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Abstract:

In the present study thirty bacteria isolates collected from Pharaonic lake, Menoufiya Governorate, Egypt. Out
of which 12 isolates that were a-amylase producer. Isolate No. 1 was selected as the best enzyme producer,
identified as Alloiococcus otitis and was used for further studies. Attempts were made to optimize the cultural
condition for getting high yields of enzyme. The optimum level of pH for enzyme production was 8.0 on Bennett
medium after 8 hours. Among carbon sources, maltose supported maximum production of a-amylase followed by
lactose, sucrose, starch and manitol. Urea was the best nitrogen source for enzyme production, followed by L-
asparagine. The purified fraction detected by the appearance of a single band corresponding to 38 k Da in SDS-
PAGE, and the enzyme was purified 67.0-fold with amylase units 225 ml and specific activity of 234.4 U/mg.
The pure enzyme was stable at all degrees of temperatures (20-70°C). The maximum activity was at pH of 9.0.
Starch was the best substrate. CaCl2, MgCl2 and KCI were the best activators. There is a continuous decreasing in
the activity due to the increase of SDS and H202 concentrations. Enzyme was stable in presence of butanol, n-

hexane and toluene.
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1.Introduction:

Amylases are a class of enzymes that are capable of
digesting these glycosidic linkages found in starches.
Amylases can be derived from a variety of sources. They
are present in al living organisms, but the enzymes vary in
activity, specificity and requirements from species to
species and even from tissue to tissue in the same organism.
Raw-starch digesting amylases are produced by a variety of
living organisms, ranging from microorganisms including
fungi, yeast, and bacteriato plants and humans.

The a-amylase enzyme produced by many
microorganisms like B.amyloliquefaciens [1]. Bacillus
licheniformis [2] Chromohalobacter sp TVSP-101 [3];
Bacillus polymyxa, B.mesentericus,B.vulgarus, and
B.megaterium [4]. Bacillus licheniformis GCB-U8 [5];
Bacillus sp.PS7 [6], Bacillus licheniformis M27 [7].
Halobacillus sp. MA-2 [8]; Halomonas meridiana [9],
Bacillus cereus MTCC1305 [10], and Rhodothermus
marinus [11]. Monascus sanguineus also has not been

explored for its efficiency to produce amylase enzymes
under solid state fermentation, various substrates were
screened and among them beetroot as a solid substrate has
given maximum yield (0.029 U/mL). Enzyme activity was
further optimized by response surface methodology
(RSM) and maximum experimental yield of 0.014 U/mL
was obtained at optimized conditions of pH 5, incubation
temperature of 50° C and 10 min incubation time.
AMATLAB software package was used for the graphical
and regression analysis of the experimented data. Enzyme
kinetics was calculated with different concentrations of
starch and observed Km value was 0.055 mM from linear
regression analysis. The enzyme was moderately inhibited
(44.7%) by NaCl and KCl (0.105 U/mL) with minimum
inhibition (14.8%) observed with SDS. Molecular weight
calculation and amylase confirmation in protein sample
was done by SDS-PAGE and Zymography. Calculated
molecular weight was 56 k Da. Alkaline amylase produced
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by M. sanguineus has exhibited high efficiency towards
removal of stains on cloths in combination with
commercial detergent (Surf excel) at 20°C. [12].

From mutant micelia strain Aspergillus niger 33-19
CNMN FD 02A, through acohol ethylic precipitation of
cultural liquid, amylolytic preparation Amilonigrin AS
was isolated with 10x degree of purity and a specific
activity of 138.3U/mg proteins. a-Amylase from 20mM
TrissHCl extract of Amilonigrin AS was purified to
homogeneity by PD-10 column gel filtration and HiTrap
TMQ column ion exchange chromatography. A trial for
the purification of o-amylase resulted in an enzyme
specific activity of 199.68U/mg protein with purification
fold 8.9. The analyses of purified a-amylase for molecular
weight was carried out by SDSPAGE electrophoresis, with
revealed two polypeptide bands estimated to be 66 and
40.5k Da, probably being two a-amylase isoforms. [13].

Arthrobacter psychrolactophilus ATCC 700733 grew
with a doubling time of 1.5-2.3 h (22°C) and produced up
to 0.2 unitYmL (soluble starch assay) of extracellular
amylase in tryptic soy broth without dextrose (TSBWD)
containing 0.5% or 1.0% (w/v) soluble starch or maltose
as the fermentable substrate. Time course experiments in
media containing soluble starch as substrate showed that
amyl lytic activity appeared in cultures at 24 h (after
exponential growth had ceased) reached peak levelsin 72—
96 h, and declined rapidly after reaching peak levels. Peak
levels were highest in TSBWD containing 1.0% soluble
starch. Photolytic activity appeared at about the same time
as amyl lytic activity and increased during the period of
amylase production. Significant amylase production was
not observed in cultures in TSBWD with 0.5% glucose or
in cultures grown at 28°C, but low levels of amylase were
observed in TSBWD cultures grown at 19-23° C which
contained no added carbohydrate. A single band of activity
was observed after electrophoresis of supernatant fractions
in non-denaturing gels, followed by in situ staining for
amyl lytic activity. The amylase possessed a raw starch-
binding domain and bound to uncooked corn, wheat or
potato starch granules. It was active in the Phadebas assay
for aamylase. Activity was maximum on soluble starch at
a temperature between 40° C and 50° C. The amylase after
purification by affinity chromatography on raw starch
granules exhibited two starch-binding protein bands on
SDS gels of 105 k Daand 26 k Da[14].

The production, purification, and characterization of
alfa-amylase enzymes isolated from a new bacterial
isolate isolated from water was the aim of this work.

2. Material and methods:

Isolation of Bacteria:

Water samples from Pharaonic Lake, Minoufiya
Governorate, Egypt, were collected according to
standard methods for examination of water and
wastewater [15]. One ml of each sample was spread
onto the surface of the nutrient agar medium [16], and
the plates were incubated for 24 hours at 30°C.
Colonies were checked for purity by repeated sub-
culturing and the pure colonies selected were

maintained on slants of the same medium and stored at
5°C.

Preparation of inoculum:

A single colony of the experimental organism was
grown on nutrient agar plates

The pH of the medium was adjusted to 7.0. Then
from these plates, 250 ml Erlenmeyer flasks
containing 50 m | starch nitrate liquid medium were
inoculated and incubated for 24 h. on arotary shaker
at 250 rpm and 30°C. Two ml (1x108spore/ml) of this
inoculum was used to inoculate 250 m | Erlenmeyer
flasks containing 50 ml of production medium.

Protein deter mination:

Protein of all enzymatic preparations was
determined by the Lowery method [17].

Screening for alfa-amylase production:

All thirty tested isolates were screened for their ability
of a-amylase production, the organisms were inoculated
on starch nitrate culture medium plates. contained [18],
324 (gl ): soluble starch, 20.0 ; KNO ,1.0; K HPO ,0.5; -1
MgSO4 242 .7H O, 0.5 ; FeSO4 .7H O, 0.05; and agar,
20 ; sea water or lake water 1L. Incubation at 30°C was
carried out for 24 hour after which the plates were 2
flooded with Gram's iodine solution (0.1% | and 1% KI)
and the colonies with the largest halo-forming zone were
chosen for further investigations . [19].

Alfa amylase activity:

The a-amylase activity was determined according SKB
modified method [20, 21]. The reaction mixture (15)
contained 10ml of buffered (0.2M acetate buffer, pH 4.7)
1% soluble starch (Sigma) solution as the substrate and
5ml adequately diluted enzyme sample. Incubation was
performed a 30°C for 10 minutes. The reaction was
terminated and developed with iodine solution in ratio
0.5ml reaction mixture/50ml iodine solution (5mg iodine
and 50mg Kl in 100ml 0.1N HCI) for 5min. One unit of
activity was defined as the amount of enzyme, which
catalyzes hydrolysis of one-gram soluble starch up to
dextrin with different molecular weight; hydrolysis range
30% under the assay conditions. The absorbance of
reaction mixture will be determined at 546 nm on
spectrophotometer. The absorbance will be then converted
to mg of maltose from the standard curve established with
maltose.

Optimization of culture conditions for Alfa-
amylase production:

To find out the best a-amylase by the isolate No. 1,
we study the effect of different media, incubation
period, pH, temperature, carbon, and nitrogen
sources.

Purification of the enzyme:

In order to purify a-amylase enzyme, to be used further
for the kinetics, study the culture broth was first
centrifuged at 10,000 rpm for 30 min. The enzyme activity
in the supernatant was measured. The supernatants were
precipitated by ammonium sulfate (60 %) and activity was
measured again. Total protein concentration in the enzyme
solution was determined by Lowery, s method [17]. After
ammonium sulfate precipitation, the enzyme sample was
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dissolved in Tris-HCl buffer pH 8.0 and further purified
by carboxy-methyl (CM) Sephadex ion exchange
chromatography. The molecular weight of the purified
fraction of the enzyme was then determined by Laemmli-s
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
( SDS-PAGE) method [22].

Effect of different concentrations of substrate on
alfa- amylaseactivity:

Reaction mixture were designed varying (from 1 % to
3.5 %) from starch-iodine stock solution to which 125-pl
enzyme solution for the isolate No.1 was added then, the
enzyme activity was measured as mentioned above.

Effect of enzyme concentrations on alfa- amylase
activity:

For the isolate No.1, substrate concentration of 3.5 %
starch-iodine solution (125 pl) was added to the enzyme
concentrations (250, 500, 750, 1000, 1250, 1500, 1750 and
2000 pl), incubation was performed at 37°C for 10 min.
After incubation the enzyme activity was measured as
mentioned above.

Effect of temperature on Alfa- amylase activity:

The influence of temperature on the catalytic activity of
the a-amylase was determined by incubating sample (125
ul) of the pure enzyme of isolate No. 1 in Eppendorf tubes
at 20, 30, 40, 50 and 60°C for 1 hour. The tubes were
quickly cooled inice and enzyme activity was measured.

Effects of some metal ions on Alfa- amylase
activity:

Activity and stability studies were performed after the
addition of each metal ion solutions sample of the purified
enzyme of isolate No. 1 were incubated for 60 minutes
with 5 mM of Fe Cl, K Cl, Ca Cly, Cu SOs4, Mn Cly, Zn
SO, and Mg Cl,. Afterwards, the enzyme activity was
measured.

Organic solvent-stability of pure enzyme:

Three milliliters of crude a-amylase (4.5 U/ml) of
isolate No. 1 was incubated with 1.0 ml of organic solvent
at 40°C with a constant shaking at 150 rpm for 30 min. For
control, the solvent was replaced by distilled water. The
relative activity which remained after 30 min. of
incubation in 25% (v/v) of organic solvent was measured.
The organic solvents chosen in this study were toluene,
acetone, butane and n-hexane. Thereafter a-amylase
activity was measured.

Effect of surfactants and oxidants on Alfa-
amylase activity:

The compatibility of o-amylase with surfactants and
oxidants was studied in the presence of 0.5, 1.0 and 1.5%
SDS (Sodium dodecyl sulfate) as surfactants and 0.5, 1.0
and 1.5 % of H»0O; as oxidants. The enzyme of isolate No.
1 (4.5 U/ml) was incubated at 40°C with surfactants and
oxidants for 30 min. and thereafter the activity was
measured as standard assay condition. The enzyme
activity of a control sample (without surfactants and
oxidants) was considered as 100%.

Characterization and Identification of the selected
bacteria:

For complete identification of the most a-amylase
producer isolate, several morphological, physiological and
biochemical properties were examined. The identification
of the best organisms for producing a-amylase enzyme
were done at Micro Analytical Center, Faculty of Science,
Cairo MIRCEN, Faculty of Agriculture, ASU BiologDG
(2013). Biolog Gp Data Base. Relase 15G Hayward, CA:
Biolog, according to Bergey’s manual of systematic
bacteriology [23].

Table (1): a-amylase production by Some of the thirty bacteriaisolates:

No. of isolates Zone of Hydrolysis (mm)

No. of isolates Zone of Hydrolysis (mm)

1 22 7 8.5
2 18 8 10
3 21 9 3
4 10 10 1.5
5 8 11 7
6 5 12 6

3. Reaults:

Thirty bacteria isolates were isolated. The isolates 000

were purified by continuous sub-culturing on < T

nutrient agar media. The pure isolates were stored in B

20% glycerol at 20°C. These isolates were eval uated =

for their ability to utilize starch. Isolates no.1, 2 and £

3 were found to produce larger clear zones (22, 18 & E ol . .

21 mm) than the other isolates as shown in table 1.
The isolate No. 1 was chosen as the experimental
organism and was characterized in detail.

1.Effect of different media on Alfa-amylase
production:

Results represented in figure (1) indicated that Bennett
medium was considered to be the best medium for the o-
amylase production.

5 Medin ¥
Fig (1): Effect of different media on a-amylase
production
2.Effect of different incubation period on o-
amylase production:
Data illustrated in figure 2 indicated that the
isolate was able to produce the highest yield of o-
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amylase after 8 hours incubation.
2700
2650
2600
50
500
7450
2100
2450

Activity(U/ml)

4 8 12 18 22 24
Incubation Paried (hours)

Fig (2): Effect of incubation period on the production

of a-amylase

3.Effect of different carbon sources on a-amylase
production:

The data obtained in figure 3 showed that maltose
was the best carbon source for a-amylase production
by bacteria isolate No. 1.
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Fig (3): Effect of different carbon sources on a-amylase
production by bacteriaisolate No. 1.
4. Effect of different nitrogen sources on a-amylase
production:
The data obtained in figure 4 showed that Urea was
considered to be the best nitrogen source for the highest o-
amylase productivity for bacterial strain isolate (No. 1)

followed by ammonium sulfate and L-asparagine for a-
amylase production by bacteria isolate No. 1.
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Fig (4): Effect of different nitrogen sources on a-
amylase production by bacteria isolate No. 1
5.Effect of different pH values on a-amylase

production:
The effect of different pH values on a-amylase

165

production by isolate (No. 1) was represented in
figure 5. Activity was found to be a maximum at pH
8.0. Below or above this optimal pH; the activity
gradually decreased as compared to that at the
optimal pH value recorded for the enzyme production
blue single band appeared corresponding to 38 k Da
as shown in figure7.
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Fig (5): Effect of different pH values on a-amylase
production by isolate No. 1

Purification M ethods:

The purified fraction from the strain was proved by the
appearance of a single band corresponding to 38 k Da in
SDS-PAGE as shown in Fig. (7)

a-amylase activity was eluted in fractions (3-7)
with maximal value in fraction No. 5 and 6 as shown
in figure 6.

The results obtained in table 2 showed that the
different steps of purification for alfa-amylase with
% recovery and fold purification. The enzyme was
purified 67-fold with amylase units 225 ml and
specific activity of 234.4U/mg.

e wiylfm!

E

E

| metlenscing o - anmle s peeanned by rrange cbae

Fig (6): Fractionation of a-amylase produced by isolate
No.1 with (CM) sephadex ion-exchange
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Fig (7): SDS-polyacrylamide gel stained with
commissar brilliant blue, in lane (1), the molecular
weight marker, in lane (2) the purified a-amylase
produced by isolate No. 1 on Carboxy-methyl (CM)
Sephadex ion-exchange chromatography.

Table (2): Purification of a-amylase produced by bacteriaisolate No. 1

Purification step Mg Amylase Total volume  Total units  Specific Fold
protein/ml Unitg/ml (ml) activity  purification
Cell supernatant 3.55 125 90 1125 35 1.0
Pellets after (NH4)2SO4 ppt. 451 276 2 552 61.2 175
Pellets after dialysis 224 247 2 494 110.3 315
Gel filtration (Sephadex G75) 0.96 225 2 450 2344 67.0
1-Effect of temperature on a-amylase activity: S
Results represented in figure 8 show that, the . S
enzyme was stable at all degrees of temperature of the E pgl e
purified enzyme of isolate No. 1. i ...
100 e
104 4 & e
. fie]
"2 4 ‘ | - o T T T T . ,
T ol AR E ] L 1 ] L ] a3 L

Lol o e el ] o A4

Temperature(®Z)
Fig (8): Effect of temperature on the activity of the
purified enzyme

2-Effect of different substrate concentrations
on a-amylase activity:

The results in figure 9 show that there was
continues increasing g of enzyme activity due to the
increase of substrate concentrations (Starch at the
concentration 3.5 %), where the activity reached to
809.66U/m |. above this concentration the a-amylase
activity decreased.

SU bstrate ConNcent ratlon | momi|

Fig (9): Effect of substrate concentrations (Starch)
on the hydrolytic action of the purified enzyme

3- Effect of different enzyme concentration on a-
amylase activity:

There was a continues increasing of enzyme activity due
to the increase of enzyme concentrations until at
concentration 2000 ul, where it reached up to (724.30)
U/ml as shown in figure 10.
a0
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Fig (10): Effect of enzyme concentrations on the
activity of the purified a-amylase enzyme
4-Effect of different metallic ions on oa-amylase
activity:

Results represented in figure 11 show that, CaCl2,
MgCl2 and KCl were the best activator for the
purified a-amylase produced by isolated No. 1. On the
other hand, the other tested metallic ions gave a
variable inhibition for a-amylase activity.
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Fig (11): Effect of metal ions on the activity of the
purified a-amylase enzyme

5- Effect of surfactants and oxidants on a-
amylase activity:

Results represented in figure 12 show that thereisa
continue decreasing residual activity due to the increase of
SDS and H»O, concentration for enzyme produced by
isolate No. 1, where residual activity reached to 83%
at concentration (0.5%). Also in regard to effect of
H>0, concentration, there was continues decreasing
of residual activity due to the increase of H:0-
concentration, where residual activity reached to
93% at concentration of 0.5%.

505 Concentration H202 Concentrtion

120
=
= 1o
=
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E B0 -
B ]
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B 20

Contro 0508 100 1.50%

Surfactant And Oxidants

Fig (12): Effect of SDS and H20, concentrations on
the activity of the purified a-amylase enzyme

6- Effect of different solventson a-amylase activity:

Results represented in figure 13 show that the
enzyme produced by isolate No. 1 was stable in
presence of butanol, n-hexane and toluene.
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Fig (13): Effect of different solvents on the activity of
the purified a-amylase enzyme

Characterization and identification of the selected
Bacteria:

Out of thirty isolates of bacteria, organism No. 1 was
the most active for oa-amylase production. It was
subjected to further studies in order to be characterized
and identified.

The results obtained in Table (3,4 and 5) showed that
isolate No.1, utilized various carbon sources for growth as
a -D-Glucose, D-Madltose, D-Trehalose, D-Cellobiose,
Sucrose, L-Rhamnose, Rhafinnose , D-Fructose, D-
Turanose, Gentiobiose, Stachyose, a -D-Lactose , D-
Melibiose, B-Methyl-D-Glucoside, N-Acetyl-D-
Glucosamine, N-Acetyl-3-D-Mannosamine, N-Acetyl-D-
Galactosamine, D-Mannose, D-Galactose, 3-Methyl
Glucose, D-Fucose, L-Fucose, D-Sorbitol, D-Arabitol,
Glycerol, Glycyl-L-Proline,D-Glucose-6-PO4, but D-
Mannitol and Myo-Inositol were not utilized. Also, culture
utilized varies nitrogen sources for growth as L-Arginine
and L-Alanine but Potassium Tellurite was not utilized
and Gelatin, Dextrin, D-Sdlicin, Inosine, L- Serine and
Pectin were observed, Degradation tolerate up to (1 % -
8%) NaCl. The spore chains were in coccus form, gram
positive stain, culture is not susceptible to Rifamycine SV,
Troleandomycin and L-Histidine. Growth is best on
Bennett at 30 °C. The fatty acid compositions of the
isolate examined is shown in Table (3, 4 and 5). The fatty
acid profiles revealed that Nalidixic Acid (603), Citric
Acid (459) were the predominant fatty acids.

Table (3): Physiological characteristics of isolate No.1

Test Reaction of selected stain
Hydrolysis of:

Gelatin - vel+ ve(21)

Dextrin - ve/+ ve (0)

D-Sdlicin + ve (227)

Inosine + ve (188)

D-Serine - ve (146)

167



Mahmoud M. Hazaa €et.al., J. Bas. & Environ. Sci., 5 (2018) 162-173

L- Serine + ve (144)
Pectin - vel+ ve (12)
Production of:
Tetrazolium Violet - ve Sensitive (236)
Tetrazolium Blue - ve Sensitive (197)
Growth in the presence of (% w/Vv):
Sodium Butyrate + ve (726)
Lithium chloride + ve (450)
Sodium Bromate -ve (256)
Sodium chloride (1%) + ve (736)
Sodium chloride (4%) + ve (599)
Sodium chloride (8%) + ve (525)
Sodium Lactate (1%) -ve (194)
Aztreonam + ve (682)
Resistance to:
Rifamycine SV - ve Sensitive (235)
Troleandomycin - ve Sensitive (85)
Minocycline - ve/+ve Sensitive (361)
Lincomycin - ve [+ve Sensitive (364)
Niaproof 4 - ve Sensitive (73)
L-Histidine - ve Sengitive (55)
Vancomycin - ve /+ve Sensitive (407)
Table 4: Biochemical characteristics of isolate No.1
Test Reaction of selected stain

Fatty acids pattern:

-Amino-Butryric Acid
-Hydroxy- Butryric Acid

B-Hydroxy -D, L- Butryric Acid

o - Keto- Butryric Acid
Acetoacetic Acid
Propionic Acid
Acitic Acid

Formic Acid

B-Hydroxy -Phenylacetic Acid

Methyl Pyruvate

D-Lactic Acid Methyl Ester

L- Lactic Acid

Citric Acid

o - Keto- Glutaric Acid
D-Malic Acid
Bromo-Succinic Acid
Nalidixic Acid
D-Galacturonic Acid

L-Galactonic Acid Lactone

D-Gluconic Acid
D-Glucuronic Acid
Glucuronamide
Mucic Acid

Quince Acid
D-Saccharic Acid
L-Aspartic Acid
L-Glutamic Acid
L-Pyroglutamic Acid
Guanidine HCI
Fusidic Acid
N-Acetyl-Neuraminic
D-Aspartic Acid

-ve (273)
-ve (34)

-ve (119)
-ve (96)

-ve (192)
+ve (111)
+ve (188)
-ve (218)
-ve (62)

-ve (431)
-ve (234)
-ve (15)

+ve (459)
-ve (46)

-ve (243)
-ve (488)
+ve (603)
-ve (173)
+ve (76)

+ve (149)
+ve (192)

- vel+ ve (27)

+ve (323)

- vel+ ve (4)

-ve (26)
+ve (138)
+ve (154)
+ve (40)
-ve (180)
-ve (97)
+ve (291)
-ve (349)
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Table5: Utilization of different carbon and nitrogen sources by theisolate No. 1

Test Reaction of selected stain
Growth on sole carbon sources (0.1 % w/Vv):

a —D-Glucose +ve (185)
D-Maltose +ve (145)
D-Trehalose +ve (94)
D-Cellobiose +ve (155)
D-Mannitol -ve (464)
Sucrose +ve (79)
L-Rhamnose +ve (55)
D-Rhafinnose +ve (126)
D-Fructose +ve (234)
D-Turanose +ve (186)
Gentiobiose +ve (342)
Stachyose - vel+ ve(21)
a -D-Lactose - vel+ ve(2)
D-Melibiose +ve (83)
B-Methyl-D-Glucoside + ve (247)
N-Acetyl-D-Glucosamine +ve (231)
N-Acetyl-B-D-Mannosamine +ve (151)
N-Acetyl-D-Galactosamine + ve (125)
D-Mannose - ve/+ ve (15)
D-Galactose + ve (136)
3-Methyl Glucose +ve (122)
D-Fucose +ve (114)
L-Fucose + ve (59)
D-Sorbitol + ve (56)
D-Arabitol - ve (366)
Myo-Inositol -vel+ve(2)
Glycerol - vel+ve (7)
Glycyl-L-Proline +ve (31)
D-Glucose-6-PO4 + ve (420)
No carbon sources -ve (0)
Utilization of nitrogen sour ces:

Potassium Tellurite - ve (100)
L-Arginine + ve (148)
L-Alanine +ve(92)
No nitrogen source -ve (0)

(+): detected and (-): not detected.

4. DISCUSSION:

In this research, samples were collected from waste
water to isolated bacteria that produced a-amylase
enzyme, all conditions of a-amylase activity were
studied. Water sample from Pharaonic Lake, Minoufia
Governorate, Egypt, was collected according to
standard methods for examination of water and
wastewater [15]. All thirty tested isolates were screened
for their ability of a-amylase production, the organisms
were inoculated on starch nitrate culture medium plates.
contained [18], 324 (gl ): soluble starch, 20.0 ; KNO ,1.0;
K HPO ,0.5; -1 MgSO4 242 .7H O, 0.5 ; FeSO .7H O,
0.05; and agar, 20 ; sea water or lake water 1L. Incubation
at 30°C was carried out for 24 hour after which the plates
were 2 flooded with Gram's iodine solution (0.1% | and
1% KI) and the colonies with the largest halo-forming
zone were chosen for further investigations [19].

Among the thirty isolates obtained No. 1; No. 2; and

No. 3 were found to produce large clear zones than the
other isolates indicating high a-amylase production.
The isolate No.1 was chosen as the experimental
organisms and was characterized in detail.

The a-amylase enzyme was produced by many
microorganisms like B. licheniformis [24], B. subtilis
[25,26,27], Aspergillus niger 33-19 CNMN FD 02A [13].,
B. stearothermophilus [28]. A. oryzae [29] and Strains of
B. stearothermophilus and B. amylolyticussecreted [30].

Micro Analytical Center, Faculty of Science, Cairo
MIRCEN, Faculty of Agriculture, ASU BiologDG (2013).
Biolog Gp Data Base. Relase 15G Hayward, CA: Biolog.
according to Berg's Mannual of systematic
Bacteriology [23].

Isolate No. 1 was similar to Alloiococcus otitis in the
spore chains were in coccus form, gram positive stain,
characterized and identified, that the selected strain,
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utilized varies carbon sources for growth as a —-D-Glucose,
D-Madltose, D-Trehdlose, D-Cellobiose, Sucrose, L-
Rhamnose, Rhafinnose , D-Fructose, D-Turanose,
Gentiobiose, Stachyose, a -D-Lactose , D-Melibiose, B-
Methyl-D-Glucoside,  N-Acetyl-D-Glucosamine,  N-
Acetyl-B-D-Mannosamine,  N-Acetyl-D-Galactosamine,
D-Mannose, D-Galactose, 3-Methyl Glucose, D-Fucose,
L-Fucose, D-Sorbitol, D-Arabitol, Glycerol, Glycyl-L-
Proline,D-Glucose-6-PO4, but D-Mannitol and Myo-
Inositol were not utilized. Also, it utilized various nitrogen
sources for growth as L-Arginine and L-Alanine but
Potassium Tellurite was not utilized and Gelatin, Dextrin,
D-Sdlicin, Inosine, L- Serine and Pectin were observed,
Degradation tolerate up to (1 % -8%) NaCl. Culture are
susceptible to Rifamycine SV, Troleandomycin and L-
Histidine. Growth is best on Bennett at 30 °C. The fatty
acid compositions of the isolate examined is shown in
Tables (3, 4 and 5). The fatty acid profiles revealed that
Nalidixic Acid (603), Citric Acid (459) were the
predominant fatty acids.

Integration to this information that the isolate No. 1
was identified as Alloiococcus oftitis. The present
results indicated that Bennett medium was the best
medium and the optimum incubation period for o-
amylase production was after 8 hours. Previous
studies demonstrated. The strain was identified as M.
sanguineus and maintained on Potato Dextrose Agar
(PDA) medium [12]. Arthrobacter psychrolactophilus
ATCC 700733 grew with a doubling time of 1.5-2.3 h
(22°C) and produced up to 0.2 units/mL (soluble starch
assay) of extracellular amylase in tryptic soy broth without
dextrose (TSBWD) containing 0.5% or 1.0% (w/v) soluble
starch or maltose as the fermentable substrate [14].

The present results showed that the maltose was
the best carbon sources for production of a-amylase
by isolate No. 1. In this concern, [31]; Carbon sources
such as galactose, glycogen and inulin have been reported
as suitable substrates for the production of amylases by B.
licheniformis and Bacillus sp 1-3. Also; In this concern,
[5,32, 33] suggested that, Starch and glycerol were known
to increase enzyme production in B. subtilis IMG22,
Bacillus sp. PS-7. And Bacillus sp. 1-3. Soluble starch has
been found as the best substrate for the production o-
amylase by B. stearothermophilus [28]. Bacillus sp. was
noted to give a maximum raw starch digesting amylase in
a medium containing lactose (1 %) and yeast extract [34].
Thermomyces lanuginosus was reported to give maximum
a-amylase yield when maltodextrin was supplemented to
the medium [35]. It is well known that, among
nitrogen sources urea was considered to be the best
inducer for the highest oa-amylase production by
isolate No.1. While, yeast extract along with ammonium
sulfate also gave significant enzyme productivity (110 %)
by A. oryzae [29]. Addition of corn steep liquor and
ammonium hydrogen phosphate to SSF involving
Amaranthus grains as substrate by A. flavus gave high
enzymeyield [36].

Hyperthermophilic archae such as Pyrococcus furiosus,
P. woesei and Thermococcus profundus vyielded

optimuma-amylase a pH = 5.0 [37]. Rhodothermus
marinus was reported to yield good enzyme levels at
initial pH range 7.5 t0 8.8 [8]. This was amost in the same
harmony with the present investigation which reached that
a maximum production of a-amylase at pH = 8.0 for all
isolates (No.1) and who demonstrated that, Thermophilic
anaerobic bacteria Clostridium thermosulfurogenes gave
maximum titres a-amylase at pH = 7.0 [38].

Our results clarified that the purified fraction from
isolate No.1 was proved by the appearance of asingle
band corresponding to 38 k Da in SDS-PAGE, and
the enzyme was purified 67-fold with amylase units
225 ml and specific activity of 234.4 U/mg. In this
concern [39], found that Streptomyces strain Ki.o2
which was identified as Streptomyces albidoflavus,
its Alfa-amylase enzyme was purified to
homogeneity by atwo- step procedure. This enzyme
had a molecular weight of 18 K Da. Also,
Streptomyces caespiyosus produced protease enzyme
had a molecular weight of 14 k Da by SDS-PAGE
[40].

In the present study, the purified enzyme was stable at
all degrees of temperatures (20 -70 °C). This
demonstrated a good match between the experimental
value and predicted value thus substantiating the proposed
model. [12]. A. psychrolactophilus amylase exhibited
maximum activity on soluble starch at 40-50 °C in 3-h
incubations using un-concentrated supernatant fractions of
cultures. The optimum pH activity was observed between
7.5-85. Optimum time for production of bacterial
population were 48hrs.

On the other hand, the pH affects the ionization of
amino acids, which dictate the primary and secondary
structure of enzyme and hence control its activity [41].

In Our Results, A typical bell-shaped curve is obtained
with the maximum a-amylase activity a pH 9.0 for all
isolate (No.1). On contrary [42], demonstrated that the
acidic pH activity by Bacillus cereus was observed 6. And
also for determination of suitable pH range for enzymatic
activity by Bacillus subtilis (MTCC 121) Using Solid
State Fermentation, pH enzyme assay buffers were varied
as 6.6, 7.1, 7.6, and 8.6. Maximum enzyme activity was
observed at pH 7.1 (8.74 umol/mg/mL) at 40°C. The use
of more alkaline buffer resulted in sharp decline of
enzyme activity. [43].

The present investigation, showed that, starch was the
best as substrate for the purified a-amylase produced by
isolate (No.1). This result, in similar studies, [19,44]
noticed that the highest enzyme activity by Bacillus sp.
was attained at 2.0% starch, whereas the maximum
activity of enzyme by Pseudomonas fluorescence was
ranged from 1.5% to 2.5% starch and decreased at 3.5%
starch which have been reported by [45].

Our results showed that butanol was the best solvent for
the purified a-amylase produced by isolate (No. 1. These
results show high stability of the a-amylase against
denaturation or unfolding in the presence of solvents. This
capability may be due to disulfide bonds, presence of the
disulfide bond(s) in this a-amylase was found to be

170



Mahmoud M. Hazaa €et.al., J. Bas. & Environ. Sci., 5 (2018) 162-173

essential for its activity. There are number of reports on
importance of disulfide bonds for stability of the protein
against solvents [46]. o-amylase is very useful for
fermentation and reactions in the presence of solvents.
One of the most important advantages of this property isto
reduce or abolish microbia contamination during
degradation reaction.

The present study, showed that, CaCl2, MgCl2 and KClI
were the best activator for the purified o-amylase
produced by isolate (No. 1. On the other hand, the other
tested metallic ions gave a variable inhibition for a-
amylase activity. This is in agreement with that most of
amylases are known to be metal ion-dependent enzymes,
namely divalent ions like Ca2 +, Mg2+, Mn2 + , Zn2 + ,
Fe 2 +etc ;[47]. Ca* was reported to increase a-amylase
activity of an alkaliphilic Bacillus sp. ANT-6 [48]. The
stabilizing effect of Ca2* on thermostability of the enzyme
can be explained due to the salting out of hydrophobic
residues by Ca2* in the protein, thus, causing the adoption
of a compact structure [32]. Ca-independent enzymes have
also been reported.

Our results indicated that, there is a continues
decreasing residual activity due to the increase of SDS and
H,0, concentration for enzyme produced by isolate
(No.1). On the contrary Surfactants in the fermentation
medium are known to increase the secretion of proteins by
increasing cell membrane permeability. Therefore,
addition of these surfactants is used for the production of
extracellular enzymes. Addition of Tween 80 (1.3 %) to
the fermentation medium increased a-amylase production
by 2-fold in Thermomyces lanuginosus [49]. A study on
the effect of supplementation of polyethylene glycols
(PEG) (molecular mass of 600, 3000, 4000, 8000 and 20
000) in fermentation medium for a-amylase production by
two Bacillus sp. indicated that 5 % PEG 600 and PEG
3000 yielded 31 % increase in enzyme production by B.
amyloliquefaciens and 21 % increase by B. subtilis [50,
51] compared the effect of various surfactants in the

References
[1] G. Oboh, "Isolation and characterization of amylase
from fermented cassava (Manihot esculenta Crantz)
wastewater". African journal of biotechnology, 4 (10),
October (2005).
[2] K. R. Babu, & T. Satyanarayana, "a-Amylase
production by thermophilic Bacillus coagulansin solid
state  fermentation”. Process Biochemistry, 30 (1995)
305-309.
[3] H. Ashraf, J. Igbal, & M. A. Qadeer, "Production of
apha amylase by Bacillus licheniformis using an
economical medium". Bioresource Technology, 87
(2003) 57-61.
[4] B., Prakash, M. Vidyasagar, M.S. Madhukumar, G.
Muralikrishna, K. Sreeramulu "Production, purification,
and characterization of two extremely halotolerant,
thermostabl e, and alkali-stable a-amylases
from Chromohal obacter sp. TVSP
101". Process Biochemistry, 44 (2009) 210-215

production media of Ca * independent a-amylase by
Geobacillus thermoleovorans. Cholic acid, an anionic
surfactant, and Tween 80, neutral surfactant, gave 2-fold
enzyme yields at a concentration of 0.03% mass per
volumerratio. A mixture of PEG 8000 and SDS showed an
inhibitory effect on enzyme production. Surfactants such
as SDS, chalic acid, Tweens, etc. were reported to increase
cell permeability, thereby enhancing enzyme yield [51].

Amylases are used commercially for desiring of textile
fabrics, in preparing starch coatings of paints, in removing
wallpaper, sugar induction by the production of sugar
syrups from starch which consists of glucose, maltose and
higher oligosaccharides, pharmaceutical and in preparing
cold water dispersible laundry starches. To meet the
demands of these industries low-cost medium is required
for the production of amylases [52]. Nowadays the
potential of using microorganisms as a biological source
of industrially economic enzymes has stimulated interest
in the exploitation of extracellular enzymatic activity in
several microorganisms. Amylases can be obtained from
several sources such as plant, animal and microbes such as
bacteria and fungi [53].

The microbial source of amylases is preferred to other
sources because of its plasticity and vast availability. Until
now all commercial enzymes have been derived from
cultivated bacteria or fungi. Bacteriad amylases are
generally preferred for starch processing. Among bacteria,
Bacillus species such as B. subtilis, B. stearothermophilus,
B. macerans, B. megaterium and B. amyloliquefaciens
were the best producers of thermostable a-amylase using
submerged fermentation and these have been widely used
for commercial production of the enzyme for various
applications [54, 55], Clostridiumthermosacharolyticum,
Cl.Thermohydrosulfuricm, and Pseudomonas sp. [56].

Thus at least it can be said that Alfa-amylase
enzyme has wide application in various industrial
and medical fields and this will be the aim of future
work.

[5] H.K.; Sodhi, K.; Sharma, JK.; Gupta, S.K. Soni,
"Production of a thermostable-amylase from Bacillus sp.
PS-7 by solid state fermentation and its synergistic use
in the hydrolysis of malt starch for acohol
production". Process Biochemistry, 40 (2005) 525-534.
[6] M. V. Ramesh, & Lonsane, B. K. "Critical
importance of moisture content of the medium in alpha-
amylase production by Bacillus licheniformis M27 in a
solid-state fermentation system"
Applied microbiology and  biotechnology, 33  (1990)
501-505.

[7] M. A. Amoozegar, F. Maekzadeh, & K. A. Malik
"Production of amylase by newly isolated moderate
halophile, Halobacillus p. strain MA
2". Journal of microbiological methods, 52 (2003) 353-
359.

[8 1., Gomes J. Gomes, W. Steiner, "Highly
thermostable amylase and pullulanase of the extreme
thermophilic  eubacterium Rhodothermus marinus:

171



Mahmoud M. Hazaa €et.al., J. Bas. & Environ. Sci., 5 (2018) 162-173

Production and partial characterization’*Bioresour.
Technol. 90 (2003) 207-214.

[9] K., Kathiresan, & S. Manivannan, "afa-Amylase
production by Penicillium fellutanum isolated from
mangrove rhizosphere soil".
African journal of Biotechnology, 5 (2006) 10.

[10] S., Sivaramakrishnan, D., Gangadharan, K. M.,
Nampoothiri, C. R., Soccol, & Pandey, A. "Alpha
amylase production by Aspergillus oryzae employing

solid-state fermentation”.
Journal of scientific and industrial ~ research, 66 (2007)
621.

[11] H, Anto, U. Trivedi, K. Patel, "Alpha amylase
production by Bacillus cereus MTCC 1305 using solid-
state fermentation. Food Technol". Biotechnol. 44
(2006) 241-245.

[12] P. Tallapragada*, R. Dikshit, A. Jadhav, U. Sarah, "
Partial purification and characterization of amylase
enzyme under solid state fermentation from Monascus
sanguineus". Department of Microbiology, Centre of PG
Studies, 15 (2017) 95-101.

[13] Al. Ciloci, C. Bivol, M. Stratan, V. Reva, S.
Clapco, J. Tiurin and S. Lablluc, " Production and
purification of a-amylase from Aspergillus niger33-19
Cnmn Fd 02A Mutant form". Institute of Microbiology
and Biotechnology, 1 Academiei Str., 2028 MD,
Chisinau, Moldova, Tom. XIX, Issue: 1 (2012) 74-79
[14] R. Michael, S. James, C. Zahnley " Production of
amylase by Arthrobacter psychrolactophilus’. Society
for Industrial Microbiology. 32 (2005) 277-283.

[15] APHA.: Standard Methods for the Examination of
Water and Wastes, 18" ed., American Public Health
Association, Washington, DC. (2005)

[16] SA. Waksman, and H.A., Lechevalier "The
actinomycetes  Classification, Identification and
Description of Genera and Species. Baltimore, Williams
and Wilkina Co, Val. 1. (1961).

[17] O.H., Lowry, N.J., Rosebrough, A.L., Faar, R.J.,
Randall, "Protein measurement with the Folin-Phenol
reagents”. Journa of Biological Chemistry, 48 (1951)
17-25.

[18] S.A., Mostafa, “'Studies on certain actinomycetes
from Egyptian soil with specia reference to their
metabolites” Ph.D. thesis, Fac. Sci., Alex. Univ. (1985).
[19] S. Mishra, and N. Behera, "Amylase activity of a
starch degrading bacteria isolated from soil receiving
kitchen wastes®, African J. Biotechnology, 7 (2008)
3326-3331.

[20] Y. Evstatieva, D. Nikolova, S, llieva, L., Getov,
V., Savov, "ldentification and characterization of o-
amylase and endoxylanase, produced by Aspergillus
mutant strains". Second Balkan Conference on Biology,
Biotechnology & Biotechnological Equipment”. 24
(2010) 613-617.

[21] 1.M. Gracheva, Yu.M., Grachev, M.S., Mosichev,
“Laboratory practicum in enzyme preparations
technology”. Light Food Industry, Moscow (1982)57-
62.

172

[22] U. K. Laemmli, "Cleavage of structural proteins
during the assembly of the head of bacteriophage T4"
Nature (London) 227 (1970) 680-685.

[23] S.T., Williams, M., Goodfellow, and G., Alderson,
"Genus streptomyces, "In Bergey's Manual of systematic
Bacteriology. Edited by: Williams, S. T., Sharp, M. E.,
and Holt, J. G. Batimore Hongkong Sydney. William
and Wilkins, 4 (1989) 2452-2492.

[24] FJ, Morgan, FG. Priest, "Characterization of a
thermostable o - amylase from Bacillus licheniformis
NCIB6346". J. Appl. Bacteriol. 50 (1981) 107-114.

[25] M. Asgher, M.J. Asad, S.U. Rahman, R.L., Legge,
"A thermostable afaamylase from a moderately
thermophilic Bacillus subtilis strain  for starch
processing” | JFE 79 (2007) 950-955.

[26] Z. Baysal, F. Uyar, C. Aytekin, "Solid state
fermentation for production of afaamylase by a
thermotolerant Bacillus subtilis from hot-spring water".
Proc. Biochem. 38 (2003) 1665-1668.

[27] J., Shukla, R., Kar, "Potato peel as a solid-state
substrate for thermostable a-amylase production by
thermophilic  Bacillus isolates’. J.  Micrabiol.
Biotechnol. 22 (2006) 417-422

[28] RAK., Srivastava, & JN. Baruah, "Culture
conditions for production of thermostable amylase by
Bacillus stearothermophilus”. Appl. Environ. Microbiol.
52 (1986) 179-184.

[29] H., Pederson & J. Nielson, "The influence of
nitrogen sources on the afa-amylase productivity of
Aspergillus oryzae in continuous cultures’. Appl.
Microbiol. Biotechnol. 53 (2000) 278-281

[30] B.G. Dettori F.G. Priest, J.R. Stark, " Hydrolysis of
starch granules by the amylase from Bacillus
stearothermophilus NCA 26'. Process Biochem. 27
(1992) 17-21.

[31]] R. Chandra S. Singh and A. Raj, "Seasonad
bacteriological analysis of Gola River water
contaminated with pulp paper mill waste in
Uttaranchal", India. Environ. Monit. Assess., 1 (2006)
[32] N. Goyal, JK. Gupta, S.K. Soni, "A novel raw
starch digesting thermostable afa-amylase from
Bacillus sp. I-3 and its use in the direct hydrolysis of
raw potato starch”. Enzyme. Microb. Technol. 37 (2005)
723-734

[33] M.S., Tanyildizi, D. Ozer, M. Elibol, "Optimization
of afaamylase production by Bacillus sp. using
response surface methodology", Process Biochem. 40
(2005) 2291-2296.

[34] L.M. Hamilton, W.M. Fogarty, C.T. Kdly, "
Purification and properties of the raw starch degrading
a-amylase of Bacillus sp." IMD 434, Biotechnal. Lett.
21 (1999) 111-115.

[35] Q.D., Nguyen, JM. Rezessy-Szaho, A. Hoschke,
"Optimisation of composition of media for the
production of amylolytic enzymes by Thermomyces
lanuginosus ATCC 34626,Food" Technol. Biotechnol.
38 (2000) 229-234.

[36] P., Vishwanathan, & N.R. Surlikar, " Production
afa-amylase With Aspergillus flavuson Amaranthus



Mahmoud M. Hazaa €et.al., J. Bas. & Environ. Sci., 5 (2018) 162-173

grains by solid-state fermentation”. J. Basic Microbial.
41 (2001) 57-64.

[37] K., Vieille, & G.J. Zeikus, "Hyperthermophilic
enzymes: Sources, uses, and molecular mechanisms of
thermostability”. Microbiol. Mol. Biol. Rev. 65, (2001)
1-43.

[38] M.V., Swamy, & G. Seenayya, "Thermostable
pullulanase and alfa-amylase activity from Clostridium
thermosulfurogenesSV9,  optmization of  culture
conditions for enzyme production ".Process Biochem.
31 (1996) 157-162.

[39] P. Bressollier, F.; Letourneau, M.Urdaci, and B.
Verneuil, "Purification and Characterization of a
Keratinolytic Serine Proteinase from Streptomyces
albidoflavus" Applied and Environment Microbiology,
65 (1999) 2570-2576.

[40] K. Inouye, T. Shimada, and K. Yasukawa,
"Purification to homogeneity of a neutra
metalloproteinase from Streptomyces caespiyosus'
Biosci. Biotechnol. Biochem. 71 (2007) 1773-1776.

[41] T. Godfrey, and J. Reichelt, "The application of
enzymes in industry" In Industerial enzymology. The
Nature Press, New York, N. Y. (1983) 1-15.

[42] K. Subathral* SVNML1., Sridharakrishna. Y.
Kumar.P1  ,Sidharthmurali.T1, "Production and
Purification of amylase from Bacillus cereus'. 1School
of Chemical and Biotechnology, International Journal of
Chem Tech Research,.5 (2013) 2284-2290.

[43] D. Raul, T. Biswas, S. Mukhopadhyay, S. K.
Das, and S. Gupta, " Production and Partial Purification
of Alfa Amylase from Bacillus subtilis(MTCC 121)
Using Solid State Fermentation”. Biochemistry
Research International, Department of Biotechnology,
Haldia Ingtitute of Technology, Article 1D 568141,
(2014) 5 pages.

[44] M., Kanimozhi, M. Johny, N., Gayathri, R.,
Subashkumar, "Optimization and production alfa -
amylase from halophilic Bacillus species isolated from
mangrove soil sources”. J. Appl. Environ. Microb. 3
(2014) 70-73.

[45] A. Karnwal, V. Nigam, "Production of amylase
enzyme by isolated microorganisms and its application"”.
1JPBS 3 (2013) 354-360.

[46] H., Ogino; T., Uchiho; J., Yokoo; R., Kobayashi;
R. Ichise; and H. Ishikawa; "Role of intermolecular
disulfide bonds of the organic solvent stability", Applied
and Environmental Microbiology, vol. 67, no. 2 (2001)
942-947.

173

[47] A., Pandey, P. Nigam, C.R. Soccal, V.T. Soccal, D.
Singh, R. Mohan, "Advances in microbia amylases
review article". Biotechnol. Appl. Biochem. 31 (2000)
135-152.

[48] A. Burhan U. Nisa, C. Gokhan, C. Omer, A.
Ashabil, G. Osman, "Enzymatic properties of a novel
thermostable, thermophilic, alkaline and chelator
resistant amylase from an akaliphilic Bacillus sp.
isolate ANT-6, Process'. Biochem. 38, (2003) 1397-
1403.

[49] S. Arnesen, S.H. Eriksen, J. Olsen, & B. Jensen,
“Increased production alfa-amylase from Thermomyces
lanuginosusby the addition of Tween 80". Enzyme
Microb. Technol. 23 (1998) 252-249.

[50] C., Ulger, & C. Curakoglu, "a-Amylase production
by Bacillus Subtilis and B. amyloliquefaciensin
different PEG solutions’. World J.  Microbiol.
Biotechnol. 17 (2001) 93-94.

[51] JL.UM., Rao, & T. Satyanarayana, "Enhanced
secretion and low temperature stabilization of a hyper-
thermostable and Cat+2 independent a-amylase of
Geobacillus thermoleovorans by surfactants”. Lett.
Appl. Microbiol. 36 (2003) 191-196.

[52] B., Balkan, E. Figen, "Production alfa-amylase
from Penicillium chrysogenum under solid state
fermentation by using some agriculture by product".
Food Technol. Bio technol. 44 (2007) 439-442.

[53] S., Murakami, K., Nagasaki, H., Nishimoto, R.,
Shigematu, J., Umesakia, S., Takenaka, J., Kaulpiboon,
M., Prousoontorn, T., Limpaseni, P., Pongsawasdi, K.,
Aoki, "Purification and characterization of five alkaline,
thermotolerant, and maltotetraose — producing alfa-
amylases from Bacillus haloduransMS-2-5, and
production of recombinant enzymesin Escherichia coli".
Enzyme Microb. Technol. 43 (2008) 321-328.

[54] N., Boz'ic’, J. Ruiz, J. Lo “pez-Santi'n, Z.,
Vujc’ic’, "Production and properties of the highly
efficient raw starch digestinga-amylase from a Bacillus
licheniformis ATCC 9945a". Biochem. Eng. J. 53
(2011) 203-209.

[55] H.A.E., Enhasy, "Bioprocess development for the
production of apha amylase by Bacillus
amyloliquefaciens in batch and fed-batch cultures'. Res.
J. Micrab. 2 (2007) 560-568.

[56] S., Mrudula, G., Reddy, G., Seenayya, "Screening
of various raw starches on production of thermostable

amylopullulanase by Clostridium
thermosulfurogenesSVM17". J. Appl. Sci. 15 (2011)
996-1001.



