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Abstract
e amylase produced from local isolate Pseudomonas sp. SPH4 was purified by
precipitation with 30% saturation ammonium sulphate, followed by ion-
exchange chromotography using DEAE-cellulose column, and Gel filtration
using Sephacryl S-300 column.The two iso-enzymes (a, b) were purified to (2.83,
3.47) times in the last step with an enzymes yields of (32.36, 76.34)% respectively.
Enzyme characterization of the two iso-enzymes indicated that the optimum pH
for the two iso-enzymes a and b were (7, 7.5) respectively, while the optimum pH
for the iso-enzymes stability were (6.5, 7) respectively. The maximum activity for
iso-enzymes (a, b) appeared at 45°C and stable for 15 min at 30-50°C and lost
approximately 50% of it's activity at rang above 75°C. Enzyme characterization
results showed that the chlorides of silver and mercury had inhibitory effect on
enzyme activity, the remaining enzyme activity for the iso-enzymes (a, b) were
(46.66, 36.36)% for silver ions and (41.33, 33.63)% for mercury ions at 5 mM
respectively, and (28, 28.18)% for silver ions and (25.33, 19.09)% for mercury
ions at 10 mM respectively. The iso-enzymes a and b were affected by chelating
agent ethylene diamine tetra acetic acid (EDTA) at concentration 2mM the
remaining activity (45.33, 43.63)% respectively, and 5mM the remaining activity
(28, 28.18)% respectivily, and these iso-enzymes (a, b) refered to
metalloenzymes. The iso-enzymes (a, b) were kept their activity when treated by
reducing agent (2-mercaptoethanol) at 2 mM the remaining activity (92, 92.72)%
respectively, and 5 mM the remaining activity (85.3, 89.09)% respectivily. The
iso-enzymes (a, b) were kept their activity when treated by phenyl methyl
sulphonyl fluoride (PMSF) at concentration 1mM the remaining activity (93.33,
90.90)% respectivilyand 5 mM the remaining activity (90.66, 87.27)%
respectivily, and these indicated that these iso-enzymes didnot referred to serine
amylases group.
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Introduction

Amylases are enzymes which hydrolyze the starch molecules into simple polymers
composed of glucose units. Amylases are ubiquitous in distribution, with plants,
bacteria and fungi being the predominat sources [1]. Amylases hydrolysis the a-1, 4
glycosidic linkage of starch in a random endo-amylolytic fashion [2]. Amylases find
potential application in a number of industrial processes such as in the food,
fermentation, textiles and papers industries. Amylases were isolated from numerious
bacteria such as Pseudomonas amylodermosa, which has the highest producing
ability, Bacillus amyloliquefaciens, B.stearothermophilus, B.licheniformis, B.subtilis,
B.flavothermus, Escherichia coli, Lactobacillus amylovorus and Flavobacterium sp.
[3]. Alpha-amylase was purified from Thermus sp. till homogenity,the fold of
purification was 360 [4].While in Bacillus sp. alpha-amylase was purified by
concentration of crude extract first by using ultrafiltration, then passed on ion-
exchange (Hi trap column), then pass on gel filtration column (Sephacryl S-300) folds
of purification were 209 fold and the enzyme recovery was 13.2% [5]. Amylase
enzyme was purified from Pseudomonas stutzeri by MO-precipitation (20-40)%, ion-
exchange chromatography with (DEAE-Toyopeal) 650S, the purity of each fraction
containing enzyme activity was checked by sodium dodocyl sulphate-polyacrylamide
gel electophoresis and the fraction giving a single protein band were pooled and used
for further studies [6]. The effect of some compounds in enzyme activity was
monitered that different metal ions had different effect on the activity of amylase.
Many studies showed that calcium ions have the large effect on amylase activity and
stability and made the amylase more stable in high temperature [7]. All studies
showed that the metal ions such as silver, mercury, aluminum, and copper have
inhibitory effect on amylase activity [3]. The effect of different chemical materials in
amylase activity such as PMSF (Phenyl Methyl Sulphonyl Fluoride). The activity of
alpha-amylase produced from Bacillus sp. didn’t affected by 10 mM of this
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compound [5]. Studies the effect of chelating EDTA (Ethylene Diamine Tetra Acetic
Acid) on amylase produced from Bacillus sp.K-12 it has inhibitor effect on amylase
activity [8]. The activity of amylase produced from Bacillus stearothermophilus
didnt affect by using the reducing agent (B-mercaptoethanol) [9]. This study aimed to
purification and characterization of amylase from local isolate Pseudomonas
sp.SPH4.

Materials and methods

Isolation of amylase enzyme

Amylase enzyme was extracted from local isolate Pseudomonas sp. SPH4 identified
in previous study [10]. After inoculating the isolate in the production media composed
of the starch as carbon source 1%, ammonium sulphate as nitrogen source 1%,
calcium chloride 0.05%, sodium chloride 0.05%, magnesium phosphate 0.05%, and
di-hydrogen sodium phosphate 0.16% and the pH was adjusted at 8. The production
media was inoculated with 1x10° cell/ml, after 24 hours of incubation in 37 °C shaker
incubator at 150 rpm/min, cultures was centrifuged at 6000 rpm for 20 min. Enzyme
activity and protein concentration were then estimated in the crude filtrates. Activity
of amylase was estimated according to reducing sugar liberated after hydrolysis of
starch by the enzyme [11, 12]. Protein concentration was estimated according to the
procedure of [13] .The unit of enzyme activity was defined as the amount of enzyme
that liberates 1mM of reducing sugars (maltose) in one minute at reaction
conditions[14].

Purification of amylase

Precipitation by ammonium sulphate

The supernatant (crude extract) was fractionated with ammonium sulphate at (20, 30,
40, 50, 60, 70, 80)% saturation then the precipitate obtained by centrifugation at
10000 rpm for 30 min was suspended in 5 ml of 0.05 M phosphate buffer pH7 and the
enzyme activity and protein concentration were measured.

lon exchange chromatography

DEAE-cellulose ionic exchange was prepared according to [15]. The sample obtained
after ammonium sulphate precipitation with saturation ratio 30% after dialysis the
crude enzyme in distilled water for 24 hr. then the concentrated enzyme solution was
applied to a DEAE-cellulose column (2x18 cm) previously equilibrated with 50 mM
phosphate buffer pH7. The column was washed with the same buffer and eluted with
a linear salt gradient with the same buffer containing (0.1-1)M NaCl. The fractions
were collected in test tubes at flow rate 30ml/hour. Protein concentration in each
fraction was monitored spectrophotometrically at 280 nm. Fractions of the protein
peaks were assayed for amylase activity. Fractions containing enzymatic activity were
collected and concentrated for further experiment.

Gel filtration chromatography

The gel Sephacryl S-300 was prepared according to the instruction of the
manufacturer (Pharmacia Fine Chemical). The fractions collected from DEAE-
cellulose column chromatography were applied to a Sephacryl S-300column (2.5x37)
cm previously equilibrated with 0.2 M phosphate buffer pH7. Elution was performed
with the same buffer. The fractions were collected in test tubes at flow rate 30
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ml/hour. Protein concentration in each fraction was monitored spectrophotometrically
at 280nm. Fractions containing enzymatic activity were collected and stored in
refrigerator for further characterization.

Enzyme characterization

Effect of pH on amylase activity

Buffer solutions of different pHs (4-10) were prepared 0.1 ml. of partially purified
amylase was added to 0.9ml. of a buffer solution containing 1% soluble starch as a
substrate, enzyme activity was assayed for each pH.

Effect of pH on amylase stability

Equal volumes of partially purified enzyme and buffer solution with pH ranging from
(4,10) were incubated in a water bath at 35°C for 30 min. Then transferred
immediately into an ice bath. The enzymatic activity for each pH was measured.
Effect of temperature on amylase activity

Amylase activity was assayed at various temperature (25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80)°C. Activity of amylase was plotted against the temperatures to
determine the optimal temperature for amylase activity.

Effect of temperature on amylase stability

Equal volumes of partially purified enzyme were incubated for 15min at different
temperature (25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80)°C then immediately
transferred into an ice bath. Enzymatic activity was measured and the remaining
activity (%) was plotted against the temperature.

Effect of PMSF on enzyme activity

Equal volumes of partially purified enzyme were mixed with (1, 5) mM of PMSF
(dissolved in methanol) and incubated in water bath at 35°C for 15 min then
immediately transferred into an ice bath. The remaining activities (%) were estimated.
Effect of metal ions, reducing and chelating agents on enzyme activity

Equal volumes of partially purified enzyme were mixed with (5, 10) mM of different
metal salts (CuSO4, AgCl , HgCl2, CaCl2) and incubated in water bath at 35°C for 15
min.These metal ions were prepared by dissolving these metal salts in phosphate
buffer pH7.

Equal volumes of partially purified enzyme were mixed with (2, 5) mM of chelating
agent Ethylene Diamine Tetra Acetic acid (EDTA) and reducing agent (i3-
mercaptoethanol) and incubated in water bath at 35C° for 15 min. These compounds
were prepared by dissolving these compounds in phosphate buffer pH7. The
remaining activity (%) was estimated.

Results and discussion

Extraction and purification of enzyme

The crude amylase produced by the locally isolate Pseudomonas sp.SPH4 under the
optimum conditions had specific activity 31.7 U/mg protein.

Precipitation of enzyme by ammonium sulphate

In order to concentrate the crude extract of amylase and remove a much of water and
some protein molecules as possible, ammonium sulphate were used at (20, 30, 40, 50,
60, 70, 80)% saturation, the saturation ratio 30% was used. It achieved specific
activity 58.33 U/mg protein, 1.84 purification fold with 88.33% vyield. Protein
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precipitation by ammonium sulphate depends on the salting out phenomenon. Since
ammonium sulphate has the ability to neutralize charges at the surface of the protein
and to disrupt the water layer surrounding the protein, it will eventually cause a
decrease in the solubility of the protein which, in turn will lead to the precipitation of
the protein by the effect of salt [16,17]. Ammonium sulphate are widely used because
of its availability, high solubility, low cost and it stabilizes the proteins [18].
lon-Exchange chromatography

Purification of amylase was done by ion-exchange chromatography by (DEAE-
cellulose). Results in Table (1) showed amylase purified by using anion-exchange
column chromatography using DEAE-cellulose. Figure (1) showed the wash and
elution of DEAE-column. The wash step of DEAE-column contained two protein
peaks without amylase activity, while the eluted fractions of DEAE-cellulose revealed
three protein peaks one peak for protein and two peaks had amylase activity. This
results indicates that Pseudomonas sp. SPH4 amylase have negative charge.
Appearance of two peaks for amylase activity they reffered to the appearance of iso-
enzymes of amylase. The fractions which had amylase activity were collected
together giving specific activity of 66.66 U/mg protein with 2.1 fold of purification
and 37.85% vyield for the first peak (iso-enzyme a) (the fractions 91-100) and 78.94
U/mg protein with 2.94 fold of purification and 80.44% yield for the second peak
(iso-enzyme b) (the fractions 101-112). These result are similar to those found by [19]
who purified alpha-amylase from Bacillus stearothermophilus by DEAE-cellulose
chromatography and which revealed two peaks of amylase activity in the elution step
each peak have alpha-amylase activity.

Gel filtration chromatography

The fractions of two peaks containing amylase activity from DEAE-cellulose column
chromatography were applied to a Sephacryl S-300 column. Figure (2, 3) showed that
there are two peaks, with specific activity 90 U/mg proteins, fold of purification 2.83
and yield 32.36 %, for first peak and with specific activity 110 U/mg proteins, fold of
purification 3.47 and yield 76.34% for second peak. Amylase produced from Bacillus
sp. was purified by Hi prep Sephacryl S- 200, a fold of purification was 709 with a
yieldl 3.2% (5).
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Table (1): Purification steps of amylase (iso-enzyme a and b) produced by Pseudomonas sp.SPH4

Steps of purification Volume Activity  Protein  Specific  Total Fold of  Yield

(ml) (U/ml) conc. activity  activity purifica (%)
(mg/ml)  (U/mg) V) tion
Crude extract 25 6.34 0.2 31.7 158.5 1 100
Precipitation by
saturation 8
ammonium 17.5 0.3 58.33 140 1.84 88.33
sulphate
30%
lon exchange
chromatography by
DEAE-cellulose 15 4 0.06 66.67 60 2.1 37.85
(Iso-enzyme a)
(1so-enzyme b) 17 75 0.095 78.95 127.5 2.49 80.44
Gel filtration
chromatography by
Sephacryl S-300 19 2.7 0.03 90 51.3 2.84 32.37
(Iso-enzyme a)
(1so-enzyme b) 22 55 0.05 110 121 3.47 76.34
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Figure (1): Purification of amylase from local isolate Pseudomonas sp.SPH4 by DEAE-cellulose ion-
exchange chromatography column (2x18 cm) equilibrated with 0.05 M phosphate buffer pH 7, enzyme was
eluted with linear salt gradient 0.1-1 M Nacl, flow rate 30 ml/hour
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Figure(2): Gel filtration chromatography of amylase (iso-enzyme a) from local isolate Pseudomonas
sp.SPH4 by Sephadex S-300 column (2.5x37cm) equilibrated with 0.2 M phosphate buffer
pH 7,flow rate 30 ml /hour
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Figure (3): Gel filtration chromatography of amylase (iso-enzyme b) from local isolate
Pseudomonas sp.SPH4 by Sephadex S-300 column (2.5x37cm) equilibrated with 0.2 M phosphate
buffer pH 7, flow rate 30 mi/hour

Enzyme characterization

Optimum pH of amylase activity

Figure (4) showed the effect of pH on the activity of partially purified amylase from
Pseudomonas sp.SPH4 was studied in pH rang from 4-10. Results showed that the
maximum activity of amylase (iso-enzyme a,b) was at pH (7, 7.5), respectivily the
activity was 6.5 U/ml for iso-enzyme (a) and 9.5 U/ml for iso-enzyme (b). pH has
effect on the ionic state of enzyme by effecting on the amino acid chains necessary for
tertiary structure of enzyme and hence its activity may varies. Higher or lower pH
from the optimum will lead to denature the enzyme and losing it's activity [15, 16,
20]. The optimum pH for isoamylase activity from the yeast Lipomyces kononenkoae
was 5.6 [21].
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Figure (4): Effect of pH on purified of Pseudomonas sp.SPH4 amylase (iso-enzymes)

Effect of pH on amylase stability

In order to determine the optimum pH for amylase stability, the enzyme was
incubated in buffer solution with pH range (4-10) at 35°C for 15 min. Results
indicated in Figure (5) showed that amylase (iso-enzyme a and b) high stability at pH
range between (6.5-7.5) the activity of amylase (iso-enzyme a) was 7.5 U/ml and the
activity of (iso-enzyme b) was 10.1 U/ml, in which it kept more than 90% of it's total
activity. The effect of pH on the enzyme stability could be explained in the formation
of ionic form of enzyme or the active sites, irreversible inactivation. The stability of
the enzyme depends on many factors such as temperature, ionic strength, chemical
nature of buffer, concentration of various preservatives, concentration of metal ions,
substrate and enzyme concentration [16].Whitaker indicated that most amylase from
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Pseudomonas sp. have optimum pH (3.5-5.5) [15]. The amylase produced from
Bacillus sp. have a wide range of pH between (6-11) [5].

Effect of temperature on amylase activity

The results in Figure (6) indicated that the activity of amylase (iso-enzyme a and b)
reaches the maximum (7.4, 10.2) U/ml respectively at 45°C, and decreased to (1.9,
3.1) U/ml respectively at 80°C, which may be attributed to the denaturation of the
enzyme after incubation at high temperature due to structural and conformational
changing of the protein molecule, this will influence the binding of enzyme and
substrate [22]. The optimum temperature for isoamylase activity from Pseudomonas
amylodermosa was 50°C [23].
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Figure (5): Effect of pH on amylase (iso-enzymes) stability purified from Pseudomonas sp.SPH4
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Figure (6): Effect of temperature on Pseudomonas sp.SPH4 amylase (iso-enzymes) activity

Effect of temperature on amylase stability

The stability of amylase iso-enzyme a and b from Pseudomonas sp. SPH4.was
examined by enzyme incubation at various temperature (30- 80)°C for 15min.The
results in Figure (7) revealed that the iso-enzyme are stable at 30-50°C, the activity
declined at higher temperature, although at 60 °C about 60% of the activity remained.
The enzyme was suppressed at 80°C, about 20% of the activity remained. The activity
of amylase (iso-enzyme a) was 7.5 U/ml and the activity of amylase (iso-enzyme b)
was 11.1 U/ml. The amylase produced by Bacillus sp. is stable at temperature over 60
°C, and lost its activity at 95 °C after 10 min [5].
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Figure (7): Effect of temperature on the purified Pseudomonas sp.SPH4
Amylase ( iso-enzymes) stability

Effect of some chemical compounds on enzyme activity

Effect of metal ions on enzyme acyivity

The results of amylase (iso-enzymes) treated with metal ions Table(2) showed that the
amylase activity iso-enzymes (a, b) was decreased when treated with (5, 10) mM of
HgCl2, AgCl and CuSOa4.The inhibition of amylase activity iso-enzymes (a, b) by
HgCl2, AgCl and CuSO4 may indicated the presence of SH group in the active site of
the enzyme leading to oxidize them by HgCl2, further more the presence of HgClI2,
AgCl and CuSO4 in the substrate working solution may form a complexes with the
enzyme which prevent it from binding to the substrate and form the product. The
activity of amylase enzyme produced by Pseudomonas sp. enhanced by Mg*?, Ca'*?
Rb*, at ImM, while the activity was inhibited by Ag*, Hg*?,and Cu*? at 1 Mm [19].

Table (2): Effect of metal ions on purified Pseudomonas sp.SPH4 amylase iso-enzymes activity

Metal salt Concentration
(mM) Remaining activity%o
iso-enzyme a iso-enzyme b

Control - 100 100
CuS0O4 5 66.6 72.72
10 53.3 64.54
AgCl 5 46.66 36.36
10 28 28.18
HgClI2 5 41.33 33.63
10 25.33 19.09

CaCl2 5 96 97.2
10 101.3 101.8

Effect of reducing and chelating agents on enzyme activity

The results in the Table (3) revealed the effect of reducing and chelating agents on
amylase iso-enzymes a and b activity, the amylase (iso-enzymes a and b) activity was
not inhibited when it was incubated with (2, 5) Mm of 2- mercaptoethanol, these
results indicated the presence of SH group in or near the active site. The reducing
compounds aid the SH group to be stable. The amylase produced by Bacillus sp.
remained active when treated with reducing agent 2-mercaptoethanol at 1 mM. [5].
Pseudomonas sp.SPH4 amylase (iso-enzyme a and b) was inhibited by chelating
agent (EDTA) at (2, 5) mM, these results indicated that these iso-enzymes refered to
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metalloamylases on which the activity of enzyme is dependent on the some kinds of
ions. Additional chelating agents to the reaction medium it forms complexes with the
ions in the active site which cause inhibition of enzyme activity. The amylase
produced by Bacillus stearothermophilus was inhibited by chelating agent (EDTA) at
10mM [19]. The amylase iso-enzyme a and b did not affected by the present of PMSF
in the reaction mixture at (1, 5) mM indicated that these iso-enzymes are not belong to
serine amylases. The activity of amylase produced by Bacillus sp. did not affected in

the presence of 10 mM of PMSF [5].
Table (3): Effect of reducing and chelating agents on Pseudomonas sp.SPH4 amylase (iso-
enzymes) activity.

Compound Concentration Remaining activity%o
(mM)
iso-enzyme a iso-enzyme b

Control - 100 100
EDTA 2 45.33 43.63
5 28 28.18
2-mercaptoethanol 2 92 92.72
5 85.3 89.09
PMSF 1 93.33 90.90
5 90.66 87.27
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