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ABSTRACT

The halophilic bacterial strain Halobacterium sodomense was shown to
produce extracellular, halotolerant, alkali-stable and thermophilic a-amy-
lases activity. The culture conditions for higher amylases production were
optimized with respect NaCl, temperature and substrates. Maximum amy-
lase production was achieved in amedium containing 25% NaCl at 55°C in
the presence of 1% soluble starch and Yeast extract. The enzyme was puri-
fied to homogeneity with an overall recovery of 24.2 % and specific activity
of 4133 U/mg. The native protein showed a molecular mass of 149 kDa
composed of a homodimmer of 78 kDa polypeptide by SDS-PAGE. The
optimum pH and temperature of the amylase were 6.0 and 55°C, respec-
tively. The purified enzymewas stable frompH 7.5t0 9.0 and able to prolong
its thermal stability up to 70°C. The amylase was activated by Na*, K*,
Mn2*, Mg*, and Fe?*. However, it was inhibited by Ca*, Cd?*, Co*, Zn?*,
and EDTA. The purified amylase shows interesting properties useful for
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industrial applications.

INTRODUCTION

Ha ophilic microorganismsarefound asnormal in-
habitantsof highly salineenvironmentsand thusarecon-
sidered extremophiles. Severa extremeand moderate
hal ophileshavebeen isolated and exploited for various
biotechnologica applications, including theproduction
of polymers, enzymes, and biocompatible solutes; en-
hanced oil recovery, cancer detection; drug screening
andthebiodegradation of indugtria toxic compoundg®”.
Halophilic enzymesfunctioninupto4 M NaCl andin
conditionsof low water activity®. Theprotei nsthem-
selvesappear halophilicinthat they areonly stablein
solventsof very high salt concentrationinwhich pro-
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teinsfrom morefamiliar physiologica environmentsare
likely to aggregate, precipitate or evenunfold, depend-
ing uponthetypeof sdti®. Incertainindustria organic
syntheses, enzymesarerequired tofunctionin the pres-
ence of ahigh concentration of substrate, i.e. at low
water activities. Enzymesfrom normal microorganisms
areofteninactivein these situationsbut clearly those
from extremely hal ophilic archaebacteriamay by of
use,

Ha ophilic amylaseshave been characterized from
halophilic microorganisms such as Haloarcula
hispani cal*™; Micrococcus hal obiug®! Micrococcus
varians subspecies halobiug?!, Micrococcus sp.,
Halobacterium salinarumi®33  Halomonas
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meridiana® and Bacillus dipsosauri!™. In addition to
these hal ophilies, the search for new microorganisms
that can be used for a-amylase production isacon-
tinuous process. Bacterial amylase find used in the
preparation of starch-derived adhesives, inbrewing, in
the preparation of grain alcohol andin the production
of moist cakesand fruit cakes. They arealsousedin
pharmaceutical anima feeds, sawagetreatment, deter-
gentsand confectionary?. No much detailed study has
been done on the amylase of Halobacterium
sodomense. Therefore, the present investigation was
undertaken to study the production and purification of
extracdular, dkadi-stableand extremdy had otolerant o
amylase from Hal obacterium sodomense.

MATERIALSAND METHODS

Screening, isolation and identification of bacterial
strains

The sediment samplesfor screening were obtained
from Wady El-Natroon lakes. The organismwas en-
riched onascreening agar platecontaining (g/l): NaCl,
250; MgSO,.7H,0, 20; KCl, 3; Na,C.H.0O,.2H,0,
2; Peptone, 10; corn starch, 10 and agar, 20indistilled
water and final pH 7.2%2, The plateswereincubation
at 50-65°C for 24-48 h, then the plates were stained
with Gram’s iodine solution (0.1 % I, and 1 %K) and
the colonieswith thelargest halo-forming zonewere
isolated for further investigation. Microbiologica prop-
ertiesof theisolated strain were determined according
to themethods described in Bergey’s Manual of De-
terminative Bacteriology™*¥. Biolog GP2 MicroPlate™
givesacharacteristicsreaction pattern called a ‘meta-
bolicfingerprint’, wherein the metabolic fingerprint pat-
terns were compared and identified using the
MicroLog™ database software!®.

Enzymeproduction

The medium composition used for o-amylasepro-
duction wasthe same as above contained in addition
1% (w/v) solublestarch and 0.1mM ZnSO,, whichin-
creased the production of a-amylase®l. Medium (100
ml) wasinoculated with 0.2 ml (OD, 1.0) of aone
week old culture of Hal obacterium sodomense. Cul-
tures were incubating at 50°C on a rotary shaker at
180 rpm. Flaskswereremoved at regular intervalsand
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the contentswere centrifuged at 5000 rpm for 20 min
at 4°C to remove the bacteria. The supernatant was
used for amylase activity. Bacteria growth was moni-
tored by measuring absorbance at 600 nm in aspec-
trophotometer (UV-visible2401PC Shimadzu, Kyoto,

Japan).
Amylolyticactivity

Thiswasdoneaccordingto Bergmannet d. (1938)
by estimating the rel eased reducing sugarsfrom 1%
starchin0.05 M citrate-phosphate buffer (pH 6.0) at
50°C. Amylase activity was determined by measuring
released reducing sugarsusing the DNS method?, One
unit of enzymeactivity (U) wasdefied astheamount of
proteinthat produced 1 mg of reducing sugar per ml of
enzymesolution a 50°C in 30 min.

Protain deter mination

Protein wasdetermined either by measuring the ab-
sorbance at 280 nm®® or by the method of Bradford
using bovine serum albumin asastandard.

Effect of incubation time, temperatureand NaCl
concentration on bacterial growth and enzymepro-
duction

Theeffect of incubation time, temperatureand NaCl
concentration on enzyme production wasinvestigated
by cultivating the organism at (a) different incubation
time (3-11 days), (b) different temperature (25-60°C)
and (c) different concentration of NaCl (10-30%). The
amylolytic activity and biomasswere measured.

Effect of carbon and nitrogen sour ceon bacterial
growth and enzyme production Halobacterium
sodomense

It wasgrownintheminera salt medium containing
different carbon and nitrogen sources, in order to study
their effect on bacterial growth and enzyme produc-
tion. Thevariouskindsof starch, solublestarch, corn,
rice and potato were used at concentration (0.5-2.5%,
w/v). Thenitrogen sourcestested were casein, Soya
meal, meat extract, peptone, yeast extract and beef
extract.

Purification of a-amylase production from
Halobacterium sodomense

Thepurification of a-amylasewascarried outin
e—,  BIOCHEMISTRY
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three steps.

Grounded ammonium sulfatewas gradualy added
to the chilled enzyme solution with stirring until 80 %
saturation wasobtained. Thesolutionwasthestirred at
0°C for 2 h. The precipitate was collected by
centrifugation at 5000 rpm at 4°C for 30 min!*. The
protein pdllet wasdissolvedinaminima volumeof 0.05
M ditrate-phogphatebuffer pH 6.0. Theenzymesolution
wasdiayzed overnight against thesamebuffer at 4°C.
The dialyzed fraction (70 % saturation ammonium
sulfate) was then applied directly to ion exchanger
DEAE-cellulose column (2.4x70 cm, i.d.). The
adsorbed amylase was eluted by alinear gradient of
NaCl from0to 0.3 M inthesamebuffer. Fractionsin5
ml volumewerecollected at aflow rateof 0.7 ml/min.
The eluted fractions were monitored at 280 nm for
protein and assayed for enzymeactivity!™. Infind step,
the active fractions were pooled, concentrated and
dialyzed against the same buffer and | oaded onto agel
filtration column (2.4x80 cm, i.d.) Sephadex G-150
andflow ratewasmaintained a 0.3 ml/min. Thee uted
fractions were monitored at 280 nm for protein and

assayed for enzymeactivity.
Polyacrylamidegel electrophoresis

Electrophoresis under non-denaturing conditions
was performed in 10 % (w/v) acrylamide stab gel
accordingtothemethod of Davis® usingaTris-glycine
buffer, pH 8.3. Protein bandswerelocated by stained
with CoomassieBrilliant Blue R-250.

Molecular weight determination

Molecular weight wasdetermined by gel filtration
technique using a Sephadex G-1501*2. The column
(2.4x80cm, i.d.) wascdibrated with pepsin (35,000),
egg abumin (45,000) and phosphorylaseb (97,000).
Dextran blue (2,000,000) was used to determinethe
void volume (V). Subunit molecular weight was
determined by SDS-polyacrylamide gel electro-
phoresig?l. SDS-denatured phosphorylaseb (97,000),
bovine serum abumin (67,000), oval bumin (45,000)
carbonic anhydrase (30,000), Trysininhibitor (20,000)
and a-Lactalbumin (14,000) were used as standard
protein molecular weight markers.

Enzymecharacterization
The purified enzymewas characteri zed with respect
BIOCHEMISTRY (mm—

toitsoptimum pH, temperature, stability at different
temperature and pH values, effect of metal ions on
activity and sability.

Amylaseactivity wasassayed at different pH values
(pH 4.5-10.0) using different buffers0.05 M such as
citrate-phosphate buffer (pH, 4.5-7.0), sodium
phosphate buffer (pH, 6.5-8.0), tri-HCI buffer (pH, 7.0-
8.5) and glycin NaOH buffer (pH, 8.6-10.0). To
determine pH stability, amylase preparationsin buffer
at different pH ranging from 4.5-10.0 were activity
assayed under standard conditions.

Amylase activity was assayed at different
temperaturesranging from 35-80°C at pH 6.0 in citrate-
phosphate buffer (0.05 M). To determined thermo
stability, amylase preparation was incubated at
temperature ranging from 50-90°C.

The effects of metal ionsand EDTA on amylase
activity weredetermined by theresidual activity after
30 min incubation at 55°C in 0.05 M Tris-HCI (pH
6.0) buffers containing various metal ions at a
concentration of 5mM.

RESULTSAND DISCUSSION

Scr eening of microor ganisms

Thebacterid dranexhibited largedear zonearound
the colony on starch agar plate wastested of the char-
acters according the methods described in Bargey’s
Manual, and Biolog GP2 MicroPlate™ database, the
organism selected was identified and designated as
Hal obacterium sodomens.

Effect of incubation period and NaCl concentra-
tion on bacterial growth and amylase production

Thetime course of incubation period form 3-9
dayswasfollowed in liquid shaken culture mediaat
50°C, and pH 7.2. Data presented in TABLE 1,
show that there gradual increased in halophilic a-
amylase unit up to 9 day of incubation at which maxi-
mum activity (1.6 U/mg protein). The salinity was
found to be asignificant factor in the production of
halophilic a-amylase. The a-amylase production was
optimum in the medium containing 25 % NaCl
(TABLE 2). Similar behavior has been described for
other moderate hal ophiles producing amylase’®.
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TABLE 1: Effect of incubation period on a-amylaseproduc-
tion by Halobacterium sodomense

Incubation Cell growth Protein Enz_y_me _Spemflc
time (day) (0.D ) (mg) activity activity (_U/mg
+-/600nm V) protein)
3 0.23 0.39 0.16 0.41
5 0.31 0.51 0.24 0.47
7 0.63 0.85 0.79 0.93
9 1.27 0.96 1.12 1.16
11 1.36 1.07 1.09 1.02

TABLE 2: Effect of NaCl concentration on a-amylasepro-
duction by Halobacterium sodomense

Specific
NaCl Cdl growth  Protein En;yme activity
(% oD activity U/
W/V) ( . GOOnm) (mg) (U) ( mg
protein)
10 0.43 0.65 0.57 0.87
15 0.75 0.69 0.72 1.04
20 111 0.81 1.03 127
25 127 0.79 1.16 1.47
30 0.92 0.74 0.88 1.19

TABLE 3: Effect of temper atureon a-amylaseproduction by
Halobacterium sodomense

Specific
Incubation Cell Protein Enzyrne activity
growth activity
Temperature (0.D ) (mg) L) (U/mg
+—600nm protein)
25 0.83 0.82 0.73 0.89
30 0.89 0.71 0.76 1.07
35 1.06 0.77 0.89 1.15
40 122 0.76 0.93 1.22
45 1.29 0.82 111 1.35
50 137 0.78 1.06 1.36
55 141 0.85 1.25 1.47
60 1.17 0.75 1.04 1.38

Effect of temper atureconcentration on bacterial
growth and amylase production

Theproduction of enzymeand bacterid growthwere
determined at different temperatureranginfrom 25-
60°C. Theoptimum enzyme production waned a 55°C
(TABLE 3). At 60°C the enzyme production decreased
17 %than at 55°C. theresults agree with data previ-
oudly published by Onishi (1972).

Effect of carbon and nitrogen sour ceon bacterial
growth and amylase production

The organism produced amylase without added

—=== Regular Paper

TABLE 4: a-amylaseproduction in the presenceof different
starches(under shaking condition at 55°C in medium con-
taining 25% (w/v) NaCl) from Halobacterium sodomense

Enzvme Specific
Starch Concentration Cell growth Protein actizity activity
W) (ODwonm) (mg) (57 (Uimg
protein)
0.5 0.96 0.81 0.85 1.05
1.0 1.27 0.83 1.15 1.38
Soluble
starch 15 1.18 0.93 1.02 1.09
2.0 1.03 0.76 0.76 1.00
25 0.89 0.72 0.62 0.86
0.5 0.56 0.67 0.32 0.48
1.0 0.67 0.74 0.38 0.51
corn 15 059 073 027 037
starch
2.0 0.48 0.69 0.25 0.36
25 0.49 0.66 0.6 0.39
0.5 0.62 0.59 0.45 0.76
1.0 0.78 0.81 0.57 0.70
Rice
15 0.73 0.76 0.48 0.63
starch
2.0 0.61 0.72 0.39 0.54
25 0.54 0.69 0.33 0.49
0.5 0.65 0.56 0.51 0.91
1.0 0.89 0.86 0.59 0.68
Potato
tarch 15 0.82 0.77 0.48 0.62
2.0 0.78 0.67 0.44 0.65
25 0.68 0.71 0.42 0.59

starch (TABLE 4); production wasincreased signifi-
cantly inthe presence of starch, with soluble starch be-
ing the best inducer than the other typesof starch tests.
Themaximum production (1.38 U/mg protein) wasob-
tained with 1% soluble starch®®. Among the different
nitrogen sources tested (TABLE 5), Soyamea was
found to beagood nitrogen sourcefor both bacterid
growth and amylase production (1.46 U/mg protein).
Thisdatainvestigated that the organism required equal
amount of carbon and nitrogen source for bacterial
growth and amylase production. Halobacterium
sodomense can use various carbohydrates as carbon
sources, but theenzyme was secreted only inthe pres-
enceof solublestarch, and starch-containingflours. In-
ductive production of amylasewasreported in Bacil-
lus sp. strain TSCVKK and Bacillus sp. 64189
whereasit was congtitutivein Halobacillus sp. strain
MA-2U, TVSP 101 showed repression of amylase
production when glucosewasincluded inthemedium
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Figurel: Typical elution profilefor the chromatography of
amylase on DEAE-cellulose column (50 x 2.0 cm, i.d),
previoudy equilibrated with 10mM phosphatebuffer, pH 7.0
at aflowrat 0.7 ml/min and 5 ml fractions

TABLE 5: Effect of different nitrogen sources(each 1.0 %
(w/v)) on a-amylaseproduction (under shaking condition at
55°C in the presence of 1.0 % (w/v) starch and 25% (w/v)
NaCl) from Hal obacterium sodomense

Nitrogen Cell growth Protein Enzyme  Specific activity

source (O.Dsoonm) (mg) Activity (U) (U/mg protein)
Casein 0.51 0.49 0.35 0.71
Soya meal 1.06 0.76 111 1.46
Meat extract 0.96 0.72 0.75 1.04
Peptone 133 0.93 123 1.32
Y east extract 0.76 0.69 0.98 142
Beef extract 0.49 0.52 0.39 0.75
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Figure 3 :Polyacrylamide gel electrophoresis for H.
sodomense during purification steps.1- Crude enzyme; 2-
Ammonium sulphate (70%) fraction; 3-Sephadex G-150A2;
M-Sandard protein (phosphorylaseb, 94,000), bovineserum
albumin, 67,000), ovalbumin, 43,000 and car bonic anhydr ase,
30,000), (Soyatrypsin inhibitor, 20,000)
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Figure2: Gd filtration for the chromatogr aphy of Amylase
DEAE-cdlulosefaction (A1) on Sephadex G-100 column (90x
2.6cm,i.d) thecolumnwasequilibrated with 10mM phosphate
buffer, pH 7.0at aflow rateof 0.3 ml/min and 5ml fractions

TABLE 6: Purification of a-amylase from Halobacterium
sodomense

Purification Activity Protein iggcviifti; Purification Recovery
steps V) (mg) (U/mg) fold (%)
Supernatant 201 7511  2.67 1..00 100
(NH4),S04

(70 %) 171 341 493 1.84 85
DEAE-cellulose

Al 273 232 1.18 0.44 13.6

A2 1536 3.83 6.63 2.48 76.4
Sephadex G-150

A2 486 0.85 57.0 21.3 24.2

TABLE 7: Effect of metal ionsand EDTA on H. sodomense
amylase

Metal ions % Relative activity
Control 100
K* 110
Na' 135
ca 95
Cd?* 80
Mn?* 122
Mg? 115
Fe? 109
Ag’ 69
Co? 92
zZn** 85
EDTA 87

BIOCHEMISTRY (mm—
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Figure 4 : pH optimum (-M-), and pH stability (-@-) of
Halobacterium sodomense amylase

together with soluble starch. Similar resultshave been
reported in other halophilic organismg®819, Media
containing starch rich flours such asrice, wheat, sor-
ghum, and mai zewere suitablefor the production of a-
amylase. Starch derived fromwhest and cassavaserved
as the best source of a-amylase production by
Clostridium thermosulfurogenes SV9, Bacillus
stearothermophilus, and Thermoactinomyces
thal pophilug?2, Natural sourcescould serve aseco-
nomical and readily availableraw materia for produc-
tion of valuableenzymes. Hence, thesestarch-rich flours
may prove useful aschesper adternativesourcesof car-
bon and energy for the bacterial production of amy-
lases. Among the nitrogen sourcestested, Soya meal
wasfound to enhance amylase secretion. Tryptoneand
peptone have been reported asagood nitrogen sources
for amylase secretionin Halobacteriumsalinarumand
Bacillus ther mool eovorang-33.

Purification of amylase

Theculturesupernatant wasused asastarting mate-
rid for the purification of amylasefrom Hal obacterium
sodomense. Theenzymewas purified by athree-step
Srategy including ammonium sul phate precipitation and
didyd's ionexchangechromatography, and gd filtration.
Therecovery of didysed enzymewas85% followed by
76.4% inion-exchange chromatography and 24.2%in
od filtration (TABLE 6). Theoverd| purification strategy
attained 21.3-fold purification of amylasewith specific
activity of 57.0 U/mg. Themolecular weight of theen-
zymewasabout 149 kDaproteinusing gd filtrationtech-
niques. Thisvaluewasconfirmed by SDS-PAGE (Fig-
ure3), wheresubunit molecular weight of a-amylase was
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Figure5: Temperature optimum (-M-), and temperature
stability (--) of Halobacterium sodomenseamylase

estimated to be 78 kDaprotein asdimer subunit. The
result obtained from the columnwassimilar tothemo-
lecular weight estimated usingto SDS-PAGE. There-
fore, it can be concluded that a-amylase is a dimeric
protein. Other molecular massesfor different ha ophilic
amylases have been reported: 55 and 65 kDa protein
for Acinetobacter sp. amylasel and amylasell, respec-
tively®; 56 kDa protein for Halother- mothrix
orenii?®; 58 kDa protein for Haloferax medite-
rranei®; 74kDaprotein for Natronococcussp. strain
Ah-362%; 80 kDaprotein for Bacillusdipsosauri™; and
89 kDaprotein for Micrococcus hal obiug®Y.

Characterization of thepurified a-amylase
(1) Effect of pH on enzymeactivity and stability

Enzyme activity was measured using the standard
assay method by varying the pH valuesranging from
pH 4.5 to 10.0. The optimum pH of the purified a-
amylasewasdetermined aspH 6.0in 10 mM sodium
phosphate buffer (Figure4), wheretheenzymeretained
23%of itsactivity below pH 7. Meanwhile, the purified
a-amylase was stable from pH 8.0 to 9.5 (Figure 4).
Theresults showed that theenzymewasvery stable at
thepH 9.5 and retained 37 % and 11 % of itsactivity at
pH 7.0 and 10.0, respectively. Therefore the present
amylase can havepotentia applicationsfor hydrolyzing
starch under high pH conditions, soitisuseful for textile
industries and as ingredients in alkaline detergents
productg2932,

(2) Effect of temper atur e on enzymeactivity and
sability

Theactivity of the purified a-amylase was measured
at different temperaturesat pH 6.0 by the standard assay

e, BIOCHEMISTRY
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method. Theoptimum temperaturefor a-amylase from
Hal obacterium sodomensewas55°C (Figure5). The
thermostability wastested by preincubating theenzyme
for 1 h and the residual activity was measured. The
activity was till retained up to 70°C at pH 6.0.
However, it began to lose 54 % of itstotal activity at
around 85°C and was only ableto retain 23 % of its
remaining activity at 90°C (Figure 5). The optimal
temperaturefor the a-amylases from Hal obacterium
sodomense was in the same range as the optimal
temperature 55°C reported for the enzyme from
Natronococcus sp. strain Ah-362%. Theenzymesalso
showed thermostability, but their stability decreased
sharply at temperaturesabove 80°C. Thetemperatures
reported inthesework arehigher than the onesreported
for haloakaliphilic a-amylase from H. hispanica
(50°C)i3,

The effects of meta ions on the activity of H.
sodomense amylase showed the enzyme as a Na*
dependent enzyme. Theamylasewasactivated by K*,
Mn2*, Mg#, and Fe?*. However, it was inhibited by
Ca*, Cd*, Co*, Zn?*, and EDTA (TABLE 7). In
accordance with the present study, most amylases
activity wereinhibited in the presence of Ni2*, Cd*,
Cu?, Ag', Pb?, Fe?*, and Zn?*. For example, the a-
amylasesfrom Bacillusfirmug?® and Bacillussp. train
KSM-13785 wereinhibited by Ni2*, Cd?", Zn?", and
Hg?* and the a-amylases from B. subtilis, B.
amyloliquefaciens|, and B. amyloliquefaciensl| were
inhibited by Zn?*, Ag*, Cu?, and Fe*1,
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