit,
1983)

ddH,0 14 ul
Buffer 10X 2 ul
Hind 111 2U/ul 2 ul
pBR 322(1pg/ul) 2ul
Total reaction volume 20 pl
Time 2 hours

The reaction was stopped by the addition of 4 |J.6fM EDTA pH 7.5 and
mixing gently.

3.2.20 Dephosphorylation of BR 322 (Elyassaki, 1991)

ddH,O 22 ul

CIP buffer 10X 5 pl

pBR 322( 2ug/20ul) 20 pl 10 mM Tris-HCI (pH 7.8)

Intestinal calf alkalane phosphatase 3 ul
Total volume 50 pl

¢¢
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The mixture was incubated at 37°C for 15 min., teeriched to 50°C

for 20 min., additional 3ul of enzyme was edded| e same procedure was
repeated.

TE buffer was added to the reaction mixture todptime total volume to

250ul, chloroform extraction was applied, followmdchilled ethanol

precipitation, and the pellet was then resuspend&@ pl of sterilized D.W

3.2.21. Ligation (Elyassaki ,1991, Sambrook and Rssll,2001)

Three duplicates of pilot experiments were caraetlin order to
achieve successful ligation reaction, optimum laatvas performed
according to the formula ( with some modificati@mmmcerning the

concentrations of the nucleic acids )

Insert concentration / vector concentration =d&s X ratio

Expenment1 gxperlment gxpenment Control
ddH,O 10 pl {9 pl 8 ul 12 ul
Ligation buffer 2 ul > ul oul oul
10X M H M M
Insert DNA 5ul]5ul 5 ul 5 ul
pPBR322(
10ng/mi) 1pf1pl 1l 1l
T4
ligase(30U/ul) 2pljsul 4ul ]
Total volume pl 20 ul | 20 pl 20 pl 20 ul

The mixture was incubated in a water bath at 1118 hrs. then it

was diluted to a final concentration of 2 ng/ul

3.2.22 Agarose gel (For DNA analysis):

Agarose 0.9 % concentration was used, dissolva@®ip 1X (3.1.5.11)

¢o
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3.2.23 Transformation by Calcium chloride and detetton of
transformants (Maniatis et al.1982; Hanahan ,1983; Mielenz

,1983;Tang et al.1994).

1. A hundred ml of LB was inoculated with 1 ml of avernight culture
of E.coli M M294 , in flask and incubated at 37°C with shgkuntil
the O.D 600 nmwas 0.2 (~5x 10 cells/ ml) .
2. The culture was chilled on an ice bath for 5 mamgd then centrifuged
at 4000xg for 5 min. at 4°C.
3. The supernatant was discarded, and the cellspesdsd in 50 ml of
sterile solution of 50 mM CaGl,20 mM Tris.ClI (3.1.5.29)pH 8.0.
4. The cell suspension was placed into ice bath fanitb, and then it
was centrifuged at 4000xg for 5 min. at 4°C.
5. The supernatant was discarded, and the cells resdsg in 7 ml of
ice, sterile buffer solution (3.1.5.29) (pH 8.Metcells were dispensed
into 0.2 ml prechilled tubes, and kept at overnaght°C .
6. Ligated DNA dissolved in TE buffer in concentratioh30 ng / 100 pL
was added to the 200 pl of cell suspension, mixedstored into an ice
bath for 30 min, then transferred to a water batéheated to 42 °C for
2 min., then transferred to an ice bath for 1 min.
7. One hundred pl of LB was added to each tube yanbated at 37 °C
for an hour without shaking
8. Serial dilutions for the cells after the incubatjmeriod were made, then

the cells were spreaded over nutrient agar plateswming ampicillin
(50 ug /ml) and incubated at 37°C overnight .

2
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9. Replica plating technique was applied for tmgki Amp colonies ,

assuming the master plate is nutrient agar platele the detection
plate for the expression of possiloleamylase gene was plates
containing detection media( 3.1.3.2.13 ) , incuthae37°C for 24
hours . Positive colonies were surrounded by ardene on the
plating medium, while negative control wiascoli MM294 before
transformation.
10.Positive transormant(sph-amylase producing colonies were cultured
in liquid-starch media (3.1.3.2.16) to assay {hecsic activity of the
a-amylase encoded by the possible recombinarhylase gene as

mentioned in (3.2.7).
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1.1 Introduction

Enzymes are complex proteins that act as catalgstthe countless
biochemical reactions that keep humans, animalsantgl and
microorganisms alive. Enzymes have an importancéhénindustrial and
commercial uses as well. Since ancient times, pelogve observed enzymes
at work when fermenting their wine and beer, tugniheir sour milk into
cheese, and causing their bread dough to rise.

In 1833, the French chemist Anselme Payen sephmatsubstance
from an extract of malt that, he realized, seensghble of speeding up the
conversion of starch to sugar. Payen called thestanbe diastase (Greek
expression separation, from, to stand apart; tiugh + to stand)diastase.
(Webster, 1918 the first enzyme to be isolated and preparedain
concentrated form.
Starch-degrading, amylolytic enzymes are widely trihisted among
microbes. Several activities are required to hydmlstarch to its glucose
units. These enzymes including-amylase, -amylase, glucoamylase,
a-glucosidase, pullulan degrading enzymes, and dgotwin
glycosyltransferase. Properties of these enzymeg &ad are somewhat
linked to the environmental circumstances of thedpcing organisms,
features of the enzymes, their action patternssigbghemical properties,
occurrence and genetics (Vihinen and MantsE89) .
Screening for new microbial strains producing tlesickeda-amylase from
extreme environments has been reported (Sehala, 1997; Nichaus €t al.,
1999;Veille and Zeikus, 2001) .Utilization of high concentrations of starch,
thermostability, and protein vyield are important itesta for
commercialization (Schafet al., 2000).

Genetic engineering has been used extensivelydamg of amylase-

producing strains, mainlg-amylase and glucoamylase (GA), in order to

1
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achieve desirable characteristics in the cloned. idse purpose of gene
cloning can be, among others, the expression aimibstable enzymes,
higher enzyme productivity, co-expression of twayemes by the same
organism or as lessamylase contaminated with the other enzymes.
a-Amylase is found in saliva and pancreatic secnstiavhere they play an
obvious role in polysaccharide digestion. More ssimpgly, a-amylase was
also found in blood, sweat, and tears, possiblafdir-bacterial activity.

a-Amylase determination has been recognized as aportant
diagnostic tool for many years, because the elevatesls of the enzyme are
associated with liver and pancreatic disorderswali as other diseases
(Bookrags, 2006). Enzymes are the catalysts ofredictions in living
systems. These reactions are catalyzed in thesagit®s of globular proteins.
Enzymatic processes have been increasingly incatpain textiles over the
last years. Cotton, wool, flax, or starches arenmahimaterials used in textiles
that could be processed with enzymes. Enzymes lhaen used for
desizing, scouring, polishing, washing, degummpegpxide degradation in
bleaching baths as well as for decolourisation y¢ tdouse wastewaters,
bleaching of released dyestuff and inhibiting dyansfer. Furthermore,
many new applications are under development suctatasal and synthetic
fibers modification, enzymatic dyeing and finishinglost of the textile
processes are heterogeneous where an auxiliarydgs, &nzyme, softener,
or oxidant has to be taken from the solution to fiber. These processes
require the presence of surface-active agents; fonce “balancers” buffers,
stabilisers and others, and are characterized wigin turbulence and
mechanical agitation in the textile baths.
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The present study attempts to

1.

Isolation and identification ofBacillus stearothermophilus from

different soil samples.

. Production, Purifification and chractrization ofonse properties of

thermoliable a-amylase.

3. producing Anti-amylae sera as polyclonal antibedie

Molecular cloning of a-amylase gene from Bacillus
stearothermophilus in E. coli MM294 using pBR322 vector, then
investigate of the possible expression wehmylase gene in the

transformed cell(s).
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2.1Bacillus

Bacillus spp. as a genus, are gram positive , rodlet skdped,
straight or nearly so, endospores are very resistanmany adverse
conditions ,formed not more than one per cell orgjation not repressed by
exposure to environment. Aerobic or facultativeaanhic , catalase- positive
; oxidase —positive or negative ,G+C is ( 32-69%igly or chains (0.5-
1.2um)—(2.5 - 10um) (Sneathet al.,1986).

The basis of classification and identification vestablished by Gibson and
Gordon(1974), they allocatacillus spp. Into 19 species based on shape of
endospores and position inthe mother cells or sporangium.
With the introduction of modern taxonomic technigusich as numerical
phenetics ,DNA reassociation experiments have akdbWNA sequence
homology between strains to estimate the rangeN DIt could be best be
appreciated by numerical classification for whsthains are examined for
numerous physiological, biochemical and morpholalgiccharacters
similarities in which they were recovered in saxge groups or aggregates
of clusters ( Nielsest al.,1995).

According to the optimum temperature of growBhcillus sp. could be

placed in one of four classes :

1. Psychrophiles grow well at 0°C and have an optimgrowth

temperature of & or lower; the maximum is around°gD.

2. Many species can grow at@even though they have optimum between
20°C and 36C ,and maximum at about %5 these are referred to as

psychrotrophs or facultative psychrophiles .

3. Mesophiles are microorganisms with growth optin@uad 20-458C and

a temperature maximum of AIsto 20C.
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4.Thermopiles can grow at temperature ofG9r higher —their growth
minimum is usually around 46 and they often have optima between
55°C and 65C (Prescottt al.,1990)

2.2 Bacillus stearothermophilus

Bacillus stearothermophilus, means fat-and heat -loving, The most
distinctive diagnostic characterictic is the azfyato grow at 65C and a
limited tolerance to acid.It occurs in arctic eatocean sediments, food and
compost, mol % G+C of the mol% DNA which igeported to be( 43.5-
52.6) (Sneatlet al.,1986).Thermophiles are adapted to temperaturecabov
°C in a variety of ways, often thermopiles havagh{%G + C) content in
their DNA such that the melting point of the DNAégttemperature at which
the strands of the double helix separate) is @t las high as the organism's
maximum for growth, but this is not always the ¢am®d the correlation is
far from perfect, so thermophile DNA must be siabil in these cells by
other means. The membrane fatty of thermophilictdyega are highly
saturated allowing their membranes to remain stabté functional at high

temperatures ( Daron ,1970) .

Membranes of hyperthermophiles ,virtually all ofigfhare Archaea
,are not composed of fatty acids but of repeatinbusits of the C5
compound , phytane , a branched ,saturated,"isopkrsubstances ,which
contributes heavily to the ability of these bacteto live in superheated
environments (Presco#t al.,1990).The structural proteins (e.g. ribosomal
proteins, transport proteins permease) and enzyhabermophiles and
hyperthermophiles are very heat stable comparett thieir mesophilic
counterparts .The proteins are modified in a numifeways including
dehydration and through slight changes in theimpry structure ,which
accounts for their thermal stabilit)Kénneth and Todgr2005).
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2.2 Starch:

2.2.1 Molecular structure of Starch

Corn starch is found in granules within the keragla long polymer
composed of two structural classes: amylose andogmgtin. The basic
repeating unit for both types of starch is D-gliecosolecules, connected by
glycosidic bonds (figure 2.1). The polymer chainsl dhe formation of the
intermolecular network traps water and resultsehfgrmation and solution
thickening, after the starch is completely hydrelyzor broken down, its
basic component is D-glucose also called dextrose corn sugar
( Koivula,1996).

Amylose is a lanear polymer of short 1, 4-linkedioglse chains.
Typically, the amylose fraction is about 25-30% tbé starch molecules
found in corn and has a molecular weight of ab@60(kd), The percentage
of amylose in the starch is genetically determin@énetic modifications
producing high-amylose (50-70%) cornstarch are &&md. amylopectin
comprises about 70-75% of the starch found in tm &ernel and has a
molecular weight of about 50-500 million Daltonsmplopectin is a
branched polymer of the basic repeating units df lihked glucose with
branches of 1, 6 linked glucose, The branching cauwegularly in the
starch, approximately one per twenty-five glucosdétsu(Karkallas, 1985
Randleman, 2000).

The corn starch separated from the kernel by themilkeng process is
generally 99% pure and contains 0.25-0.35% pro@br0.6% lipid and less
than 0.1% minerals. 35% of the industrially predacernstarch is utilized by
the food industry; the remainder of the starchuishier refined or modified
for use in the paper and construction industriesighificant proportion of

the corn starch derived from the wet-milled processd for food goes into
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the fermentation of alcohol. It first has to be wered into dextrose or
D-glucose(Karkallasl 985;Bhosale et al.,1996).

oo {1+ 1) bnd
o e
0 ]
]
Amylose

o

Amylopectn

QQ@

. (10 6] bond

a1 0] Bond

]

Figure(2.1):Amylose and amylopectin of starch modiéd from (Koivula,

1996)

2.2.2 Starch in industry work

Enzymes of various types are used in these presedsithough

starches from diverse plants may be utilised, asrrthe world's most

abundant source and provides most of the substsat in the preparation of

starch hydrolysates (Hazare, 2005).

There are three stages in the conversion of s{éigtire 2.2) (Bhosalest al .,

1996)

1. Gelatinisation, involving the dissolution of thenogram-sized starch

granules to form a viscous suspension.

2. Liquefaction, involving the partial hydrolysis ohd starch, with

concomitant loss in viscosity.

3. Saccharification, involving the production of ghse and maltose by

further hydrolysis.
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Gelatinisation is achieved by heating the starckh wvater, and occurs
necessarily and naturally when starchy foods aokex. Gelatinised starch
iIs readily liquefied by partial hydrolysis with gmaes or acids and
saccharified by further acidic or enzymatic hydsidy(Chaplin, 2003; Crabb
and Shetty, 2003).

Starch granules

25 % in cold water
pH &5
§40 ppm Cast

Starch sluny

Gelatinisatdon bacterial cearmylase, 1500 U kg
*‘Ililﬁc‘l:, S min

Gelatinised starch (< 1 DE)

Ligquefaction 95°C, 2 h

L
— Ligquefied starch (1 1 DE)—
0.3 % D-glucose
2.0 % maltose
97 .7 % oligosaccharides

Saccharification | pH 4.5 pH 2.5
glucoarmylase, 150 U ko fungal c-amylase, 2000 U kg
pullulanase, 100 L kg 50 ppm Ca2t
B0, T2 h 55°C, 18 h
L
Glucose’symp (99 DE}) MhMaltose syrup (44 DE)
97 % D-glucose 4 % D-glucose
1.5 % maltose 96 % maltose
0.2 % isomaltose 25 % maltotriose

1.0 % other aligosaccharides 12 % other oligosacchandes

Figure (2.2) Starch hydrolysis as in the industriabpplications (Chaplin ,
2003).

DE, represents the percentage hydrolysis of the gigsidic linkages present

2.3 Microbial amylolytic enzymes
Starch-degrading, amylolytic enzymes are widelytridhgted among

microbes. Several activities are required to hydmlstarch to its glucose
units. These enzymes include-amylase, B-amylase, glucoamylase,
a-glucosidase , pullulan-degrading enzymes, exawgcénzymes yielding
a-type end products, and cyclodextrin glycosyltrarste table (2.1).
Properties of these enzymes vary and are somewhkeédl to the
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environmental circumstances of the producing osgasi(Vihinen and
Mantsala , 1989 ).

2.3.1 Amylases
A term that refers here ta-amylase,-amylase and glucoamylase

(Pandeyet al., 2000), which hydrolyze starch molecules to giveedie
product including dextrin and progressively smapetymers composed of
glucose units (Reddst al., 2003).

2.3.1.1la-amylase

With the advent of new frontiers in biotechnologye spectrum ofi-
amylase application has expanded into many otledusfi such as clinical,
medicinal, and analytical chemistries.amylase has been in common use to
control the viscosity of chocolate syrup since 1948l in the brewing
industry since 1936 that amylase find potentialliappon in anywhere of
industrial process such as in the food, textile paper ( Shavet al., 1995).
Furthermoreg-amylases are used as targets for drug desigrniempis to
treat diabetes, obesity, and hyperlipidmia. The ewidg interest in the
treatment of sugar metabolic disorders has bepnktied to search for new
and efficient drugs to apply them as inhibitors ahylolytic enzymes
(Kandraet al., 2002).

a-amylase is a class of enzymes that is capabléigasting these
glycosidic linkages found in starches,amylases can be derived from a
variety of sources, Amylases are present in alhdjvorganisms, but the
enzymes vary in activity, specificity, and requiemts from species to
species and even from tissue to tissue in the sang@nism a-amylase
(1,40-D-Glucan-glucanohydrolase) acts upon large polgmelr starch at
internal bonds and cleaves them to short glucodgmaos, a-amylase

catalyzes the hydrolysis of internall-4 glucan bonds in polysaccharides

9
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containing 3 or more-1-4 linkages; it results in a mixture of maltose and
glucose. Amyloglucosidase works on the shorter melg and splits off
single glucose sugars. Bacteraamylase is particularly suited for industrial
usage since it is inexpensive and is thermallylstéfarkallas, 1985).
a-amylase (EC 3.2.1.1) (IUB,1979) catalyzes the wdga of thea-1,4-
glucosidic linkages between glucose moleculesancht This hydrolysis of
starch is a common first step in conversion of cétainto an utilizable
substrate for fermentation or for conversion totdese and high fructose
syrups (Pandest al.,2000).In additiong-amylases can sometimes cleave
1,6 linkages with a low catalytic rate and they bgpass am-D-1,6 branch
linkage, (Koivula ,1996) .

a-Amylase producers of commercial importance inclugbeillus
subtilis , Bacillus licheniformis, Bacillus amyloliquefaciens and Bacillus
stearothermophilus; a gram-positive thermophilic bacterium, produces a
a-amylase during growth at temperatures of 55-70FQis. a-amylase is
highly thermostable, therefore, it is more desedbl industrial applications
of the enzyme(lto and Horikoshi, 2004).

2.3.1.2p-amylase
B-amylase ¢-1.4-glucan maltohydrolase EC 3.2.1.2) is usualty o

plant origin ,but a few microbial strains are aksmwn to produce it ,its an
exoacting enzyme that cleaves non-reducing chamds eof amylose
amylopectin and glycogen molecules. It hydrolytdteraate glycosidic
linkages ,yielding maltoses{anomeric form ).p-amylase is unable to break
a-1,6-glycosidic linkages in amylopectin (Hagihaet al.,2001;Ha et
al.,2001).

2.3.1.3 Glucoamylase ( GA)
Synonyms ;Amyloglucosidase, Glucogeninc amylagar¢8 glucogenase

and y-Amylase;exo-1,4-D-glucan glucanohydrolase, (EC 3.2.1.3)

10
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hydrolase ,hydrolyze single glucose unit from then meducing ends of
amylose and amylopectin in a stepwise manner uriddenylase. Most

glucoamylase are also able to hydrolyze dhE6 linkages at the branching
points of amylopectin although at lower rate tha+ linkage; thus, maltose
and limit dextrin are the end products of GA(Kd&it996).

2.3.1.4 Pullulanase
Which is also called Neopullulanase , Amylopulldaa and

Pullulanases , has important applications , pddrbu in the food and
detergent industries. (Haseltiree al., 1996)a-dextrin 6-glucanohydrolase
(EC3.2.1.41) which have a primary affinity farl,6 linkages and catalyse
the hydrolysis obi-1,6-glycosidic bonds in amylopectin and relatetypers
it is called debranching enzymes ( Koivula,199)e et al.(1994) reported
that pullulnase fronBacillus stearothernophilus degraded the pullulan into
panose, maltose, and glucose at a molar ratio bfl 3with very weak
activity on starchy substrates.

Table (2.1): Enzymes used in starch hydrolysis mofied from (Hagihara
et al, 2001; Reddy et al, 2003)

Enzyme EC number Action

a-amylase 3.2.11 Only-1,4-oligosaccharide links are
cleaved to givea-dextrins and
predominately maltose (G2),G3,G6
and G7 oligosaccharides

p-amylase 3.2.1.2 Only-1,4 links are cleaved ,from non-
reducing ends, to give limit dextrins

and p-glucose

Glucoamylase 3.2.1.3 a-1,4 anda-1,6 links cleaved ,from the

non reducing ends, to givg-glucose

Pullulanase 3.2.1.41 Only-1,6-links are cleaved to give

panose.maltose and glucose

11
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2.4 Structure ofa-amylase

A feature common to all reportedamylase structures is theao)s
catalytic core-domain, termed domain A. An excurdietween barrel strand
B-3 and helixa-3 forms the B domain, whilst the C domain, freglean
eight-stranded -sheet, lies at the C-terminal extremity of therdla All
family 13 members possess a constellation of tacedic residues, located at
the C-terminal face of thg¢)s -barrel, which are implicated in the catalysis
(Brzozowskiet al., 2000).

a-amylases perform catalysis with net retention aforaeric
configuration in a double-displacement mechanishe mechanism involves
the formation, and subsequent breakdown, of a eavajlycosyl-enzyme
intermediatevia oxocarbenium-ion like transition state. One of tiag¢alytic
acidic residues functions as the catalytic nucldepkhilst another function
Is the catalytic acid/base (Daviesal., 1997),they possess p/q)s or TIM
barrel structure (which is similar to triose phaostghisomerase ) containing
the catalytic site residues(Reddst al.,2003).While in Psychrophile
Alteromonas haloplanctis amy gene encodes am-amylase precursor
composed of 669 amino acid residues. N- and Cht@lmamino acid
sequences of the native-amylase secretedAbyaloplanctis allow the
location of three distinct functional domains o tbrecursor: 1- The peptide
signal made of 24 residues, 2-The mature enzymgaosad of 453 residues
with a Mr value of 49,340, and 3- Large C-terminal propptomposed of
192 residues (Fellet al ., 1998 )

The available amino acid sequences ofdfaanylase family (glycosyl
hydrolase family 13) have been searched to iderihir domain B, A
distinct domain that protrudes from the regularalyic (o/p)s barrel
between the strangt3 and the helig-3.Sequence analyses and inspection of

the few available three-dimensional structures ssgghat the secondary

12
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structure of domain B varies with the enzyme spatif Domain B in these
different forms. However, may still have evolvedrfr a common ancestor.
The largest number of different specificities hasiiofound in the group with
structural similarity to domain B frorBacillus cereus oligo-1, 6-glucosidase
that contains &-helix succeeded by a three-stranded antiparabetheet
(Skov et al.,2001).Domain B, of this type, was observed alsosame
mammalian proteins involved in the transport ofraoracids, These proteins
show remarkable similarity withu(B)s-barrel elements throughout the entire
sequence of enzymes from the oligo-1,6-glucosidasep. The transport
proteins, in turn, resemble the animal 4F2 heawirchell surface antigens,
for which the sequences either lack domain B otaiaronly parts (Janecek
etal., 1997).

2.5 Structural and functional characteristics

a-Amylases are often divided into two categoriesoading to the
degree of hydrolysis of the substrate (Fukumoto &khda, 1963),
Saccharifyinga-amylases hydrolysis 50 to 60 % , and liquefyirgmylases
about 30 to 40 % of the glycosidic linkages of gtaHowever, this division
IS not an absolute one. Some bacteria produce #macekular enzyme
cyclodextrin glycosyltransferase (CGTase) (&;B-glucan4de-D-(1,4-0-D-
glucano) transferase , EC (2.4.1.19), which hydisly a-1,4-glycosidic
bonds of starch to produce cyclodextrins (cyclimpounds of six to eight a-
1,4-linked glucose units) via an intramoleculansglycosylation reaction. In
addition, CGTases can display coupling, dispropaogtion and hydrolysing
activities, and are functionally related te-amylases(Macgregor and
Svensson , 1989).
The primary structures of CGTases andmylases from different organisms

share about 30 % amino acid sequence identity Argzklang to the same
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glycosyl hydrolase family 13 (Henrissat and BairotB93). Other related
amylolytic enzyme in family 13 is pullulanases (Ghget al., 2002).

The 3D structures ofa-amylases have revealed monomeric, calcium-
containing enzymes, with a single polypeptide chfolded into three
domains (A-C) figure(2.2). While, the polypeptideams of CGTases fold
into five domains (A-E), three of these corresptmd-amylase domains and
domain E has been recognized as having a simildrafo the starch-binding
domain of glucoAmylases). Domain D of CGTases masranunoglobulin-
type fold, the function of which is not yet knowKe@ivula ,1996).

Dauter et al.(1999)described maltogenico-amylase of B.
stearothermophilus which is composed of five domains that is similathe
CGTases structure using X-ray technique, figur8)(2Zhe catalytic domain
A of a-amylases and all family 13 hydrolases folds into (a/b} barrel
protein. The active site is created by residueatémtat the C-terminus of the
b strands and in the helix-connecting loops extamdiiom these ends. This
is typical to all enzymes belonging to the a/b rblaprotein family .The
domain B protrudes from the middle of the barreihat C-terminal side and
forms a small separate, €astabilized structural domain, which has also
been recognized in a number of other amylolyticyares (Jespersest al.,
1991; Aghajariet al.,2002).The sequence of this domain varies most; in
Bacillus a- amylases, the sequence is relatively long andsfoito a more
complex structure of b-strands (Machetsal., 1995), whereas in barlay
amylase it is an irregularly structured domain éfrésidues (Kadziolet al.,
1994).

The open active site cleft is formed between domaAirand B, so that
residues from domain B also participate in substkanhding. Based on the
solved 3D structures it could be deduced that treserved regions ai-

amylases and CGTases involve the calcium-binditeg&tween domains A
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and B, and regions belonging to the active siteddviagor and Svensson,
1989; Klein and Schultz, 1991; Lawson et al., 1994).

a-Amylases have a domain C which is relatively esned and folds
into an antiparalleB-barrel, The orientation of domain C relative tovdon
A varies depending on the type and source of Amey(&sayeret al., 1995).
The function of this domain is not known (koivul®96).
A study abouB. circulans CGTase (Lawsomt al., 1994) and another from
pig pancreatia-amylase (Qiaret al., 1994), both clearly showed based on
electron densities, that maltose units stack ag#nmesaromatic side-chain of
a tryptophan situated on the surface of domain @. (B.2,2.3). The
truncation of domain C more than 30 to 40 amindsafiom the C-terminus
was shown to be deleterious to the proper foldinf tbe B.

stear othermophilus a-amylases (Vihinewst al., 1994).

Figure (2.2): Ribbon presentation of human pancreat a-amylase is
composed of three domains (A-C) (Koivula, 1996)

While Aghajariet al.(2002) described that-amylase produced by animals
andPseudoalteromonas hal oplanktis activated by chloride .
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The thermostability and structural integrity of theamylase due to the
presence of three &4 Srivastava and Baruah,1986) and one ims has
been found inBacillus licheniformis , a lanear triad Cal- Na-Call
arrangement figure (2.4) ,is located at the int&rflaetween domain A and B.
another C& (Calll) bridges between domains A and C. (Ito &fatikoshi,
2004).In addition, the prolane residues are to lee lhackbone rotation
proposed a prolane @ turn makea-amylase more stability (Mattheves
al., 1987).

Figure (2.3):Divergent stereo schematic diagram dhe maltogenica-
amylase , novamyl, fromB. stearothermophilugDauter et al,1999)

All o-amylases bind at least one strongly conserved iGa that is
required for structural integrity and for enzymadictivity (Aghajariet al.,
2002).Felleret al.(1996) showed that the chloride freeamylase display a
low level of basal activity , typically < 0.5 % né chloride follows a simple
binding isotherm . Activation is also provided, lboita lower level, by other
small monovalent anions and notably by ;NG CIO; indicated that the
negative charge is essential for the amylolyticctiea (Aghajariet al.,
2002).
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b !

Figure (2.4): Ribbon representation of the crystalstructure of Bacillus

licheniformis template active site .o helices andp sheets are shown in
red and cyan , respectively. The catalytic residue&sp231, Glu261, and
Asp328 along with the subsite Met197. Yellow spheseaepresent Ca ions
(1, 11, 11). oxygen atoms in red, nitrogen atoms n purple, carbon atoms
in green, and hydrogen atoms in white (Hagiharat al,2001)
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2.5 Breaking down of O-glycosidic bond

Amylases, like all glycosidases, catalyze the fiemsf a glycosyl
group to water utilizing general acid catalysiseT@nzymatic breakdown of
a glycosidic bond is also a stereo- selective m®cm which configuration
about the anomeric centre (C1 carbon) can eitheinberted or retained.
Different mechanisms are required for such differestereochemical
outcomes, as suggested over 50 years ago by KaosHB®53); both
mechanisms contain a pair of carboxylic acid ressdsuitably disposed on
either side of the bond to be cleaved. The rolethe$e two residues are
different. Inverting enzymes use a single-displaame@inmechanism involving
a general acid and a base. In this mechanism, ergeacid (AH) donates a
proton to the leaving glycosidic oxygen and a gahbase (B-) assists the
nucleophilic attack of water.

O-Glycosylhydrolases ( EC 3.2.1.) are a widespreadig of enzymes that
hydrolyze the glycosidic bond-amylase family in that of the- retaining
double displacement (van der Maagkdl., 2002) a-retaining mechanism is
the characteristic feature of the enzymes fromdttzanylase family. They
vary widely in their reaction specificities. Thetaathments of different
domains to the catalytic site or to extra sugadipig subsites around the
catalytic site are the prime reason for these iffees (Van der Maaret
al., 2002).

The catalytic domain A is the most conserved domairthe a-amylase
family, It consists of an amino termindd/¢)s barrel structure. (Matsuuet
al., 1984; Boelet al., 1990).The mechanism for retaining glycosidases
involves a double displacement reaction in whiclcawvalent glycosyl-
enzyme intermediate has been shown to be formed mvétny but not all
retaining enzymes (Skory and Freer, 1995), Ass fatep the deprotonated
carboxylate acting as a nucleophile attacks atahemeric centre and

displaces the glycosidic oxygen. This process sistexl by a general acid
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catalytic residue (AH) which is deprotonated (A¥),the second step water
attacks at the anomeric centre with general basdyta assistance (A-)
displacing the nucleophile and releasing the produgar Koshland, 1953;
Sinnott, 1990; Withers and Aebersold, 1995).

The stereochemical course of the hydrolysis is llysdatermined by proton
NMR, in which the A- and B-anomeric protons giv8eatent chemical shifts
(Withers et al., 1986).In most cases that studied the same enzaymati
mechanism, (inverting or retaining) has been camsemwithin a glycosyl
hydrolase family (Geblest al., 1992). Thus, both the fold of the protein and
the stereochemistry of the hydrolysis reaction appe be conserved within
a given family.

Retaining enzymes are also able to bring abousgigoosylation which, in
the second step of the reaction another oligosaickehanstead of a water
molecule, attacks at the anomeric centre, leadmgelongation of the
saccharide chain , figure (2-5) (Sinnott, 1990).

Transglycosylation was described to play a roléhainduction of cellulase
promoters (Bielyet al., 1991; Fowler et al., 1993; Nevalainen and Penttila,
1995) and it could be applied in the enzymatidlsgsis of oligosaccharides
(Ogawaet al., 1990; Gusakoet al., 1991).

Inverting amylases such as glucoamylases have sls@nn to be able to
reverse the hydrolysis by condensation reactiokqiv et al., 1989;Sinnott,
1990). This ability has also been used in the ssghof some gluco-
oligosaccharides (Nakareb al., 1995) .With some retaining enzymes, most
studied with lysozyme, attempts to prove the ersteof a covalent
glycosyl-enzyme intermediate have failed (Sinnd&90). Another type of
mechanism has been suggested in which the pogitidiarged
oxocarbonium is stabilized by the catalytic nuclatgthrough electrostatic
interactions (Sinnot1990; Koivula, 1999).
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In addition, ring distortion at the subsite preogdthe scissile bond was
suggested as an element of the catalytic machifwerpoth inverting and
retaining glycosyl hydrolases (Harret al., 1993; Strynadka and James,
1991; Kuroki et al., 1993; Varghese et al., 1992). The identification of active
site carboxylic acid residues usually occurs thlhoXgray crystallographic
determination of the 3D structure of protein (Daweal., 1999). In the case
of retaining enzymes, the active site carboxylidsaibave been identified by
the use of affinity labels or mechanism-based imatidrs to specifically
derivatives the key amino acids. 2- Deoxy-2-fludextvatives of glucose
and cellobiose have successfully been used as meairdased inhibitors,
which covalently bind the nucleophile in the retaghenzymes (McCarter
and Withers, 1994; Withers and Aebersold, 1995).
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Figure (2.5) Two different reaction mechanisms oflgcosyl hydrolases
(Koivula ,1996).
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2.6 a-Amylase isoenzymes (Forms)

Electrophoretic analyses of barley endosperm &treifit stages after
germination allowed the detection of 16 principatyéase bands plus one
secondary band(Maris,1992).Amylases showed lesymuoophism than
other enzymes such as esterases, acid phosphatedate dehydrogenases,
leucine aminopeptidases ( George and Cavali,2003).

Amylases are hydrolases involved in peripheral bwism, and for
this reason are considered potentially polymormnzymes (Gillespie and
Langley, 1974)Bacillus sp. showed two and three isoenzymeas-amylase
(Lin et al., 1998).Brazilian barley cultivarshowe different isoenzymes ,the
major differences in Amylase patterns found whenlelyavarieties were
analyzed at the same developmental stage were atglulatory level. These
differences are probably due to differential gengvation in the different
genotypes (George, 1996).

The reasons behind the existence of more thanane dould be the
purification procedures, protease hydrolysis andmideation (Shih and
Labbe,1995). The regulatory difference is of a tgeaadaptive and
evolutionary significance than structural gene gesn(Soule ,1973 ;Wilson,
1976) emphasized that the process involved in epedifferentiation
requires changes mainly at the gene regulatoryl.ldyéferently, at the
intraspecific level, gene regulation follows a stard development program
with precisely coordinated sequences, although soegelatory mutants
have been detected in different species (Holgtes., 1983; Doaneet al.,
1983; Scandalios, 1983).

2.7 Methods ofa-amylase quantitative estimations

Several methods were developed to detect of thdodytig activity and to

estimate the amylase activity precisely:
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2.7.1 Viscometric method (Maslow and Davison )
It is based on the change in the viscosity ofcstalue to the amylases

activity.

2.7.2 Polariscopic method (Maslow and Davison )
It is based on determining the reduction in lightiation to the right due to

maltose and the maltosaccharides by the activignylases on starch.

2.7.3 Caldwell — Hildebrand method
This method is based on the direct determinatfdheresidual starch

or amylose at any stage in its hydrolysis, and deépaipon its quantitative
precipitation, free from dextrin and maltose, biyyetlcohol. The difference
between the weight of original amylose and the Wedf residual amylose
gives a measure of the amyloclastic activity of éheyme analogous to the
measurements of its saccharogenic activity which based upon the

determination of reducing the sugar formed.

2.7.4 Photometric method
This method depends on the difference inintensity of the color

produced with iodine by a measured amount of sel@hrch before and

after hydrolysis by the-amylase.

2.7.6 Somogy-Nelson Colorimetric method
A photometric method, in which one unit afamylase activity is

defined as the amount of enzyme that librates anel |of reducing sugar
equivalent per minute, using the glucose as a atdndnder the specified
conditions (Abeet al., 1994)

2.7.5 Fuwa's colorimetric method (Fuwa, 1954)
It depends on iodine —starch color reaction. Ong of a-amylase

activity is defined as the amount of enzyme, wldelkreases the absorbance
at 660 nm, by 1.0 in 10 min.
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2.7.7 Bernfield's method (Bernfield, 1955)
A colorimetric method depends on using 3,5 dasiédicylic acid. One

unit of amylase activity was defined as the amafrénzyme that librates
one pmol of reducing sugar, with maltose as thedstal, per minute under
the specified conditions (Aiyer, 2004).

2.8 Engineering ofa-amylase to improve the stability.

Since a thermostablea-amylase originating from Bacillus
licheniformis was first employed in the starch liquefactiongass in the
early 70’s q-amylases have been introduced into various iniggst
The starch liquefaction process is still the mampliation ofa- amylases,
while the application to detergent (additive toedgént formulations) has
been growing very much both for laundering and diskshing (Ito and
Horikoshi, 2004). Protein engineering techniquegehbeen employed for
a-amylase development, which are to improve the awtaristics of a
targeted enzyme by introducing mutations aramylase encoding DNA
sequence. The methods for protein engineering desilcbughly categorized
into two: site-directed mutagenesis and random gautesis (Miyoko and
Henrik, 2000)

Site-directed mutagenesis is to introduce addificshsletions and
substitutions of specific amino acids, and strudtunformation of the
targeted enzyme is essential to make those aliensaiBhosalest al., 1996;
Miyoko and Henrik,2000).

Computer technology is done to make molecular ohyos calculations and
predictions for the structure when certain aminadsacare substituted.
(Ladermaret al., 1993; Hagihara et al.,2001).

Random mutagenesis is to introduce mutationgdam along the

entire length of a gene using error-prone PCR, Ddtwffling , chemical

mutagenesis and UV irradiation. This method cowddedbp new generation
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of a-amylases as a detergent (Yoneda and Maruo, Miydko and
Henrik (2000),0-amylase could obtain improved a detergent allaktable
and calcium independent by site-directed mutagenesifter microbial
screening. Engineering of the available commergiamylases have been
advocated hybrids of two homologous strains ofBh&cheniformis andB.
amyloliquefaciens (Suzukiet al., 1989) and two regions that are important
for thermostability has been identified. To imprabe stability, disulphide
bonds are introduced in the enzyme and alteratidheoamino acids prone
to the oxidation by an amino acid that is unaffdcby oxidative agents
(Barnettet al., 1998;Agiharaet al.2001).

Engineeringn-amylase for changed pH of activity profiles, asould
be in favor of the stability of the enzymes (Nex and Borchert, 2000;van
der Maarelet al. ,2000 ; Guptaet al. ,2003) . Declereclet al.(2002)
engineered a thermostakleamylase fronB. licheniformis using a structure
based on mutagenesis, which could be used foparation occurring over

50°C without perturbing significantly .

2.9 Regulation ofa-amylase synthesis

It has been reported that the synthesis of cadaly degrading
enzymes in most species of the gereaxillus is subject to catabolic
repression by readily metabolically substrates sashglucose (Linet
al.,1998).

The addition of glucose to the culture has dinmad greatly the
synthesis ofi-amylase similar to the findings reported by Haselet al.(
1996), who observed that glucose represses thaigrod of a-amylase in
the hyperthermophilic archae&ulfolobus solfataricus. According to them,
glucose prevents-amylase gene expression and not merely secrefion o
preformed enzyme, Levels of theamylase in crude culture supernatants

vary greatly in response to the sole carbon sousssl for growth of the
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organism( Srivastava and Baruah,1986). Substralection of this enzyme
by starch emanated relatively early under all ghowbnditions tested,
glucose has also been observed, which indicated stinzh repression of
further enzyme synthesis might be due to the actatmono of starch
hydrolytic products, including glucose (Saito anahyamoto,1975).

The maltase is likely to play an important metabaiole in the
accumulation of repressing levels of glucose, as thaltase exhibits
considerable activity against dextrins which areithmediate products of
amylase action repression @famylase synthesis by glucose represents one
type of catabolic control over this enzyme andgbeond type which is the
graded production of catabolic enzyme levels resyulirom growth on other
control is independent of the presence of starebghtwo forms of
regulation ofa-amylase production may represent a generalizgzbnsg to
carbon source quality or availability (RolfsmeiedaBlum 095; Haseltine
etal., 1996) .
a-amylase of Sreptomyces lividans is regulated byregl, a Pleiotropic
regulatory geneegl acts as a repressor@fimylase genes i8 lividans. no
other regulatory gene (repressor or activator) seencontrol the expression
of the a-amylase genes(Nguyest al., 1997;Van wezel et al.,1997) , since
the a-amylases is at a maximum level in a minimal medand is not
further inducible by maltose whergl is disrupted.egl seems to be solely
responsible for glucose catabolite repressiocih@éi-amylase genes, which
is completely lost uporegl disruption. The dual role aegl resembles that
of gylR, the repressor of thgyl operon inS codicolor which is also
involved in catabolite repression of this operonnfie and Smith, 1994).
However, the relative locations of the two regutatgenes are different, as
gylR is adjacent to thgyl operon under its control i coelicolor whereas
regl is not adjacent ta-amylase genes i@ lividans. By analogy withmalR
(Van Wezelet al.,, 1997) it is likely thatregl is adjacent to themalE
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homolog of S lividans and therefore also ensures a dual control of the
expression of this gene M lividans. (Nguyenet al., 1997).

2.10 Secretion and Transport obr-amylase

Amylase secretion is mostly started at the logamt growth phase, in
which extracellular secretion starts in the statrgrgrowth phase parallel to
degradation of cell wall components in the courfanoreased autolytic
activity (Saito and Yamamoto,1975).

Permeability studies applying the (SUMs), S-laykratiltarion membranes
technique, and using culture supernatants for ulthation experiments
showed that the S-layer lattice completely rejected enzymes once
they had assumed the final three dimensional streict for B.
stear othermophilus ,the passage of three Amylase through the porteeifs-
layer lattice is only possible for enzyme molecubesfolded into smaller
domains. After passing through the cell wall, costplfolding of enzymes
into their final three-dimensional structure wiltcur either on the cell
surface or after the release into the culture fluids unknown how the
amylase is associated with S-layer protein. Gelyetaree possibilities exist
1- adhesion to S-layer surface 2- incorprtion ofylase into the S-layer
lattice 3- binding of the enzyme to S-layer protdiomain (Egelseeret
al.,1995) .

Transport of protein by the major secretary pathlsva&yoss the
bacterial wall in wall is a two-step mechanism tha periplasm ,Exporting,
taking this two-step route, possesses an N-terrsigabl peptide and use the
general seanachinery for inner membrane translocation. Trartspoross
the outer membrane in the second step requirescieetse/ apparatus
encoded by several exproteins, whenBh&cheniformis a-amylase, AmyL,
Is secreted fronB. subtilis, it is subjected to considerable cell-associated

proteolytic degradation (Stephenson, 1996).Thiseoigsis results in only a
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proportion of the newly synthesizedtamylase being released into the
culture medium. AmyL, an extracellulan-amylase from Bacillus
licheniformis, is resistant to extracellular proteases secrétedacillus
subtilis during growth. Nevertheless, when AmyL is produeed secreted
by B. subtilis, it is subject to considerable cell-associatedtgqmiysis.
(Stephenson and Harwood, 1998).

In the gram-positive bacterium Bssubtilis, the only one protein outside the
cytoplasmic membrane, PrsA, is known to be involiregrotein secretion.
PrsA is a lipoprotein that consists of a 33-kDarlgsrich protein part and the
N-terminal cysteine with a thiol-linked diacylglyo® anchoring the protein
to the outer leaflet of the cytoplasmic membrar(&ontinen, et al., 1991;
KontinenandSarvas1993).

The PrsA protein is crucial for the efficient sdme of a number of
exoproteins. InprsA mutants, the secretion and stability of some model
proteins is decreased, while overproduction of PesAances the secretion
of exoproteins engineered to be expressed at aléigdh (Kontinenet al.,
1991).

Although the nature of the PrsA protein hints at autivity outside the
cytoplasmic membrane, its mode of action and ictema with other
components of the secretion apparatus and thefispstaps of secretion in

which it is involved remains to be elucidated.(ikainenet al., 2001)

2.11 Amylase gene cloning

Genetic engineering has been used extensively Herctoning of
amylase gene of producing strains, maialgmylase and GA, in order to
achieve desirable characteristics in the cloned. Hdse purpose of gene
cloning can be, amongst others, the expressiorh@irostable enzymes,
higher enzyme productivity, and co-expression aj emzymes by the same

organism.
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1.8 KB fragment containing the amylase gene is seced( figure 2.6) .The
fragment of the open reading frame (ORF) which hegiith an ATG codon
at nucleotide 1 and ends with TAA codon at nucteoti545 in the 1786 bp
nucleotide sequence is determine®atillus subtilis (figure2.7) ( lgarashat
al.,1998) .Upstream from this ORF ,the putative rilmsebinding sequence
AGGAGA is found( Igarashiet al., 1998,Hagiharaet al., 2001).Thea-
amylase gene iRyrococcus furiosus encompasses 1950 nucleotides, with
the initiation codon GTG at position 715 (Ladermanal., 1993). Many
genes involved in the synthesis of extracellulaamylase have been
identified inB. subtilis. The structural gene for theamylase enzyme, amyE,
and its regulatory gene, (amyR), are closely linkedhe genetic map of the
B. subtilis chromosome. Furthermore, the gene order surrognthis o-
amylase cistron is similar for three distinct stsaofB. subtilis. The location
of the gene fon-amylase fronB. stearothermophilus has been examined by
using recombinant DNA methods. In contrast to theegfora-amylase from
B. subtilis, the gene fora-amylase in B. stearothermophilus has been
reported in one study that is located on a naturaticurring plasmid
(Mielenz , 1983).

Igarashiet al.(1998) cloned 1.8 Kb fragment carrying the engjeme ofa-
amylase intcE. coli using pUC19 as vector , which was actually exmess
The gene encodingramylase 1.8 kb was cloned frdBacillus polymyxa 72
into E. coli HB101 by insertingdind Ill generated DNA fragments into the
Hind Il site of pBR322 (Kawazuet al.,1987).
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Figure (2.6): The sequence ai-amylase gene irBacillus subtiliglgarashi
et al,1998)
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BSA 359 iEGYPCVFYGDYY=-=-=-GIPQYNIPSLESKEIDPLLIARRDYAVGTOHDYLDHSDITGWTREG 415
BLA 356 {SG¥POVFYEDMYGETRCGDSOREIPALKHEIEPT ILIF-AQED-WDHHDIWG 415

]

LAMY 418 :DSSHPNSGLAT IMSDGRGGHEHMY VERHKAGOVWRDITGHRSGTVT INADGWGRFTVHGG 477
#707 418 :NTAHPHNSGLATIMSDGAGESEWMF VGRNEAGOVWSDITGHRTCTVT INADGWGHFSVNGE 477
BAA 416:D5S5AARSGLAALITIGPGGERRMYAGLENAGETWY DITGNREDTVE IGSDGWGEFHVHDG 475
BSA 416:VTERPGSGLAALITDGPGESKHMY VEEQHAGEVFY DLTGHNREDTVT INSDGWGEFEVNGG 475
BLA 416:DSSVANSGLAALITIGPGGARRMY VGRUNAGETWHD ITGRRSEFVV INSEGWGEFEVNGG 475

LAMY 478 1 AVSVWVEQ-————== 4185
#T07 478 :8VIIWVNE —— 485
BRA 476:5VSIYVOE 483
BSA 476:SVSVWVPRETTVSTIAWPITTRFWTGEFVRWTEPRLVAWE 515
BLA 476 :SVSIYVOR S 183

Figure (2.7) :Amino acid sequence alignment ai-amylase in Bacillus
amyloliquefaciens  (BAA), Bacillus stearothermophilus(BSA), and
Bacillus licheniformis ( BLA), Novel liquifiying a-amylase (AMYL)
( Igarashi et al.,1998)

The a-amylase genes ditreptococcus bovis 148 were cloned .
coli MC1061, using pBB22 in which it was cleaved bgamH1 and Among
about 50000 ampicillin resistant transformants, cblonies showed clear
halos detected with | (Satohet al.,1993).(Sidhuet al., 1997) could clone in
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E. coli pPBR322 systems and the 4.8 kb cloned fragmentmagsped with
restriction enzymes. Mielenz,(1983) reported clgniof a-amylase gene
fragment carried on plasmid &f stearothermophilus using pBR322 vector
cleaved withHind 1ll, expressedt. coli , the fragment was 5.4 Kb that result
in chimeric plasmid of 9.7kb length .

a-amylase gene fromB. stearothermophilus was cloned inB.
stearothermophilus and B. subtilis using pATB90 and pATB53, they
expressed the trait (Aibat al.,1983). A gene encoding the periplasmic
a-amylase ofXanthomonas campestris K-11151 was cloned intd. coli
using pUC19 as a vector (Abet al.,1996).Thermostablai-amylase of
Bacillus sp. was cloned ik&. coli, the fragment length was 3 kb (Adi al.,
1999).The genomic DNA oB. licheniformis was double-digested with
EcoRI andBamHI and ligated the pBB2 in which the gene fragment was
3.5 kb (lefujiet al., 1996) . The detection methods for cloned fragmestie
different ,in which they depended on the formatdrnalo zones around the
transformed cells , antibiotic resistance and iseitg or both( Satohet al.,
1993; Aiba et al.,1983).
A great deal of work has been done on the cloning-amylase genes in
different microbes, mostly i&. coli or Saccharomyces cerevisiae.
Liebl et al., (1997) described the gene structure of #hamylase from
Thermotogamaritima MSB8in which it was located on chromosoma-,
amylase gene, designatachyA, and was predicted to code for a 553-amino
acid preprotein with significant amino acid sequeentheT. maritima a-
amylase appeared to be the first known examplelipogroteina-amylase.
Following the signal peptide, a 25- residue putalinker sequence rich in
serine and threonine residues was found.
Tsaoet al.(1993) could clone the-amylase gene fror&reptomyces lividans
into E .coli. The amylase gene was expressedt.incoli. Suganumaet al.,
(1996) studied the N-terminal sequence of the aramds of thea-amylase
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from Aspergillus usanii. The sequence of the first 20 amino acids was
identical to thea-Amylase fromA. niger. Marcoet al., (1996) inserted.
subtilis a-amylase gene into a plasmid, which was transfax&d coli. And

he could replace 171 C-terminal with new 33 amiaid & order to achieve
extensive activity .In animalsy-amylase genes have a complex structure
with an interrupted coding sequence, in the molldsissostrea gigas, the
two a-amylase genes are characterized by the same patjani
with the existence of eight exons separated byrs@vieons ( Sellos and
Wormhoudt , 2002).

2.12 pBR322cloning vector

The plasmid pBR322 is one of the most commongdiscoli cloning
vectors,pBR22 is 4361 bp in length and contains: 1- the replicep
responsible for the replication of plasmid (sourgdasmid pMB1); 2- rop
gene coding for the Rop protein, which promotesveosion of the unstable
RNA | - RNA Il complex to a stable complex and sswo decrease the
copy number (source plasmid pMB1); 3- bla gene, coding for beta-
lactamase that confers resistance to ampicillimr{s® -transposon Tn3); 4-
tet gene, encoding tetracyclane resistance proteirrgscuplasmid pSC101)
figure(2.8) ( Rodriguez and Tait,1983).

The circular sequence is numbered such that ledfitht T of the
unique EcoRI site GAATTC and the count increases first througé tet
gene, the pMB1 material, and finally through th& Tegion. The map shows
enzymes that cut pBR322 DNA once,The exact postifogenetic elements
iIs shown on the map (termination codons includleelpla gene nucleotides
4153-4085 complementary strand) code for a sigeglige. The indicated
rep region is sufficient to promote replication. DNApteation initiates at
position 2533 (+/- 1) and proceeds in the directiondicated.
(Hardy,988;Fermentas, 2006)
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Bsulsl 23
EcoRl. Xapl ’IHﬁﬂdIIl 20
coRl, Xapl 4359 |/ Eco32l 1
Aatll 42M_| ! i BamHl 375
Sspl 4168, | Tstl 359
|
Scal 3844 \ /SgrAl 400 /Paei 562
Xagl 622
Pvul 3733
Sall 651
P Boxl 712
Vspl 3537

___FEco521 939
—Bsp68l 972
____Bvel 1063

Eco31l 3433___

- Mva1269] 1353
~~_Eco13DI 1389

Cail 2884 ~.Eco88l 1426
Misl 1444
Bpul0l 1580
Bsgl 1650
Afill, Pscl 2473 . Kpn2l 1664
Sapl 2350/ ;'f |'I|'I W \Puull 2064 BseJl 1668
Ndel 22051 i |\Pfol 2117
Bsti1071 2244/ | |Espal 2122
BsaAl 22251 ’Psyi 2217

Figure(2.8):Description and restriction map of pBR322 (Fermentas ,
2006)

2.13 Optimal conditions fora-amylase production

2.13.1 Culture conditions
a-Amylase synthesis, by several microorganisms,deen correlated

to the presence or absence of various amino aods@mplex nitrogenous
sources in the culture medium (forgaty and KellgE9Hewitt and
Solomons|1996; Hillier et al., 1996).

In production ofa-amylase fromBacillus , the addition of yeast extract
(0.5%) and peptone (1%) to the liquid medium shwatethe lag period and
increased both the dry weight of the cell and timeyme synthesis
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Therefore, the result suggests that yeast extratpaptone is favored for the
growth and synthesis of amylase by the organisndiedu (Saito and
Yamatomo,1975; Krishnan and Chandra ,1983).

The starch is very important to stimulate the puotidun of a-amylase
in B. stearothermophilus ( Aiba et al.,1983). While, Chakrabortst al.(1997)
reported that the best source faramylase production byB.
stear othermophilus was starch 1.25%. Teodero and Martins (2000) ased
soluble starch in production media teamylase byBacillus sp.

Srivastava and Baruah (1986) described the culameditions for the
production of the enzyme I8 stearothermophilus, in which they mentioned
peptone, starch had enhanced the production ofettzyme , while the
synthesis was suppressed greatly by glucose , seadtod sucrose .

Saito and Yamamoto (1975) reported that the glucogmessed the
production ofa-amylase ,while the starch , glycogen and oligdsakides
induced the formation of it at the end of logaritbqmphase .

Concerning the inorganic nitrogenous compound, draum
hydrogen phosphate and ammonium dihyrogen phospyere found to be
better than Ammonium sulphate in synthesis of er\@rivastava and
Baruah, 1986; Aiyer,2004 ). While, Chakrabortyet al.(1997) reported that
the best source fai-amylase production b¥8. stearothermophilus was
ammonium sulphate .The addition of 10 -20 mM caltito the liquid
medium improved the growth and amylase productinoe the enzyme is
known to be a calcium metalloenzyme, it is possthet the results found
were because of the more availability of calcium (Srivastava and Baruah,
1986).These results are similar to the findings(ldéwitt and Solomons,

1996) with cultures oBacillus amyloliquefaciens.
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2.13.2 Optimal growth temperature

The temperature is one of the important factomst ttontrol the
production ofa-amylase. Srivastava and Baruah (1986) noticed tiat
optimal growth temperature fora-amylase production by B.
stear othermophilus was 50°C, while the optimal growth temperaturetfat
one used in the study of Welker and Campbell( 19683 55-70°C.while
Chakrabortyet al.(1997) reported that the optimal temperature fodpation
a-amylase byB. stearothermophilus was 50 °C.

Saito(1973) noticed the optimal temperature for dpotion by B.
licheniformis was 50°C,in contrast (Aiyar,2004) reported the ropti
temperture foB. licheniformis SPT 27 was 37°C.

More recently The optimum temperature for amylase production by
thermophilic andalkaliphilic Bacillus sp. was 55 °C (Ito and Horikoshi ,
2004).

2.13.3 Initial pH of the media

It is clear that the optimal pH ef-~amylase production depends on the
strain or the nature of the producer microorganisine research of Mazza
and Ertola ( 1976) on the productioncemylase byB. subtilis showed the
optimal pH was 7.2 ,using fermentor ,that couldatigbuted to the influence
of pH on enzyme formation, or on the release olyeefrom cells, and to
consider strain differences as well as the infleeoicthe components of the
medium. While, Chakrabortst al.(1997)reported that the optimal initial pH
for the productioni-amylaseB. stearothermophilus was 7.2 .

Foosiet al.( 2005 ) mentioned that the initial pH of meda famylase
production by yeast was 4.5, while lahal.( 1998 ) reported that optimal
initial pH for production by thermophilic and alkatilic Bacillus sp. was
8.5 .The pH for the production Bhizomucor pusillus was 7.0. Saito(1973);
Saito and yamamoto ( 1975); Kochhar and Dua( 1983)chi and Becker
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(1987) reported that the initial pH for the prodatby B. licheniformis was
7.0, while Aiyer(2004) reported that the optimé for B. licheniformis SPT
27 was 9.0 .

2.14 Purification and properties ofa-amylase

Enzyme application in pharmaceutical and clinicattsrs requires
high-purity amylases. Thus, it is significant tovdl®p economic processes
for their purification to obtain chemically pure zymes with maximum
specific activity. Traditionally, the purificationof o-amylases from
fermentation media has been done in several stegsch include
centrifugation of the culture (a step of extractimay be required for solid
media), selective concentration of the supernataally by ultrafiltration,
and selective precipitation of the enzyme by ammonisulphate and
chromatography methods such as affinity chromaggy or ion-exchange
chromatography and gel filtration.

Extracellular a-amylase enzymes extracellulan-amylase from
Clostridium perfringens Concentrated by polyethylene glycol were separated
by DEAE-Sephacel chromatography (Shih and. Labb®&95)The
precipitated of crude enzyme (cell —fraction brotimtained six amylolytic
isoenzymes that were detected by isoelectric foguaind polyacrylamide
gel electrophoresis,one of these amylases wasgauib¥ diethylaminoethyl-
Sephadex A-50 ion-exchange chromatography andlfyatibn by Sephadex
G-200(McWethy and Hartman, 1977).

The extracellulara-amylase fromClostridium acetobutylicum ATCC 824
was purified to homogeneity by anion-exchange clatography (Mono Q)
and gel filtration (Paquedt al.,1991).As bacteriak-amylases have generally
been produced from the strains belonging to g&agdlus, several attempts
have been made at their purification and charaagon, from both

mesophilic and thermophilic strains.
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Furthermore,a-amylase was purified from Alkaliphili@acillus sp. using
DEAE —Toyopearl and CM-Toyopearl obtaining a spea@acttivity of 5009.3
U/mg protein and 35 % vyield (Igarasdial., 1998). While, Linet al.( 1998)
could use Sephacryl S-100 and HiTrap Q in aeguare to purify the-
amylase from thermophilc alkaliphiliBacillus sp. , they could achieve
specific activity of 921.0 U/mg protein , purifieat folds of 708 .5 and
yield (13.2%) .It was purified fror®. stearothermophilus using DEAE-
Sephadex A 25 to get specific activity 100 U/mgteirg and 57 % yield
(Aibaet al. ,1983).

Krishnan and Chandra( 1983)and Bol&ral.( 1997) purified arw-amylase
to homogeneity using a combination of ammonium Isalip precipitation,
ion-exchange chromatography and gel filtration.

An extracellular thermostabkeamylase produced 3. licheniformis
was purified by two a phase separation in a polgette glycol / dextran
system followed by gel filtration and ion-exchargpgomatography (lvanova
,1993),while Kochhar and Dua(1983) applied hezdttnent , lon- exchange
chromatography and gel filtration procedures he purification theao-
amylase and the purified enzyme showed activit & x 1§ units .

Saito (1973) used DEAE-cellulose, CM- cellulose &ephadex G-100 in
the purification of the enzyme froB licheniformis . Hanzaweet al.(1986)
purified thea-amylase fromAspergillus oryzae using DEAE- cellulose and
gel filtration using Sephadex G-75 .Affinity chratography and HPLC
technique were also applied in the purificatioreakyme fromRhizomucor
pusillus. Katoh et al., (1997) purified anoa-amylase, produced by
recombinant cells, by a specific elution out ofti-qeptide antibodies.

37



CRAPLET TUWO. ... literature Review

2.15 Characterization ofa-amylase

2.15.1 Optimal pH for activity and stability
The optimal pH of the activity and stability wetiferent according to

the nature of the source organism.

The optimal pH fora-amylase produced Wbgacillus amyloliquefaciens was
6.0 ( Kochhar and Dua ,1983).while, Bakhmatetal.(1984) indicted that
the optimal pH for a- amylases produced by variantsBacillus subtilis
was within the acidic range (4.5-5.0),which is alito optimal pH for the
activity of that produced bylostridium perfringens ( Shih and Labbe
,1995) .

The optimal pH for the maximal activity ofi-amylase produced by
Pyrococcus furiosus was 5.5 (Dongt al., 1997). Saito (1973) mentioned that
the optimal pH fora-amylase produced bg. licheniformis was at 9.0 ,
which is similar to the findings of Krishnan a@handra(1983) in the
activity of a-amylase fromB. licheniformis was at pH of 9.0 , also the
activity of enzyme was reduced when Tris- hydrogb and carbonate-
bicarbonate buffers were used .

Concerning the stability af-amylase, ther--amylase produced bBacillus
stearothermophilus was stable at pH range (6.0-11) while thamylase
produced byB. amyloliguefaciens was stable at pH (6-9.5) for 24 h. Kochhar
and Dua (1983) in the presence of calcium ion JewMamylase produced
by Bacillus licheniformis was stable at pH rang (6- 11) after the incubation
for 30min and 24 hr. and in another study it st@ble at pH range (7.0-9.0)
(Krishnan and Chandra, 1983) .

2.15.2 Optimal temperature for activity and stabilty

The optimal temperature for the activity and digbof enzyme is

different from each organism to the other, the ropti temperature for
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thermostablen-amylase activity produced bigacillus stearothermophilus
was at 40°C (Aibeet al., 1983) While in another study, it was at 82°C
(Srivastava and Baruah, 1986).

The maximal activity for-amylase produced Wacillus licheniformis was

at 90°C (Krishnan and Chandra, 1983). While Sdi&v8) reported that the
optimal temperature for the enzyme was at 76°C d-aenylase produced
by B. amyloliquefaciens showed the maximal activity at the temperature of
65°C. (Kochhar and Dua, 1983).

Concerning the temperature of stability, the resulevealed that the
a-amylase produced bl ostridium perfringens was stable in the presence of
Ca* with 100% of remaining activity up to 45°C, an@uhthe stability was
lowered (Shih and Labbe, 1995),while that produoe& . acetobutylicum
retained about 30% of the remaining activity afteatment at 45°C for 60
min.( Paquett al.,1991), in which the Ca plays an important role in the
thermostability of enzyme (Ligt al., 1998).

2-16 Immobilization of a-amylase

Immobilized enzymes are used in food technologgielohnology,
biomedicine, and analytical chemistry,they haveots advantages over free
enzymes including easy separation of the reactantslucts, and reaction
media, easy recovery of the enzyme, and repeatedowmiinuous reuse
(varavinitet al., 2002).

Immobilization is the technique of binding the lataysts to a carrier as
means of increasing their activity, stability amebroving the technological
application of the reaction (Hazare, 2005). The ohilzation of enzyme on
insoluble supports provides a stabilization eftgcelevated temperature and
pH.(Tzanowet al., 2003 ).
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Many techniques for immobilization of enzymes hde=n used in which
Chalation of Glucose oxidase (GOD) on hydrousditeon metals oxides
CrClz ,CuCl, CoCh Zncl, and Fed ( Aziz ,1997).

The immobilization of glucoamylase has been studiegtensively in
which The enzyme is immobilized on a multitude dfedent carriers by
entrapment, adsorption, ion exchange, and cavalending (Reilly, 1979;
Schafhauser and Storey, 1992). Glycosylated enzymmesobilized on
(Concanavalin A ) supports showed impressive gainsesistance to
inactivation induced by heat, chemical denaturizimgteolysis, storage and

long-term continuous operation for several weeksidicovaet al. ,2000).

Biomimetic silica support was used recently in infmfieation of enzymes
(Lauckarift et al., 2004).Immobilized enzymes were coupledsitu with
polyurethane polymer. Immobilized cholanesterases wtable for long
periods (LeJeunet al., 1997)

The greatest number of attempts to immobilize ghneglase have
been applied using a covalent attachment to orgamicinorganic carriers,
including low-cost magnetic support (Pieters & Baedti, 1992). Among
these attempts, the most common method is to empiobgus acid or
glutaraldehyde to link the enzyme to amine-actigdgterous glass or silica.
The immobilized glucoamylases treated with glutdghlyde approximately
45% of the original activity is retained upon immnidation (Reilly, 1976).
Cellulose fibers of bagasse were oxidized by pleciacid at positions 2 and
3 of the an hydro-glucose unit to obtain dialdehgd#ulose the aldehyde
groups of the dialdehyde cellulose were able totre@h amino groups of a
thermostable alpha-amylase to form covalent bondd eesulted in a
dialdehyde cellulose immobilized enzyme. The ativyield of the
immobilized enzyme was 44% (varaving al., 2002). Alginate was

commonly used in immobilization of enzyme; it wasided from algae and
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stabilized by a divalent cation. It consists of behded D-mannuronic and
L-gluronic acid groups (lvanovet al.,1995; Rodziewicz and Rymowicz ;
1999 ) used the calcium alginate in the immobiliBadillus polymyxa cells
for a-amylase production in continuous biosynthesis .
Gels are formed due to binding of divalent catidmsthe guluronic acid
groups ,The strength of the gel depends stronglherorigin of the alginate,
the strength of the matrix improves with an incregsamount of guluronic
acid groups in the alginate, The type of divalesian used also regulates
the gel strength ,The strength of an alginate mEreiases with the affinity of
the used cation according to the following order:

PE*>Cu* = B&">SF">Cd*>Ca*>Ni*">Zn**>Cdo”* (Leenen, 2001).
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3.1 Materials and Methods

3.1.1 Equipments and Apparatus

The following equipments have been used througtieustudy.

Equipment

Company

Autoclave

Gallenkamp (England )

Compound microscope

Olympus (Japan)

Ultracentrifuge

Beckman (USA)

Cooled centrifuge

M.SE (U.K.)

Micro centrifuge

Sigma (Germany )

Cooled shaker incubator

Gallenkamp (U.K.)

Distillatory unit

Kent (England)

Lyophilizer

LKB (Switzerland)

Hot plate magnetic stirrer

Stuart scientific (U.K.)

Incubator

Gallenkamp(U.K.)

Millipore filters

Millipore and Whatman( England)

Oven

Memmert (Germany)

pH-meter

Metter-Toledo(U.K.)

Sensitive balance

Sartorius (Germany)

Shaker incubator

GFL (Germany)

Shaker water bath

Kotterman (France)

Spectrophotometer

Aurora instrument Ltd. UV 201 (UK.)

Vacuum Pump

Robin Air (USA)

Vortex mixer

Buchi (Switzerland)

DNA —Gel Electrophoresis

Bio-Rad ( USA)

Protein —Gel Electrophoresis| Lkb(Sweden)
Micropipettes Witeg ( USA)
Ultracentrifuge Beckman(USA)
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3.1.2 Chemical and Biological Items

The following chemical and biological items haveebaised throughout the

study.

Materials Manufacturer

Absolute ethanol, Glacial acetic acid, Potassiunhioride,
Casein hydrolysates , Dihydrogen potassium phosphat
Dipotassium hydrogen phosphate, Glycine , Sucrose,

Potassium iodide , Paraffin ,Glycerol, hydrochloricacid, BDH ( England)
Isoamyle alcohol , Methylene blue ,lodine , Safrane,

Dimethyl-a-naphthalane ,a-Naphthylamine ,Sulphanilic

acid
Yeast extract, Agar, Nutrient broth, Gelatin. Biolife ( Italy)
Soluble corn-Starch, Urea, Maltose Difco(USA)

Sodium lauryl sulphate, Tris(hydroxyl methyl ) amino Fluk
uka

methane base ,Sodium hydroxide, Hydrogen peroxide _
( Switzerland)

,Na,EDTA, Sodium azide

Calcium chloride hydrate, Magnesium sulphate hydra¢ , _
_ _ | Reidel- DeHaeny
Bromophenol blue ,Ammonium chloride ,Glucose, Sodim

: - . Germany
chloride, Ethidium bromide
2-Merceptoethanol Calbiochem-USA
Sinochem

Ampicillin , Tetracyclane ,Chloramphenicol B _
jlangsu (China)

Cesium chloride, 2,3-dinitrosalicylic acid ,TEMED, _
_ . _ Sigma
Ammonium persulfate , Complete freund's adjuvant

3.1.3 Culture media:

£3.1.3.1 Ready to use media
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Media

Manufactured company

Brain heart infusion agar

Biolife ( Italy)

MacConky agar

Oxoid (England)

Nutrient agar

Oxoid (England)

Nutrient broth

Oxoid (USA)

Simmon's citrate mediufDifco (USA)

Triple sugar iron ( TSI) Difco( USA)
Tryptic soy agar Biolife(Italy)
Urea agar Base Biolife
Muller-hinton medium Difco

materials and methods

3.1.3.2 Laboratory prepared media

The autoclaving was done for the all autoclvabléimat 121°C for 15min.

3.1.3.2.1 Blood Agar ( Atlaset .al,1995)
It was prepared by dissolving 37 g of blood bagar in 950 ml of

distilled water then the pH was adjusted to 7.@ amtoclaved , after cooling
to 50°C, the blood was added to final concentratibrb %, mixed well and

poured into Petri dishes .

3.1.3.2.2 Nitrate broth medium (Cruickshanket al.,1975)

It is composed of:-

Beef-extract 349.
Peptone 54.
Potassium nitrate0.2 g.
Distilled water |UptolL.

The pH was adjusted to 7, distributed into tubess @utoclaved at 121Gor
15 minutes
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3.1.3.2.3 Carbohydrate fermentation medium ( Parryet al,1983)

Ammonium salt sugars medium (A.S.S) was used;dbmposed of :-

Ammonium diphosphate 1g.

Potassium chloride 0.2g.

Hydrous magnesium sulphate 0.2 g.

Yeast extract 0.2g.

Agar-agar 14 g.

Bromophenol blue solution 1%3.2 ml
D.W. UptollL

pH was adjusted to 7.0 and sterilized by autoclaMeen desired sugar
solution was filtrated and added to be 1% as al fodution and kept as

slants.

3.1.3.2.4 Gelatin medium (Cruickshanlet al.,1975)

Twelve gram of gelatin were dissolved and compleéted00 ml of nutrient

broth medium. Distributed in tubes and autoclaved .

3.1.3.2.5 Sporulation medium (Cruickshanlet al.,1975)

Nutrient broth 6 g.

Hydrous magnesium sulphate| 0.03 g.

Potassium phosphate monoba<ic25 g.

Agar-agar 20 g.
D.W UptolL
The pH was adjusted to be 7.0, distributed inbesuand autoclaved

and then kept as slants.
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3.1.3.2.6 Methyl red and Voges- proskauer (MR-VPhedium

(Cruickshank et al.,1975)

It is composed of :-

Glucose| 5 g.

Peptone| 7 g.
KoHPO, | B g.
D.W Upto 1L

The pH was adjusted to be 7.0, distributed int@$udnd autoclaved, then the

filtrated glucose was added.

3.1.3.2.7 Peptone water medium (Atlast al.,1995)

It is composed of:-

Peptone 2d.
Sodium Chloride 0.5g.
D.W Up to 100 ml.

pH adjusted to 7.0,the media were distributed tnbes and autoclaved.

3.1.3.2.8 Urea agar medium (Colleet al,1996)

It was prepared by adjusting the pH of the urear dgese (Christensen’s
media ) (3.1.3.1) to 7.0, autoclaved, allowed tol¢o 50°C. Then 50 ml of
40% urea (sterilized by filtration) mixed togeth#ren distributed into

sterilized tubes, kept as slant.

3.1.3.2.9 Casein medium (Cruickshankt al.,1975)

It is composed of :-

Skimmilk | 5 g.

Agar-agar| 2 g.
D.W U to 100 ml.

The pH was adjusted to 7.0 and autoclaved for 10 mi
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3.1.3.2.10 Starch- agar | medium

Nutrient agar supplied with 1.5 % soluble startte, pH was adjusted to 7.0
then autoclaved.

3.1.3.2.11 Luria —Bertani (LB) broth (Maniatis et al, 1982)

It is composed of :-

Tryptone 109
Yeast extract 5¢

NaCl 5¢
Glucose 19
D.W. Upto 1L

The pH was adjusted to 7.5 and autoclaved.

3.1.3.2.12 Semi -solid agar medium (Collet al.,1996)

It was prepared by dissolving 0.7 % of agar, tléstributed into tubes,
autoclaved and allowed to stand in a verticaltpmsi

3.1.3.2.13 starch- agar media Il (Mielenz, 1983)

It is composed of :-

Na,HPO, 0.6 g.

KH.PO, 0.3g.
NaCl 0.05¢.
NH,CI 0.1g.

Yeast extract| 1g.

Peptone 1.0g.

Soluble starch 1.0g.

Agar-agar 2 4.
D.W. Up to 100ml

The pH was adjusted to be 7.0 , and autoclaved
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3.1.3.2.14 SH media (Saito and Yamamoto, 1975)

It is composed of :-

Soluble starch 40 g.

Ammonium hydrogen phosphaté g.

Yeast extract 54g.

Magnesium sulfate heptahydraté. 5 g.

sodium citrate 2 0.
Calcium chloride 0.08g.
D.W. UptollL.

The pH was adjusted to 7.2, then autoclaved atd 2415 min.

3.1.3.2.15 TSM media (Campbell, 1954)

It is composed of :-
A) Stock elements solution :

Magnesium chloride hexahydraté.5 g.

Calcium chloride 0.5g¢.

[ron( II) chloride tetrahydrate | 0.3 g.
D.W Up to 100ml

The pH was adjusted to 7.2, then autoclaved atd 2410 min.
B) Media Solution :
Soluble starch 10 g.

Trypton 20 g.

Sodium phosphate dibasic 2.50.

potassium phosphate monobasicg.

Sodium chloride 1g9.
D.W Up to 999 mi
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The pH was adjusted to 7.2 and autoclaved at 12&f5 min, then the

stock (1 ml) elements solution was added and mixed

3.1.3.2.16 Nutrient broth with 1% soluble starch (Ayar, 2004)

Nutrient broth supplemented with 1 % soluble stakglas prepared and pH

was adjusted to 7.0, then autoclaved.
3.1.4 Reagents and Dyes

3.1.4.1 Catalase reagent (Atlast al,1995)

It is composed of 3% hydrogen peroxide

3.1.4.2 Oxidase reagent (Collins and Lyne ,1987)

One gram of Tetramethy®-phenylene —diamine dihydrochloride was
dissolved in 100 ml distilled water, kept in a darditle at 4°C.

3.1.4.3(Lugol s solution) Starch hydrolysis reage(€ollins and Lyne,
1987)

Potassium iodide10 g.

lodine 2 4.
D.W 100 ml
Kept in dark bottle at 4°C.

3.1.4.4 Nitrate reduction reagent (Cruickshanlet al. 1975)

Reagent A 0.8 % sulphanilic acid was dissolved in 5N aceitid
over heated.

Reagent B 0.5 %a-naphthylamine was dissolved in 5N acetic acid
over heated .Equal volumes of A and B were mixegther .

C: Zink dust

3.1.4.5 (Barritt's indicator) Voges —proskauer (Cuickshank et al.,1975)

» Solution A : Potassium hydroxide 40 %
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» Solution B: a-naphthol 5% in absolute Ethanol.

3.1.4.6 Methyl red indicator (Colleeet al.,1996)

It is composed of :-

Methyl Red 0.025 g.
Ethanol (95 % V/V) 75 ml
D.W 50 ml

3.1.4.7 Kovac's reagent

It is composed of :-

p-dimethylaminobenzaldehydé g.

Isoamyl alcohol 75 ml.

Con. HCI 25 ml.

P-dimethylaminobenzaldehyde was slowly dissolveisoamylacohol
with heating in a water bath at 50til it became cold; HCI was added,
kept in a dark bottle at 4°C

3.1.4.8 3, 5-Dinitrosalicylic acid (DNSAJAiba et al.,1983)

It was prepared by dissolving 1g. of DNSA in 5@hD.W then 20
ml of NaOH 2M was added ,until it completely dissal ,30g.of Potassium
—sodium tartrate teterahydrat- (Rochelle Salt )gadlgy was added to be
completely dissolved , then the total volume braughl00 ml, and kept in a
dark bottle .

3.1.4.9 3, 5-Dinitrosalicylic acid for TLC prodicts detection

It was prepared by dissolving 0.5g of DNSA in 100 oh NaOH
solution (3.1.5.16) (Caraway, 1976).

3.1.4.10 Coomassie brilliant blue G 250(Bradford,976)

Coomassie brilliant blue G-250 (0.1 g) was dissoblire50 ml of 95%
ethanol, then 100 ml of 85 @ephosphoric acid was added ,the volume

completed to one liter with distilled water .
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3.1.4.11 Bromophenol blue (0.25%) (Shi and Jackowsk998)

It is composed of :-

Bromophenol blue 0.25 g.
D.W Up to 100 ml

3.1.4.12 Coomassie brilliant blue R-250 (Shi and dkowsk, 1998)

Coomassie brilliant blue R-250 (2g9.) was dissolved500 ml of
methanol, 100 ml of glacial acetic acid then 4000mD.W . The dye was
filtrated through Whatman No.1 filter paper and tkiepa dark bottle at room

temperature.
3.1.4.13 Methyl Red Indicator (Colleeet al.,1996)
3.1.4.14 Gram stain (Atlaset al., 1995)

3.1.4.15 Ethidium bromide solution (10 mg/ml) (Maratis et al.,1982)
Ethidium bromide (0.1 g) was dissolved in 10 hiDoW and stirred

with a magnetic stirrer for six hours to ensure ¢bmplete dissolving, then it

filtrated and stored in a dark bottle, wrapped waiilhiminum foil at 4°C.

3.1.4.16 Staining solution (for SDS-PAGE and Non-S&) (Shi and
Jackowsk, 1998)

Methanol 250
Glacial acetic acid 50 ml
Coomassie brilliant BRE50 1 gm
D.W up to 500ml

3.1.4.17 Destaining solution(Shi and Jackowsk, 1998)

Methanol 200 ml
Glacial acetic acid 50 ml
D.W up to 250 ml
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3.1.4.18 McFarland standard turbidity suspension (Tibe 0.5)

Chapter three

It is composed of :-
Barium chloride 1.175 %0.5 ml

0.36 N| 99.5ml

Sulfuric acid

Which equals to 1.5 x £Qin general

3.1.5 Buffers and Solutions

3.1.5.1 TE buffer pH 8.0 (Maniatiset al, 1982)

It is composed of :-

Tris-HCI

10 mM

EDTA

1 mM

3.1.5.2 Potassium phosphate buffer (100 mM) pH 7.0

It is composed of :-

KHPO,

100 mM

KH,PO,

100 mM

3.1.5.3 EDTA — SDS buffer pH 8.0

It is composed of :-

EDTA

50mM

SDS

1%

3.1.5.4 TEG buffer pH 8.0(Kieser, 1995)

It is composed of :-

Tris-HCI

25 mM

EDTA

10 mM

Glucose

50 mM

RNase A

S5ug/mi

3.1.5.5 TE25S( Kieser, 1995)

It is composed of :-

Tris-Base

25 mM

Na-EDTA

25 mM

Sucrose

300 mM
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3.1.5.6 CTAB/NaCl (Kieser, 1995)

It is composed of :-

CTAB |10 g.
NaCl | 4qg.
D.W. | 100 ml

3.1.5.7 5M NaCl (Kieser, 1995)
It was prepared by dissolving 29.22 g. in 100 nWD.

3.1.5.8 Solution | for DNA isolation (Maniatiset al.,1982)

It is composed of :-

Glucose 50mM
Tris.HCI (pH 8.0) 25mM
EDTA 10mM

Autoclaved, stored at 4°C and Lysozyme dissolvesbintion just before use

in concentration of 5mg/ml.

3.1.5.9 Solution Il for DNA isolation (Maniatiset al.,1982)

It was prepared freshly, as stock solution of 18l&0H and 20 % SDS , pH
was adjusted to 10.5 . The concentration of the&kingrsolution should be:

NaOH| 0.2 N
SDS| 1%
3.1.5.10Lyses buffer
It is composed of:-
Sucrose 125 %

Tris-Base 25 mM pH 8.0
Lysozyme 2 mg/ml
The pH was adjusted to 8.0

3.1.5.11 TBE buffer 5x (Maniatiset al.,1982)

It is composed of :-
Tris-Base 54 g
Boric acid 27.5gm
EDTA 0.5M (pH8 20 ml
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The volume was brought to up 1 L and autoclaved

3.1.5.12 Potassium acetate pH 4.8(Maniatet al, 1982)

To 60 ml of 5M potassium acetate, 11.5 ml of glheicetic acid was
added and then 28.5 ml of D.W was added, mixedthegeand allowed to

stand on ice for 10 min. before use.

3.1.5.13 SET buffer (Kieser, 1995)

It is composed of :-

NaCl Yo mM

EDTA pH 8.0| 25 mM
Tris-Base 20 mM

3.1.5.14 TEGRLR buffer pH 8.0 (Kieser, 1995)

It is composed of :-

Tris-base pH 8.025 mM
EDTA 10 mM
Glucose 50mM
Lysozyme Img/ml
RNase 10 pg/mi

3.1.5.15 Gel loading buffer 6X (Maniatist al.,1982)

It is composed of :-

Bromophenol Blue 0.25 g.
Sucrose 40 g.
D.W 100 mi

Kept at 4°C
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3.1.5.16 1 M NaOH

3.1.5.17 0.005 M Potassium phosphate buffer -@&M CaCl, pH 7.0
3.1.5.18 0.25 M NaCl -0.25 M NaOH

3.1.5.19 0.25NHCL

3.1.5.20 0.005 M Potassium phosphate buffer pHO7.

3.1.5.21 0.01 M Potassium phosphate buffer pH 7.0

3.1.5.22 Starch solution 0.5 %

It was prepared by dissolving 0.25 g. of corn gdtam 25 ml of
potassium phosphate buffer-Ca(3.1.5.18) dissolving solution and then 25
ml of boiled potassium phosphate buffer-Ga@l1.5.18) dissolving solution
was added, boiled for two minutes, until it comelgtdissolved ,then

allowed to cool .

3.1.5.23 Maltose stock solution 1 mg/ml
It was prepared by dissolving 0.1 g. of Maltos&@@ml of D.W.

3.1.5.24 Sodium alginate 4 % solution
It was prepared by dissolving 4 g. of sodium alggna 100 ml of D.W and

autoclaved for 10 min. at 121°C.

3.1.5.25 Cad1 % solution

It was prepared by dissolving 1 g. of Cafdl 100 ml of D.W and autoclaved
for 10 min. at 121°C.

3.1.5.26 Tris-acetate-phosphate buffer (Eliss and trison, 1982)

It was prepared by mixing Tris, acetate and phosphacid with final
concentration of 0.2 M (using prepared computegrm). The final pH was

adjusted according to the needed values.
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3.1.5.27 Tris.Cl 10mM / EDTA 1mM pH 7.5

3.1.5.28 Chloroform/ Isoamyl alcohol solution (Kiesr, 1995)

Potassium phosphate buffer-CaCl
Chloroform 24 ml

Isoamyl alcohol 1 ml

3.1.5.29 Transformation buffer

Potassium phosphate buffer-CaCl
Tris.base pH 8.010 mM
CaCl 50mM

3.1.5.30 Discontinues SDS — PAGE and (Non-SDS)-PAGtHffers and

solutions based on (Shi and Jackowski, 1998)

Acrylamide /Bisacrylamide 30% stock solution

It is composed of :-

Acrylamide 29.22 g.
Bisacrylamide 0.78 g.

D.W Up to 100 ml
Stock solution filtrated through 0.45 um filterdastored in dark bottle.

3.1.5.31 Stacking gel buffer solution 4 X (0.5 M Ts.base pH 6.8)

It is composed of :-

Tris —Base 121.1 g
D.W Up to 200 m
The pH was adjusted with 6M HCI

3.1.5.32 Resolving gel buffer 4 X (1.5 M Tris-HCI H 8.8)

It is composed of :-

Tris.basg 36.3 g.
D.W Up to 200 ml

The pH was adjusted to 8.8 with 6 N HCI.
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3.1.5.33 Running buffer 5 X (pH 8.3) for SDS-PAGE

It is composed of :-

Tris- Base 15 g.
Glycine | 72g.
SDS 5g.
D.W Up to 1L.

The pH should be 8.3 without adjustment, the bulept in dark bottle at

room temperature.

3.1.5.34 Running buffer 5 X (pH 8.3) for PAGE

It is composed of :-

Tris- Base 15 g.

Glycine | 72g.
D.W Up to 1L.

The pH should be 8.3 without adjustment, the bulept in dark bottle at

room temperature.

3.1.5.35 Sample buffer 2X ( SDS- PAGE)
It is composed of :-

Stacking Gel Buffer 2.0m
Glycerol 1.6 ml
10 % SDS 3.2ml
2-mercaptoethanol 0.8 ml
Bromophenol Blue in D.W(0.1% w/y) 0.4 ml

kept at 4°C in dark bottle.

3.1.5.36 Sample buffer 2X (PAGE)
It is composed of :-

Stacking Gel Buffer 20m
Glycerol 1.6 ml
D.W 4 ml

Bromophenol Blue in D.W(0.1% w/y) 0.4 ml
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Kept at 4°C in dark bottle.

................. ma

3.1.5.37 Ammonium persulfate solution 1.5%

It is composed of :-

It was freshly prepared

3.1.5.38 Fixing solution

It is composed of:-

Ammonium Persulfate0.15 g.
D.W 10 mi
Methanol 40 %

TCA( Tri-Chloroacetic acid) 10 %

3.1.5.39 TLC separation system (Aibat al.1983)

It was prepared by mixing n-butanol /glacial aceta/ distilled water

as ratio of 5:4:1.

3.1.5.40 Glucose 1% solution

3.1.5.41 0.005M potassium buffer —1M NaCl pH 7.0

3.1.5.42 Enzymes and Nucleic acids

terials and methods

D

Lysozyme Sigma
L DNA digested withPst | | sigma
Hindlll Fermentas
Pronase Sigma
RNase- free DNase Sigma
Alkalane phosphatase | Sigma
T4 Ligase Fermentas

D
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3.1.5.43 Bacterial standard strains

E.coli hsdS20,recA-13,ara-14,proA2, lacYl, | Genetic Engineering and

HB101 | galK2, rpsl (Smi),ryl-5,mtl-1,supE44 | Biotechnology Institute
University of Baghdad, Iraq

E.coli hsd R,dsd M* thi",end A Genetic Engineering and
MM294 Biotechnology Institute

University of Baghdad, Iraq

3.1.6 Antibiotic

3.1.6.1 Antibiotic disks

The source of these disks was (Bioanalyse, Turkey):

Antibiotic | Abbreviation | SOMeNt
(ug or U)
Imipenem | IPM 10
Cefotaxime| CTX 30
Norfloxacin| NOR 10
Gentamicin| CN '
Penicillin |P 10U
Amipcillin | AM '
Aztreonam | ATM 30

3.1.6.2 Ampcillin stock solution (25mg/ml) (Maniats et al.,1982)
Ampcillin (25 mg ) was dissolved in 1 ml of D.Weth filtrated through

Millipore and stored at -20°C in dark as aliquots.
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3.1.6.3 Tetracyclane stock solution (12.5 mg/ml) (dhiatis et al.,1982)
Tetracyclane (12.5 mg/ml) was prepared in Ethanater (50% V/V)
then filtrated through Millipore and stored at -@€0h dark as aliquots.

3.1.6.4 Chloramphenicol stock solution (34 mg/miManiatis et al.,1982)

Chloramphenicol (34 mg /ml) was prepared in Ethdhen filtrated
through Millipore and stored at -20°C in dark ag@dts..

3.1.7 Enzyme solutions (Maniati®t al, 1982)
3.1.7.1 Lysozyme solution (50mg/ml) in lysis buffe

3.1.7.2 Pronase solution (20 mg/ml)

Pronase 20mg/ml was prepared and incubated &t f87°2 hours in
water bath to inactivate possible DNase and RNastaminants , distrubted

into aliquots and stored at-20°C.

3.1.7.3 RNase Solution (10 mg/ml)

RNase 10mg/ml was prepared in 10 mM Tris.HCI abdriM NacCl,
Heated to 100°C for 10 min. allowed to cool slovaly room temperature.

Then distributed into aliquots and stored at — 20°C
3.2 Methods

3.2.1 Isolation of thermophilic bacteria producing a-amylase (Teodoro
and Matrtins, 2000)

Sixty nine soil samples were collected from diffdrsites in Baghdad,
Babylon, Dyhala and Diwaniyha districts .They tyam$ed to the lab., using
sterilized nylon sacs, 10 grams of each sampielde®n added to 90 ml.
D.W, mixed vigorously and heated to 80 °C for 3Gr.mvith shaking in water
bath, the pH of the soil sample was measured feir stadies.Serial dilutions
of each sample using sterilized phosphate buffereveet up from 16

through 16. ( 0.1) ml of appropriate dilutions were spreadedo Petri
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dishes of Stah —Agar medium (3.1.3.2.10) , incubated at 65fd&€ two

days . Replica plating was made for the growingowigs then starch
hydrolysis test was done for one of the replicagddy flooding plates with
lugol's reagent(3.1.4.3). The colonies that showetalo diameter zones
(Z/G) ratio ; halo diameter: colony growth diametigere picked to repeat the

same test to confirm the result.

3.2.2 Microscopic and morphological identification of the isolated
bacteria (Harley and Prescott, 1996).

The morphology ,size and the margin of isolateddrmes grown on nutrient
agar (3.1.3.1) and blood agar (3.1.3.2.1) medierevstudied. 18 hour old
colonies were subjected to a microscopic exanonaif their shape ,size
and gram's stain. The sporulation ability was gddiy cultivating the isolate
on sporulation medium (3.1.3.2.5) for 72 hrs. Spavere been examined of
their shape and position within the cell usditigase contrast Microscope.

3.2.3 Biochemical tests.
The colonies that produced amylase and showed abasdics similar

to Bacillus as a genus have been chosen for further exanmsatodetermine

the genus and species accurately.

3.2.3.1 Catalase test (Cruickshankt al.,1975)

This test was performed by adding drops of hydrggenoxide (HO,)
3% (3.1.4.1) on a single colony grown overnighgceld on glass slide. The
production of gaseous bubbles indicated the presehcatalase.

3.2.3.2 Oxidase test (Atlast al.,1995)
Filter paper was moistening with the substratetsmiy3.1.4.2), colony

of bacteriagrown overnight was rubbed on the filter paper bterile
wooden applicator stick. An immediate color chatme deep blue indicated

a positive test result.
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3.2.3.3 Starch hydrolysis test (Harley and Prescqti996)

The ability of bacteria to hydrolyze the starchswaerformed by
inoculating the bacteria on the plate of starcharagedium ( 3.1.3.2.10) by
making a single streak of the bacteria and bybating at 55°C for 48 hour.
After incubation, the plate was flooded with lugolsolution(3.1.4.3).The
presence of halo zone around the colonies indidatdoblysis of starch.

3.2.3.4 Urease test (Atlast al.,1995)

This test was used to examine the presence ofejredsch hydrolyzes
urea to ammonia, and &€Ghristensen urea agar slants were inoculated with
single colony of bacteriancubated at 45°C for 4-5 days. The appearance of

pink color slant indicated a positive test.

3.2.3.5 Triple sugar iron (TSI) test (Atlaset al.,1995)

Isolates were cultured on TSI agar slants by stappmito the agar and
streaking on the surface, and then incubated 8dird. at 55°C .Bacteria that
only ferment glucose produce an alkalane (red slantl an acid (yellow)
butt. Bacteria that ferment lactose or (and) sucasswell as glucose produce
an acid (yellow) slant and an acid (yellow) butacEeria that do not ferment
glucose, lactose, or sucrose produce an alkalat étant and an alkalane
(red) butt. Bacteria that produce gas during femat@n form bubbles or

cracks in the medium. Bacteria that produg8 Has turn the medium black.

3.2.3.6 Citrate utilization (Atlaset al.,1995)

This test was used to examine the ability of baacter utilize citrate as a
sole source of carbon. In this test, a colony wasulated on the surface of
simmon’'s citrate medium (3.1.3.1) slant and the iomdwas incubated
overnight at 55°C. The change of the color to bhohicated the positive

result.
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3.2.3.7 Methyl red and voges- proskauer (Collest al.,1996)

The methyl red test was used to determine the fptHeoend products
of glucose fermentation.

Tubes of MR-VP liquid media were inoculated andtuimated at 55°C
for 48hrs. Both tests were performed from the sameulums suspension,
which was divided for testing. The methyl red te@as performed after adding
about five drops of methyl-red reagent (3.1.4.@ plositive test was bright
red and negative test was yellow.To detect the dtion of Acetoin , Barritt's
solution ( 3.1.4.5) (600ul of 5 ¥naphthol and 200 ul of 40% NaOH) were
added to the 1 ml bacterial culture ( 3.1.3.26¢, appearance of red color
within minutes indicated the formation of interma@i -compound Acetyl-

methyl carbionl(Acetoin).

3.2.3.8 Carbohydrates fermentation (Parryet al.,1983)

Bacteria were grown on ASS (3.1.3.2.3) medium aaimg the sugar
to be tested and incubated at 4%@ 3-5 days, the turn of reagent's color into

yellow indicated utilization of the sugar and tleeming of an acid.

3.2.3.9 Nitrate reduction test (Cruickshanket al.,1975)
One hundred pL of each test reagent solution ABr(8.1.4.4) was

added to the culture in medium (3.1.3.2.2). A rebbicdeveloped within few

minutes indicated the ability of the organism tduee nitrate to nitrite.

3.2.3.10 Gelatin liquefaction test (Cruickshanlet al.,1975)

Tubes of gelatin media (3.1.3.2.4) were inoculatatth bacteria and
incubated at 45Cfor 5 days then transferred to the refrigerator an hour,
the liquefaction of tubes indicated positive restb be compared with the

control one .
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3.2.3.11 Indol formation test (Colleest al.,1996)

The tubes of peptone water media (3.1.3.2.7)weceuilated with
bacteria ,and incubated at 45°C for 48 hrs , th@ull of kovac's reagent
(3.1.4.6) was added to the culture . the Formatiored ring near the surface
indicated the positive result due to the formatbiryptophanase.

3.2.3.12 Motility test (Colleeet al., 1996)

Semi solid agar medium ( 3.1.3.2.12 ) was inated with bacteria by
stapping in the center of agar , to half of itgubating at 55 °C for 48 hrs., a
diffuse and hazy growth that spread slightly tigloaut the medium

indicated positive results .
3.2.4 Maintenance of bacterial isolates

3.2.4.1 Short term storage

Bacteria were maintained in slant culture for pgrad a month. Such
cultures were grown on slant surface in tubegasning 5-8ml of nutrient

agar medium and stored at 4°C .

3.2.4.2 Storage in soll

clean soil was sterilized successive times usingcéave , then its
aseptic condition was tested by inoculating a $ampit on nutrient agar for
three days , no visible growth indicated its sization .Then 1 ml of spores
suspension was mixed with it, allowed to dry andotkat 4°C for

undetermined period.

3.2.4.3 Storage in 15 % glycerol.

Bacteria could be stored for a relatively longdim media containing
15% glycerol at a low temperature without a sigaifit loss of viability. This
was done by adding 1.5 ml of sterilized glycerohtoexponential growth of
bacteria grown in nutrient broth in a screw-cappettle in final volume 10

ml and stored at -20°C.
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3.2.5 Preparation of Spores

B. stearothermophilus M13 was cultured on the surface of sporulation
media(3.1.1.2.5) in slant tubes at 55°C for thragsdthen sterilized D.W
was added to the culture and centrifuged at 300f@xd> min., discarding the
supernatant, the same procedure was repeated. pline suspension was

obtained and kept onto the soil at 4°C.

3.2.6 Estimation of protein ( Bradford,1976)

Protein was estimated by dye-binding (Coomassigb®G) method in

which the bovine serum albumin used as a startatdin .

1. The standard protein bovine serum albumin (BSA) weepared by
dissolving 10 mg (BSA) in 10 ml of 0.05 M phosphhtdfer pH 7.0

2. Several dilutions of standard protein (BSA)(1upiuére performed in
the same buffer and according to the followingunaés :

BSA pL | Buffer yL | Protein amount pg| Final volume ml
20 80 20 0.1
40 60 40 0.1
60 40 60 0.1
80 20 80 0.1
100 0 100 0.1

3. Twenty pl of each concentration were mixed vii@ul of NaOH 1M
(3.1.5.16)

4. Two hundred and fifty pl of the dye reagent (310} were added,
mixed, and allowed to stand for 10 minutes abrdemperature.

5. The absorbance at 595 nm was measured; the blank was prepared from

0.1 ml of the buffer and 2.5 ml of the dye reagent.
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6. A standard curve was plotted between the amountsratein in the

given sample against the corresponding absorbaite. protein
concentrations of unknown sample were calculated fthe standard

curve (Fig. 3.1).

1.00 — A
0.90 —
0.80 —
0.70 —
S 060 —
Lo
®
— 0.50 —
o Fit Results
\ Fit11: Linear, Y=B*X+A
D_ Equation:
— Y =0.0103514 * X + -0.00894568
O 040 Number of data points used = 6
Average X =49.1667
Average Y = 0.5
Regression sum of squares = 0.698722
Residual sum of squares = 0.00127795
0.30 — Coef of determination, R-squared = 0.998174
Residual mean square, sigma-hat-sq'd = 0.000319489
0.20 —
0.10 —
0.00 T T ‘ T ‘
10.00 30.00 50.00 70.00 90.00
0.00 20.00 40.00 60.00 80.00 100.00
protein amount ug/ml

Figure(3.1):Standard curve for protein estimation ty Bradford's method.

3.2.7a-amylase activity assay

Method of Bernfield (1955) was used feramylase assay; one unit
enzyme activity is defined as the amount of enzyima¢ liberates one pmole

of reducing sugar and measured as maltose perenimater the conditions of

assay.

3.2.7.1 Standard curve of maltose solution

1. the following volumes of standard maltose stockusoh (1mg/ml)
( 3.1.5.23) had been distributed into test tuesiuplicates for each
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single volume , then the appropriate volumes of Dt been added for

each, as follows:

Tube | Stock standard| D.W | Final conc.
No. | maltose( ml) | (ml) | maltose(mg/ml)
Blank 0 1 0

1 0.1 0.9 0.1

2 0.3 0.7 0.3

3 0.4 0.6 0.4

4 0.5 0.5 0.5

) 0.6 0.4 0.6

6 0.8 0.2 0.8

7 1.0 0 1

. One ml of DNSA Reagent (3.1.4.8) was added to aam

3. Tubes were incubated in boiling water bath for &.mi

. Tubes were removed from the boiling water bath iamuediately placed
into ice bath.

. Ten ml of D.W. were added to each tube and welknhi

6. Reading the absorbency for each sample at 540ensu¥ blank.

7. The Absorbency values at 540nm were plotted apamsltose

concentration (mg/ml), then the activity was cadted .
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O.D at 540 nm

1.20 —

1.00 —

0.80 —

0.60 —

0.40 —

Equation:
Y =1.07304 * X + -0.00570682
Number of data points used = 9
erage X = 0.488889

20270
QOm??

0.20 —

0.00 T T T T
. 0.30 0.50 0.70 0.90
0.00 0.20 0.40 0.60 0.80 1.00
Maltose concentration mg/ml

Figure(3.2):Standard curve for maltose, using DNSAs blocking reagent

3.2.7.2 Assay method

1.

Enzyme solution (0.1 ml) was added to 0.9 ml ofrcktasolution

(3.1.5.24) in tubes and incubated at 60°C for 10. mi

The reaction was stopped by adding 1ml of DNSA, e the tubes
were incubated in boiling water bath for 5 min.

Tubes removed from the boiling water bath and idiately placed
into an ice bath.

Ten ml of D.W was added to each tube.

5. The absorbency for duplicate tubes was measureést@tnm , the

blank was created by adding the enzyme solutiar &NSA addition

(blocking solution).
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3.2.8 Optimum conditions fora-amylase production in liquid media
The main optimal conditions for amylase productiave been studied

in order to produce it with higher amount using Itia¢ch cultures.

3.2.8.1 Determination of optimala-amylase production media

The colonies that revealed halo zone of hydrolysis media
(3.1.3.2.10) and classified &s stearothermophilus were picked for the next
experiments in order to choose the most efficisolate by inoculating on SH
mediumB. stearothermophilus was grown in nutrient broth for overnight ,
then three duplicated flasks containing SH ined(3.1.3.2.14) , TSM
medium (3.1.3.2.15) and nutrient broth supplememii¢iad 1% soluble potato
starch (3.1.3.2.16) were inoculated with 1 mthaf previous grown culture
at log phase of growth . Then flasks were incubatedshaker incubator (120
rom, 55°C, 24 hrs.). The cultures were centrifuge®000xg for 5 min and

supernatant was used for assayingot@@nylase activity (3.2.7).

3.2.8.2 Optimal temperature fora-amylase production

B. stearothermophilus M13 was grown in TSM medium broth (in
which it was the best among the media) and incadbate different
temperatures (35, 40, 45, 50, 55, 60, and 65°G) shaker incubator (120
rpm, 48hrs). The cultures were centrifuged at 3@@0rfor 5 min and
supernatant was used for assaying-aimylase specific activity as described
in (3.2.7).

3.2.8.3 Optimal Initial pH for a-amylase production

The optimal pH for production ofi-amylase was determined by
preparing the TSM medium with different pH, rangingm (6, 6.5, 7, 7.5 and
8) .Media were inoculated and incubated in shakembator (120 rpm, 55°C,
24 hr.). The culture was centrifuged at 3000rpm3amin and supernatant

was used for assaying @famylase specific activity as described in (3.2.7).
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3.2.8.4 Measurement of bacterial growth (Growth cwe) and optimal

growth phase fora-amylase production.

Growth of bacteria was monitored by measuring thtecal density of a
liquid culture using spectrophotometer at 600nmnedrval time of 2 hours
.The corresponding-amylase activity was determined as described.i {3
after centrifugation of the samples at 3000xg .

3.2.9 Antibiotic susceptibility (Aslim et al.,2002)

B. stearothermophilus M13 was inoculated into nutrient broth and
incubated at 55°C for several hours until the dithbiwas easily visible. The
turbidity was adjusted by nutrient broth againstHsidand (3.1.4.18) standard
tube. Then 100 pl of bacteria suspension was fereesl to the surface of
Muller-Hinton agar plates , spreaded and incubdtedl5 min. at 55°C
Antibiotic discs were placed on muller-hinton agaedium seeded with
bacteria and the diameters of inhibition zones thaned following 24 h.
incubation were measured and test results of atitbsusceptibility were

determined according to the inhibition zone diam@t&CCLs, 1991).
3.2.10a-amylase purification

3.2.10.1 Precipitation by the Ammonium sulphate (Sgel, 1976)

One hundred ml of the crude extract were madeouDt% saturation
with ammonium sulphate stirred on the ice for 1rtben centrifuged at 9000
xg for 20 min. at 2 . Ammonium sulphate was added again to superiatan
raise saturation ratio to 80% using the sanoequmure. The mixture was
centrifuged, then the supernatant was discardée@. precipitated was
dissolved in 5 ml of the potassium phosphate buif@éd5M — CaGl0.025M
pH 7.0 (3.1.5.17). Then enzymatic activity and phetein concentration were

measured after dialysis.
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3.2.10.1.1 Preparation of dialysis tubing with1000d. cutoff (Maniatis et
al., 1982)

1. Cut the tubing into pieces of 15 cm length.

2. Boiled for 10 min., with 100 ml of 2% sodium bicartate and 1mM
EDTA.

The tubing was rinsed thoroughly in distilled water

Boiled for 10 min. in 0.001 M EDTA.

Allowed to cool and stored at 4°C in D.W

o o b~ w

Washed with D.W before application.

3.2.10.1.2 Dialysis
The supernatant of the last step was dialyzednagine following

buffers, taking into consideration changing thaisoh many times during the
process

1. Distilled water.

2. potassium phosphate buffer —-Ca(CB.1.5.17)

3.2.10.2 Preparation of the ion exchange chromatogphy column (LKB)

The DEAE-sepahdex was prepared according to theufaeturer
( LKB), in which the exchanger was washed withaQ¥NaOH solution
(3.1.5.18). Using the buchner funnel as a ratiordl4: 20 g. of DEAE-
Sephadex, filtrated under vacuum through WattnagpepNo.1. then washed
for many times over running distilled water, susged by HCI solution
(3.1.5.19) then washed for many times by potassphmsphate buffer
(3.1.5.20), and resuspend onto it, until the pHabsz 7.0 ,allowed to stand
for 1 hour ,then the fines were removed , washwiy distilled water was
repeated to ensure a better removal of fines puimes and degassed .
Glass wool was inserted at the bottom of columm @en the slurry was
poured into column,allowed to be packed in glassmn to be (1.3 x 35) cm.
The equilibration was done overnight using potassiphosphate buffer
solution (3.1.5.20) at speed of 40 mi/hour.
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3.2.10.2.1 Sample application
The concentrated enzyme ( 4ml) was added to the wall using a

glass rod gently , then it was washed by potasgibasphate buffer solution
( 3.1.5.20) ,the washing fractions were colldcié speed of 5 ml/frac, the
optical density was measured for each fractior8@ti2n. The declane of the
optical density readings to the base lane indicttatithe washing process of

column was completed.

3.2.10.2.2 Elution of the enzyme
A laner salt gradient of (potassium buffer -Na@l)1.5.41) in order to

recover the enzyme from lon- exchanger, the prdi@ireach fraction was

estimated at 280 nm. The enzymatic activity fornefraction was assayed as
described in (3.2.7); the curve of enzymatic activity (unit/ml) was plotted
against the 0.D.280nm.

The fractions that revealed significant peak oivitgtwere mixed together.

3.2.10.2.3 Dialysis
The enzymatic solution that recovered from thé $&sp was dialyzed

against potassium phosphate buffer 0.005 M — Q@25 M pH 7.0(3.1.5.20)
, and for several times until the next day idevrto remove all the salt used

in the recovery , then it was lyophilized .
3.2.10.3 Gel filtration chromatography (Laue and Rlodes, 1990)

3.2.10.3.1 Preparation of Sephadex G-100 Column

The gel was prepared according to the instructafriee manufacturer
(LKB) in which the gel was washed with potassiunegphate buffer solution
(3.1.5.21 ), then it was suspended in the samgisolovernight at 4°C to
allow swelling .The fines were removed . Degassuag done using vacuum
, the slurry was poured into the column and alloveedde packed in the glass
column( 2.5x 35 ) cm , the washing, overnight, vdame with solution

(3.1.5.21 ) at a flow rate of 30 ml /h. . The veolume was measured by
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blue dxtran- 2000 (yat concentration of 5mg/ ml , the blue dextra@00

was recovered from the column by potassium phosphbaffer solution
(3.1.5.21) in which it was collected at speedhaf 5 ml /frac. , at a flow rate
of 30 ml /h., the absorbency of each fraction weemsured at 600 nm. The
lyophilized enzyme was dissolved in 2 ml of (&0@ phosphate buffer —
0.002 Cadl ) then was gently added to the side wall of columsimg the
glass rod of the gel, the elution was done bystmae buffer , 5ml / fraction
at flow rate of 30 5ml /h. using same conditiohshat for the blue dextran -
2000 recovery .

The fractions that revealed the protein and enzgnsttivity in the
same peak was mixed and dialyzed against solu8dn5(21), then protein
and enzymatic activity were assayed once againtherpartially purified

enzyme.

3.2.11 Determination ofa-amylase purity and estimation of its molecular
weight .

3.2.11.1 SDS- Polyacrylamide gel electrophoresis qfartial purified
a-amylase (Shi and Jackowski, 1998)

Tubes used were soaked overnight in 95% etharen, alowed to dry.
Each tube was sealed from the bottom side by #engbarafilm and aligned
in casting stand board.
The separating (resolving) gel was prepared byraddi5 ml of (acrylamide
and bisacrylamide) solution ( 3.1.5.30) , 7.5 mire$olving gel buffer 1X
(3.1.5.32) pH 8.8, 0.3 ml of 10% SDS solution ahd.49 ml of distilled
water . The solution was degassed for 10 min. uairgcuum pump , then
150 pl of 1.5% ammonium persulphate (3.1.5.37) Had of TEMED were
added to the degassed solution and mixed gentiyg uPasteur pipette ,the
separating gel was transferred to PAGE tubes usingther pipette ; the top

of the gel was covered slowly with "Isobutyl alobh and allowed the gel to
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be polymerized for two hours at room temperatureen the layer of isobutyl

alcohol poured off.

Stacking gel was prepared by adding 3.9 ml of (aomde and
bisacrylamide ) solution (3.1.5.30),7.5 ml of stagkgel buffer 1X( 3.1.5.31)
,0.3 ml of 10 % SDS solution and 18.3 ml of distlllwater .The solution was
degassed for 10 min., using a vacuum pump, 50 pl46 % ammonium
persulphate (3.1.5.37) and 5 pul of TEMED were adttedhe degassed
solution and mixed gently. Using Pasteur pipettee stacking gel was
transferred slowly to cover the upper surface die separating gel to
polymerization about 2 hr at room temperature. Sasnfor SDS —PAGE
were prepared by adding equal volumes of a sampfeerbsolution 1X
( 3.1.5.35) to the sample and mixed well. The samplere incubated in
water bath at 90 Tor 5 min. and cooled to 25°C .

The PAGE tubes were submerged in running buffer(1%.1.5.33)
and 100 pl of the prepared sample was loadedegeh.The power supply
was connected to the samples and run at 2.5mAfaul®#0 min. then it was
raised to 6mA. The run was kept at 4°C until trecking dye reached

a narrow distance just before the end of gel .

3.2.11.2 Standard Proteins Solution

It was prepared by dissolving the following progimolecular weights (150
, 80, 67, 50, 20, 14 kDa) as a concentration ofddnmhin sample buffer
(3.1.5.35). Then the same procedures for electr@siswere applied.

3.2.11.3 Detection of protein bands on the polyadamid gel.

Polyacrylamid gels were removed from the SDS-PA@Ee$ and
placed separately in test tubes .Gels were covesidd fixing solution
(3.1.5.38) for 1 hour; fixing solution was poureff and the gels were
covered with staining solution ( 3.1.4.10 ) fdnr@ . Then a staining solution

was poured off and the gels were immerged with adl@isig solution
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(3.1.4.16) The destining process continued wiinging the solution several

times until blue bands were obtained with whiteKkggound, gels were
stored in 10 % acetic acid.
The molecular weight was determined using speedlizsoftware
PhotoCapMw.Also, based on the application of thkofong equation to
measure the ( Relative mobility; R(Elyassaki,1991)
Rr=MxL/M" x L'
Where
M = Migration of protein band
M' = Migration of tracking dye
L= Length of gel before staining
L'= Length of gel after staining

In order to confirm the value of; Rf the markers were plotted against
their known molecular weight on a semi logarithregale and the samples

were calculated in accordance.
3.2.11.4 Determination olr-amylase molecular weight by sephadex G-100
3.2.11.4.1 Standard Protein solution

(lysozyme 14400, ovalbumin 43000, bovine serum ralbu67000 and
Alkalane phosphatase 160000 Dalton), were prepatedoncentration 10
mg/ml in phosphate buffer 0.005 M pH 7.0 (3.1.5.20)

3.2.11.4.2 Gel Filtration

Gel filtration was done using Sephadex G-100Herdtandard protein ,
well-known molecular weights for each one alonelofeing the same
procedures and under the same conditions applretthéa-amylase and blue
dextran (3.2.11.3) (Whitaker, 1963) .

The protein was estimated in each fraction by datmg the elution volume
V. for each one, then the ratio between recovery veltmn each protein to
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void volume (WV,) for column as measured by the blue dextran-2000

(3.2.11.3).

A standard curve was drawn by plotting the vabfi€V/V,) against log
molecular weight for each single standard protéhen thea-amylase
molecular weight was estimated by plotting its/{X) value against the

corresponding log value of it .

3.2.12a-amylase characterization

For all reactions the mixture of enzyme and sabsir were

supplemented with 0.005 M CaG@Ind assayed as described in (3.2.7).

3.2.12.1 Determination of pH effect om-amylase activity

Using buffer solution described in (3.1.5.26) whidhad been
distributed equally into aliquots, the desired pbisvadjusted according to the
what was described by Ellis and Morrison(1982).lG#f purifieda-amylase
was added to 900ul of each one of the differentsphlitions ranged (5.5-
8.5)containing soluble starch 0.5 % as a substidte.activity ofa-amylase
was assayed and plotted against the correspomtingalues to determine

the optimal pH fo-amylase activity.

3.2.12.2 Determination of pH effects on-amylase stability.

Equal volumes of purified-amylase and buffer solution of (3.1.5.26)
with pH range 5.0 through 9.0 were incubated inagewbath at 55°C for 45
min. then transferred immediately into an ice hatie enzymatic activity for
each one was determined.

The remaining activity (%) for enzyme was measuaed plotted
against the corresponding pH values of solutiodetermine the optimal pH

for a-amylase stability in industry.
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3.2.12.3 Determination the optimal temperature fom-amylase activity
The enzyme was incubated with the substrate, tenvizath at different
temperatures (30, 40, 50, 60,70,80,90 and 100°C}eio min. Enzymatic
activity was measured and the enzyme activity whitqal against the

temperature.

3.2.12.4 Determination of thermal stability fora-amylase activity

The purified enzyme was incubated at differentgeratures (30,
40, 50, 60,70,80,90 and 100°C) for 30 min., themediately transferred into
an ice bath. Enzymatic activity was assayed andeh®ining activity (%)

was plotted against corresponding temperature.

3.2.13 products separation by ascending paper chratography
analysis

Hydrolysis products from soluble starch were amady by paper
chromatography, as described by (Hatatflaal., 1996; Safar,1998) with
modifications .

1. One hundred ul of purified enzymatic solution waged with 900ul of
the 0.5%-starch solution (3.1.5.22).

2. The reaction solution was incubated at°60for (0, 15, 30, and 75 min) ,
then transferred immediately to an ice bath .

3. Thirty ul of the product were transferred to tHeCTpaper wattman No.1
with 0.16 mm thickness, allowed to dry , then itswaice to hold a high
concentration of possible products , after tha¢ shme procedures were
applied to standard maltose ( 3.2.7.1) and gki¢B4..5.40) solutions

4. The paper was placed in the glass jar containinmaraéion system
( 3.1.5.39 ) and the jar was covered, the process stopped when the

solvent reached the end lane
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5. After determining the distances of the solvent, gager was removed

from the jar and allowed to dry at room temperattinen it was treated
with DNSA (3.1.4.8).

6. The paper was baked in an oven at ¥DGor 20 min. to complete the
reaction , then the ;Rwas calculatedor each sample according to the
formula ( Ghosh and Chandra ,1980).

Rs = Distance immigrant by solute
Distance immigrant by solvent

3.2.14 Immobilization ofa-amylase.

The a-amylase was immobilized by an entrapment methodgus
sodium alginate according to (Gebal., 1990)
1. The enzymatic solution was added as 0.2U/ml towsodilginate
solution (3.1.5.24) and mixed well for 10 min .
2. Then the mixture was pulled in by a syringe andgdeal into a beaker
containing cooled calcium chloride solution ( 3.2%)to form beads ,allowed
to solidify, then washed off many times with acoain chloride solution to

remove the remaining of unimmobilized enzyme .

3.2.14.1 Determination of the efficiency of immobized a-amylase

Twenty five grams of granules in which the enzynmaswmmobilized
to them was placed into 25 ml of 0.5% starch. Iated at 68C degree in a
shaker incubator 50 rpm for 10 min. The efficieme&s measured according
to the formula below (Varavinigt al., 2002) . The immobilizedi-amylase
was kept in the phosphate buffer at 4°C for momtpthe activity over 30
days.
Activity yield (%) = 100 x activity of immobilized enzyme / A-B
Where:
A: The activity of free enzyme added .
B: The activity of the unimmobilized-amylase (remaining enzyme and

unimmobilizeda-amylase in washed water).
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3.2.15 Preparation of the anti- amylase sera (Yamaghi et al.,
1974a,b;1999)

A mixture of thea-amylase (2mg in 0.5 ml of 0.85 NaCl) and 0.5 ml
of complete freund's adjuvant was injected sub@dasly into a mature
white rabbits (two rabbits-New Zeeland with two lvab as a control).Two
weeks later, the rabbits received an additionatstameous injection of the
amylase —adjuvant mixture (2 mg of in@amylase). The mixture was injected
into rabbits. Booster injections of the sampleseagaven in the same manner
after 4 and 6 weeks, and the blood was collectedek after the last booster
injection, sera were separated and incubated &C5®r 30 min to inactive

complement, and stored at °20.

3.2.15.1 Neutralization ofa-amylase with anti-amylase Sera(Yamaguchi
et al.,1974a)

Five hundred ul volume of theamylase solution was mixed with an
equal volume of the antiserum .After incubatio&iC for 30 minutes; the
remaining enzyme activity was assayed .The nematadn was almost
completed within 60 minutes. After the reaction ptered, the mixture was

centrifuged at 6000xg for 20 minutes, theamylase activity was assayed.

3.2.16 Genetic analysis d8. stearothermophilusvi13

3.2.16.1 Isolation of plasmid DNA fromB. stearothermophilusM13
(Mielenz ,1983)

In order to analyze the genetic potentialE&fstear othermophilus M13
concerning the possibility of harboring a plasmithe following procedure
was applied.

1. B. stearothermophilus was cultured in 25 ml nutrient broth overnight
with shaking (120 rpm )at 55 °C ,then 250 ml okstr nutrient broth
was cultured with 2.5 ml of 18 hrs. old growth ¢ubated at 55°C with
shaking( 120) rpm overnight.
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2. B. stearothermophilus M13 cells were harvested at 6000g , 4°C using

cooling centrifuge.

3. Cells were resuspended in 5 ml of lysis bufferl(810) and incubated
for 1 hr. on anice .

4. Lysate was allowed to stand at room temperataex) 6 ml of SDS
solution (3.1.5.3) was added , after 15 min. 10 ohgronase was
added and incubated at 37°C for 30 min.

5. The mixture was diluted with 2.5 ml buffer (3.1.B5)2H 7.5.

6. An equal volume of (chloroform /Isoamyl alcohol)iigen (3.1.5.28)
was added, and centrifuged at 12000xg for 15 min.

7. The aqueous phase was transferred to a clean tOl& volume of
chilled isopropanol was added , and centrifuget?800xg for 10 min.

The DNA pellet was washed with 70% ethanol , alldwe dry , and
dissolved in 750 pl of TE buffer

3.2.16.2 Isolation of genomic DNA oB. stearothermophilusM13
1- By Salting out procedure ( Pospiech and Neumana995; Kieser, 1995)
The genomic DNA ofB. stearothermophilus M13 was isolated by

salting out procedure with some modifications agaplthrough the study.

1. B. stearothermophilus was cultured in 25 ml nutrient broth overnight
with shaking (120 rpm) at 55 °C , then 250 ml @ésh nutrient broth
was cultured with 2.5 ml of 18 hrs. old growth ¢ubated at 55°C with
shaking(120 rpm) overnight.

2. Cells harvested from 250 ml of bacterial culturdangs cooling
centrifugation 6000g,at 4°C.

3. Resuspended in the 5 ml SET buffer, then 200 pbkyse solution
(3. 1.7.1) and 60 ul of RNase solution (3.1.7.3jenedded, incubated
for 1 hour at 37C.
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4.

Three hundred ul pronase solution (3.1.7.2) was@aad incubated at
37°C for 45 min., then 600 pl 10% SDS was addedixed by
inversion, incubated 2hrs. at %5, inverted occasionally.

Two ml of NaCl (5M) solution (3.1.5.7) was addedxed thoroughly
by inversion, allowed to stand at 3.

Equal volume of (chloroform /Isoamyl alcohol) saodut (3.1.5.28) was
added, mixed by inversion for 30 min atZa

Centrifuge 15 min, 12000 xg at 20°C.

Supernatant transferred to a fresh propylene tude @6 volume
chilled Isopropanol ,mixed by inversion then |léfr 2 hours in
refrigerator then centrifuged , DNA was rinsed hwit0% ethanol
,allowed to dry ,and dissolved in 750 ul TE at’60.

Kept at -20°C.

2- By CTAP Procedure (Rogers and Bendich, 1988; Kser, 1995)

The genomic DNA ofB. stearothermophilus M13 was isolated by

CTAP procedure with some modifications appliedtigh the study .

1.
2.

Cells harvested from 250 ml of bacterial cultuyecbld centrifugation
Resuspended in the 5 ml TE25S buffer (3.1.5.5)) 2@0 pl lysozyme
solution (3. 1.7.1) and 60 pl of RNase solution1.33) were added,
incubated for 1 hour at 3T.

Three hundred pl of pronase solution (3.1.7.Zrenadded ,incubated
at 37°C for 45 min. , then 600 pl of 10% SDS wadeald, mixed by
inversion, incubated 2hrs. at %5, inverted occasionally.

Two ml of NaCl (5M)solution (3.1.5.7) was addedxed thoroughly
by inversion, allowed to be at 3C.

700 ul of CTAB/NaCI (3.1.5.6) mixed thoroughly amdubated for 15
min at 55 °C, then cooled to 37°C..

An equal volume of (chloroform /Isoamyl alcohol)igmn (3.1.5.28)

was added, mixed by inversion for 30 min af@5
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7.
8.

Centrifuge 20 min, 12000xg at 20 °C .

Supernatant transferred to a fresh propylene tQl&eyolume chilled
Isopropanol was added ,mixed by inversion théinfte 1 hours in
refrigerator then centrifuged at 12000xg for 15 miDNA was rinsed
with 70% ethanol ,air dry ,and dissolved in 750'glat 50°C .

Kept at -20°C.

3.2.17 Isolation and purification of pBR322 vector from E. coli

HB

101 by Cesium chloride—Ethidium bromide density

gradients ultracentrifugation method (Maniatis et al.,1982).

1- Isolation

1.

Ten ml of LB medium containing ampicillin (50ug/mi)as inoculated
with single colony oE. coli HB101 at 37 °C overnight with shaking.
Two hundred and fifty ml of LB medium containing ucillin
(50ug/ml) was inoculated with 0.25 ml &fcoli HB101(18 hrs old).
incubated at 37 °C with shaking. When the¢gDf culture was 0.5 ,
1.25 ml of Chloramphenicol solution( 34mg/ml in 958thanol) was
added in which the final concentration was 170ug/ml

3. The culture was incubated at 37°C for further 1hi6

The bacteria were harvested by centrifugation 80%Q for 10 min. at
4°C.

5. Wash with 50 ml of ice-cold STE Buffer (3.1.5.10jde.

6. The cells were resuspended in 10 ml of solution Iyses

solution(3.1.5.8) containing 10 mg/ml Lysozyme,ubated at 37°C for
30 min. in polypropylene tube.

. Twenty ml of freshly prepared solution Il (3.1.5Was added, gently

mixed for 5 min., allowed to stand on ice bathZ6rmin.

Fifteen ml of an ice-cold solution of potassiumetate solution
( 3.1.5.12)(pH 4.8),then an equal volume of chlorof was added,
mixed immediately by inversion and allowed to stdor 5 min.on an

ice bath.
82



CRAPLET LATEE ..ottt materials and methods

9. Centrifuged for 20 min, 10000xg at 4°C

10. Aqueous phase was transferred to clean polypeopytube and 0.6
volume of isopropanol was added , mixed well alhalved to stand at
room temperature for 15 min.

11. Centrifuge 20min, 10000 rpm.

12. The supernatant was discarded, the pellet wasedawith ethanol
70%, and then the pellet was dried at room temperat

13. The pellets were dissolved in 5 ml of TE buffezpkat — 20 °C.

14.Ten pul of the sample was added to 990 ul of THebuh a quartz
cuvette and the absorbency at 260nm and 280nm \easured after
calibration based on blank of TE buffer at 260nnd &80nm., the

calculations were done according to the followiimgmula:-

Concentration of double strand DNA (ug/ml) in tlaenple
= (OD260X 50 x 100 )

O.D 260/ 0.D286& 1.8 provides an estimate the purity of DNA
ODyg0 1= 50 pg/ml of double strand DNA and 20 pg/ml $orgle stranded

oligonucleotides

2-Purification
1. The concentration of DNA in TE buffer was estimat&dl0 g. CsCl

per 1 ml of DNA solution (4.29 g to 3.9 ml) was add mixed and
dissolved.

2. Ethidium bromide solution 234 ul of ( 10 mg/ml) cemtration was
added and mixed immediately by inversion in whidie tfinal
concentration of the ethidium bromide was 600 pg/ml was
centrifuged 10 min. ,8000rpm at 20°C.

3. The empty part of the tube was filled with lightraifin oil and sealed
using electric-thermo fuser.

4. The tubes were centrifuged 45 000xg for 36 houZac.
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5. The tubes were removed from the rotor, and fixeddoard , a small

hole at the top tube was made , then # 21 hypodene®dle inserted
into the side of the tubes just below the plasnaddo, and withdrawal

completely.

3.2.18 Removal of Ethidium bromide (Maniatiset al.,1982).

1. An equal volume of 1-butanol saturated with watesvadded to the
cesium chloride —ethidium bromide solution contagnihe plasmids.

2. The two phases were mixed by pipetting vigoroaslg Centrifuged at
3000xg for 3 min. at room temperature.

3. The lower aqueous phase was transferred by a pipatie; the same
steps mentioned above were repeted until the pohdr cisappeared
completely from the aqueous solution.

4. The aqueous solution was dialyzed against the ditehovernight
(pH 8.0), three times, and dissolved in 500 pipt e -20°C.

3.2.19 Digestion of DNA byHind Il (Maniatis et al.,1982)

All items used in the restriction experiment wkept on ice during the
experiments, and then transferred to the water b&tB7°C in which the
reaction was occurred.

One unit ofHind Il is defined as the amount required digestingy lof
lambda DNA in 1 hour at 37°C in 50ul of assay buffe

3.2.19.1 Partial digestion oB. stearothermophiluggenomic DNA
(Rodriguez and Tait, 1983)

For partial digestion, four duplicate pilot expeeints were made,
The DNA concentration was set up to be 1 pg,/aud the stock restriction
enzyme 10U/ul was diluted using the dilution buffaccording to the
manufacture to be 1U/pl.
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Experiment | Experiment | Experiment
One Two Three control
ddH-0 12 ul 12 ul 12 ul 14 pl
Buffer 10 X 2 pl 2 ul 2 ul 2 pl
DNA volume pl 4 pl 4 ul 4 pl 4 pll
Hind 1 2U/ul 2 ul 2 pl 2 ul -
Total Reaction 20 1l 20 4l 20 4l 20 4
volume pl
Reaction Time 20 min. 30 min. 40 min. 1 hout

The reaction was stopped by the addition of 4f| ). M EDTA pH 7.5 and
by being mixed together.

3.2.19.2 Digestion of pBR322 plasmid witklind Il (Rodriguez and Tait,
1983)

ddH,O 14 ul
Buffer 10X 2 ul
Hind 111 2U/ul 2 ul

pBR 322(1pg/ul) 2ul
Total reaction volume20 ul
Time 2 hours

The reaction was stopped by the addition of 4 (0.6fM EDTA pH 7.5 and
mixing gently.

3.2.20 Dephosphorylation of BR 322 (Elyassaki, 1991)

ddH,0O 22 ul

CIP buffer 10X 5 ul

pBR 322( 2ug/20ul) 20 pl 10 mM Tris-HCI (pH 7.8)
Intestinal calf alkalane phosphataseul

Total volume 50 pl

The mixture was incubated at 37°C for 15 min., teestched to 50°C
for 20 min., additional 3ul of enzyme was edded| #ie same procedure was

repeated.
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TE buffer was added to the reaction mixture to dprihe total volume to
250ul, chloroform extraction was applied, followdxyy chilled ethanol

precipitation, and the pellet was then resuspend&@ pl of sterilized D.W

3.2.21. Ligation (Elyassaki ,1991, Sambrook and Rssll|,2001)

Three duplicates of pilot experiments were carred in order to
achieve successful ligation reaction, optimum lmatwas performed
according to the formula ( with some modificatiom®ncerning the
concentrations of the nucleic acids )

Insert concentration / vector concentration =ds X ratio

Expegment Expegment Expegment Control
ddH,O 10 pl O ul 8 ul 12 pl
Ligation buffer 2 ul 2 ul oul oul
10X
Insert DNA 5 ul 5 ul 5 ul 5 ul
pBR322( 10ng/ml) 1 pl 1 pl 1 pl 1 ul
T4 ligase(30U/ul) 2 ul 3 ul 4 ul -
Total volume pl 20 pl 20 pl 20 ul 20 ul

The mixture was incubated in a water bath at 1®YCL8 hrs. then it

was diluted to a final concentration of 2 ng/ul

3.2.22 Agarose gel (For DNA analysis):

Agarose 0.9 % concentration was used, dissolv@@®mB 1X (3.1.5.11)
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3.2.23 Transformation by Calcium chloride and deteion of
transformants (Maniatis et al.1982; Hanahan ,1983; Mielenz
,1983;Tang et al. 1994).

1. A hundred ml of LB was inoculated with 1 ml of awernight culture
of E.coli M M294 , in flask and incubated at 37°C with sigkuntil
the O.D 600 nm was 0.2 (~ 5 x 10 cells/ ml) .

2. The culture was chilled on an ice bath for 5 mamd then centrifuged
at 4000xg for 5 min. at 4°C.

3. The supernatant was discarded, and the cellspesdsd in 50 ml of
sterile solution of 50 mM CaGl,20 mM Tris.ClI (3.1.5.29)pH 8.0.

4. The cell suspension was placed into ice bath fomifh, and then it
was centrifuged at 4000xg for 5 min. at 4°C.

5. The supernatant was discarded, and the cells resdsgd in 7 ml of
ice, sterile buffer solution (3.1.5.29) (pH 8.(0)etcells were dispensed
into 0.2 ml prechilled tubes, and kept at overnaght°C .

6. Ligated DNA dissolved in TE buffer in concentratioh30 ng / 100 pL
was added to the 200 pl of cell suspension, mixeldstéored into an ice
bath for 30 min, then transferred to a water bateheated to 42 °C for
2 min., then transferred to an ice bath for 1 min.

7. One hundred pl of LB was added to each tube jacubated at 37 °C
for an hour without shaking

8. Serial dilutions for the cells after the incubatjeriod were made, then
the cells were spreaded over nutrient agar plaiegaming ampicillin
(50 pug /ml) and incubated at 37°C overnight .

9. Replica plating technique was applied for theyki Amp colonies ,
assuming the master plate is nutrient agar plathile the detection
plate for the expression of possible amylase gene was plates
containing detection media( 3.1.3.2.13 ) , incuttade 37°C for 24

hours . Positive colonies were surrounded by arci#ne on the
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plating medium, while negative control w&s coli MM294 before

transformation.

10.Positive transormant(s)o-amylase producing colonies were cultured
in liquid-starch media (3.1.3.2.16) to assay tbectic activity of the
a-amylase encoded by the possible recombinaamylase gene as

mentioned in (3.2.7).
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4. Results and Discussion

4.1 Isolation ofBacillus spp. producinga-amylase

Ninety six soil samples were collected from differglaces over Iraq
(table 4.1).This showed that sixty nine isolatesenteermophilic bacilli; sixty
three ( 60.4%) isolates weseamylase producing according to the clear zone
around the growing colony on the 1.5% starch foht8rs at 6% (March
and Larson, 1953). Twelve isolates were recognmethe higher production
of thea-amylase on the solid media supplemented with lsél4ble starch as
shown zin the table (4.1), in which the (Z/G) ratias in the range (1.5 — 2.0)
due to enzymatic hydrolysis of starch.

These isolates (12) that showed the highest pravilyobn the solid medium
were chosen and named #&41( M9, M13, M23, M24, M26, M29 , M31
,M36 ,M40 , M60 and M69) for further biochemical tests to select
B. stearothermophilus. The primary screening for the organism that is &ble
produce an enzyme is considered one of the imposi@ps for enzyme
production(Mazaet al.,1997;Teodoro and martins ,2000).

Table (4.1): Screening of thermophilicBacillus. spp. isolates for
their ability to produce a-amylase.

Halo Halo
Growth Growth
Isolate ; (clearzone) | Z/ G | Isolate ; (clear zone)| Z/ G
diameter : _ diameter : ;
No. diameter ratio No. diameter | ratio
(mm) (mm)
(mm) (mm)

M1** 2 4 2 M50 3 4 1.33
M2 3 4 1.33 M51 4 5 1.25
M3 2 M52 4
M4 5 6 1.2 M53 5
M5 4 5 1.25 M54 5 6 1.2
M6 3 4 1.33 M55 3 4 1.33
M7 4 5 1.25 M56 4 5 1.25
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M8 2 - - M57 3 4 1.33
MO 2 3 15 [ wss
M10 4 - - M59 3 4 1.33
M1l 5 6 12 [ weo* 2 3 15
M12 3 4 133 Mme1 4 - -

M 13+ 2 4 2 M62 4 5 1.25
M14 2 3 133 wme3 3 - -
M15 5 7 14 [ wme4 3 - -
M16 3 4 133 wmes 3 4 1.33
M17 2 - - M66 3 - -
M18 2 - - M67
M19 3 - - M68 3 4 1.33
M20 3 4 133 meor 2 3 15
M21 3 - - M70 2 - -
M22 3 - - M71 3 4 1.33

V23 3 6 2 M72 4 5 1.25
M24 3 5 166 [ m73 2 3 15

M25** 3 - - M74 2 - -
M26 3 5 166 [ m75 3 5 1.25
M27 3 4 133 wm76 3 4 1.33
M28 2 - - M77 5 6 12

V29 2 4 2 M78 3 4 1.33
M30 2 - - M79 5 6 12

V31 3 5 166 | Mms0 3 - -
V32 3 4 133 Mms1 2 - -
M33 3 4 133 ma2 2 - -
N34 5 - - V83 3 4 1.33
M35 5 - - Y 4 5 1.25
M36* 2 3 15 [ wss 3 4 1.33
M37 3 - - M86 2 - -
V38 5 6 12 | ms7 4 5 1.25
M39 4 - - M88 4 5 1.25
M40 2 3 15 | wso 5 6 12
M4l 3 - - M90 4 5 1.25
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M42 3 MOl 3 4 1.33
M43 3 4 1.3 M92 4 5 1.25
Va4 3 4 13| mo3 5 6 12
M45 4 5 125 Mmoa 3

M46 3 M95 2

M47 2 M96 3

M48 2

M49 3 4 13

* Thermophilic Bacillus sp., amylase producing

** Bacillus stearothermophilusamylase producing

H: halo, clear zone

G: Growth diameter

pH range of soil samples was (7.4);( slightly alkalane).

4.2 ldentification of the isolates
Twelve isolates were subjected to morphologicalcrascopical ,

biochemical and physiological tests to identiB. stearothermophilus
producing a-amylase, isolates were gram positive bacilli, niggaon the
Voges-Proskauer test at (pH 7.2), motile, centpairess and predominantly
unswollen cylindrical sporangia.The morphologicahda physiological
characteristics for seven isolates of them shoWwatlthey were to bBacillus
stearothermophilus according to the Claus and Berkeley ( 1986) inclwhthe
growing colonies on the tryptic soya agar at°65for 18 hours had the
circular edges, irregular and dark rough surfaceeha diameter of (1.5-3.0
mm.) recognized by an unacceptable odor ( Welker @ampbell ,1963)
,while on the nutrient starch agar and nutriergiragolonies had a regular
edge and a rough surface with (2-5mm.). The cedsevexamined by dying
with gram stains; the results showed they are grasitive, spore forming in
which they had terminal spore causing the inflanomatof the cells
(figure4.1). Their growing in the nutrient brothpmared as fine granules

causing the turbidity of the medium. The biocherniests were done on
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these isolates to determine the species as pomitedh the table (4.2). The
results were closely matching the propertieBos$tearothermophilus. From
these results , the bacteria were identifiedBastearothermophilus by the
criteria of Bergey’'s Manual of Systematic Bactes@/, in which they were
named asR. stearothermophilus M1, M13, M23, M24, M26, M29, and
M31).

Table (4.2):Biochemical and physiological tests fondentification of
Bacillus stearothermophilugroducing a-amylase

Biochemical M1 | M9 | M13 | M23 | M24 | M26 | M29 | M31 | M36 | M40 | M60 | M69

Tests
Starch hydrolysis | + + + + + + + + + + + +
Casein hydrolysis | + + + + - + + + +

Growth in 7% . - - - _ - - R R R -
NaCl

Aerobic growth + + + + + + + + + + + +

Anaerobic growth - - - - - - - - - - -

40°C + + + + + + + + + + + +
i 50°C + + + + + + + + + + + ¥
% 60°C + + + + + + + + + + + +
o 65°C + + + + + + + + - + - +
Motility + + + + + + + + - - - +
V-P reaction - - - - - - - - - - + +
Citrate utilization + + + + + + - + - -
Catalase + + + + + + + + - +
Nitrate to nitrite + + + - + + - - + - - +
Gas production - - - - - - - + + - + +
indol production - - - - - - - - + + + +
(+) positive result (-) negative results
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Figure (4.1): Microscopic field of Bacillus stearothermophilugvi1l3 (red
arrow)( growing on surface of nutrient Agar at 55C for 24 hrs)stained
with Gr.stain 1000X

4. 3a-amylase Production in the submerged cultures

The seven isolates that have been chosen far-#mylase production
in the submerged cultures based on their produatiche solid medium to
determine the highest one in the productionm-aimylase using N.B. medium
supplemented with 1.5 % starch and to determineptienal temperature for
the a-amylase activity assay. The results, shown tall&) (for specific
activity of a-amylase, produced by the seven selected isolate /i3, M23,
M24, M25, M26, M29 and M31.That isolate M13 was kighest one among
them ,which was 0.054 U/mg in the crude extrachil®y the specific activity
range for the others were (0.025-0.036) U/mg. wihenassay done at 60°C .
While the assay at 40°C was lower with about ( 2®)3as losing activity
According to those results, M13 was considerethasmost efficient isolate
for a-amylase production for this study and for acairsglection for the
most efficient producea-amylase. These isolates (7) were tested again to
confirm the results. Then three subculture cyclesewcarried out foB.
stearothermophilus M13 and revealed approximately constant specific
activity values.
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Bacillus stearothermophilus can produce large amounts of extracellular
enzymes such as amylases and proteases, athmylase is highly
thermostable and is desirable for the industripliegtions (Mielenz , 1983,
Egelseert al., 1995).

Table (4.3) Quantitative screening ofa-amylase production from B.
stearothermophilusfor in N.B medium supplied with 1.5 % starch
,incubated at 55°C for 24 hrs.

Isolate Specific Specific
No Activity U/mg protein | Activity U/mg protein
' assayed at 40C assayed at 60C
M1 0.012 0.03
M13 0.011 0.054
M23 0.01 0.028
M24 0.015 0.032
M26 0.012 0.036
M29 0.013 0.025
M31 0.012 0.032

4.4 Optimization of the a-amylase production in liquid culture.

4.4.1 The effect of media om-amylase production

The seven isolates that have been chosen for b&agllus
stear othermophilus producing a-amylase were inoculated in three different
liquid media SH, TSM and( N.B supplemented withh % potato starch), in
which the pH was 7.0 for the all . According te tlesults shown table (4.4),
the isolate M13 was the most efficient in the piicn of a-amylase using
TSM medium in which the specific activity was ®0U/mg , and in order to

confirm those results, a second screening was dforethose isolates to
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confirm the specific activity using the same nuedli, the results were

similar.

Table (4.4): a-amylase production from B. stearothermophilugsolates in
different media, incubated at 55°C for 24 hrs , pH’.0

Isolate| TSM Medium [ N. B with (starch 1.5%)| SH Medium
No specific activity u/mg specific activity u/mg specific activity
: u/mg
M1 0.039 0.03 0.025
M 13 0.055 0.054 0.037
M23 0.034 0.028 0.033
M24 0.037 0.032 0.028
M26 0.032 0.036 0.034
M29 0.031 0.025 0.021
M31 0.031 0.032 0.024

As table (4.4) illustrated th&. stearothermophilus M13 isolate was the most
efficient one in the production efamylase in which the specific activity was
0.055 U/mg using the TSM medium. TSM medium was hlest for the
production of a-amylase among the tested media, which enhanced the
production ofa-amylase by the isolatB. stearothermophilus M13 .It was
recommended by some previous studies (Saito and Yamamoto, 1975;
Krishnan and Chandara,1983). The ability to supfiet production may be
attributed to its composition, The composition @emcentration of nutrients
and factors in the media greatly affect the growafd production of
extracellular amylases in bacteria (Srivastava &@atuah, 1986 ; Shih and
Labbe,1995),yeast (Fosst al.,2005)and fungus( Zangirolanat al.,2002)
.The production ofa-amylase could be affected by the amount and the
nature of nitrogen source as trypton ; besidesviriability of divalent

cations C& ,Mg” that were tested for the effect production inahhihey
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slightly induced the production ,while the trivalarations such as FeAs™
and Au® were inhibitors at certain morality concentratidSsivastava and
Baruah , 1986) .The form and quantity of carboars®e in culture media is
very important for both growth and production @fmylase inBacillus .
Ajayi and Fagade (2006)revealed the presencelableopotato starch as the
sole carbon source as an inducer of the produabibrenzyme ofB.
licheniformis because it had the1-4 glycosidic bond .While Aiyer (2004 )
reported that B. licheniformis could produce the enzyme in the absence of
starch . On other hand, the ratio of C:N in the imedould affecta-amylase
production , Aiyer (2004) mentioned that the begtor for production was
"1" to be applied foB. licheniformis . While the ratio noticed in TSM was" 2
“"this could be explained by the difference of gte/siological and special
requirements of a-amylase production between tBe stearothermophilus
M13 andB. licheniformis.So, the TSM medium was the main medium
applied during the present study, otherwise itaatkd somewhere in the

study.

4.4.2 The optimal initial pH for a-amylase production

To investigate the effect of initial pH medium omamylase
production, B. stearothermophilus M13 was grown on TSM medium with
different pH values .The results (figure 4.2)wbd that initial pH for a
higher production ofi-amylase was close to optimal pH of bacterialgh
which was (7.0), while there was no growth at @tes of <6.0 and > 8.0
, In which we could suggest the higher productioked to the higher
growth of the bacteria , that result was much simib what Teodoro and
Martins (2000) reported about the production of thermdstaimylase by
Bacillus sp., Srivastava and Baruah,(1986) reported tgainitial pH for the
production of thermostable amylase Bystearothermophilus was (6.9 ). The

effect of the pH value on the enzyme productiomlted from its role in the
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solubility of nutrients, ionization of the substeatand its availability to the
microorganism, in addition to its effect on thebdity of the produced
enzyme (Bull and Bushnell, 1972). Also, dissolve®,dn the medium
affected the buffering capacity (Segel, 1976). Tae pH reduced the
solubility of CQ, in the growth medium and limited its availabilifgr
assimilation by the anaplerotic enzyme pyruvatbeaylase (Maheshwast
al., 2000). The research of Mazza and Ertola ( 1976hermproduction ofi-
amylase byB. subtilis showed that the optimal pH was 7.2 using ferment
made him to attribute the influence of initial piH enzyme formation, or on
the release of enzyme from cells, and to considlamsdifferences as well as
the influence of the components of the mediuns tlear that the optimal pH
of a-amylase reproduction depends on the strainhernature of the
producer microorganism . Foaaial.( 2005 ) mentioned that the initial pH
of media for amylase production by yeast was . #\file, Linet al,( 1998 )
reported that optimal initial pH for the productidy thermophilic and
alkaliphilic Bacillus sp. was 8.5 . Furthermore, the pH affects thevacti
sides on enzymes which are frequently composedrmatable groups that
must be in the proper ionic form in order to mamtée conformation of the
active site (Segel, 1976) .

Spesific adtivity Ung
——
|4

Initial pH

Figure(4.2):Optimal pH for amylase production byB .stearothermophilus
M13 in TSM medium incubated at 55°C for 18 hrs withshaking 120 rpm
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4.4.3 Optimal temperature fora-amylase production

The results in (figure 4.3) showed that extradatla-amylase activity
increased with the temperature elevation from 2@4h specific activity of
0.01 U/mg to 60°C with 0.05 U/mg, in which theiiom@l temperature for the
production ofa-amylase was 60 °C with activity 0.055 U/mg ,rnthbe
activity will decrease .

Srivastava and Baruah (1986) reported the optiemperature for production
of thermostable amylase B stearothermophilus. was 50+ 5°C. while
Lin et al., (1998) reported that the optimal temperaturetterproduction of
thermostable from thermophilic and alkaliphilgacillus sp. was 55°C
which is also the optimum for growth. In anotherdy on production oé.-
amylase byB. licheniformis SPT 27 was 37°C ( Aiyer, 2004) .

Furthermore, Teodoro and Martins (2000) reporteat tthe optimal
temperature for growth and productieamylase byBacillus sp. were 50°C .
While these results are in contrast with the figdi reported by Chandea
al.(1980 )which reveled that the optimal temperatufe growth for
B.licheniformisCUM 305 was 30°C , but it never produced dh&mylase at
that temperature . In addition, Saito and Yamam@d®/5) studied &B.
licheniformis which producedo-amylase at temperatures around 50°C and
never produced the enzyme at temperatures lowerdheC.

In general, the perish of enzyme activity with @liean or decreasing the
temperature may be attributed to its effects on trewth of the
microorganism and velocity of the enzymatic reawianside the cells

reflecting the properties (Cornish, 1979 ) .
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Figure (4.3): Optimal temperature for a-amylase  production by
B. stearothermophilusM13 , incubated at 55°C ,pH =7,18 hrs with
shaking 120rpm

As a fact large number of weak non-covalent bondsntain the
tertiary of the structure of an enzyme, when itagbs too much energy the
tertiary structure will disrupt, and the enzyme Iwhe denaturized.
temperature affects the production of enzyme thnosgme aspects like,O
concentration, medium moisture and enzymatic reastiinside the cell
(Segel, 1976).

4.4.4 Optimal growth phase fora-amylase production

Measurements of the enzyme activity and cell gnovaf B.
stearothermophilus M13 at a number of time intervals are shown inuFeg
(4.4). The addition of 10 mM calcium chloride t@ tiquid medium improved
the growth and amylase production since the enzisnknown to be a
calcium metalloenzyme as reported by Daetet.( 1999).
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The activity of a-amylase produced bB. stearothermophilus M13
during growth was investigated in the cell extraattslifferent time intervals
which they covered the lag, log, stationary anddieane phases.

The results in ( figure 4.4) showed that the glowentered the
stationary phase at the age of about 18 h. in wtieh O.ponmwas 1.6 ,
while the growth at the late log had the higheamylase specific activity
which was 0.05 U/mg than the early log and statip phases .So it was
concluded that the production afamylase depends on which phase the
growth is passing through, making the highest pcodo at the late log
phase.

Teodoro and martins (2000) mentioned thatot@@nylase produced by
Bacillus sp. was at late log phase ,and in similar resubtssiet al.( 2005)
registered that the Amylase production by yeasteoaelated to its biomass
which was the highest at the late log phase .Conugrthe Bacillus
stearothermophilus , Srivastava and Baruah (1986) noticed that thelase
get the maximal production during post-exponerdiadl stationary growth
phases .

The termination oti-amylase production observed during the growth
on starch might reflect the accumulation of glucosenaltose as repressing
metabolite fora-amylase production. The other type of control otlas
enzyme is the graded production of the catabolry®e levels resulting from
growth on other specific carbon sources which ar@ependent of the
presence of starch (Nagaéh al., 1974; Nicholson and Chambliss, 1985;
Srivastava and Baruah ,1986; Haseltiege al., 1996). On other hand,
Zangirolamiet al. (2002) set up a model for growth am@mylase formation
by Aspergillus oryzae , the specific rate ofi-amylase production increased
with the specific growth rateg-amylase strongly repressed by residual

glucose concentration .
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Those results could be interpreted that the logs@ha characterized by an
increase in the biomass with highly active cells most physiological
activities which greatly affected enzyme product{dischacket al., 1985),
while the elongation of fermentation time causedaswed effects on the
production ofa-amylase and its activity because environmentahghs in
media ,autolysis resulting in releasing a lot @ftenial and intracellular Iytic
enzymes that could destroy thamylase ( Lonsane and Ramesh ,1990) .
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Figure: (4.4) growth curve anda-amylase production phase for the
B. stearothermophilugvi13 in TSM medium, incubated at 55°C , pH (7.0)
with shaking 120 rpm
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4.5 Purification of a-amylase ofB .stearothermophilusM13

a-amylase applications in pharmaceutical ,industaad clinical
sectors requires high- purified enzyme or papiaified enzymes depending
on the process taking into consideration the co$teach one related to
that(Deutscher, 1990) .

4.5.1 Crude enzyme concentration by Ammonium sulfat

In order to concentrate on the crugd@mylase in culture supernatant
and remove as much water and some protein molecatesossible,
saturation ratio (40-80 %)was used to achieve th@aobugh two addition
steps, the first step is increasing the saturattio from ( 0 - 40 %) ,which
showed low specific activity of precipitated fiiao of 0.002 U/mg .when
( 40-80 )% saturation ratio was applied to thpesnatant fraction , it
achieved a higher specific activity to 0.051 U/m@.92 purification folds
with 57 % vyield . From the results demonstratbdve, approximately 96%
of activity is within the (40-80) %. But, when wempare between the
specific activity of crude to that precipitated Bynmonium sulfate , it was
found the specific activity of crude is higher thasulted by precipitation ,so
itis concluded that the Ammonium sulfate stepasproperly recommended
to this particularly stage of purification . Congieig the other studies, those
results are in contrast with Sarivstava and Bar(87) who obtained
specific activity of 210.6 U/mg foroa-amylase produced byB.
stearothermophilus M13. Through Ammonium sulfate precipitation ratio of
(45-60 )% ,while Aiba et al.( 1983) obtained specific activity of 8 U/mg
with 22% recovery fron. stearothermophilus andB. subtilis in successive
steps using( 30-45 )% saturation ratio. While, Fesal. (2005) used 65%
(w/v) sodium sulphate to achieve partial purifica of a-amylase produced

by yeast.
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Furthermore, a-amylase produced byXanthomonas campestris was
precipitated by (45-70) % to achieve specific\attiof 4.51 U/mg with 91%
Recovery( Abeet al., 1994) . In general, Ammonium sulfate is favored in
precipitation step due to its high solubility, dahility, being cheap and that
it does not damage most enzymes ( Volesky anahd.t085) .

The theory that explain the mechanism of saltingi®eombined with
the old theory; saltingut occurs as a result of a decrease in the hgdrat
proteins in favor of the that of the ions of theitnal salt ,the hydration layer
surrounding the surface of the protein is transféto the ions of the salt at a
rate depending on the charge of the protein ,pH tantperature (Schutte,
2003) . And the recent theorytlsat a salt ion has a repulsive interaction with

an image charge inside a low dielectric cayaiiou, 2005).

4.5.2 lon —Exchange and Gel-filtration chromatograpy

The results in ( table 4.5)showed thatamylase purification could be
interpreted that the first step after the centafui@n of culture extract
contained the growth biomass , was to be condenfrand dissolved in 20
ml of the distilled water containing 0.025 M of QaCthen it was dialyzed
( 4.5 by 10em bags;10,000 kDa cutoff) against distilled water, phospghat
buffer 0.005 M (pH7.0) supplied with 0.025 M CaGlver four times .
It achieved less specific activity to be compareathwhe crude with 57%
yield ,0.92 folds of purification , but highertaty of 0.114 U/ml , which is
considered as a step for the partial purificatmhsome commercial
important enzymes , in which it could be used &t step for further usages .
Then anion ion-exchange chromatography using DEARR&dex step was
set up, initially it was equilibrated with the saimmeffer of dialysis 0.005 M
phosphate buffer pH 7.0 . After applying the santpl¢he column, washing
with the same buffer was run. the protein profiigure 4.5)showed three

peaks , but no activity was indicated feamylase , that could because of
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those proteins have a similar charge to the anigogitively charged ) or
zero charge because when the gHpl for the enzyme , it will make the
enzyme be marked with a positive charge . DEAghadex is a weak anion
exchanger with excellent flow properties and higipacity for proteins of
most pl values with high resolution. The ion exdmarunctional group is
diethylaminoethyl that remains charged and maistatonsistently high
capacities over the entire working range (LKB). fEfere, it could be
concluded thati-amylase has been bounded onto the matrix of tbleagiger,
those protein fractions were washed out. then elbéon was run using
lanear salt gradient 0.005 M potassium phosphatd&-NacCl (pH 7.0) which
could detect five peaks for protein and four magaks fora-amylase activity
figure (4.6), which marked as peak,,cand d } .Then the fractions for
each single peak were collected with each othed @mcentrated using
sucrose through dialysis bag , and dialyzed uiegsame procedure after
the concentration by ammonium sulphate . The pé&alstiowed the higher
specific activity of 1.475 U/mg with 26.8 folds ptirification and 73.75 %
yield that made it as a good source for furthetfigation among the others
,in which the peakd” showed a specific activity of 0.416 U/mg with 7.56
folds of purification , peakc" showed a specific activity of 0.20 U/mg with

3.63 folds of purification and peald™ showed a specific activity of 0.043
U/mg with 0.78 folds of purification , that mada assumption of being
participating to a large extent in the overall speactivity of the produced
presenta-amylase . The presence of four activity peakstlh@ oa-amylase
produced byB. stearothermophilusM13 means that those could be forms
( Isoenzymes) or “ Isozymes” for tlkeamylase which is in the first time a
,study showing such a number acillus stearothermophilus; concerning
the other studies of isoenzymes , Zhamgal.( 1994) reported that three

forms for a-amylase produced bfacillus sp. with molecular weight
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( Mr)110-140 kDa, two forms produced IBacillus sp. with Mr of 150-42
kDawere purified by Liret al., (1998).

Furthermore, most of the studies showed a singi® flor a-amylase
produced byB. flavothermus ( Boltonet al.,, 1997) ,B. licheniformi ( Kim
et al., 1992; Ivanoveet al., 1993 ) . There are several possible explanations
for being different Isozymes ofi-amylase, they are either purification
procedures due to protease(s) hydrolysis (Keich., 1990; Pompeyoet al.,
1993), carbohydrate contents or protein aggregat(@preinatt al., 1990;
Giraudet al., 1993 ;) or deamination ofi-amylase (Parkt al., 1991).
The fraction termed as (ped&k was collected together and concentrated by
osmosis against sucrose crystals, then applie®epahdex G-100 gel
filtration column in order to obtain more purifiedamylase . ( G-100) is
characterized by being easily prepared, long taahbilgy and high speed
flow rate and the ability to separate a broad raofghe molecular weights for
proteins . Sepahdex G-100 had a unique charaateastoeing a combine
between affinity chromatography and gel filtratimoperties on which it had
a tendency to bind witlw-amylase causing delaying in elution time of it
(Scopes, 1987).
a-amylase was partially purified , Figure (4.7) sleowtwo peaks for protein
from fraction 28 through fraction 30 and matching approximately single
peak for theu-amylase activity from fraction 37through 3® which is an
indicator for a partial purity oti-amylase after the gel filtration step, of
specific activity 1.675 U/mg , folds of purificatid0.45 and 50.25 % yield ,
which are considered as important results whenpeoed to other studies .
Shawet al.(1995) obtainedi-amylase purified fronThermus sp. of activity
2.22 U and 2.6 % yield using hydrophobic inteoacchromatography step
and followed by affinity chromatography onto cortarsh .Paquegt al.
(1991) purified then-amylase fromClostridium acetobutylicum ATCC 824

using ion-exchange and gel filtration to get amglavith specific activity
105



CRAPEET fOUT et Results and Discussion

57.7 U/mg , purification folds 22.2 and yield .236 .while, shih and Labbe
(11995) could purify the-amyalse produced b§iostridium perfringens Type
A using double filtration through DEAE-sephacryetheeving specific
activity of 34.6 U/mg ,purification folds 20.4 aryteld 11.3 %w-amylase
was purified fromB. stearothermophilus using DEAE-Sephadex A 25 to
get specific activity 100 U/mg, and 57 % yield( A al. ,1983).

Furthermore,a-amylase was purified from Alkaliphili@acillus sp.
using DEAE -Toyopearl and CM-Toyopearl obtaininge@fic activity
5,009.3 U/mg and 35 % yield (lgarashial., 1998). While, Linet al., (1998)
used Sephacryel S-100 and HiTrap Q in a proeeupurify then-amylase
from Thermophilic alkaliphilidBacillus sp. , they obtained a specific activity
of 921.0 U/mg , purification folds of 708 .5 ancklg 13.2 % ,Abect.al,(
1994) purifieda-amylase fromXanthomonas campestris K-1151 by means of
Cm- Toyopearl and phenyl-Toyopearl achieving acH activity of 256
U/mg and 36% vyield .
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Table (4.5): purification steps of e-amylase produced by B.
stearothermophilugM13 in TSM medium

Steps of | Activity | Volume PGS Sp(_ac_|f|c TQ“?" Folds of Yield
purification U/ml ml conc. [ activity | activity purification %

mg/ml u/mg

Crude

S 0.04 100 725 0.055 4 1 100
Ammonium

sulphate 4., | 9o 22 | o0o051| 228 0.92 57
precipitation

40-80%

il 0.125 10 03 | o416 1.25 7.56 31.25
exchange,

il 0.295 10 0.2 1.475| 2.95 26.8 73.75
exchange,

lon-

exchangec 0.11 5 0.525 0.209 0.55 3.8 13.75
Al 0.08 10 1.825| 0043 | 08 0.78 20
exchanged

_Gel 0.201 10 012 | 1675 | 2.01 30.45 50.25
filtration

a stands for peak 1

b stands for peak 2

c stands for peak 3

d stands for peak 4
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fraction no.
Figure (4. 5) : DEAE-Sephadex lon- Exchange Chromagraphy column
(2.5 X 35)cm .washing step with 0.005 M PhosphaBaffer pH 7.0 at
flow rate of 30 ml/h. and 5ml /frac.
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Figure(4.6):DAEA-Sephadex ion Exchange chromatogrdpy column
(2.5 X35) cm.(Elution step) ,enzyme recovered witlanear salt gradient
(0.005 M Phosphate Buffer — 1 M NaCl )pH 7.0 atidw rate 30 ml/h.

5mil/frac.
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Figure :(4.7) Sephadex G-100 gel filtration, chrom@graphy for active
fraction from DEAE- Sephadex “peakb “, column was run onto 1.3 X 35-
cm Sephadex G-100. The column was equilibrated with0.005M
phosphate buffer (pH 7.0), the elution at rate of @ ml/hr, 5ml/ frac.

4.6 Characterization ofa -amylase

4.6.1 a-amylase partial purity (Electrophoresis under Non-denaturized
Conditions

The purity of then-amylase produced bi. stearothermophilus M13
was initially identified by gel filtration Sephadé®-100 technique through
obtaining a single sharp peak of activity matching peak of protein. With
the aim of confirming the result, another step wase described as protein

electrophoresis under denaturized and non-denatuganditions.
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The electrophoresis efamylase purified by gel filtration, on polyacrylaia
gel under non-denaturized conditions was done. réig4g.8) showed the
pattern ofa-amylase electrophoresis , in which one single baasl detected
after staining the gel with Coomassie brilliantdlR-250 dye ( figure 4.8-A)
,and one single band was visualized in the gelrged with 1.5% starch
grains ,then stained with the activity dye " iaglir(figure 4.8-B).It is clear
that the band is localized near the upper pathefgel after about 3 .5
hours, which could be explained that the enzymeeuntbn-denaturized
condition has no enough counter-charge densityit{(pely charged ) at pH
6.8- 8.3 that could be driven towards the anodele.p The protein
immigration on the gel depends on the net chargsityeof protein at a given
pH and the configuration of it (Johanstone and rpeo,1987; Shi and
Jackowski , 1998). The presence of a single bang mdicate the
homogeneity of enzyme . Liat al.(1998) obtained two isoenzymes for
amylase by electrophoresis depending on the acttdtining ,then it found
a single band for each isoenzyme using SDS-PAG&Smetimes , it is
confusing to determine clearly the single individieand using PAGE
because of there are several possible explanatmnghe multiple forms
(Isozymes) of amylases, including the purificatiprocedures themselves,
protease(s) hydrolysis carbohydrate content anteipr aggregation during
electrophoresis (Shih and Labbe,1995).

The result of this study is much similar to tbat Pfueller and Elliott
(1969) who reported that one single bandif@mylase was visualized by the
activity staining (lodine), using non-denaturizezhditions for PAGE , near
the upper part of gel .
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Figure(4.8):Polyacrylamide Gel Electrophoresis “PA&” (7.5%) for
a- amylase purified from B. steardhermophilus M13(amplified by S-
splane programm).

A- Purified enzyme visualized by Coomassie brillian blue(R-250)
staining

B- Purified enzyme visualized by activity dying "ugol's dye"

Red arrows indicated positions of the partially purfied a-amylase band

4.6.2 Determination ofa-amylase molecular weight (Mr)
The Mr ofa-amylase was determined using two methods :
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1- Gel filtration method

Sephadex G-100 column (2.6 x 35) was used to eitha molecular
weight (Mr) of a-amylase, as blue dextrane was used to determen&dikl
volume of column .When the Ve/Vo was plotted agaiagarithm of the Mr,
the Mr was estimated to be " 56234 " Dalton fig#€eld) in which that
value is closer to what some previous studies wepmrted using gel
filtration, Pfueller and Elliott(1969) determinieet Mr of a-amylase produced
by B. stearothermophilus using gel-filtration to be 53000 Dalton , whileet
Mr of thermophilic extracellulas-amylase produced 3. licheniformis was
estimated to be 22500 Dalton ( Saito ,1973) #edd.9) showed the elution
of blue dextrane, which has Mr of 2.6 x®IDalton, the presence of shoulder
during the elution could be due to the degradatibit for its big molecular

weight.
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Figure (4.9): Sephadex G-100 gel filtration chromaigraphy of Blue -
dextrane, was applied in 1.3 X 35-cm Sephadex G{0column.
Equilibrated with 0.005 phosphate buffer (pH 7.5) the elution rate of 30
ml/hr, 5ml /frac.
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Figure (4.10) showed the elution of Alkalan@gbhatase which has Mr of
160000 Dalton, which is considered as a high Mitgino , one single peak
was detected as well as small peak which couldxptamed as degradation

of the main protein into small fractions .

0.D 280 nm

123456789 1011121314151617181920212223242526272829303132333435363738
fraction No.

Figure (4.10) :Sephadex G-100 gel filtration of Walane Phosphatase ,
column was applied in 1.3 X 35-cm Sephadex G-100olgmn.

Equilibrated with 0.005M phosphate buffer (pH 7.5),the elution rate of
30ml/hr, 5ml /frac.

In the figure (4.11), the chromatography of BSA,iehhhas Mr of 76000

Dalton , one single peak was detected .
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Figure (4.11): Sephadex G-100 gel filtration chrom@agraphy of BSA ,
column was applied in 1.3 X 35-cm Sephadex G-100olemn.
Equilibrated with 0.005M phosphate buffer (pH 7.0),the elution rate of
30ml/hr, 5ml /frac.

Figure (4.12) showed the chromatography of Lysozymich was

considered as low Mr protein of 14400 Dalton . Gimgle peak was detected
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Figure:(4.12) Sephadex G-100 gel filtration chromaigraphy of
Lysozyme; column was applied in 1.3 X 35-cm Sephadex G-100 column.
Equilibrated with 0.005M phosphate buffer (pH 7.0),the elution rate of
30ml/hr, 5ml /ffrac.

(Figure 4.13) showed the chromatography of Ovateans which has Mr of

76000 Dalton , one single peak was detected .
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Figure (4.13): Sephadex G-100 gel filtration chromagraphy of

Ovatrnsferrin; column applied in 1.3 X 35-cm Sephadex G-100. The
column was equilibrated with 0.005M phosphate buffe (pH 7.5), the

elution, at rate of 30ml/hr, was performed with thesame buffer and 5-ml

fractions were collected.
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Figure (4.14): logarithms ofa-amylase molecular weight as a function of
the elution volume (\.) and the ratios of the elution volume to the void
volume (Vi/Vy)

2- Sodium dodecyl sulfate-polyacrylamide gel eleatphoresis” SDS-
PAGE”

The Mr ofa-amylase was determined by SDS-PAGE in which thhe M
was determined based on known standard protethen the molecular
weight was calculated using PhotoCaptMw and Phopact softwares that
were originally designed to help the biologist inetmolecular weight
calculations , the Mr was determined to be ( 582 ) figure(4-15 A,B).

Monomeric structure was revealed by this technidpgeause of only
one single band visualized , most studies mendiotigat results , in which
they were similar to those previously reportechgsEDS-PAGE method .
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Shawet al. (1995) showed that theamylase produced bhermus sp.
had Mr of (59000 Da)as a monomeric protein ,whiiba et al.(1983)
mentioned the Mr ofa-amylase produced bfa. stearothermophilus was
53000 Da. Igarastlet al.( 1998) reported that the Mr ofamylase produced
by Alkaliphilic Bacillus sp. was 5300@a . On other handXanthomonas
campestris produceda-amylase of Mr about 55000 (Abet al., 1994).
Bakhmatovaet al.( 1984) reported that three different variantBosubtilis
produced three differemt-amylase in their Mg 56000,57000 and 58000 Da.

A B

150 kDa ™=

80 kDa

67 kDa

50 kDa <G
20 kD3

14 kDa

f

Figure (4.15 A): Estimation of thea-amylase Mr by SDS —PAGE using
PhotCaptMr software (amplified by S-splane progran).

A) Mr protein markers

B) a-amylase fromB. stearothermophilugvi1l3

Red arrow indicateda-amylase band position
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Figure (4.15 B):Calculation ofa-amylase Mr processed by PhotoCaptMw
version 10.01 and Photo impact softwares.

L1: standard proteins
L2: a-amylase band

4.6.3 Optimal pH for a-amylase activity

The optimal pH foru-amylase activity was studied in range of ( 5.0-
8.5), figure (4.16) in which the optimal pH valugr fmaximal activity was
determined at value of 7.0, the activity was 0.thlJ/the enzyme displayed
an activity curve over broad pH range , the dee@@ashe activity was at the
extreme values of acidity (5.0-6.0) , alkalinity8(0-8.5) which could be

explained as the active sites on enzyme are frelyusmmposed of ionizable
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groups that must be in the proper ionic form ineordo maintain the
conformation of the active sites or change the igandtion of the enzyme
itself ( Segel,1976). Concerning the results ef ¢lther studies, the optimal
pH for a-amylase maximal activity produced By stearothermophilus was
6.9 which is similar to the results of Srivastaaad Baruah(1986).
Bakhmatovaet al. (1983) indicted that the optimal pH faramylases
produced by variants ddacillus subtilis was within the acidic pH range(4.5-
5.0) , while the optimal pH fax-amylase produced . amyloliquefaciens
was at pH 6.0 (Kochhar and Dua 1982), which islamto optimal pH for
activity of that produced bglostridium perfringens ( Shih and Labbe
,1995) . The optimal pH for maximal activity ofi-amylase produced by
Pyrococcus furiosus was 5.5 ( Dongt al., 1997). Saito(1973) mentioned that
the optimal pH for-amylase produced . licheniformis was at 9.0 , which
is similar to the findings of Krishnan and Chaa(d®83) in activity ofo-
amylase fronB. licheniformis was at pH of 9.0 ; also the activity of enzyme
was reduced when Tris- hydrochloride and carbebhmi@bonate buffers
were used .In other studies, the optimal pHxafmylase maximal activity
produced byXanthomonas campestris was 4.5 which is acidic (Abet
al.,1994), while the pH of maximal activity far-amylase produced by
Akaliphilic Bacillus was in alkalane range (8.0-8.5) ( Igaraghal., 1998; Lin
etal., 1998) .
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Figure (4.16) :Optimal pH for a-amylase activiy

4.6.4 Effect of pH ona-amylase stability

With the aim of investigating The optimal pH fotalsility of
a-amylase ,the enzyme was incubated in a bufferlgtgpwith CaCj} 0.005
M ( pH range 4-11) at 60°C for 30 min. The regfijure 4.17) showed the
enzyme had excellent stability at pH range (6.50},8vhile the stability was
decreasing as it went toward the extreme aciditglkalinity , by which the
enzyme lost more than 50 % of its original actiaty pH 5.0 and pH 10.0)
.While, it showed about (40-50 %)of the remainicg\aty at ( pH 4.0- 10.5),
which could be an advantage for utilizing the engym some industrial
purposes like detergents in which the pH is alkalanwashing conditions
( Ito and Horikoshi ,2004).The effect of pH on wme stability could be
explained in the formation of improper ionic forrh @nzyme or the active

sites ,irreversible inactivation . The stability ehzyme depends on many
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factors such as temperature, ionic strength ,cl@meature of buffer |,
concentration of various preservatives , conceaptraif metal ions , substrate
or factors and enzyme concentration (Segel ,1976).

Concerning the results of other studies, dhemylase produced bgacillus
stearothermophilus was stable at pH range (6.0-11) while thamylase
produced byB. amyloliguefaciens was stable at pH (6-9.5) for 24 h. in the
presence of calcium ion (Kochhar and Dua, 1983mylase produced by
Bacillus licheniformis was stable at pH rang (6- 11) after the incubatorn
30min and 24 hr., and in another study it waslstab pH range (7.0-9.0)
(Krishnan and Chandra, 1983) .
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Figure (4.17): a-amylase stability at different pH values, suppliedwith
0.005 M CaCl
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The a-amylase produced bylostridium perfringens showed a relative
stability at pH range (5.0-9.5§Shih and Labbe, 1995)Xanthomonas
campestris produceda-amylase which was stable at pH range (4.5-5.0)
(Abe et al., 1994). Whilea-amylase produced by alkliphili8acillus sp. had
pH range of stability at (6.0-10). (Igarasdial., 1998).0n other handy-
amylase from another alkaliphiliBacillus sp. had pH of stability at (8.5-
9.0)(Linet al.,1998).

4.6.5 Optimal temperature fora-amylase activity

The results in figure (4.18) showed that the makiactivity was at
60°C, while the activity decreased before and &62C. The increase in the
temperature resulted in imparting more kinetic gpeto the reactant
molecules, resulting in more productive collsoper unit time ,but that
should be within the intact and proper configunataf tertiary structure of
enzyme in which the tertiary structure of an enzysmaintained primarily
by a large number of weak non-covalent bonds ,8meiimolecule absorbs too
much energy , the tertiary structure will disrupidathe enzyme will be

denatured ,that is ,loss of catalytic activity @etP76).

Activity

Adtivity Uni
|

Figure (4.18): Optimal Temperature for a-amylase activity
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Concerning the results of other studies, the optitesnperature for
thermostable-amylase activity produced [Bacillus stearother mophilus was

at 40°C (Aibaet al., 1983)while in another study it was at 82°C (Srivastava
and Baruah, 1986). The maximal activity teamylase produced kgacillus
licheniformis was at 90°C (Krishnan and Chandra, 1983). Saito
(1973)reported that the optimal temperature foreheyme was at 76°Co-
amylase produced bi. amyloliquefaciens showed the maximal activity at
temperature of 65°C. (Kochhar and Dua, 1983).Omrotfand, The optimal
temperature fora-amylase produce by alkaliphilic and non-alkalihil
Bacillus sp. was at 55°C( Igarasé#tial.,1998; Teodoro and Martins, 2000) ,in
another study, it was at 70°C ( Lehal. ,1998). The optimal temperature for
a-amylase activity produced byClostridium perfringens and C.
aceotbutylicum was at 45°C. (Paquet al.,1991;Shih and Labbe, 1995). The
maximal activity for a-amylase ofPyrococcus furiosus was at 100°C(
Ladermanet al., 1993;Dong et al., 1997)while the optimal temperature for
a-amylase activity produced higermos sp. was at 70°C (Shasval., 1995) .

4.6.6 Effect of temperature orw-amylase stability

Results (figure 4.19) revealed that the stabitifya-amylase in the
presence of CagWwith 100 % of the remaining activity was up to °ZD for
30 minutes ,then the stability decreased to be tab6% of the remaining
activity at 90°C , and eliminated at 100°C. Thespree of C4 ions had a
positive effect on the thermostability of other dotg enzymes, in which it
was supposed that the ions were acting as safinobridges between two
adjacent amino acids residues . The binding of' Gan was shown to
increase theu-helical structure of a-amylase produced by alkaliphilic and
thermophilic Bacillus sp..(Lin et al., 1998), in the same aspegtamylase

produced by alkaliphiliBacillus sp. retained 100 % of the original activity
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after 60 min. of incubation at 45°C , and 3% of temaining activity after
treatment at 60°C for 60 min.( Igarashial., 1998)Xanthomonas campestris
producedo-amylase was stable up to 55°C for 30 min.(&bal.,1994).The
a-amylase produced bO@lostridium perfringens was stable in the presence of
Ca&* with 100% of remaining activity up to 45°C, ancetththe stability
lowered (Shih and Labbe, 1995).While that produiced . acetobutylicum
retained about 30% of the remaining activity atteatment at 45°C for 60
min.( Paquett al., 1991)a-amylase produced Bacillus stear othermophilus
retained about 25% of the remaining activity at®@GCifter 60 min. in the
presence of Ca ( Srivastava and Baruah,1986).While Aaal., (1983)
reported that ther-amylase retained about 60% of the remaining agtivi
after treatment at 80°C for 60 min.

The a-amylase produced bB. amyloliquefeaciens retained 100% of the
activity for 24 hr. at 65°C then half life 0.5 hr. at 90 °C( Kochhar and Dua
,1982).Thea-enzyme produced bB. licheniformis was 100% stable below
50°C and it lost the activity at 90°C in the absen€ substrate (Krishnan and
Chandra, 1983). While Saito(1973) reported thatithenylase retained 100%
of the original activity after treatment below 60°6Gamylase produced by
Thermus sp. retained about 20 % of the remaining actiaitgr treatment at
80°C for 15min. ,the thermophilic trait fe-amylase could be used in the
cake baking industry because the enzyme activithethermophilic nature
ceases as the temperature approaches and pass@ghthine temperature
range of gelatinization (70-80 °C) ,this also pd®s a means to control
dextrin formation . (Shawt al., 1995).
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Figure (4.19). The effect of temperature ona-amylase stability in
presence of 0.005 M CaGl for 30 minutes

4.7 Immobilization of a-amylase

The immobilization of enzyme on insoluble suppopsovides a
stabilization effect at elevated temperature and Tit¢ stabilization depends
on the position of the support attachment to tloggim molecule. (Taznost
al., 2003) .Results (figure 4.20,4.21) showed the imhz#a o-amylase by
calcium alginate in which the remaining activitycdsased , retaining about
40% of the remaining activity on 95lay after the immobilization , when it
stored at 4°C . , the reasons behind the lowerinth® activity along the
storage period could be due to the nature of tgenatle, buffering of the
solution and Change in the configuration of enzwiemg the period.

a-amylase was immobilized using cellulose fibersrfrbagasse where
oxidized by periodic acid to obtain dialdehyde @else. Which they did react
with amino groups of thermostableamylase. The immobilized-amylase
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from B. licheniformis was able to liquefy the starch in 10 cycles oSegun
which the only 3 cycles of reuse of operation wastlvbetter than the free
enzyme at 40 °C and pH 7.0. ( Varavsial., 2002). Lectin concanavalin A
(Con A), from jack beanGanavalia ensiformis) was observed to form more
extensive precipitates withenzymes,this was used as a matrix for
immobilization of glycoamylase, in which they obssat about 2.1 fold
increases in the activity and another technique aygdied ,it was termed a
multiple- bioaffinity layering techniquéMislovicova et al., 2000).Silica-
bound enzyme is extremely stable at 40°C, the dpgréemperature of the
pilot plant column, and in 30% dextrin solutionse textrapolated half-life is
several years. The measured half-lives ranged #é&nhr at 70°C to 519 hr at
55°C (Reilly, 1976)Glucoamylases were entrapped in cellulose triagetat
fibers and immobilized glucoamylase had been byalemt attachment to
organic and inorganic carriers, including low-cosgnetic support (Pieters
and Bardeletti, 1992).

Calcium alginate and chitosane gel beads whichb&eli high yield
was used in immobilization ddacillus polymyaxa in production ofu-amylase
(Rodziewicz and Rymowicz, 1999).lvanow al.( 1995) used different
techniques in the immobilization of growing ceBscillus licheniformis
producing thermostable-amylase (Ca-Alginate-Carrageenan, Agar, and
their combinations with polyethylene oxide) , agdmn on cut disks of
polymerized polyethylene oxide , and fixation @mrnfaldehyde activated
acrylonitrile-acrylamide membranes , when an enzgoigrity of 2750 U/mL
culture medium was reached in the fifth repeatedhbeun with membrane-
immobilized Bacillus licheniformis cells. While, Dobreva( 1998) obtained
the higher amylase yield (62% increase of the obntand operational
stability (97% residual activity after 480 hr. reped batch cultivation) was

obtained using formaldehyde-activated polysulphoeenbranes.
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Immobilization on paramagnetic polyacrolein bea@s wsed witlu-amylase
by Varlanet al. (1996), in which they reported less of the atticompared
to the control. Thermostable maltogenic amylase mfroBacillus
stear othermophilus for continuous was immobilized using bed columeacter
and showed a remaining activity of 50% up to 20sdayd gradually
decreased to 40% over 37 days of continuous prdsesget al., 1997).

100.00

80.00 —

60.00 —

Remaining activity %

40.00 —

20.00 ;

[ ' [ ' I
0.00 10.00 20.00 30.00)
storage (days)

Figure (4.20): a-amylase activity immobilized onto Calcium alginate
storage at4 °C .
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Figure (4.21): a-amylase immobilized onto Calcium alginate
4.8 Neutralization ofa-amylase by its anti-amylase sera

Results in (figure 4.22) showed the remaining agtiafter treatment the-
amylase (purified by ion-exchange chromatograpsyh4d.6% compared with
control. This could be interpreted that the anti®se serum could block
about 37.4 % of the active sites where the bindimguld be happened, and it
indicated thata-amylase is an  immunogenic material for stimolatthe
immunity system and for availability the basic regqments for that ;
foreignness , high molecular weight ,chemical caxrpy and degradability
(Benjaminiet al., 2000)The cross- reaction occurred between thecluoigl
antibody and the enzyme which caused the decreasitige activity with
37.4%, because theamylase as a immunogenic protein could stimulage t
formation of antibodies against the epitopes ,rmitall the active sites were

epitopes ,that could explain why the activity wasréased with only 37.4% .
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which could be used as a new approach to assayadingty and in the
purification using the affinity method of purificah based on specific
monoclonal antibodies againsamylase protein(s ).

Yamaguchiet al. (1974a,b); Yoneda and Maruo, (1975) neutralize a-
amylase activity with anti-amylase serum and cahelfrom the degree of
neutralization the immunogenic alternation amorféeent strain ofBacillus

subtilis producing thei-amylase as a marker for the genetic analysis.

120%

100%
100%

62.60%

60% <

reamiming activity %

40% 4

20% <

0%

control Anti-AmyIase sera treatment

Figure (4.22): Neutralization ofa-amylase by anti-sera
4.9 Ascending paper chromatography oé-amylase Products

The time course fom-amylase action on the soluble starch was
investigated via paper chromatography to find thet mode of action on
soluble starch.

The results in (figure 4.23) were obtained fronfetgnt samples taken
from the reaction mixture during intervals. Afteb 4nin of the reaction
starting , the final product was maltose and glacesd two unknown
compounds in which it was difficult to identifyeém because the lack of
possible matching standards compounds, while orditase and unknown
compound were formed after 5 and 10 min. The pabeomatography

technique based on two phenomena molecules drdrit substances will
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generally have different attractive adsorption ésr¢o the cellulose fibers of
which a paper is made and molecules of differemsttutions of a mixture
dissolved in a water- immiscible solvent will paan themselves in
differerent degrees between this adsorbed watdreotellulose fibers and the
solvent .(Budhiraja ,2004).

Satohet al. (1993) investigated the products @famylase action on
soluble starch through intervals, they could idgrdi series of oligosugares
(G3, G4, G5 and G6) which among the products atbégnning of the
reaction because the random actiorm-@mylase, finally, at the end products
were identified as glucose and maltose .

Aiba et.al,.( 1983) used a paper chromatography techniqueetidy\the a-
amylase by investigating the productseedmylase action on soluble starch,
which revealed the presence of glucose, maltose aigbsaccharides
containing three, four , five and more glucosesinit

A high-performance anion-exchange chromatographyg waed to

identify the product ofu-amylase action on soluble starch ( Shewal.,
1995;Dong et al., 1997) . Paquedt al.( 1991) reported that the final products
of a-amylase products bg. acetobutylicum were maltotriose, maltose and
glucose which explained the mode of attacking threds .
Igarashiet al.(1998) used both TLC and HPLC techniques to ingagi the
final products of a-amylase action on the starch ,amylose ,amylopectth
glycogen .The results were similar to the prestmdys,but for hydrolysis of
starch, the final products were ( G1,G2 and G3).

131



CRAPEET fOUT et Results and Discussion

Solvent front

—>
>

starting line

12 3 4 5 9

Figure (4.23): Ascending paper chromatograms of hyolysis products by
action of a- amylase on soluble corn starch

1. Standard glucose . Standard maltose

3. sample after 5min. of reaction 4. sampbdter 10 min. of reaction
5. sample after 45 min. of reaction 6. Control sapie ( D.W.) used in
preparing standards sugars

4.10 Antibiotics susceptibility
The standard disk diffusion method was used to rombte the

susceptibility of Bacillus stearothermophilus M13 to several antibiotics.

Results (table 4.6) showed Antibiotic susceptipibf B. stearothermophilus
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M13 to six out of seven different antibiotics tmapresent a major group of
Antibiotic families used nowadays around the world

B. stearothermophilus M13 was susceptible to all studied antibioticseptc
for Aztreonam (ATM), in which it was resistant. Heeresults could be
interpreted in which the Ampicillin (Am) and Periici (P) belong to the
penicillin family and the mechanism of resistanz¢his kind depends on the
presence op-lactamase (which is either chromosomally or plasencoded
and most of these plasmids are self transmissildenpds )( Prescotét
al.,1990) or due to the lack of penicillin bindingopins (PBPs) and
microorganisms may change their permeability to dineg( Malkawi and
Youssef ,1996) , so the Bacteria may shovwg#actamase activity . On other
hand , Aslimet al.( 2002) reported that a fefdacillus spp. strains isolated
from soil were resistant to antibiotics under stuthey were sensitive to
vancomycin, chloramphenicol, tetracyclane, gentamicerithromycin,
cephalothin and ampicillin . Imanala al. ( 1981) isolated ten different
plasmids for antibiotic resistance from thermoighBacillus sp. ,some of
them were associated with resistances to thecyefeme , erythromycin
,Streptomycin and kanamyciyB. stearothermophilus was sensitive to several
antibiotics, except for tetracyclane. With the gtamn to the tetracyclane the
antibiotic resistance generally was not associatgd plasmid (Claus and
Berkeley 1986).Tanaka and Koshikawa ( 1977) isolated foypes of
plasmids fromBaciulls subtilis with no resistance to the common antibiotics ,
such as chloramphinicol, tetracyclane, streptomyampicillin and heavy
metal ,HgC} neither production of bacteriocins ,so the fumtdi specified by
the plasmids remained unknown. The sensitivity esigtance to different
antibiotics was partially associated with theesaiing of plasmid in thB.
stearothermophilus M13, the result of the primary screening for tmesgnce

of plasmid proved no plasmids of any kind .
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Table (4.6): susceptibility of Bacillus stearothermophilusM13 to some
antibiotics.

Antibiotic Abbreviation Susceptibility
Imipenem IPM Sensitive
Sensitive
Cefotaxime CTX
_ Sensitive
Norfloxacin NOR
Sensitive
Gentamicin CN
o Sensitive
Penicillin P
o Sensitive
Amipcilin AM
Aztreonem ATM Resistant

4.11 Cloning of B. stearothermophilusM13 a-amylase gene in pBR22
vector

Genomic DNA was isolated from this bacterium using procedures
of CTAB and salting out with some modificatioms which the lysozyme
final concentration increased to be 2 mg/ml. aftet DNA electrophoresis
was done using 0.4 and 0.9 % agarose, the resalwesh no detectable
plasmids To confirm the results, alkalane extraction procedwas done in
an attempt to isolate the possible plasmid, if aflye result revealed no
detectable plasmid of any size and kind ( figut&44ianes A and B.
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The chromosomal DNA band was very sharp whichcaudid the
efficiency of the isolation and purification appcbas and no degradation was
happened due to the exonuclesaes activity , Thgypatio (OD,sfOD,g)
was 1.8 that allowed for the next cloning stepsurigg4.24) (Maniatiset
al.,1982) .Then it was partially digested Byndlll ( figure 4.25) .The partial
digestion made the probability of obtaining theatti-amylase gene(s) much
higher than the complete digestion in cloning expents ( sambrook and
Russell,2001). The restriction enzyme was freqyamgkd in order to get the
gene ofa-amylase on intact DNA fragment to be able to egprusing of
appropriate expression system (Adtal., 1983;Rodriguez and Tait, 1983) .
The pBR322 vector was purified from the hokt coli HB101 strain using
CsCI/EtBr gradient ultracentrifugation as (figur2@) showed sharp band of
covalently closed circular DNA plasmid. Because ptdismid DNA also
behaved differently front.coli DNA when centrifuged to equilibrium in
cesium chloride gradients containing saturated tfiesof ethidium bromide
as intercalating dye which bind to lanear DNA wascm more than to the
plasmid and therefore bands at a higher densicgesmum chloride gradients
contained an intercalating agent( Maniadisal.,1982), Then was digested
with Hindlll that made a single cut in tetracyclane geméhg cloning could
be set up using insertional inactivation stratéthen it was treated with
calf intestine alkalane phosphatase to remove &Sgtates from both ends of
the lanear DNA because in the construction of @mlmsomal DNA gene
bank ,it is desirable to optimize the formationre€ombinant molecules as
opposed to non-recombinant DNA molecules . This lmarmccomplished by
either ligating a 10-20 fold excess of chromosoDEA to the vector DNA
(or )by pretreating the plasmid vector with alk@grhosphatase to prevent
recircularization of digested plasmids or two orrendigested plasmid in the

reaction mixtures ( Rodriguez and Tait,1983) .
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The restricted fragments dBacillus stearothermophilus M13 genome
were ligated together using T4 ligase to ligatedbleesive ends of both insert
and host DNA (figure 4-27,lane B,C,D and E)(figu8) , then the AmyE.
coli MM 294 was transformed with a recombinant vectoarrying the
desiredn-amylase gene .

3847 transformants were resistant to the ampiciéra primary screening in
which the cloning in pBB22 usingHindlll usually inactivates a gene
necessary for the tetracyclane resistances ;didg clones out of those
( 0.13 %) were able to produaeamylase tested by replica plating on the
starch media after staining with lugol's solutiona comparison with the
control sample (figure 4-30,A-B).

The five transformant£.coli MA 1,MA2,MA3,MA4 and MAS5 showed
a-amylase activity. The DNA of transformants wasracsted and revealed
harboring of hybrid plasmid termed as “pMA 322" ialn revealed a
molecular weight of 1790 bp (figure 4.28) thatswealculated using
PhotoCaptMw figure(4.29) as it was concluded frdma titerature that the
length of amylase gene was about 1.8 Kbp . Theimgsk) bases may be due
to the technical calculation of the sharp accunadéecular weight during the
study or may the gene be truncated in the promoéeea in which the
structural gene was intact as indicated by exprassi thea-amylase gene of
the cloned cells in the solid and liquid .In angywsequencing should be
done to determine which one happened .

restriction enzyme was frequently used in ordegdbthe gene af-amylase
on intact DNA fragment be able to express usingr@miate expression
system (Aibeaet al., 1983;Rodriguez and Tait, 1983) .

The size of cloned fragment carrying tleamylase gene was
estimated of "1790bp ".It has been shown throughyprevious studies that
a-amylase gene was isolated frdacillus . spp. and cloned in different

expression systems . Ailehal.(1983) cloned the-amylase gene iBacillus
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by the digestion of the pTB90 and the genomic DN&tiplly by Hindlll,
while Mielenz (1983) cloned the Amylase InE.coli and thexr-amylase was
expressed using pBB22 as a vector , in which thB. stearothermophilus
genomic DNA and the vector were cleaved wHtimdIIl ; then ligated as
ratio of 4: 1 , the cloned fragment was of 5.4 Kkpwas confirmed by many
similar studies that the structural gene dsamylase enzymamyE, and its
regulatory geneamyR are closely linked on the genetic map of Baesubtilis
chromosome (Yamaguchi al., 1974b). a-amylase's promotamyP contains
an essential TGTG motif( -16 region) upstream ef4t0 region ( Martin and
Chambliss,1998). A great deal of cloning has besmedn many different
microorganisms, mostly int&.coli which was applied as expression system
for many sources af-amylase gene. Satehal.(1993) cloned twa-amylase
genes frontreptococcus bovis 148 chromosomal DNA i&.coli using pBR
322 vector ; They were expressed successfully th tmward and opposite
orientation that could explain that the cloned fnegt had its promoter that it
is fully functional in E.coli. cloning a-amylase via cosmid was applied in
some studies, Coronadb al.(2000) constructe¢éialomonas meridiana gene
bank in broad-host rang cosmid pVK102 by partigegtion of genomic
DNA with Hindlll , then in vitro packing to infect thE.coli. HB101 ., Dong

et al.(1997) cloned and a sequenceosdmylase 2.6 kb fronPyrococcus
furiosus in E.coli . Cloning using PCR technique was applied fonicig o-
amylase gene from hyperthermophilic archeabactepwracoccus furiosus
using three primers the amplified fragments wasriesl inPst | site of pTV
118N and transfornte.coli JM109 .The length of fragment was 5.3 kb. An
a-amylase gene frorBacillus sp. strain TS-23 was cloned and expressed by
using recombinant plasmid pTS917 kB coli. SDS-polyacrylamide gel
electrophoresis showed an apparent protein banth witmol. wt of
approximately 65000. The amylase geaiayA) consisted of an open reading
frame of 1845 bp (Liret al., 1997)
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Gene encoding the-amylase ofXanthomonas campestris K-11151
was cloned intcE. coli using pUC19 as a vector. An ORF of 1578 bp was
deduced to be theamylase structural gene.( Abeal., 1996).

Figure(4-24): Agarose gel (0.9%) electrophoresis &. stearothermophilus

M13 chromosomal DNA :
Lane A: Genomic DNA of B. stearothermophilusM13 Isolated by

salting out method.
Lane B: Genomic DNA of B. stearothermophilusM13 Isolated by

Alkalane lysis method.
5V/cm, 90 min.
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Figure(4-25): Agarose gel (0.9%) electrophoresis &. stearothermophilus
M13 chromosomal DNA digested wittHindlIll , at 75V

Lane A: Genomic DNA of B. stearothermophilusM13 Isolated by salting
out method patrtially digested by Hindlll

Lane B: Genomic DNA of B. stearothermophilusM13 Isolated by
alkalane lysis method partially digested byHindlll

5V/cm, 120 min.
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Figure (4- 26): Purification of the pBR 322 Vector by ultracentrifugation
with CsCI/EtBr Gradients:
A: The CCC plasmid band as observed in dark ram (blue Arrow)
B: The CCC plasmid band as observed in lightaom (blue Arrow)
Red Arrow indicated nicked circular or lanearchromosomal DNA
Black Arrow indicated proteins
45,000rpm,16hr
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Figure (4-27) :Agarose gel (0.9%) electrophoresid igated DNA
Lane A: ligation reaction (control)

Lane B: ligation reaction, experiment 1

Lane C: ligation reaction, experiment 2

Lane D: ligation reaction, experiment 3

Lane E: ligation reaction, experiment 4

5V/Cm, 60min.
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Figure (4-28): Agarose (0.9%) gel electrophoresid o

Lane A: ligation yield from experiment 2

Lane B: ligation yield from experiment 3

Lane C: partial digestion of B. stearothermophilusM13 genomic DNA
Lane D: Junk DNA

Lane E: Junk DNA

Lane F: (black Arrow) pMA 322 from the Transformant E.coli MM 294
producing recombinant a-Amylase

5V/Cm,120min.
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Figure (4-29): Estimation of pMA 322 molecular wei@t, using
PhotoCapMw Software using agarose (0.9%) gel eleciphoresis .

Lane 1: The hybrid pAM 322 extracted fromE.coli AM1

Lane 2: molecular weight (standard markers) ofA DNA digested with
Pst

5V/Cm ,120 min.
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4.12 Expression of recombinant a-amylase gene in the
transformant E. coli harboring pMA 322

The transformantE.coli MA1 harboring pMA 322 expressed
successfully the cloned-amylase on starch medium incubated at 37°C, as
appeared in figure (4.30-B) in comparison with tegative control plate of
E.coli MM294 Amy" fig(4.30-A).

A B
y . I TR, e

Figure (4.30) :Expression ofu-amylase gene cloned into pBR22 on solid
medium supplied with starch , streaking , incubatedor 24hrs at 37°C

A: control, E.coli MM294, Amy -

B: Transformant E.coli MAL harboring pMA 322

The specific activity was assayed for the cruderaext of the five
transformantsk.coli MA1, MA2, MA3, MA4 and MA5 .The results in
(Table 4-7) showed that the coli MA1 was the highest one in theamylase
specific activity among the transformants , butvdas less than that d.
stear othermophilus M13 which has specific activity 0.055 U/mg . Thimglst

decrease in the activity could be attributed to yndactors such as
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physiological differences betwe&acillus sp. anck. coli MM 294 ,and the
transcription and translation mechanisms ( AlDQ2) or may be due to the
gene dosage ofi-amylase that encoded for it as a multicopy nungiagre in
the original host B. stearothermophilus M13 “ and when the gene cloned in
the new host ,it occurred as one or less copy tiaeriginal . It is a fact that
increasing the number of copies of a gene is likelyncrease the amount of
the particular gene product that is manufacturethkyhost cell , which may
be recompensed by cloning multiple tandem copiea géne into vector (
Lewin,1998)

This slight decrease in the specific activity coubg favored to the
recombinanti-amylase produced by thecoli recognized by the absences of
contaminating protease which was co-produced in twor strain
(Manonmani and Kunhi,1999).

One of the aims of the present study is to atterigoting ofa-amylase and to
investigate the expression of it, regardless ofam®unt of the producedt
amylase, for which future studies should be da@c¢o either optimize the
production conditions af-amylase by th&.coli MA1 , investigate the other
reasons behind the lowering of the specific agtioit to elevatea-amylase
specific activity in a liquid medium or cloning magopies fora-amylase
gene in the other vectors usiig coli or other microorganisms as suitable

hosts .

Table (4-7): The specific activity of a-amylase produced by
transformants E.coli MA isolates harboring plasmid pMA322 carrying
recombinant a-amylase gene.

Transformant
isolates

Specific
activity U/mg 0.045 0.032 0.040 0.037 0.044

E.coliMA1 | E.coli MA2 | E.coli MA3 | E.coli MA4 | E.coli MA5S
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Conclusions

1. Bacillus stearothermophilus M13 produced a valuable amount of
a-Amylase among the local thermophilic isolatesat tbould be used in
many industrial applications.

2. The optimal conditions fora-Amylase production and byBacillus
stearothermophilus M13 were determined ;represented by TSM medium,
at 55°C, late log and early stationary phasgofith .

3. a-amylase showed a high activity at pH 7.0 with #itgbat pH range
(6.5-8.0), and a high activity at 70°C with 100%4he remaining activity
.while, at 90°C showed 55% of the remaining agtivit

4. The purification protocol included DEAE —sephader Exchange and gel
filtration gel were recommended.

5. Four possible forms (a, b, ¢ and d) of enzyme wateed from ion-
exchange chromatography in which “b” showed thghést specific
activity among them , and the overall activity nieeydue to it namely.

6. Molecular weight oti-amylase was" 56234 Da.” when estimated by gel
filtration and “55426 Da.” when estimated by SIFHRGE technique .

7. TLC technique was applied to verify theAmylase time-effect —products
in which monosaccharide and disaccharides were gitiproducts.

8. a-Amylase showed antigenic properties in vivo byrdasing the activity
37.4% for the partially purified-amylase forms.

9. The DNA fragment that coded farAmylase was cloned inté .coli MM
294 using pBR22 as a vector, in which the length of the cloned riragt
was estimated of 1790bp approximately.

10.The expression of the recombinant fragment was ctéete in the

transformants cells on a solid medium and liquidinne, which showed a
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slight decrease in the specific activity in compan with original

organism with no accompanying proteases activity.
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5.2 Recommendations

1. Studying the optimization af-Amylase production by the clondsl.coli
MAL using the liquid media.

2. Conducting further molecular studies farAmylase regulation and
secretion in the original Bacillus stearothermophilus M13 and
transfrormed ( cloned} .coli AM1.

3. Cloning the multicopy number far-amylase gene in pBR322 or other
suitable vectors.

4. Producing and purifying Monoclonal antibodies tdedé the enzyme and
more accurate assay @amylase activity.

5. Conducting more detailed studies concerning prog&gigineering ofo-
Amylase produced by the clone. coli to undergo the industrial
processes within different conditions such as alkglstability and more
thermophilic stability .

6. Studying the kinetics af-Amylase form(s) (if any) in the new host .

7. Founding of a specialized center to enhance theéustmn and to improve

the proteins for future important industeries qglr
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4. Results and Discussion

4.1 Isolation ofBacillus spp. producinga-amylase

Ninety six soil samples were collected from differglaces over Iraq
(table 4.1).This showed that sixty nine isolatesenteermophilic bacilli; sixty
three ( 60.4%) isolates weseamylase producing according to the clear zone
around the growing colony on the 1.5% starch foht8rs at 6% (March
and Larson, 1953). Twelve isolates were recognmethe higher production
of thea-amylase on the solid media supplemented with lsél4ble starch as
shown zin the table (4.1), in which the (Z/G) ratias in the range (1.5 — 2.0)
due to enzymatic hydrolysis of starch.

These isolates (12) that showed the highest pravilyobn the solid medium
were chosen and named &41( M9, M13, M23, M24, M26, M29 , M31
,M36 ,M40 , M60 and M69) for further biochemical tests to select
B. stearothermophilus. The primary screening for the organism that is &ble
produce an enzyme is considered one of the imposi@ps for enzyme
production(Mazaet al.,1997;Teodoro and martins ,2000).

Table (4.1): Screening of thermophilicBacillus. spp. isolates for
their ability to produce a-amylase.

Halo
Halo

Growth Growth (clear
. (clear zone) Isolatef] .
diameter . diameter zone)
diameter No. .
(mm) (mm) diameter
(mm)

(mm)
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IZECH |
| Mo J] ° |_M89 |
| M4 ] 3 |_M90_|
| ma2 ]| 3 |_M91 |
IZEN | |_M92 |
| Maa | 3 |_M93 |
| mas ]| ¢ |_M94 |
| Ma6 ]| 3 |_M95_|
2 |_M96_|
IEH | IR
| Mo ]| 3 I

* Thermophilic Bacillus sp., amylase producing

** Bacillus stearothermophilus, amylase producing

H: halo, clear zone

G: Growth diameter

pH range of soil samples was (7.4);( slightly alkalane).

4.2 Identification of the isolates
Twelve isolates were subjected to morphologicalcrascopical ,

biochemical and physiological tests to identiB. stearothermophilus
producing a-amylase, isolates were gram positive bacilli, niegaon the
Voges-Proskauer test at (pH 7.2), motile, centpairess and predominantly
unswollen cylindrical sporangia.The morphologicahda physiological
characteristics for seven isolates of them shoWwatlthey were to bBacillus
stearothermophilus according to the Claus and Berkeley ( 1986) inclwhthe
growing colonies on the tryptic soya agar at°65for 18 hours had the
circular edges, irregular and dark rough surfaces e diameter of (1.5-3.0
mm.) recognized by an unacceptable odor ( Welker @ampbell ,1963)
,while on the nutrient starch agar and nutriergiragolonies had a regular
edge and a rough surface with (2-5mm.). The cedsevexamined by dying
with gram stains; the results showed they are grasitive, spore forming in

3
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which they had terminal spore causing the inflanomatof the cells
(figure4.1). Their growing in the nutrient brothpmared as fine granules
causing the turbidity of the medium. The biocherntests were done on
these isolates to determine the species as pomitedth the table (4.2). The
results were closely matching the propertie8os$tearothermophilus. From
these results , the bacteria were identifiedBastearothermophilus by the
criteria of Bergey’'s Manual of Systematic Bactes@/, in which they were
named asR. stearothermophilus M1, M13, M23, M24, M26, M29, and
M31).

Table (4.2):Biochemical and physiological tests fondentification of
Bacillus stearothermophilus producing a-amylase

|
Tests

Casein

+
+
+
+

EEEE B EBE E BB
EEEEREEBE BB
EEEE B EBE E B
EEEEDEEDE BB

Growth in
7% NaCl

Aerobic

growth

Anaerobic

growth

HIHHEIHIHHE
HIHHHIHIHHEE
EEEE B EDE E B
EEEEREEEE BB
EEEE B ER N E B
EEEE B ERE E B
EEEEREEEE BB
EEEE B EDE E B
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Figure (4.1): Microscopic field of Bacillus stearothermophilus M13 (red
arrow)( growing on surface of nutrient Agar at 55C for 24 hrs)stained
with Gr.stain 1000X

4. 3a-amylase Production in the submerged cultures

The seven isolates that have been chosen far-#mylase production
in the submerged cultures based on their produaticdhe solid medium to
determine the highest one in the productiom-aimylase using N.B. medium

supplemented with 1.5 % starch and to determin@ptienal temperature for
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the a-amylase activity assay. The results, shown tall8) (for specific
activity of a-amylase, produced by the seven selected isolate /i3, M23,
M24, M25, M26, M29 and M31.That isolate M13 was kighest one among
them ,which was 0.054 U/mg in the crude extrachil®y the specific activity
range for the others were (0.025-0.036) U/mg. wihenassay done at 60°C .
While the assay at 40°C was lower with about ( 2®)3as losing activity
According to those results, M13 was considerethasmost efficient isolate
for a-amylase production for this study and for acaurselection for the
most efficient produces-amylase. These isolates (7) were tested again to
confirm the results. Then three subculture cyclesewcarried out foB.
stearothermophilus M13 and revealed approximately constant specific
activity values.

Bacillus stearothermophilus can produce large amounts of extracellular
enzymes such as amylases and proteases, athmylase is highly
thermostable and is desirable for the industrigliaptions (Mielenz , 1983 ,
Egelseert al., 1995).

Table (4.3) Quantitative screening ofa-amylase production from B.
stearothermophilus for in N.B medium supplied with 1.5 % starch
,incubated at 55°C for 24 hrs.
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Isolate Specific Specific
Activity U/mg protein]jActivity U/mg protein
- assayed at 40 °C assayed at 60 °C

0.012
0.011 0.054
0.028
0.015 0.032
0.012 0.036
K 0.025

M31 0.012 0.032

4.4 Optimization of the a-amylase production in liquid culture.

4.4.1 The effect of media om-amylase production

The seven isolates that have been chosen for b&agllus
stear othermophilus producing a-amylase were inoculated in three different
liquid media SH, TSM and( N.B supplemented withh % potato starch), in
which the pH was 7.0 for the all . According te tlesults shown table (4.4),
the isolate M13 was the most efficient in the piithn of a-amylase using
TSM medium in which the specific activity was ®0U/mg , and in order to
confirm those results, a second screening was dforethose isolates to
confirm the specific activity using the same nuedli, the results were

similar.

Table (4.4): a-amylase production from B. stearothermophilus isolates in
different media, incubated at 55°C for 24 hrs , pH’.0

No.

TSM Medium
specific activity
u/mg

SH Medium

specific activity
u/mg

N. B with (starch
1.50/0) specific activity
u/mg
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M1
M 13
M23
M24

M26
M29
M31

As table (4.4) illustrated th&. stearothermophilus M13 isolate was the most
efficient one in the production efamylase in which the specific activity was
0.055 U/mg using the TSM medium. TSM medium was hlest for the
production of a-amylase among the tested media, which enhanced the
production ofa-amylase by the isolatB. stearothermophilus M13 .It was
recommended by some previous studies (Saito and Yamamoto, 1975;
Krishnan and Chandara,1983). The ability to supfiet production may be
attributed to its composition, The composition @emcentration of nutrients
and factors in the media greatly affect the growafd production of
extracellular amylases in bacteria (Srivastava &@atuah, 1986 ; Shih and
Labbe,1995),yeast (Fosst al.,2005)and fungus( Zangirolanat al.,2002)
.The production ofu-amylase could be affected by the amount and the
nature of nitrogen source as trypton ; besidesviriability of divalent
cations C& ,Mg” that were tested for the effect production inahhihey
slightly induced the production ,while the trivalarations such as FeAs™

and AU were inhibitors at certain morality concentratiq@@sivastava and
Baruah , 1986) .The form and quantity of carboars®e in culture media is
very important for both growth and production @amylase inBacillus .
Ajayi and Fagade (2006)revealed the presencelableopotato starch as the

sole carbon source as an inducer of the produabibrenzyme ofB.

8
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licheniformis because it had the1-4 glycosidic bond .While Aiyer (2004 )
reported that B. licheniformis could produce the enzyme in the absence of
starch . On other hand, the ratio of C:N in the imedould affecta-amylase
production , Aiyer (2004) mentioned that the betor for production was
"1" to be applied foB. licheniformis . While the ratio noticed in TSM was" 2
“"this could be explained by the difference of gte/siological and special
requirements of a-amylase production between tBe stearothermophilus
M13 andB. licheniformis.So, the TSM medium was the main medium
applied during the present study, otherwise itaatkd somewhere in the

study.

4.4.2 The optimal initial pH for a-amylase production

To investigate the effect of initial pH medium owmamylase
production, B. stearothermophilus M13 was grown on TSM medium with
different pH values .The results (figure 4.2)wbd that initial pH for a
higher production ofi-amylase was close to optimal pH of bacteriaigh
which was (7.0), while there was no growth at @tes of <6.0 and > 8.0
, in which we could suggest the higher productioked to the higher
growth of the bacteria , that result was much simib what Teodoro and
Martins (2000) reported about the production of thermdstaimylase by
Bacillus sp., Srivastava and Baruah,(1986) reported tigainitial pH for the
production of thermostable amylase Bystearothermophilus was (6.9 ). The
effect of the pH value on the enzyme productiomlted from its role in the
solubility of nutrients, ionization of the substeatand its availability to the
microorganism, in addition to its effect on thebdity of the produced
enzyme (Bull and Bushnell, 1972). Also, dissolve®,dn the medium
affected the buffering capacity (Segel, 1976). Tae pH reduced the
solubility of CQ, in the growth medium and limited its availabilifgr
assimilation by the anaplerotic enzyme pyruvatbegylase (Maheshwast

9
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al., 2000). The research of Mazza and Ertola ( 197&herproduction ofi-
amylase byB. subtilis showed that the optimal pH was 7.2 using ferment
made him to attribute the influence of initial piH enzyme formation, or on
the release of enzyme from cells, and to consitlamsdifferences as well as
the influence of the components of the mediuns tlear that the optimal pH
of a-amylase reproduction depends on the strainhernature of the
producer microorganism . Foagial.( 2005 ) mentioned that the initial pH
of media for amylase production by yeast was . #\file, Linet al,( 1998 )
reported that optimal initial pH for the productidy thermophilic and
alkaliphilic Bacillus sp. was 8.5 . Furthermore, the pH affects thevacti
sides on enzymes which are frequently composedrmtable groups that
must be in the proper ionic form in order to maimtéie conformation of the
active site (Segel, 1976) .

Spoesific adtivity Ung
——
|4

Initial pH

Figure(4.2):Optimal pH for amylase production byB .stearothermophilus
M13 in TSM medium incubated at 55°C for 18 hrs withshaking 120 rpm

4.4.3 Optimal temperature fora-amylase production

The results in (figure 4.3) showed that extradatla-amylase activity
increased with the temperature elevation from 2@4h specific activity of
0.01 U/mg to 60°C with 0.05 U/mg, in which theiom@l temperature for the

10
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production ofa-amylase was 60 °C with activity 0.055 U/mg ,rnthée
activity will decrease .

Srivastava and Baruah (1986) reported the optiemaperature for production
of thermostable amylase B stearothermophilus. was 50+ 5°C. while
Lin et al., (1998) reported that the optimal temperaturetterproduction of
thermostable from thermophilic and alkaliphilgacillus sp. was 55°C
which is also the optimum for growth. In anoth&rdy on production oé.-
amylase byB. licheniformis SPT 27 was 37°C ( Aiyer, 2004) .

Furthermore, Teodoro and Martins (2000) reporteat tthe optimal
temperature for growth and productieamylase byBacillus sp. were 50°C .
While these results are in contrast with the fugdi reported by Chandea
al.(1980 )which reveled that the optimal temperatufe growth for
B.licheniformisCUM 305 was 30°C , but it never produced dh@mylase at
that temperature . In addition, Saito and Yamam@d®75) studied &B.
licheniformis which produceda-amylase at temperatures around 50°C and
never produced the enzyme at temperatures lowerdheC.

In general, the perish of enzyme activity with @lgon or decreasing the
temperature may be attributed to its effects on tivewth of the
microorganism and velocity of the enzymatic reawianside the cells
reflecting the properties (Cornish, 1979 ) .

11
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Figure (4.3): Optimal temperature for a-amylase  production by
B. stearothermophilus M13 , incubated at 55°C ,pH =7,18 hrs with
shaking 120rpm

As a fact large number of weak non-covalent bondsntain the
tertiary of the structure of an enzyme, when itagbs too much energy the
tertiary structure will disrupt, and the enzyme Iwhe denaturized.
temperature affects the production of enzyme thnosgme aspects like,O
concentration, medium moisture and enzymatic reastiinside the cell
(Segel, 1976).

4.4.4 Optimal growth phase fora-amylase production

Measurements of the enzyme activity and cell gnovaf B.
stearothermophilus M13 at a number of time intervals are shown inuFeg
(4.4). The addition of 10 mM calcium chloride t@ tiquid medium improved
the growth and amylase production since the enzisnknown to be a
calcium metalloenzyme as reported by Daetet.( 1999).

12
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The activity of a-amylase produced bB. stearothermophilus M13
during growth was investigated in the cell extraattslifferent time intervals
which they covered the lag, log, stationary anddieane phases.

The results in ( figure 4.4) showed that the glowentered the
stationary phase at the age of about 18 h. in wtieh O.ponmwas 1.6 ,
while the growth at the late log had the higheamylase specific activity
which was 0.05 U/mg than the early log and statip phases .So it was
concluded that the production afamylase depends on which phase the
growth is passing through, making the highest pcodo at the late log
phase.

Teodoro and martins (2000) mentioned thatot@@nylase produced by
Bacillus sp. was at late log phase ,and in similar resubtssiet al.( 2005)
registered that the Amylase production by yeasteoaelated to its biomass
which was the highest at the late log phase .Conugrthe Bacillus
stearothermophilus , Srivastava and Baruah (1986) noticed that thelase
get the maximal production during post-exponerdiadl stationary growth
phases .

The termination oti-amylase production observed during the growth
on starch might reflect the accumulation of glucosenaltose as repressing
metabolite fora-amylase production. The other type of control otlas
enzyme is the graded production of the catabolry®e levels resulting from
growth on other specific carbon sources which ar@ependent of the
presence of starch (Nagaéh al., 1974; Nicholson and Chambliss, 1985;
Srivastava and Baruah ,1986; Haseltiege al., 1996). On other hand,
Zangirolamiet al. (2002) set up a model for growth am@mylase formation
by Aspergillus oryzae , the specific rate ofi-amylase production increased
with the specific growth rateg-amylase strongly repressed by residual

glucose concentration .

13
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Those results could be interpreted that the logs@ha characterized by an
increase in the biomass with highly active cells most physiological
activities which greatly affected enzyme product{dischacket al., 1985),
while the elongation of fermentation time causedaswed effects on the
production ofa-amylase and its activity because environmentahghs in
media ,autolysis resulting in releasing a lot @ftenial and intracellular Iytic
enzymes that could destroy thamylase ( Lonsane and Ramesh ,1990) .

200 — — 0.06
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Figure: (4.4) growth curve anda-amylase production phase for the
B. stearothermophilus M13 in TSM medium, incubated at 55°C , pH (7.0)
with shaking 120 rpm
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4.5 Purification of a-amylase ofB .stearothermophilus M13

a-amylase applications in pharmaceutical ,industaad clinical
sectors requires high- purified enzyme or papiaified enzymes depending
on the process taking into consideration the co$teach one related to
that(Deutscher, 1990) .

4.5.1 Crude enzyme concentration by Ammonium sulfat

In order to concentrate on the crugd@mylase in culture supernatant
and remove as much water and some protein molecatesossible,
saturation ratio (40-80 %)was used to achieve th@aobugh two addition
steps, the first step is increasing the saturattio from ( 0 - 40 %) ,which
showed low specific activity of precipitated fiiao of 0.002 U/mg .when
( 40-80 )% saturation ratio was applied to thpesnatant fraction , it
achieved a higher specific activity to 0.051 U/m@.92 purification folds
with 57 % vyield . From the results demonstratbdve, approximately 96%
of activity is within the (40-80) %. But, when wempare between the
specific activity of crude to that precipitated Bynmonium sulfate , it was
found the specific activity of crude is higher thasulted by precipitation ,so
itis concluded that the Ammonium sulfate stepasproperly recommended
to this particularly stage of purification . Congieig the other studies, those
results are in contrast with Sarivstava and Bar(87) who obtained
specific activity of 210.6 U/mg foroa-amylase produced byB.
stearothermophilus M13. Through Ammonium sulfate precipitation ratio of
(45-60 )% ,while Aiba et al.( 1983) obtained specific activity of 8 U/mg
with 22% recovery fron. stearothermophilus andB. subtilis in successive
steps using( 30-45 )% saturation ratio. While, Fesal. (2005) used 65%
(w/v) sodium sulphate to achieve partial purifica of a-amylase produced

by yeast.
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Furthermore, a-amylase produced byXanthomonas campestris was
precipitated by (45-70) % to achieve specific\attiof 4.51 U/mg with 91%
Recovery( Abeet al., 1994) . In general, Ammonium sulfate is favored in
precipitation step due to its high solubility, dahility, being cheap and that
it does not damage most enzymes ( Volesky anahd.t085) .

The theory that explain the mechanism of saltingi®eombined with
the old theory; saltingut occurs as a result of a decrease in the hgdrat
proteins in favor of the that of the ions of theitnal salt ,the hydration layer
surrounding the surface of the protein is transféto the ions of the salt at a
rate depending on the charge of the protein ,pH tantperature (Schutte,
2003) . And the recent theorytlsat a salt ion has a repulsive interaction with

an image charge inside a low dielectric cayaiiou, 2005).

4.5.2 lon —Exchange and Gel-filtration chromatograpy

The results in ( table 4.5)showed thatamylase purification could be
interpreted that the first step after the centafui@n of culture extract
contained the growth biomass , was to be condenfrand dissolved in 20
ml of the distilled water containing 0.025 M of QaCthen it was dialyzed
( 4.5 by 10em bags;10,000 kDa cutoff) against distilled water, phospghat
buffer 0.005 M (pH7.0) supplied with 0.025 M CaGlver four times .
It achieved less specific activity to be compareathwhe crude with 57%
yield ,0.92 folds of purification , but highertaty of 0.114 U/ml , which is
considered as a step for the partial purificatmhsome commercial
important enzymes , in which it could be used &t step for further usages .
Then anion ion-exchange chromatography using DEARR&dex step was
set up, initially it was equilibrated with the saimmeffer of dialysis 0.005 M
phosphate buffer pH 7.0 . After applying the santpl¢he column, washing
with the same buffer was run. the protein profiigure 4.5)showed three

peaks , but no activity was indicated feamylase , that could because of
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those proteins have a similar charge to the anigogitively charged ) or
zero charge because when the gHpl for the enzyme , it will make the
enzyme be marked with a positive charge . DEAghadex is a weak anion
exchanger with excellent flow properties and higipacity for proteins of
most pl values with high resolution. The ion exdmarunctional group is
diethylaminoethyl that remains charged and maistatonsistently high
capacities over the entire working range (LKB). fEfere, it could be
concluded thati-amylase has been bounded onto the matrix of tbleagiger,
those protein fractions were washed out. then elbéon was run using
lanear salt gradient 0.005 M potassium phosphatd&-NacCl (pH 7.0) which
could detect five peaks for protein and four magaks fora-amylase activity
figure (4.6), which marked as peak,§y,c and d } .Then the fractions for
each single peak were collected with each othed @mcentrated using
sucrose through dialysis bag , and dialyzed uiegsame procedure after
the concentration by ammonium sulphate . The pé&alstiowed the higher
specific activity of 1.475 U/mg with 26.8 folds ptirification and 73.75 %
yield that made it as a good source for furthetfigation among the others
,in which the peakd’ showed a specific activity of 0.416 U/mg with 7.56
folds of purification , peakc" showed a specific activity of 0.20 U/mg with

3.63 folds of purification and peald™ showed a specific activity of 0.043
U/mg with 0.78 folds of purification , that mada assumption of being
participating to a large extent in the overall speactivity of the produced
presenta-amylase . The presence of four activity peakstlh@ oa-amylase
produced byB. stearothermophilusM13 means that those could be forms
( Isoenzymes) or “ Isozymes” for tlkeamylase which is in the first time a
,study showing such a number acillus stearothermophilus; concerning
the other studies of isoenzymes , Zhamgal.( 1994) reported that three

forms for a-amylase produced bfacillus sp. with molecular weight

17



CRAPEET fOUT et Results and Discussion

( Mr)110-140 kDa, two forms produced IBacillus sp. with Mr of 150-42
kDawere purified by Liret al., (1998).

Furthermore, most of the studies showed a singi® flor a-amylase
produced byB. flavothermus ( Boltonet al.,, 1997) ,B. licheniformi ( Kim
et al., 1992; Ivanoveet al., 1993 ) . There are several possible explanations
for being different Isozymes ofi-amylase, they are either purification
procedures due to protease(s) hydrolysis (Keich., 1990; Pompeyoet al.,
1993), carbohydrate contents or protein aggregat(@preinatt al., 1990;
Giraudet al., 1993 ;) or deamination ofi-amylase (Parkt al., 1991).
The fraction termed as (ped&k was collected together and concentrated by
osmosis against sucrose crystals, then applie®epahdex G-100 gel
filtration column in order to obtain more purifiedamylase . ( G-100) is
characterized by being easily prepared, long taahbilgy and high speed
flow rate and the ability to separate a broad raofghe molecular weights for
proteins . Sepahdex G-100 had a unique charaateastoeing a combine
between affinity chromatography and gel filtratimoperties on which it had
a tendency to bind witlw-amylase causing delaying in elution time of it
(Scopes, 1987).
a-amylase was partially purified , Figure (4.7) sleowtwo peaks for protein
from fraction 28 through fraction 30 and matching approximately single
peak for theu-amylase activity from fraction 37through 3® which is an
indicator for a partial purity oti-amylase after the gel filtration step, of
specific activity 1.675 U/mg , folds of purificatid0.45 and 50.25 % yield ,
which are considered as important results whenpeoed to other studies .
Shawet al.(1995) obtainedi-amylase purified fronThermus sp. of activity
2.22 U and 2.6 % yield using hydrophobic inteoacchromatography step
and followed by affinity chromatography onto cortarsh .Paquegt al.
(1991) purified then-amylase fromClostridium acetobutylicum ATCC 824

using ion-exchange and gel filtration to get amglavith specific activity
18
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57.7 U/mg , purification folds 22.2 and yield .236 .while, shih and Labbe
(11995) could purify the-amyalse produced b§iostridium perfringens Type
A using double filtration through DEAE-sephacryetheeving specific
activity of 34.6 U/mg ,purification folds 20.4 aryteld 11.3 %w-amylase
was purified fromB. stearothermophilus using DEAE-Sephadex A 25 to
get specific activity 100 U/mg, and 57 % yield( A al. ,1983).

Furthermore,a-amylase was purified from Alkaliphili@acillus sp.
using DEAE -Toyopearl and CM-Toyopearl obtaininge@fic activity
5,009.3 U/mg and 35 % yield (lgarashial., 1998). While, Linet al., (1998)
used Sephacryel S-100 and HiTrap Q in a proeeupurify then-amylase
from Thermophilic alkaliphilidBacillus sp. , they obtained a specific activity
of 921.0 U/mg , purification folds of 708 .5 ancklg 13.2 % ,Abect.al,(
1994) purifieda-amylase fromXanthomonas campestris K-1151 by means of
Cm- Toyopearl and phenyl-Toyopearl achieving acH activity of 256
U/mg and 36% vyield .
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Chapter four

Table (4.5):

stearothermophilus M13 in TSM medium

Results and Discussion

purification steps of e-amylase produced by B.
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Figure (4. 5) : DEAE-Sephadex lon- Exchange Chromagraphy column
(2.5 X 35)cm .washing step with 0.005 M PhosphaBaffer pH 7.0 at
flow rate of 30 ml/h. and 5ml /frac.
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Figure(4.6):DAEA-Sephadex ion Exchange chromatogrdpy column
(2.5 X35) cm.(Elution step) ,enzyme recovered witlanear salt gradient
(0.005 M Phosphate Buffer — 1 M NaCl )pH 7.0 atidw rate 30 ml/h.

5mil/frac.

21



CRAPEET fOUT et Results and Discussion

0.50 — — 030
o —Jl— Absorbancy
—&A— Enzyme activify] °%°
0.40 —
0.35 |- =
g — 0.2G
) )
Q030 — Z
2
— - —
© =
> 025 | - 0157
(6]
c ©
g :
o) 0.20 — =,
8 —o 1%
< 0.15 |-
0.10 —
— 0.05
0.05 |-
0.00 T | T T 0.00
5.00 15.00 25.00 35.00
10.00 20.00 30.00 40.00
Fraction No.

Figure :(4.7) Sephadex G-100 gel filtration, chrom@graphy for active
fraction from DEAE- Sephadex “peakb “, column was run onto 1.3 X 35-
cm Sephadex G-100. The column was equilibrated with0.005M
phosphate buffer (pH 7.0), the elution at rate of @ ml/hr, 5ml/ frac.

4.6 Characterization ofa -amylase

4.6.1 a-amylase partial purity (Electrophoresis under Non-denaturized
Conditions

The purity of then-amylase produced bi. stearothermophilus M13
was initially identified by gel filtration Sephadé®-100 technique through
obtaining a single sharp peak of activity matching peak of protein. With
the aim of confirming the result, another step wase described as protein

electrophoresis under denaturized and non-denatuganditions.
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The electrophoresis efamylase purified by gel filtration, on polyacrylaia
gel under non-denaturized conditions was done. réig4g.8) showed the
pattern ofa-amylase electrophoresis , in which one single baasl detected
after staining the gel with Coomassie brilliantdlR-250 dye ( figure 4.8-A)
,and one single band was visualized in the gelrged with 1.5% starch
grains ,then stained with the activity dye " iaglir(figure 4.8-B).It is clear
that the band is localized near the upper pathefgel after about 3 .5
hours, which could be explained that the enzymeeuntbn-denaturized
condition has no enough counter-charge densityit{(pely charged ) at pH
6.8- 8.3 that could be driven towards the anodele.p The protein
immigration on the gel depends on the net chargsityeof protein at a given
pH and the configuration of it (Johanstone and rpeo,1987; Shi and
Jackowski , 1998). The presence of a single bang mdicate the
homogeneity of enzyme . Liat al.(1998) obtained two isoenzymes for
amylase by electrophoresis depending on the acttdtining ,then it found
a single band for each isoenzyme using SDS-PAG&Smetimes , it is
confusing to determine clearly the single individieand using PAGE
because of there are several possible explanatmnghe multiple forms
(Isozymes) of amylases, including the purificatiprocedures themselves,
protease(s) hydrolysis carbohydrate content anteipr aggregation during
electrophoresis (Shih and Labbe,1995).

The result of this study is much similar to tbat Pfueller and Elliott
(1969) who reported that one single bandif@mylase was visualized by the
activity staining (lodine), using non-denaturizezhditions for PAGE , near
the upper part of gel .
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Figure(4.8):Polyacrylamide Gel Electrophoresis “PA&” (7.5%) for
a- amylase purified from B. stearothermophilus M13(amplified by S-
splane programm).

A- Purified enzyme visualized by Coomassie brillian blue(R-250)
staining

B- Purified enzyme visualized by activity dying "ugol's dye"

Red arrows indicated positions of the partially purfied a-amylase band

4.6.2 Determination ofa-amylase molecular weight (Mr)
The Mr ofa-amylase was determined using two methods :
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1- Gel filtration method

Sephadex G-100 column (2.6 x 35) was used to eitha molecular
weight (Mr) of a-amylase, as blue dextrane was used to determen&dikl
volume of column .When the Ve/Vo was plotted agaiagarithm of the Mr,
the Mr was estimated to be " 56234 " Dalton fig#€eld) in which that
value is closer to what some previous studies wepmrted using gel
filtration, Pfueller and Elliott(1969) determinieet Mr of a-amylase produced
by B. stearothermophilus using gel-filtration to be 53000 Dalton , whileet
Mr of thermophilic extracellulas-amylase produced 3. licheniformis was
estimated to be 22500 Dalton ( Saito ,1973) #edd.9) showed the elution
of blue dextrane, which has Mr of 2.6 x®IDalton, the presence of shoulder
during the elution could be due to the degradatibit for its big molecular

weight.
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Figure (4.9): Sephadex G-100 gel filtration chromaigraphy of Blue -
dextrane, was applied in 1.3 X 35-cm Sephadex G{0column.
Equilibrated with 0.005 phosphate buffer (pH 7.5) the elution rate of 30
ml/hr, 5ml /frac.
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Figure (4.10) showed the elution of Alkalan@gbhatase which has Mr of
160000 Dalton, which is considered as a high Mitgino , one single peak
was detected as well as small peak which couldxptamed as degradation

of the main protein into small fractions .

0.D 280 nm

123456789 1011121314151617181920212223242526272829303132333435363738
fraction No.

Figure (4.10) :Sephadex G-100 gel filtration of Walane Phosphatase ,
column was applied in 1.3 X 35-cm Sephadex G-100olgmn.

Equilibrated with 0.005M phosphate buffer (pH 7.5),the elution rate of
30ml/hr, 5ml /frac.

In the figure (4.11), the chromatography of BSA,iehhhas Mr of 76000

Dalton , one single peak was detected .
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Figure (4.11): Sephadex G-100 gel filtration chrom@agraphy of BSA ,
column was applied in 1.3 X 35-cm Sephadex G-100olemn.
Equilibrated with 0.005M phosphate buffer (pH 7.0),the elution rate of
30ml/hr, 5ml /frac.

Figure (4.12) showed the chromatography of Lysozymich was

considered as low Mr protein of 14400 Dalton . Gimgle peak was detected
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Figure:(4.12) Sephadex G-100 gel filtration chromaigraphy of
Lysozyme; column was applied in 1.3 X 35-cm Sephadex G-100 column.
Equilibrated with 0.005M phosphate buffer (pH 7.0),the elution rate of
30ml/hr, 5ml /ffrac.

(Figure 4.13) showed the chromatography of Ovateans which has Mr of

76000 Dalton , one single peak was detected .
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Figure (4.13): Sephadex G-100 gel filtration chromagraphy of

Ovatrnsferrin; column applied in 1.3 X 35-cm Sephadex G-100. The
column was equilibrated with 0.005M phosphate buffe (pH 7.5), the

elution, at rate of 30ml/hr, was performed with thesame buffer and 5-ml

fractions were collected.
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Figure (4.14): logarithms ofa-amylase molecular weight as a function of
the elution volume (\.) and the ratios of the elution volume to the void
volume (Vi/Vy)

2- Sodium dodecyl sulfate-polyacrylamide gel eleatphoresis” SDS-
PAGE”

The Mr ofa-amylase was determined by SDS-PAGE in which thhe M
was determined based on known standard protethen the molecular
weight was calculated using PhotoCaptMw and Phopact softwares that
were originally designed to help the biologist imetmolecular weight
calculations , the Mr was determined to be ( 582 ) figure(4-15 A,B).

Monomeric structure was revealed by this technidgpgeause of only
one single band visualized , most studies mendiotigat results , in which
they were similar to those previously reportechgsEDS-PAGE method .
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Shawet al. (1995) showed that theamylase produced bhermus sp.
had Mr of (59000 Da)as a monomeric protein ,whiiba et al.(1983)
mentioned the Mr ofa-amylase produced bf. stearothermophilus was
53000 Da. Igarastlet al.( 1998) reported that the Mr ofamylase produced
by Alkaliphilic Bacillus sp. was 5300@a . On other handXanthomonas
campestris produceda-amylase of Mr about 55000 (Abet al., 1994).
Bakhmatovaet al.( 1984) reported that three different variantBosubtilis
produced three differemt-amylase in their Mg 56000,57000 and 58000 Da.

A B

150 kDa ™=

80 kDa

67 kDa

50 kDa <G
20 kD3

14 kDa

f

Figure (4.15 A): Estimation of thea-amylase Mr by SDS —PAGE using
PhotCaptMr software (amplified by S-splane progran).

A) Mr protein markers

B) a-amylase fromB. stearothermophilus M13

Red arrow indicateda-amylase band position
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Figure (4.15 B):Calculation ofa-amylase Mr processed by PhotoCaptMw
version 10.01 and Photo impact softwares.

L1: standard proteins
L2: a-amylase band

4.6.3 Optimal pH for a-amylase activity

The optimal pH foru-amylase activity was studied in range of ( 5.0-
8.5), figure (4.16) in which the optimal pH valugr fmaximal activity was
determined at value of 7.0, the activity was 0.thlJ/the enzyme displayed
an activity curve over broad pH range , the dee@@ashe activity was at the
extreme values of acidity (5.0-6.0) , alkalinity8(0-8.5) which could be

explained as the active sites on enzyme are frelyusmmposed of ionizable
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groups that must be in the proper ionic form ineordo maintain the
conformation of the active sites or change the iganétion of the enzyme
itself ( Segel,1976). Concerning the results ef ¢tther studies, the optimal
pH for a-amylase maximal activity produced By stearothermophilus was
6.9 which is similar to the results of Srivastaaad Baruah(1986).
Bakhmatovaet al. (1983) indicted that the optimal pH faramylases
produced by variants ddacillus subtilis was within the acidic pH range(4.5-
5.0) , while the optimal pH fax-amylase produced . amyloliquefaciens
was at pH 6.0 (Kochhar and Dua 1982), which islamto optimal pH for
activity of that produced bglostridium perfringens ( Shih and Labbe
,1995) . The optimal pH for maximal activity ofi-amylase produced by
Pyrococcus furiosus was 5.5 ( Dongt al., 1997). Saito(1973) mentioned that
the optimal pH for-amylase produced . licheniformis was at 9.0 , which
is similar to the findings of Krishnan and Chaa(d®83) in activity ofo-
amylase fronB. licheniformis was at pH of 9.0 ; also the activity of enzyme
was reduced when Tris- hydrochloride and carbehai@bonate buffers
were used .In other studies, the optimal pHxafmylase maximal activity
produced byXanthomonas campestris was 4.5 which is acidic (Abet
al.,1994), while the pH of maximal activity far-amylase produced by
Akaliphilic Bacilluswas in alkalane range (8.0-8.5) ( Igaraghal., 1998; Lin
etal., 1998) .
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Figure (4.16) :Optimal pH for a-amylase activiy

4.6.4 Effect of pH ona-amylase stability

With the aim of investigating The optimal pH fotalsility of
a-amylase ,the enzyme was incubated in a bufferlgtgpwith CaCj} 0.005
M ( pH range 4-11) at 60°C for 30 min. The regfijure 4.17) showed the
enzyme had excellent stability at pH range (6.50},8vhile the stability was
decreasing as it went toward the extreme aciditglkalinity , by which the
enzyme lost more than 50 % of its original actiaty pH 5.0 and pH 10.0)
.While, it showed about (40-50 %)of the remainicg\aty at ( pH 4.0- 10.5),
which could be an advantage for utilizing the engym some industrial
purposes like detergents in which the pH is alkalanwashing conditions
( Ito and Horikoshi ,2004).The effect of pH on wme stability could be
explained in the formation of improper ionic forrh @nzyme or the active

sites ,irreversible inactivation . The stability ehzyme depends on many
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factors such as temperature, ionic strength ,cl@meature of buffer |,
concentration of various preservatives , concaptraif metal ions , substrate
or factors and enzyme concentration (Segel ,1976).

Concerning the results of other studies, dhemylase produced bgacillus
stearothermophilus was stable at pH range (6.0-11) while thamylase
produced byB. amyloliguefaciens was stable at pH (6-9.5) for 24 h. in the
presence of calcium ion (Kochhar and Dua, 1983mylase produced by
Bacillus licheniformis was stable at pH rang (6- 11) after the incubatorn
30min and 24 hr., and in another study it waslstab pH range (7.0-9.0)
(Krishnan and Chandra, 1983) .
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Figure (4.17): a-amylase stability at different pH values, suppliedwith
0.005 M CaCl
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The a-amylase produced bylostridium perfringens showed a relative
stability at pH range (5.0-9.5§Shih and Labbe, 1995)Xanthomonas
campestris produceda-amylase which was stable at pH range (4.5-5.0)
(Abe et al., 1994). Whilea-amylase produced by alkliphili8acillus sp. had
pH range of stability at (6.0-10). (Igarasdial., 1998).0n other handy-
amylase from another alkaliphiliBacillus sp. had pH of stability at (8.5-
9.0)(Linet al.,1998).

4.6.5 Optimal temperature fora-amylase activity

The results in figure (4.18) showed that the makiactivity was at
60°C, while the activity decreased before and &62C. The increase in the
temperature resulted in imparting more kinetic gpeto the reactant
molecules, resulting in more productive collsoper unit time ,but that
should be within the intact and proper configunataf tertiary structure of
enzyme in which the tertiary structure of an enzysmaintained primarily
by a large number of weak non-covalent bonds ,8meiimolecule absorbs too
much energy , the tertiary structure will disrupidathe enzyme will be

denatured ,that is ,loss of catalytic activity @etP76).

Activity

Adtivity Uni
|

Figure (4.18): Optimal Temperature for a-amylase activity
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Concerning the results of other studies, the optitesnperature for
thermostable-amylase activity produced [Bacillus stear other mophilus was

at 40°C (Aibaet al., 1983)while in another study it was at 82°C (Srivastava
and Baruah, 1986). The maximal activity teamylase produced kgacillus
licheniformis was at 90°C (Krishnan and Chandra, 1983). Saito
(1973)reported that the optimal temperature foreheyme was at 76°Co-
amylase produced bi. amyloliquefaciens showed the maximal activity at
temperature of 65°C. (Kochhar and Dua, 1983).Omrotfand, The optimal
temperature fora-amylase produce by alkaliphilic and non-alkalihil
Bacillus sp. was at 55°C( Igarasé#tial.,1998; Teodoro and Martins, 2000) ,in
another study, it was at 70°C ( Lehal. ,1998). The optimal temperature for
a-amylase activity produced byClostridium perfringens and C.
aceotbutylicum was at 45°C. (Paquet al.,1991;Shih and Labbe, 1995). The
maximal activity for a-amylase ofPyrococcus furiosus was at 100°C(
Ladermanet al., 1993;Dong et al., 1997)while the optimal temperature for
a-amylase activity produced higermos sp. was at 70°C (Shasval., 1995) .

4.6.6 Effect of temperature orw-amylase stability

Results (figure 4.19) revealed that the stabibifya-amylase in the
presence of CagWwith 100 % of the remaining activity was up to °ZD for
30 minutes ,then the stability decreased to be tab6% of the remaining
activity at 90°C , and eliminated at 100°C. Thespree of C4 ions had a
positive effect on the thermostability of other dotg enzymes, in which it
was supposed that the ions were acting as safinobridges between two
adjacent amino acids residues . The binding of' Gan was shown to
increase theu-helical structure of a-amylase produced by alkaliphilic and
thermophilic Bacillus sp..(Lin et al., 1998), in the same aspegtamylase

produced by alkaliphili®acillus sp. retained 100 % of the original activity
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after 60 min. of incubation at 45°C , and 3% of temaining activity after
treatment at 60°C for 60 min.( Igarashial., 1998)Xanthomonas campestris
producedo-amylase was stable up to 55°C for 30 min.(&bal.,1994).The
a-amylase produced b@lostridium perfringens was stable in the presence of
Ca&* with 100% of remaining activity up to 45°C, ancetththe stability
lowered (Shih and Labbe, 1995).While that produiced . acetobutylicum
retained about 30% of the remaining activity afteatment at 45°C for 60
min.( Paquett al., 1991)a-amylase produced Bacillus stear othermophilus
retained about 25% of the remaining activity at®@GCifter 60 min. in the
presence of Ca ( Srivastava and Baruah,1986).While Aaal., (1983)
reported that ther-amylase retained about 60% of the remaining agtivi
after treatment at 80°C for 60 min.

The a-amylase produced bB. amyloliquefeaciens retained 100% of the
activity for 24 hr. at 65°C then half life 0.5 hr. at 90 °C( Kochhar and Dua
,1982).Thea-enzyme produced bB. licheniformis was 100% stable below
50°C and it lost the activity at 90°C in the absen€ substrate (Krishnan and
Chandra, 1983). While Saito(1973) reported thatithenylase retained 100%
of the original activity after treatment below 60°6Gamylase produced by
Thermus sp. retained about 20 % of the remaining actiaitgr treatment at
80°C for 15min. ,the thermophilic trait fe-amylase could be used in the
cake baking industry because the enzyme activithethermophilic nature
ceases as the temperature approaches and pass@ghthine temperature
range of gelatinization (70-80 °C) ,this also pd®s a means to control
dextrin formation . (Shawt al., 1995).
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Figure (4.19). The effect of temperature ona-amylase stability in
presence of 0.005 M CaGl for 30 minutes

4.7 Immobilization of a-amylase

The immobilization of enzyme on insoluble suppopsovides a
stabilization effect at elevated temperature and Tit¢ stabilization depends
on the position of the support attachment to tloggim molecule. (Taznost
al., 2003) .Results (figure 4.20,4.21) showed the imhz#a o-amylase by
calcium alginate in which the remaining activitycdsased , retaining about
40% of the remaining activity on 95lay after the immobilization , when it
stored at 4°C . , the reasons behind the lowerinth® activity along the
storage period could be due to the nature of tgenate, buffering of the
solution and Change in the configuration of enzwiemg the period.

a-amylase was immobilized using cellulose fibersrfrbagasse where
oxidized by periodic acid to obtain dialdehyde @else. Which they did react
with amino groups of thermostableamylase. The immobilized-amylase
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from B. licheniformis was able to liquefy the starch in 10 cycles oSegun
which the only 3 cycles of reuse of operation wastlvbetter than the free
enzyme at 40 °C and pH 7.0. ( Varavsial., 2002). Lectin concanavalin A
(Con A), from jack beanCanavalia ensiformis) was observed to form more
extensive precipitates withenzymes,this was used as a matrix for
immobilization of glycoamylase, in which they obssat about 2.1 fold
increases in the activity and another technique aygdied ,it was termed a
multiple- bioaffinity layering techniquéMislovicova et al., 2000).Silica-
bound enzyme is extremely stable at 40°C, the dpgréemperature of the
pilot plant column, and in 30% dextrin solutionse textrapolated half-life is
several years. The measured half-lives ranged #é&nhr at 70°C to 519 hr at
55°C (Reilly, 1976)Glucoamylases were entrapped in cellulose triagetat
fibers and immobilized glucoamylase had been byalemt attachment to
organic and inorganic carriers, including low-cosgnetic support (Pieters
and Bardeletti, 1992).

Calcium alginate and chitosane gel beads whichb&eli high yield
was used in immobilization ddacillus polymyaxa in production ofu-amylase
(Rodziewicz and Rymowicz, 1999).lvanow al.( 1995) used different
techniques in the immobilization of growing ceBscillus licheniformis
producing thermostable-amylase (Ca-Alginate-Carrageenan, Agar, and
their combinations with polyethylene oxide) , agdmn on cut disks of
polymerized polyethylene oxide , and fixation @mrnfaldehyde activated
acrylonitrile-acrylamide membranes , when an enzgoigrity of 2750 U/mL
culture medium was reached in the fifth repeatedhbeun with membrane-
immobilized Bacillus licheniformis cells. While, Dobreva( 1998) obtained
the higher amylase yield (62% increase of the obntand operational
stability (97% residual activity after 480 hr. reped batch cultivation) was

obtained using formaldehyde-activated polysulphoeenbranes.
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Immobilization on paramagnetic polyacrolein bea@s wsed witlu-amylase
by Varlanet al. (1996), in which they reported less of the atticompared
to the control. Thermostable maltogenic amylase mfroBacillus
stear othermophilus for continuous was immobilized using bed columeacter
and showed a remaining activity of 50% up to 20sdayd gradually
decreased to 40% over 37 days of continuous prdsesget al., 1997).

100.00

80.00 —

60.00 —

Remaining activity %

40.00 —

20.00 ;

[ ' [ ' I
0.00 10.00 20.00 30.00)
storage (days)

Figure (4.20): a-amylase activity immobilized onto Calcium alginate
storage at4 °C .
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Figure (4.21): a-amylase immobilized onto Calcium alginate
4.8 Neutralization ofa-amylase by its anti-amylase sera

Results in (figure 4.22) showed the remaining agtiafter treatment the-
amylase (purified by ion-exchange chromatograpsyh4d.6% compared with
control. This could be interpreted that the anti®se serum could block
about 37.4 % of the active sites where the bindimguld be happened, and it
indicated thata-amylase is an  immunogenic material for stimolatthe
immunity system and for availability the basic regqments for that ;
foreignness , high molecular weight ,chemical caxrpy and degradability
(Benjaminiet al., 2000)The cross- reaction occurred between thecluoigl
antibody and the enzyme which caused the decreasitige activity with
37.4%, because theamylase as a immunogenic protein could stimulage t
formation of antibodies against the epitopes ,rmitall the active sites were

epitopes ,that could explain why the activity wasréased with only 37.4% .
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which could be used as a new approach to assayadingty and in the
purification using the affinity method of purificah based on specific
monoclonal antibodies againsamylase protein(s ).

Yamaguchiet al. (1974a,b); Yoneda and Maruo, (1975) neutralize a-
amylase activity with anti-amylase serum and cahelfrom the degree of
neutralization the immunogenic alternation amorféeent strain ofBacillus

subtilis producing thei-amylase as a marker for the genetic analysis.

120%

100%
100%

62.60%

60% <

reamiming activity %

40% 4

20% <

0%

control Anti-AmyIase sera treatment

Figure (4.22): Neutralization ofa-amylase by anti-sera
4.9 Ascending paper chromatography oé-amylase Products

The time course fom-amylase action on the soluble starch was
investigated via paper chromatography to find thet mode of action on
soluble starch.

The results in (figure 4.23) were obtained fronfetgnt samples taken
from the reaction mixture during intervals. Afteb 4nin of the reaction
starting , the final product was maltose and glacesd two unknown
compounds in which it was difficult to identifyeém because the lack of
possible matching standards compounds, while orditase and unknown
compound were formed after 5 and 10 min. The pabeomatography

technique based on two phenomena molecules drdrit substances will
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generally have different attractive adsorption ésr¢o the cellulose fibers of
which a paper is made and molecules of differemsttutions of a mixture
dissolved in a water- immiscible solvent will paan themselves in
differerent degrees between this adsorbed watdreotellulose fibers and the
solvent .(Budhiraja ,2004).

Satohet al. (1993) investigated the products @famylase action on
soluble starch through intervals, they could idgrdi series of oligosugares
(G3, G4, G5 and G6) which among the products atbégnning of the
reaction because the random actiorm-@mylase, finally, at the end products
were identified as glucose and maltose .

Aiba et.al,.( 1983) used a paper chromatography techniqueetidy\the a-
amylase by investigating the productseedmylase action on soluble starch,
which revealed the presence of glucose, maltose aigbsaccharides
containing three, four , five and more glucosesinit

A high-performance anion-exchange chromatographyg waed to

identify the product ofu-amylase action on soluble starch ( Shewal.,
1995;Dong et al., 1997) . Paquett al.( 1991) reported that the final products
of a-amylase products bg. acetobutylicum were maltotriose, maltose and
glucose which explained the mode of attacking threds .
Igarashiet al.(1998) used both TLC and HPLC techniques to ingagi the
final products of a-amylase action on the starch ,amylose ,amylopectth
glycogen .The results were similar to the prestmdys,but for hydrolysis of
starch, the final products were ( G1,G2 and G3).
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Solvent front

—>
>

starting line

12 3 4 5 9

Figure (4.23): Ascending paper chromatograms of hyolysis products by
action of a- amylase on soluble corn starch

1. Standard glucose . Standard maltose

3. sample after 5min. of reaction 4. sampbdter 10 min. of reaction
5. sample after 45 min. of reaction 6. Control sapie ( D.W.) used in
preparing standards sugars

4.10 Antibiotics susceptibility
The standard disk diffusion method was used to rombte the

susceptibility of Bacillus stearothermophilus M13 to several antibiotics.

Results (table 4.6) showed Antibiotic susceptipibf B. stearothermophilus
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M13 to six out of seven different antibiotics tmapresent a major group of
Antibiotic families used nowadays around the world

B. stearothermophilus M13 was susceptible to all studied antibioticseptc
for Aztreonam (ATM), in which it was resistant. Heeresults could be
interpreted in which the Ampicillin (Am) and Periici (P) belong to the
penicillin family and the mechanism of resistanz¢his kind depends on the
presence op-lactamase (which is either chromosomally or plasencoded
and most of these plasmids are self transmissildenpds )( Prescotét
al.,1990) or due to the lack of penicillin bindingopins (PBPs) and
microorganisms may change their permeability to dineg( Malkawi and
Youssef ,1996) , so the Bacteria may shovwg#actamase activity . On other
hand , Aslimet al.( 2002) reported that a fefdacillus spp. strains isolated
from soil were resistant to antibiotics under stuthey were sensitive to
vancomycin, chloramphenicol, tetracyclane, gentamicerithromycin,
cephalothin and ampicillin . Imanala al. ( 1981) isolated ten different
plasmids for antibiotic resistance from thermoighBacillus sp. ,some of
them were associated with resistances to thecyefeme , erythromycin
,Streptomycin and kanamyciyB. stearothermophilus was sensitive to several
antibiotics, except for tetracyclane. With the gtamn to the tetracyclane the
antibiotic resistance generally was not associatgd plasmid (Claus and
Berkeley 1986).Tanaka and Koshikawa ( 1977) isolated foypes of
plasmids fromBaciulls subtilis with no resistance to the common antibiotics ,
such as chloramphinicol, tetracyclane, streptomyampicillin and heavy
metal ,HgC} neither production of bacteriocins ,so the fumtdi specified by
the plasmids remained unknown. The sensitivity esigtance to different
antibiotics was partially associated with theesaiing of plasmid in thB.
stearothermophilus M13, the result of the primary screening for tmesgnce

of plasmid proved no plasmids of any kind .
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Table (4.6): susceptibility of Bacillus stearothermophilus M13 to some
antibiotics.

Antibiotic Abbreviation Susceptibili

 Imipenem B IPM i  Sensitive
Norfloxacin ___NOR ___§ __ Sensitive |
__Gentamicin § __CN___J§ __Sensitive |
__Penicillin_§ P ____J§  Sensitve |

Amipcilin AM Sensitive
Aztreonem ATM Resistant

4.11 Cloning of B. stearothermophilus M13 a-amylase gene in pBR22

vector

Genomic DNA was isolated from this bacterium usting procedures
of CTAB and salting out with some modificatioms which the lysozyme
final concentration increased to be 2 mg/ml. afitet DNA electrophoresis
was done using 0.4 and 0.9 % agarose, the resalwesh no detectable
plasmids To confirm the results, alkalane extraction procedwas done in
an attempt to isolate the possible plasmid, if aflye result revealed no
detectable plasmid of any size and kind ( figut&44ianes A and B.

The chromosomal DNA band was very sharp whichcaugdid the

efficiency of the isolation and purification appcbas and no degradation was
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happened due to the exonuclesaes activity , Thgypatio (OD,sfOD,g)
was 1.8 that allowed for the next cloning stepsuriggd.24) (Maniatiset
al.,1982) .Then it was partially digested Byndlll ( figure 4.25) .The partial
digestion made the probability of obtaining theatti-amylase gene(s) much
higher than the complete digestion in cloning expents ( sambrook and
Russell,2001). The restriction enzyme was freqyamkd in order to get the
gene ofa-amylase on intact DNA fragment to be able to egprusing of
appropriate expression system (Adtal., 1983;Rodriguez and Tait, 1983) .
The pBR322 vector was purified from the hokt coli HB101 strain using
CsCI/EtBr gradient ultracentrifugation as (figur2@) showed sharp band of
covalently closed circular DNA plasmid. Because ptdismid DNA also
behaved differently front.coli DNA when centrifuged to equilibrium in
cesium chloride gradients containing saturated tfieshof ethidium bromide
as intercalating dye which bind to lanear DNA wascm more than to the
plasmid and therefore bands at a higher densibgesmum chloride gradients
contained an intercalating agent( Mania#sal.,1982), Then was digested
with Hindlll that made a single cut in tetracyclane geméhg cloning could
be set up using insertional inactivation stratéthen it was treated with
calf intestine alkalane phosphatase to remove &Sgdtates from both ends of
the lanear DNA because in the construction of ammasomal DNA gene
bank ,it is desirable to optimize the formationre€ombinant molecules as
opposed to non-recombinant DNA molecules . This lmarmccomplished by
either ligating a 10-20 fold excess of chromosoBEA to the vector DNA
(or )by pretreating the plasmid vector with alk&grhosphatase to prevent
recircularization of digested plasmids or two orrendigested plasmid in the
reaction mixtures ( Rodriguez and Tait,1983) .

The restricted fragments dBacillus stearothermophilus M13 genome
were ligated together using T4 ligase to ligatedbleesive ends of both insert
and host DNA (figure 4-27,lane B,C,D and E)(figu8) , then the AmyE.
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coli MM 294 was transformed with a recombinant vectoarrying the
desiredn-amylase gene .

3847 transformants were resistant to the ampicitra primary screening in
which the cloning in pBB22 usingHindlll usually inactivates a gene
necessary for the tetracyclane resistances ;didg clones out of those
( 0.13 %) were able to produaeamylase tested by replica plating on the
starch media after staining with lugol's solutiona comparison with the
control sample (figure 4-30,A-B).

The five transformant£.coli MA 1,MA2,MA3,MA4 and MAS5 showed
a-amylase activity. The DNA of transformants wasracted and revealed
harboring of hybrid plasmid termed as “pMA 322”; which revealed a
molecular weight of 1790 bp (figure 4.28) thatswealculated using
PhotoCaptMw figure(4.29) as it was concluded frdma fiterature that the
length of amylase gene was about 1.8 Kbp . Theimgsk) bases may be due
to the technical calculation of the sharp accunadéecular weight during the
study or may the gene be truncated in the promoéeea in which the
structural gene was intact as indicated by exprassi thea-amylase gene of
the cloned cells in the solid and liquid .In angywsequencing should be
done to determine which one happened .

restriction enzyme was frequently used in ordegdbthe gene af-amylase
on intact DNA fragment be able to express usingr@mriate expression
system (Aibeaet al., 1983;Rodriguez and Tait, 1983) .

The size of cloned fragment carrying tlkeamylase gene was
estimated of "1790bp ".It has been shown throughyprevious studies that
a-amylase gene was isolated frdacillus . spp. and cloned in different
expression systems . Ailehal.(1983) cloned the-amylase gene iBacillus
by the digestion of the pTB90 and the genomic DN&tiplly by Hindlll,
while Mielenz (1983) cloned the Amylase InE.coli and thex-amylase was

expressed using pBB22 as a vector , in which thB. stearothermophilus
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genomic DNA and the vector were cleaved whtimdIIl ; then ligated as
ratio of 4: 1 , the cloned fragment was of 5.4 Kkpwas confirmed by many
similar studies that the structural gene éeamylase enzymamyE, and its
regulatory geneamyR are closely linked on the genetic map of Baeubtilis
chromosome (Yamaguchi al., 1974b). a-amylase's promotamyP contains
an essential TGTG motif( -16 region) upstream ef+t0 region ( Martin and
Chambliss,1998). A great deal of cloning has besmedn many different
microorganisms, mostly int&.coli which was applied as expression system
for many sources af-amylase gene. Satehal.(1993) cloned twa-amylase
genes frontreptococcus bovis 148 chromosomal DNA i&.coli using pBR
322 vector ; They were expressed successfully in both forward and opposite
orientation that could explain that the cloned fnegt had its promoter that it
is fully functional in E.coli. cloning a-amylase via cosmid was applied in
some studies, Coronadb al.(2000) constructe¢éialomonas meridiana gene
bank in broad-host rang cosmid pVK102 by partigegtion of genomic
DNA with Hindlll , then in vitro packing to infect thE.coli. HB101 ., Dong
et al.(1997) cloned and a sequenceosémylase 2.6 kb froniPyrococcus
furiosus in E.coli . Cloning using PCR technique was applied fonicig o-
amylase gene from hyperthermophilic archeabactepwracoccus furiosus
using three primers the amplified fragments wasriesl inPst | site of pTV
118N and transfornf.coli JM109 .The length of fragment was 5.3 kb. An
a-amylase gene frorBacillus sp. strain TS-23 was cloned and expressed by
using recombinant plasmid pTS917 k& coli. SDS-polyacrylamide gel
electrophoresis showed an apparent protein banth witmol. wt of
approximately 65000. The amylase gear@yA) consisted of an open reading
frame of 1845 bp (Liret al., 1997)

Gene encoding the-amylase ofXanthomonas campestris K-11151
was cloned intcE. coli using pUC19 as a vector. An ORF of 1578 bp was
deduced to be theamylase structural gene.( Abeal., 1996).
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Figure(4-24): Agarose gel (0.9%) electrophoresis &:. stearothermophilus

M13 chromosomal DNA :
Lane A: Genomic DNA of B. stearothermophilus M13 Isolated by

salting out method.
Lane B: Genomic DNA of B. stearothermophilus M13 Isolated by

Alkalane lysis method.
5V/cm, 90 min.
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Figure(4-25): Agarose gel (0.9%) electrophoresis &:. stearothermophilus
M13 chromosomal DNA digested wittHindlll , at 75V

Lane A: Genomic DNA of B. stearothermophilus M13 Isolated by salting
out method patrtially digested by Hindlll

Lane B: Genomic DNA of B. stearothermophilus M13 Isolated by
alkalane lysis method partially digested byHindlll

5V/cm, 120 min.
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Figure (4- 26): Purification of the pBR 322 Vector by ultracentrifugation
with CsCI/EtBr Gradients:
A: The CCC plasmid band as observed in dark rom (blue Arrow)
B: The CCC plasmid band as observed in lightaom (blue Arrow)
Red Arrow indicated nicked circular or lanearchromosomal DNA
Black Arrow indicated proteins
45,000rpm,16hr
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Figure (4-27) :Agarose gel (0.9%) electrophoresid bgated DNA
Lane A: ligation reaction (control)

Lane B: ligation reaction, experiment 1

Lane C: ligation reaction, experiment 2

Lane D: ligation reaction, experiment 3

Lane E: ligation reaction, experiment 4

5V/Cm, 60min.
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Figure (4-28): Agarose (0.9%) gel electrophoresid ¢

Lane A: ligation yield from experiment 2

Lane B: ligation yield from experiment 3

Lane C: partial digestion of B. stearothermophilus M13 genomic DNA
Lane D: Junk DNA

Lane E: Junk DNA

Lane F: (black Arrow) pMA 322 from the Transformant E.coli MM 294
producing recombinant a-Amylase

5V/Cm,120min.
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Figure (4-29): Estimation of pMA 322 molecular wei@t, using
PhotoCapMw Software using agarose (0.9%) gel eleciphoresis .

Lane 1: The hybrid pAM 322 extracted fromE.coli AM1

Lane 2: molecular weight (standard markers) ofA DNA digested with
Pstl

5V/Cm ,120 min.

4.12 Expression of recombinant a-amylase gene in the
transformant E. coli harboring pMA 322
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The transformantE.coli MA1 harboring pMA 322 expressed
successfully the cloned-amylase on starch medium incubated at 37°C, as
appeared in figure (4.30-B) in comparison with tegative control plate of
E.coli MM294 Amy" fig(4.30-A).

A B

Figure (4.30) :Expression ofu-amylase gene cloned into pBR22 on solid
medium supplied with starch , streaking , incubatedor 24hrs at 37°C

A: control, E.coli MM294, Amy -
B: Transformant E.coli MAL harboring pMA 322

The specific activity was assayed for the cruderaext of the five
transformantsk.coli MA1, MA2, MA3, MA4 and MA5 .The results in
(Table 4-7) showed that the coli MAL1 was the highest one in tlheamylase
specific activity among the transformants , butvdas less than that d.
stear othermophilus M13 which has specific activity 0.055 U/mg . Thimglst
decrease in the activity could be attributed to yndactors such as
physiological differences betwe&acillus sp. ance. coli MM 294 ,and the
transcription and translation mechanisms ( AlDQ2) or may be due to the
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gene dosage ofi-amylase that encoded for it as a multicopy nungiagre in
the original host B. stearothermophilus M13 “ and when the gene cloned in
the new host ,it occurred as one or less copytiaoriginal . It is a fact that
increasing the number of copies of a gene is likelyncrease the amount of
the particular gene product that is manufacturethkyhost cell , which may
be recompensed by cloning multiple tandem copiea geéne into vector (
Lewin,1998)

This slight decrease in the specific activity coubg favored to the
recombinanti-amylase produced by thecoli recognized by the absences of
contaminating protease which was co-produced in twor strain
(Manonmani and Kunhi,1999).

One of the aims of the present study is to atterigoting ofa-amylase and to
investigate the expression of it, regardless ofamm®unt of the producedt
amylase, for which future studies should be da@c¢o either optimize the
production conditions ofi-amylase by th&.coli MA1 , investigate the other
reasons behind the lowering of the specific actioit to elevatea-amylase
specific activity in a liquid medium or cloning magopies fora-amylase
gene in the other vectors usiig coli or other microorganisms as suitable

hosts .

Table (4-7): The specific activity of a-amylase produced by
transformants E.coli MA isolates harboring plasmid pMA322 carrying
recombinant a-amylase gene.

E.coli E.coli E.coli E.coli E.coli
MA1 MA2 MA3 MA4 MA5

Transformant
isolates

Specific

activity

U/mg
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Conclusions

1. Bacillus stearothermophilus M13 produced a valuable amount of
a-Amylase among the local thermophilic isolatesat #tould be used in
many industrial applications.

2. The optimal conditions for-Amylase production and b¥acillus
stearothermophilus M13 were determined ;represented by TSM
medium, at 55 °C , late log and early stationdugse of growth .

3. a-amylase showed a high activity at pH 7.0 with ditgdat pH range
(6.5-8.0), and a high activity at 70°C with 100%tlee remaining
activity .while, at 90°C showed 55% of the remagnactivity .

4. The purification protocol included DEAE —sephader Exchange and
gel filtration gel were recommended.

5. Four possible forms (a, b, ¢ and d) of enzyme veduéed from ion-
exchange chromatography in which “b” showed thgghést specific
activity among them , and the overall activity nieydue to it namely.

6. Molecular weight ofu-amylase was" 56234 Da.” when estimated by
gel filtration and “55426 Da.” when estimated byp$® PAGE
technique .

7. TLC technique was applied to verify theAmylase time-effect —
products in which monosaccharide and disacchamdgs among the
products.

8. a-Amylase showed antigenic properties in vivo by rdasing the
activity 37.4% for the partially purified-amylase forms.

9. The DNA fragment that coded forAmylase was cloned int& .coli
MM 294 using pBR22 as a vector, in which the length of the cloned
fragment was estimated of 1790bp approximately.

10.The expression of the recombinant fragment wasctigtein the
transformants cells on a solid medium and liquiddione, which
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showed a slight decrease in the specific activitycomparison with

original organism with no accompanying proteasésiaic
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