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Alpha-amylase (E.C.3.2.1.1) plays a great role as it has multiple applications in various industries. At present, its
production has reached up to 65% of the enzyme market in the world and is continuously increasing. Alpha-amylase
is produced by a variety of living organisms ranging from bacteria to plants and animals. The specific activity of
o-amylase is dependent on various biochemical phenotype parameters such as substrate, pH, and temperature as well
as metal ions requirements. Potato starch with a concentration of 5 mg/ml was found to be more enzyme-specific
(34.02 IU/mg of protein) as substrate compared to other variety of starch. The enzyme was best active at pH 8.0
and incubation temperature of 37°C using Na®‘as metal ions. The findings suggest that enzyme activity increases
up to a certain concentration then decreases, structural properties also influence the enzyme activity. The optimum
temperature and pH of enzyme activity are also dependent on the microbial strain used. Competition between the
exogenous cations and the protein-associated cation decreases metalloenzyme activity. Therefore, this study was
aimed to determine the specificity of isolated oi-amylase by variety of substrate, pH, incubation temperature and

metal ions by giving a crucial comparison between each of the parameter of the standard assay.

1. INTRODUCTION

Alpha-amylase (E.C.3.2.1.1) is one of the most essential bio
technologically industrial enzymes, having numerous applications in a
wide range of industries [1]. Its manufacturing now accounts for up to
65% of the global enzyme market and is steadily expanding [2]. Kuhn
named it in 1925 because the hydrolysis products are in the alpha
configuration [3]. It disintegrates starch by hydrolyzing its terminal-
1,4-glycosidic bond, generating maltose or maltose, glucose, and limit
dextrin from amylopectin [4]. They are often divided into two parts;
saccharifying o-amylase hydrolyzes 50-60% whereas liquefying
o-amylase hydrolyzes 30-40% [5]. Alpha-amylase is synthesized by
a diverse variety of living creatures, including bacteria, plants, and
mammals. Many bacteria such as Bacillus sp., Lactobacillus sp.,
Pseudomonas sp., and Fungi like Aspergillus sp. are the sources of this
enzyme [6]. Vegetables such as cauliflower and onion also contain a
small amount of alpha-amylase, and in the human body, it is obtained
from salivary gland and pancreas [7].

The specific activity of alpha-amylase is depended on various
biochemical phenotype parameters such as substrate, pH, and
temperature as well as metal ions requirements [8]. In general, starch
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is used as a substrate for the enzyme assay because it degrades starch
by hydrolysis of a terminal o.-1,4-glycosidic bond to reduce maltose,
glucose and limit dextrin. Optimum pH of human salivary and
pancreatic a-amylases is neutral. Still, earlier studies show that pH
may vary from species to species and showed their optimum pH in
a range of 4-10 [7]. The impact of temperature on the production of
amylases is related to the emergence of organisms [9]. Metal ions are
acts as a co-factor, but their binding capacity may increase or decrease
the enzyme activity [10]. In general, from various studies, it was
found that metal ions such as Ca*, Mg*, Mn*, and Co?" increases
the activity whereas K*, Fe*, Zn*", and Cu®*" reduces the activity.
Significant inhibitory activity was observed with Hg? [11]. The study
was aimed to determine the specificity of isolated alpha-amylase using
a wide variety of substrate, pH, incubation temperature, and metal ions
to find out either there was any difference or not by giving a crucial
comparison between each of the parameter of the standard assay.

2. MATERIALS AND METHODS

2.1. Isolation of Microorganisms

Waste water sample was collected from agro-industrial area of
Purba Bardhaman, West Bengal, India. The experimental area
lies at latitude and longitude of 23°15°15.3”N and 88°01°50.9”E,
respectively. A sterile container was being used to collect the water
sample that was then maintained at 4°C for subsequent analysis.
The essential and auxiliary screening of amylolytic fungus isolates
was performed on starch agar media. Serial dilution was used to
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isolate the fungus. After being inoculated, Petri plates were kept
at 28°C for 3—4 days. According to morphological characteristics,
fungal isolates were identified. To obtain pure culture, the isolates
were picked up and inoculated on sterile agar plates and incubated
at 28°C for 48 h.

2.2. Screening and Selection of Potential Isolates

Starch agar plate technique with minor modifications was used to
screen the Aspergillus isolates for amylase production [12-14]. The
isolates with the widest clear zone were further chosen as a single
strain variant.

2.3. Staining of the Pure Isolate

Microscopic morphology of the pure isolate mount was conducted
employing Shamly e al.’s method [15], and territorial parameters
such as size, surface appearance, texture, reverse, and coloration of the
colonies were employed to view the isolate microscopically.

2.4. Extraction of Enzyme

Mineral broth medium (Starch: 5 g/L, yeast extract: 5g/L,
(NH,),SO, 2.5g/L, MgSO, 2 mg/L, KH,PO, 3 g/L, CaCl, 2.5 mg/L)
was prepared. 100 mL of the medium was put into 250 mL Erlenmeyer
flasks and disinfected at 121°C for 15 min. Inoculum was deposited
into the flask and incubated for 96 h at 37°C with a 150 rpm rotary
shaker. Finally, the fermented culture was transferred into centrifuge
tubes and agitated for 20 min at 5000 rpm at 4°C before being
decanted.

2.5. Determination of Enzyme Activity

Activity of alpha-amylase was determined by 3,5 Di-nitro salicylic
acid (DNSA) method using potato starch as substrate and sodium
phosphate buffer (pH-6.9) as the incubation medium at 37°C of
incubation temperature. All the parameters were the same as the
normal assay protocol [16]. Quantitative estimation of enzyme protein
was determined by Lowry et al. [17].

2.6. Characterization of the Isolated Enzyme with Varying
Parameters

2.6.1. Employing different substrates

Enzyme assay was carried out following the DNSA method to
estimate the amount of reducing sugars given off by a different variety
of conventional and unconventional Starch of plant origin at the
concentration of 2.5 mg/ml, 5 mg/ml and 10 mg/ml. Different types
[Table 1] and concentration of starch were taken to find out whether,
with increased concentration of starch, any significant changes in the
specific activity of the enzyme observed.

2.6.2. At different pH of incubation
The effect of various range of pH on alpha-amylase activity was
investigated usinga sodium-phosphate buffer of pH ranges 5.7,

Table 1: Different types of conventional and unconventional starch

Type Starch  Scientific Name Kingdom Genus
Name

Conventional Potato Solanum tuberosum  Plant Solanum
Corn Zea mays Zea

Unconventional  Litchi Litchi chinensis Litchi
Chiku Manilkara zapota Manilkara

6.5, 6.9, 7.5 and 8.0 to find out the optimum pH through DNSA
methodology [16] without changing other parameters such as substrate
and incubation temperature.

2.6.3. Activity optimization at different temperatures

The influence of a wide variety of incubation temperatures on alpha-
amylase activity was examined. Incubation temperature of 15°C, 25°C,
37°C, 45°C, and 55°C were used to find out the optimum temperature
of incubation [16].

2.6.4. Effects of metal ions on enzyme activity

In general, Na* is used as a standard metal ion in DNSA protocol [16].
The optimum activity of alpha-amylase in terms of ion specificity was
evaluated using different metal ions such as Ca*", Mg?*, and Zn*" in the
place of Na* to find out whether the metal ions used in this study have
any better specificity towards enzyme activity.

3. RESULTS AND DISCUSSION

3.1. Isolation of microorganisms

Based on colony morphology and microscopic mount of the isolates,
seven fungal isolates were obtained in the first phase of screening.
From seven fungal isolates, three fungal isolates with considerably
increased clear zone generation by starch hydrolysis were chosen and
further investigated [Figure 1].

3.2. Screening and Selection of Potential Isolates

Two potential isolates [Figure 2] were chosen for further characterization
in the second round of screening, and the isolates were confirmed to be
from the Aspergillus genus. As a result, the fungal isolate’s maximum
clear zone development on starch agar media, as shown in Figure 2,
revealed that the isolate is an alpha-amylase producer.

3.3. Staining of the Pure Isolate

After detailed analysis, the strain responsible for the activity was found
to be Aspergillus oryzae [Figure 3].

3.4. Extraction of Enzyme

Alpha-amylase was extracted from the fermented mineral broth
through centrifugation under controlled temperature and enzyme
activity was determined by DNS Assay.

3.5. Determination of Enzyme Activity

Using potato starch as a substrate, the isolated enzyme exhibited a
specific activity of 34.02 IU/mg of protein.

3.6. Characterization of Enzyme Activity with Varying
Parameters

3.6.1. Employing different substrates

Specific activity of alpha-amylase with varying concentration of
different substrate represented in Figure 4. Among all starch variety,
potato starch with a concentration of 5 mg/ml showed maximum
activity of 34.02 TU/mg of protein [Figure 5]. The starch granules were
relatively rigid, and the enzyme activity was dependent on several
factors such as crystalline structure, presences of pores and granular
size, therefore the isolated enzyme showed more specific activity
towards conventional starch rather than unconventional starch [18].
Using potato starch as a substrate, the isolated amylase from fungal
source showed maximum specific activity depending on the substrate
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Figure 1: Figure 1: Zone of hydrolysis at 28°C, pH 6.5 after 4 days of incubation by promising isolates (b-f) and absence of hydrolysis zone formation (a)

Figure 2: Plate indicating zone of hydrolysis (clear zone) by fungal isolate.

Figure 3: Colony morphology on Starch agar and microscopic mount of the

potential isolate.

specificity, temperature, pH etc. The enzyme was highly substrate
specific and was able to hydrolyze all types of Starch achieving highest

activity at the concentration of 5 mg/ml. This can be explained by the
basic theories of enzyme activity that postulate - when the substrate
concentration is high, all the enzyme remains as enzyme-substrate
complex, that is, the entire enzyme in the media, gets saturated by
the substrate. As a consequence, as the concentration of the substrate
rises, the enzyme activity increases till a certain point, after that it
drops. Maximum maltose production by the experimental enzyme
was achieved using conventional starch compared to unconventional
starch.

3.6.2. At different pH of incubation

The optimum pH of the experimental enzyme was represented in
Figure 6. The enzyme is active at pH levels ranging from 5.7 to 8.0, with
pH 8.0 providing the best results. Similar studies with alpha-amylase
from Aspergillus sp. MKO7 showed optimal activity in the pH 6.0 [19].
The enzyme was active over a range of pH 5.7-8.0 with optimum
activity at pH 8.0. It might be due to the fact that fungus of Aspergillus
sp. always remains active over a wide range of pHi.e.1.4-9.8 therefore;
due to its presence over a wide range of pH it could be able to produce
enzymes with activity over a wide range of pH [20].

3.6.3. Activity optimization at different temperatures

The optimum temperature of the experimental enzyme graphically
presented in Figure 7. The isolated enzyme was found to show
maximum activity at 37°C. Earlier studies also supported this
observation that amylase from 4. oryzae origin showed best activity
between 30°C and 60°C with optimum activity at 50°C [21]. As most
of the enzymes were protein in nature, so thermo-tolerance always
affects the optimum activity.

3.6.4. Effects of metal ions on enzyme activity

Enzymes can get activated with the help of inorganic metal ions
that aid in the catalysis of a reaction. Metals often facilitate this
catalytic process either by attaching with the target enzyme during the
reaction (cofactor) or permanently attached from the beginning with
the enzyme (metalloenzymes). In this study, Na* ions as a standard
showed maximum relative activity toward enzyme action followed by
Mg*, Ca**whereas Zn** ions showed reduced relative activity toward



48 Nandi, et al.: Journal of Applied Biology & Biotechnology 2022;10(4):45-49

Table 2: Effect of metal ions on enzyme activity.

Metal Ions Relative Activity Induction Inhibition
(5 mM) (%) (%) (%)
Control 100 - -
NaCl 100 - -
CaCl, 67 - 33
MgSO, 73 - 27
ZnSO, 38 - 62
Potato Starch Corn Starch Litchi Starch ~ Chiku Starch
2.5 30.85 12.51 15.94 8
5 34.02 23.65 20.17 10.2
10 22.28 21.94 16.62 6.85
40 -
35 -
o 2.5 mg/ml
E 30 -
=) u5.0 mg/ml
N’
2 25 #10.0 mg/ml
2 20 -
9
< 15
=
'S 10 -
-3
w 5
0 J
Potato Corn Litchi Seed  Chiku Seed
Starch Starch Starch Starch
Concentration of Substrate (mg/ml)

Figure 4: Specific Activity of a-amylase with different concentration starch.
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Figure 5: Comparison between conventional and unconventional starch.

enzyme action [Table 2]. In the presence of ions such as Ca’** and
Mg, the isolated enzyme’s catalytic efficiency was reported to be
decreased. According to previous experimental work Metal ions such
as Ca®", Mg?", Mn*", and Co*" boost catalytic activity, whereas K*, Fe*",
Zn*', and Cu*" decrease it [11]. Metals can either aid in the catalytic
reaction, activate the enzyme to start it, or block it. Some amylases
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Figure 6: Effect of pH on enzyme activity.
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Figure 7: Effect of temperature on enzyme activity.

are metalloenzymes, indicating they contain a metal ion to facilitate
the process. It’s possible that the suppression is due to competition
between the exogenous cation and the protein-associated cation,
resulting in lower metalloenzyme activity [22].

4. CONCLUSION

According to the observations, the enzyme’s activity increases up till a
certain concentration (2.5 mg/ml), and after that it declines, this might
be due to composition and orientation of amylose and amylopectin
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arrangement in the starch molecule that impact substrate binding
capacity of the enzyme which gets reflected in its activity. In contrast
to other forms of starch, potato starch with a concentration of 5 mg/ml
was found to be more enzyme-specific as a substrate (34.02 IU/mg of
protein). The enzyme was best active at pH 8.0 and with incubation
temperature of 37°C using Na>* as cofactor. The optimum temperature
and pH of enzyme’s activity might also depend on the newly isolated
microbial strain and its adaption to the environment.
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