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Introduction

"-amylase (EC3.2.1.1, 1,4-"-D-glucan-glucanohy-
drolase) is an extracellular enzyme, which is involved
in the starch processing industries where it breaks
starch down into simple sugar constituents (Akpan
et al., 1999; Haq et al., 2002). The amylase enzymes
have also potential applications in a number of indus-
trial processes including brewing, baking, textiles and
detergents (Gupta et al., 2003; Pandey et al., 2000).
Today, the new potential of using microorganisms
as biotechnological sources of industrially relevant
enzymes has stimulated renewed interest in the ex-
ploration of extracellular enzymatic activity in sev-
eral microorganisms (Akpan et al., 1999; Buzzini and
Martini, 2002; Gupta et al., 2003). These enzymes are
found in animals, plants, bacteria and fungi. Sources
of amylases in yeast, bacteria and other fungi have
been reported and their properties described by (Chi
et al., 2007, Liu and Xu, 2008, Gupta et al., 2008).
Due to their diversity, fungi have been recognized as
a source of new enzymes with useful and/or novel
characteristics. Amylases constitute a class of indus-
trial enzymes accounting for approximately 25% of
the enzyme market (Rao et al., 1998).

PCR amplification using universal primers tar-
geted to conserved regions within the rRNA complex,
followed by DNA sequencing of the internal tran-
scribed spacer (ITS) regions, shows promise to iden-
tify a broad range of fungi to the species level (Chen
et al., 2001; Henry et al., 2000; Iwen et al., 2002;
Pryce et al., 2003; Li et al., 2007).

Considering the industrial importance of amylase,
in this present study, fungi were isolated from soil and
screened for amylase production. The investigation
led to the identification of a high amylase producing
isolate, FSS60.

Experimental

Materials and Methods

Fungi isolation. Soil samples were collected from
different areas of Syria, cereal fields, olive fields,
forests and gardens. One gram of soil sample was
dissolved in 100 ml of sterilized distilled water, and
then diluted up to 1/104 times, from which, 0.5 ml
volumes were pipetted onto potato dextrose agar
(PDA) and incubated at 30°C for three days. Fungi
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were isolated from each plate and subcultured on
PDA. Subculturing was continued until a pure isolate
was obtained. Stock cultures were maintained on
potato dextrose agar at 4°C.

Fungus screening for amylase production. One
hundred and thirty-six fungal isolates were screened
for amylase production in Erlenmeyer flasks (100 ml)
containing 25 ml of basal culture medium (g/l); 10.0
� wheat bran, 5.0 � yeast extract, 10.0 � Na2HPO4×
2H2O, 0.5 � KCl, 0.15, MgSO4×7H2O. The pH was
adjusted to 6.5 before sterilization. The flasks were
sterilized at 120°C for 20 min. Fresh fungal spores
have been used as inocula and the flasks were incu-
bated at 30°C for 5 days in a rotary shaker (120 rpm).

Biomass. Mycelial dry weight was determined
by filtering the culture medium through pre-weighed
Whatman filter paper No 44, dried to a constant weigh
at 80°C and reweighed. The difference in weight de-
noted the mycelial growth of fungus.

Soluble protein. Soluble proteins were analyzed
according to the method of Lowry et al. (1951) after
preliminary precipitation with 50% trichloroacetic
acid (TCA). Bovine serum albumin (BSA) was used
as a standard.

Amylase assay. "-amylase activity was deter-
mined as described by Okolo et al. (1995). The reac-
tion mixture consisted of 1.25 ml of 1% soluble
starch, 0.25 ml of 0.1 M acetate buffer (pH 5.0),
0.25 ml of distilled water, and 0.25 ml of crude en-
zyme extract. After 10 min of incubation at 50°C, the
liberated reducing sugars (glucose equivalents) were
estimated by the dinitrosalicylic acid (DNS) method
of Miller (1959). The blank contained 0.5 ml of 0.1 M
acetate buffer (pH 5.0), 1.25 ml of 1% starch solu-
tion and 0.25 ml of distilled water. One unit (IU) of
"-amylase is defined as the amount of enzyme releas-
ing 1 µmol glucose equivalent per minute under the
assay conditions.

Genomic DNA isolation. Total genomic DNA of
selected isolates was extracted from 48 h growing cul-
tures medium (2% glucose, 1% yeast extract and 1%
peptone). 1.5 ml of cultured cells was collected by
centrifugation at 13 000 rpm for 5 minutes. Cells were
washed with distilled water and digested in 750 µl en-
zymatic lysis solution (10 µl of proteinase k 20 mg/ml,
2% SDS, 1% 2-mercaptoethanol, 1% CTAB and
10 mM EDTA in 50 mM Tris pH 8 buffer) and incu-
bated for 30 minutes at 60°C. The lysate was extracted
with phenol: chloroform: isoamyl alcool (25:24:1)
three times. The extract was purified by adding 1/10
of the volume of sodium acetate 3 M and 1 ml etha-
nol. The mix was vortexed and placed for 15 minutes
on ice. Sediment high molecular weight DNA was ob-
tained after 5 minutes of centrifugation at 13 000 rpm
washed with 70% ethanol and air-dried. The final
DNA pellet was dissolved in 50 µl hydration solution

and stored at �20°C. DNA concentration was esti-
mated by measuring the absorbance at 260 nm. The
quality of the isolated genomic DNA was calculated
by the ratio OD260nm /OD280nm.

PCR amplification of the 5.8 S rDNA. PCR was
used to amplify 5.8 S rDNA gene of a-amylase pro-
ducing isolate. Primers used for PCR and DNA
sequencing are ITS1 (5�-TCC GTA GGT GAA
CCTGCG G-3�) and ITS4 (5�-TCC TCC GCT TAT
TGA TATGC-3�). The standardized PCR conditions
were as follows: one cycle of denaturation at 95°C
for 5 minutes followed by 25 cycles of denaturation
at 95°C for 30 seconds, annealing at 55°C for 30 se-
conds, extension at 72°C for 2 minutes, and one cycle
of extension at 72°C for 10 minutes. PCR products
were visualized by electrophoresis in 1% (w/v) aga-
rose gel stained by ethidium bromide.

 5.8 S DNA sequencing. PCR amplicons were
purified using Microcon Y-100 filters (Millipore) and
sequenced using ABI Prism® Big Dye® terminator
v3.1 cycle sequencing kit (Applied Biosystems) ac-
cording to manufacturer�s instructions. The sequenc-
ing products were purified by ethanol precipitation.
Sequencing reactions were carried out on an ABI
PRISMATM DNA Sequencer (Perkin-Elmer, Gem-
bloux, Belgium). The sequences obtained (Length,
approximately 500 bp) were then assembled in silico
(Vector NTI) using overlapping to form contiguous
sequence.

Phylogenetic analysis. Phylogenetic analysis was
realized by an alignment of consensus sequences of
5.8S genes collected in an international database
(Genebank). The resultants were then expressed in per-
centage of homology between the submitted sequence
and the most relevant sequences from the database.

Results and Discussion

Screening of amylase producing fungus. One
hundred and thirty-six fungal isolates from soil
samples collected from different areas of Syria, cereal
fields, olive fields, forests and gardens were evalu-
ated for amylase production. Table I shows the amy-
lase activity for the best ten fungi isolates. From this
group, the highest producing amylase isolate, FSS60
was selected for further studies.

Identification of isolate FSS60. Generally, fila-
mentous fungi are identified mainly using morpho-
logical characteristics. However, these methods of
identification are often problematic, as thing can be
different morpho/biotypes within a single species.
They are also time consuming, and require a great
deal of skill and expertise. DNA sequence analysis
methods are an objective, reproducible, and rapid
means of identification, therefore, they have been
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widely used (Li et al., 2007). Identification of the iso-
late FSS60 was done using 5.8S DNA gene se-
quences. The nucleotide BLAST similarity search
analysis, based 5.8S DNA gene sequence revealed
that isolate FSS60 belong to the genus Aspergillus.
The closest phylogenetic neighbour according to the
5.8S DNA gene sequence data for FSS60 isolate was
Aspergillus flavus with 100% of homology.

Influence of initial pH on amylase production
by Aspergillus flavus FSS60. Amylase is a pH sensi-
tive enzyme. Therefore, the selection of optimal pH is
essential for the production of "-amylase (McMohan
et al., 1999). "-amylase production by this isolate was
observed in a range of pH (4.0�10.0). The production
was found to be best at pH 9.0. Below and above this
pH "-amylase production was lower (Fig. 1). Moreira
et al. (1999) found that the amylase production by
Aspergillus tamarii was higher at pH 6 while Nahas
and Waldemarin (2002) observed the maximum amy-
lase production by Aspergillus ochraceus at initial
pH 5.0. Tiwari et al. (2007), however, reported maxi-

mum amylase production by Penicillium rugulosum
at pH 7. In the present study, the maximum produc-
tion was recorded at pH 9 which indicates that the
selected isolate prefers alkaline conditions for better
enzyme production.

Effect of pH on amylase activity. The optimum
pH was determined by measuring the activity at 40°C
over a range of pH from 4 to 10 using the following
buffer: Citrate-phosphate buffer (pH 4�6), Na-phos-
phate buffer (pH 7�8), and glycine � NaOH (pH 9�10).
The favorable pH range for amylase activity of Asper-
gillus flavus FSS60 was between 4.0�6.0, with an opti-
mum at pH 5.0 (Fig. 2). A significant drop in enzyme
activity was observed below pH 5.0 and above pH
6.0. The enzyme behaviour clearly indicates that it is
more suitable for any application in the pH range of
4.0�6.0. Similar pH optimum was reported for other
filamentous fungus (Ramachandran et al., 2004).

Effect of temperature on amylase activity and
stability. The influence of temperature on amylase
activity of the crude enzyme showed that enzyme

Fig. 1. Influence of pH of the medium on amylase production by
Aspegillus flavus FSS60 at 30°C under submerged fermentation.

Fig. 2. Influence of pH on activity of amylase produced from
Aspegillus flavus FSS60 Relative activity was determined at 50°C.

Fig. 3. Optimum temperature of amylase produced by Aspergillus
flavus FSS60 in submerged culture. Relative activity was

determined at pH 5.

Table I
Extracellular amylase activity  from filamentous

fungus isolates

FSS3 5.74 365.54 5.62

FSS9 6.21 482.64 7.01

FSS24 6.62 870.65 4.49

FSS40 6.68 255.92 3.92

FSS53 7.24 122.08 3.72

FSS60 7.22 1059.08 11.13

FSS80 8.16 418.62 3.93

FSS118 7.12 509.85 4.18

FSS123 7.24 742.15 6.74

FSS132 7.90 1109.85 4.35

Isolate No
Dry wt.
(mg/ml)

Protein
(µg/ml)

Amylase
(IU/ml)
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activity increased progressively with increase in tem-
perature from 30°C to 50°C (Fig. 3). A sharp decrease
in amylase activity was observed between 55°C
(95.69%) and 65°C (27.59%). The retained activity at
80°C was only (8.77%). Similar results were reported
by Ramachandran et al. (2004) and Kunamneni
et al. (2005), the optimum temperature was 50°C
for maximum activity of amylase produced by As-
pergillus oryzae and Thermomyces lanuginosus. In
other investigations, 35°C and 40°C were reported
as optimum temperatures for amylase production by
Aspergillus oryzae and Penicillium griseofulvum
respectively (Ragunathan and Swaminathan, 2005;
Ertan et al., 2006).

Thermal stability tests were carried out by
preincubating amylase up to 3 h in a range of tem-
peratures from 30�65°C (Fig. 4). The enzyme re-
mained stable after 3h of incubation at 30°C, while at
40°C the residual amylase activity was 77.37%, after
1h and 38.83% after 3 h. The enzyme was sensitive at
50°C, retaining 23.18% activity after 1 h exposure
and only 18.02 % activity after 3 h. At 60°C the re-
sidual xylanase activity was only 12.86% after 1 h and
11.83% activity was observed after 3 h. These results
indicated that the suitable temperature range for
industrial application for amylase from Aspergillus
flavus FSS60 was 30�40°C.

Conclusion. In conclusion, homology analysis of
5.8S gene provides suitable phylogenetic data that can
be used to determine both close and very distant rela-
tionships. In the present study, this approach has
allowed the identification of industrially important
amylase producing organism, FSS60. The closest
phylogenetic neighbour according to 5.8S gene se-
quence data for FSS60 isolate was Aspergillus flavus.
The results indicated that optimum amylase activity

was at pH 5.0 and 50°C. Amylase production by
Aspergillus flavus FSS6 should be optimized for bio-
technological applications.
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