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ABSTRACT

Production and partial characterization whmylase under solid-state fermentation Asgpergillus sp.
isolated from estuarine soil has been investigdiéflerent starch based agricultural wastes weedwss
substrates (blackgram bran, wheat brorn waste and rice bran) for the production ofaodllularo-
amylaseGrowth on rice bran gave the highest amylase ptiotu¢255 U/g) and productivity (3.54 U/g/h),
corn waste and wheat bran showed amylase activities (126-204 U/g) and productigt@ose to that
obtained with rice bran (2.243 U/g/h). Higher protilon of a-amylase was obtained at pH 6.0 and the
temperature was found to be°80 Crude enzyme was purified using ammonium sufiatetionation and
Sephadex G 50 column chromatography. The overaltl yof the purified enzyme was 25.32% and the
purified enzyme gave single protein band on SDSgmllamide gel electrophoresis (~50 kDa). This
enzyme exhibited optimum activity at pH 6.5, penfed stability over a broad range of pH 5.5-8.0, and
was optimally active at 30-3%&. Enzyme activity was enhanced in the presenaalefum whereas in the
presence of EDTA gave reverse effect. Thus, thelyhésolated Aspergillus sp. was found to be a
promising strain for higher production @famylase.
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INTRODUCTION

Amylolytic enzymes are the most important can be very useful in related applications [3].
industrial enzymes which can be used in a They are produced commercially in bulk
number of industrial processes including from microorganismsofamylase, EC3.2.1.1

brewing, baking, textile and detergent [1,2]. and pB-amylases EC 3.2.1.2.) and represent
The a-amylases with desirable properties like about 25-33% of the world enzyme market.
low pH stability, raw starch digestibility and The global market for amylase enzymes is
utilization of high concentration of starch, expected to increase by 3.3% annually [3].



Traditionally, a-amylases have been MATERIALS AND METHODS

produced by submerged fermentation (SmF). Fungal culture

The last few decades, the solid-state A total of 11 fungal strains isolated from
fermentation (SSF) processes have been estuarine soil collected from Pantri estuary
increasingly applied for the production @f Rajakkamangalam, Kanyakumari District,
amylases [4]. SSF compared to SmF is Tamil Nadu, were screened for amylase
simpler, has superior productivity, absence of production on starch agar plates containing
accurate control of fermentation parameters (g/L): soluble starch 10, peptone 10, beef
and requires low cost for downstream extract 10, NaCl 5, PO, 3, and MgSQ
processing [5]. In the SSF process, the solid 7H,O 0.5, CaGl 6H,O 0.5, FeSQ 7H,O
substrate not only supplies the nutrients to the 0.1, pH 5.5 at 30C for 48 h. They were
culture, but also serves as an anchorage foridentified on the basis of morphological
the microbial cells. Starch based agro- characteristics [8,10] Efficiency  of
industrial residues are generally considered individual isolates amylase activity was
the best substrates for the SSFaafmylases determined by the zone of clearance shown
[6,7]. Amylase of fungal origin was found to  on starch—agar plateaspergillus sp. cmst-04
be more stable than the bacterial enzymes onwas selected for further studies. It was
a commercial level. Several attempts have maintained at 4°C on starch agar slants
been made to optimize culture conditions and containing 1% starch (w/w).

suitable strains of fungi [2,8]. SSE AND CULTURE CONDITIONS
The demand for amylase is increasing day by The spore suspension of the isolate
day, as the starch processing industry require Aspergillus sp. cmst-04 was prepared from a

more efficient strain for higher prodgction .Of 4 days old culture grown on PDA plates at 30
a-amylases [1]. Considering the industrial + 2°C by adding 10 ml of sterile distilled
need, an urgent need is required to explore

new efficient amylase—prpducmg organisms suspending the spores with a sterile loop [11].
from extrgme sogrcgs. Wildly used amylases The spore suspension containing about 5.67 x
in mdu;tnal applications are produc'e'd from 10P +0.77 spores/ml was used as inoculums
terrestrlalnor fresh water mesophilic Iand for SSF study. Agricultural wastes such as
thermqphlhc fungal  sources  especially wheat bran, corn waste, rice bran and maize
Aspergillus sp. Alva et al. [9] reported that waste were used as substrate deamylase

Aspergillus  sp.  produces commermally production. The substrates were ground into
valuable amylases. Salt tolerant estuarine .
coarse powder with a blender. SSF was

isolates are usually considered to be good . .
; | havi tential carried out wusing all the substrates
SOurces of novel enzymes having potentia individually. Starch content of individual

values. The productlgn of gmylolytlc substrates was checked by Anthrone method
enzymes from the estuarine fungi is scanty. [12]. For production of enzymes in SSF, the
Thus, the present study was aimed to isolate ’

amylase producing strains #&pergillus sp.
from estuarine soil sample and optimization
of the enzyme production. Further, cruge
amylase was partially characterized.

water containing 0.01% (v/v) Tween 80 and

fungi were grown at 30°C in 250 ml
Erlenmeyer flasks containing 15 g of the
coarsely ground substrate and moistened (80
%) with 25 ml of mineral solution (composed
of (g/L); (NH,),SO, 4, MgSQ .7H,0O 1,
FeSQ. 7H,0 0.02, KHPQ, 1.4 and KHPQ,
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0.6, at pH 5.5). The solid media were
inoculated with 1 ml of inoculum and the
production media were incubated under static
conditions at 30 + 2C for 8 days. Enzyme
production was estimated at different
incubation periods (2, 4, 6 and 8 days).
Optimization of culture conditions
Optimization of SSF was carried out in 250
ml Erlenmeyer flasks containing 15 g of the
coarsely ground substrate (rice bran).
Optimization experiment was carried out at
different incubation temperatures (20, 25, 30,
35 and 40 °C) and pH (4.0, 5.0, 6.0, 7.0, 8.0
and 9.0; adjusted with 0.1 N HCI and 0.1N
NaOH). Different carbon sources (2 %
(w/w); maltose, glucose, lactose and starch)
and nitrogen sources (0.05 % (w/w); yeast
extract, peptone and yeast) were
supplemented with the production media to
determine their effect on amylase production.
Enzyme assays

Enzyme was extracted with 50 ml, 0.1 M
phosphate buffer (pH 6.0). Extraction buffer
mixed with fermented medium were shaken
on a rotary shaker at 250 rpm for 30 min. The
mixture was filtered through cheese cloth and
centrifuged at 6000 rpm at 4°C for 15 min

assay conditions. Enzyme activity is
expressed as specific activity, which is
represented as U/g. The protein concentration
was determined by the Lowry's method [14]
using bovine serum albumin as the standard.

CHARACTERIZATION
AMYLASE

Effect of temperature and pH
To determine thermostability of the crude
amylase enzyme, the crude enzyme was pre-
incubated at various temperatures from 20 to
80°C for 60 min and then rapidly chilled on
ice, after which the residual activity was
determined under the standard assay
conditions. The pH stability profile was
determined by suspending crude enzyme in
appropriate buffer (pH 3.0 — 5.0, acetate
buffer; pH 6.0 -7.0, phosphate buffer; and pH
8.0-9.0, Tris buffer) and pre-incubated for 24
h at room temperature. The activity of the
enzyme was determined under the standard
assay conditions.

Effect of calcium and EDTA

Calcium and EDTA were added in assay
buffer system at concentrations of 5 mM and
10 mM to check their effect on enzyme

OF a-

and the supernatant was used as the crudeactivity.

enzyme source.o-Amylase activity was
assayed by measuring the reducing sugar

Purification and molecular size

determination

released with starch as substrate. The reactionThe supernatant of 500 mL culture was

mixture consisted of 1 ml of 1% (w/v)
soluble starch (Hi-media, India) in 100 mM
phosphate buffer, pH 6.0, and 0.1 ml of
enzyme solution and incubated at 37 °C for
30 min. The reaction was terminated by
adding 0.5 ml of 3,5-dinitrosalicylic acid,
then followed by boiling for 10 min and the
amount of reducing sugar released was
measured [13] using glucose as the standard.
One unit of amylase activity was defined as
the amount of enzyme that releasgsribl of
reducing sugar as glucose per min under the
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brought to 65 % ammonium sulphate
saturation in an ice bath. The precipitated
protein was collected by centrifugation at
20000 x g at 4°C and dissolved in phosphate
buffer (0.1 M, pH 6.0; two pellet volumes),
and dialyzed against the same buffer
(overnight at 4°C; cut-off 10 kDa
membrane). Concentrated form of the
enzyme was loaded onto Sephadex G-50
column (Sigma-Aldrich; packed in glass
column 1.5 x 15 cm; flow rate 5 ml/h) pre-
equilibrated with 0.2 M phosphate buffer (pH



6.2), and eluted with the same buffer

containing 0.2 M NaCl according to the

method of El-Safey and Ammar [15]. Active

fractions were collected and the relative

molecular mass of the native enzyme was

measured by Sodium Dodecyl Sulfate-

Polyacrylamide Gel Electrophoresis (SDS-

PAGE) (10% polyacrylamide) which was
performed by the procedure of Laemmli [16].

Statistical analysis

cmst-03 1.7+0.2 1.7+0.2 1.0
cmst-04 2.1+0.15 2.47 +0.25 1.18
cmst-05 2.17+£0.15 ND ND
cmst-06 2.23+0.12 2.3+0.17 1.03
cmst-07 2.6+0.26 ND ND
cmst-08 1.63+0.3 1.73+0.4 1.06
cmst-09 2.03+£0.15 2.1+0.17 1.03
cmst-10 16+0.1 1.63+0.12 1.02
cmst-11 1.63 0 .15 1.77 £0.15 1.09

All  experiments were carried out in

triplicates, and repeated three times. The
samples collected from each replicate were
tested for amylase production and activity.
Means of amylase activity and production
were calculated and significant differences
were calculated by determining standard
deviation.

RESULT AND DISCUSSION

Screening ofa-amylase producer

Preliminary screening of theo-amylase
producer was carried out by starch hydrolysis
method. Among the eleven fungal isolates,
Aspergillus sp. cmst-04 has showed higher
starch hydrolytic zone of about 2.47 +0.25
cm and the hydrolyzing index was 1.18.
Other isolates has low hydrolytic zone with
hydrolytic index (Table-1). The use of starch
agar and iodine for screening amylase
producing microorganisms has been reported
by Forgarty and Kelly [17] and Iverson and
Millis [18]. Alva et al. [9] primarily screened
efficient amylase producindspergillus sp.

by the similar starch clearance test.

Table-1: Primary screening of amylase producing
fungal isolates by starch hydrolysis method.
Fungal spore inoculated plates were incubated at
30°C for 72 hours.

Isolate Colony Size Zone of Index*
No (cm) clearance (cm)
cmst-01 1.67 £0.06 1.73+£0.06 1.04
cmst-02 2.03+0.12 22+01 1.08
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* Index was calculated from the mean values;
Zone of clearance (cm) / colony size (cm).
ND = not determined.

a-Amylase solid
substrates

Wheat bran, rice bran, blackgram bran and
corn waste are the byproducts of traditional
agriculture in India and is used for preparing
a variety of animal and aqua feeds, and also
traditionally used as the substrate for SSF of
variety of industrial enzymes [19]. Mulimani
et al. [20] reported rice components and
wheat barn as solid substrate feamylase
production. In this study, different
agricultural by products were used as
substrates foun-amylase production by SSF,
rice bran (255 = 7.0 U/g) has showed
maximum enzyme production than wheat
bran (204 + 6.0 U/g) and coan waste (156 +
7.0 U/g) (Figure 1). Chemical analyses of the
substrates have showed that rice bran has
higher starch content (18.2 % (w/w) dry
matter) than the other agricultural byproducts
used (Table-2). Substrate which contains high
concentration of starch gives maximum
enzyme production. Cereal waste like rice
bran contains 17 % of starch [21] and wheat
bran contains about 15-30 % dry matter of
starch [22]. Anto et al. [23] suggested that
rice bran was the suitable substrate for fungal
growth and production of glucoamylase.
Ellaiah et al. [24] reported that wheat bran
gave higher enzyme vyield compared to rice

production  using



bran and other agro-wastes. Anto et al. [23]

Effect of temperature and pH on e-

reported that wheat bran have higher starch amylase production

and nutritive values than rice bran, but,
Arasaratnam et al. [6] reported that rice bran
and husk support the growth and mycelial
development of fungi. The results of the
present study clearly indicated that, rice bran
has showed the potential of replacing food
grade starch in amylase production.

300 -

— 250+

S 200

[<B)

o 150 -

>

~ 100 |

* g0
0

2 4 6 8
Duration (days)

—a—Rice bran
—o—Black gram bran

—e— Wheatbran
—a— Coan waste

Figure — 1: Substrate selection for optimum a-
amylase production byspergillus sp. cmst-04.
Solid substrate media prepared with different raw
materials (w/v, dry weight basis, substrate: basal
salt solution, 15:10) and incubated at°@0

Table-2: Starch content of agricultural byproducts
used for amylase production.

Substrate % of starch (dry matter)

Rice bran 18.2
Wheat bran 14.9
Black gram husk 2.8
Corn waste 12.7
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Optimum temperature for maximum enzyme
production was studied by the spore
inoculated production media incubated at
different temperature. It was observed that
amylase production was high at 30 °C,
followed by 25 and 35 °C of growth
temperature.  While  highest amylase
production at 30 °C occurred after 6 days of
incubation, highest production at 35 °C was
observed after 6 days. Maximum enzyme
production could be obtained only after a
certain incubation time which allows the
culture to grow at a steady state. Increasing
incubation temperature, decrease the growth
and amylase production (Figure 2a). Similar
observation was reported by Mukherjee and
Majomdar [25] and Alva et al. [9]. Suganthi
et al. [8] revealed that 4% was suitable for
higher amylase production éf niger in rice
bran medium.

Growth and physiological activities of the
fungi along with enzyme production is
regulated by extracellular pH [3]. Different
organisms have different optimum pH for
growth and enzyme production [26]. In this
study, maximum amylase production was
observed at pH 5.0 orf"&ay of incubation
(Figure 2b) (289.67 + 6.03 U/g). This result
suggests that the enzyme production would
be regulated by the extracellular media pH.
Similar result was reported by Nahan and
Waldermarin [27] and Chimata et al. [26].
But Varalakshmi et al[28] reported the
maximum enzyme activity at pH 9.5. Few
reports suggested that different organisms are
having various pH optima for amylase
production [1, 2, 29].



additional carbon supplementation on the

307 a substrates [23, 24]. Starch source and
250 | variation in molecular structure of starch
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Figure — 2: Optimization of media for a-amylase g 1001
pr_oductlon _ _by Asp_erglllus sp. cmst-04. a) 50 |
Different initial media pH on enzyme production o

(rice bran media (w/v) dry weight basis, substrate:
basal salt solution 15:10, and incubated atGp
b) effect of incubation temperature on a-amylase Duration (days)

production (rice bran media (w/v) dry weight Figure -3: Optimization of media for a-amylase
adjusted the media pH 6.0). was maintained at 6.0 and incubated a@0a)

Effect of additional carbon and nitrogen Rice bran media additionally supplemented with
. i 0 -
source on amylase production different carbon sources (1 %, w/v on dry weight

. . basis), b) Rice bran media additionally
The effect of supplementation of additional syppiemented with different nitrogen sources (0.5

carbon (1% w/w) sources like glucose, starch, 9%, w/v on dry weight basis).

maltose and lactose on the enzyme Tpe effect of additional nitrogen sources like
production by SSF was tested. Maximum peptone, yeast extract and urea at 0.05 %
enzyme production was exhibited by starch (w/w) supplementation on the medium was
supplementation (294.67 + 7.63 U/Q) tested. Among all the nitrogen sources tested,
followed by maltose (256.33 + 5.51 U/g) and the maximum enzyme production was
glucose (255 * 4.58 U/g) on"6day of  optained with yeast extract (271 + 15.82 U/g
incubation (Figure 3a). But lactose has shown gt 0.05 % wiw) (Figure 3b) followed by
low amylase production (Figure 3a). Many peptone (260 + 15.0 U/g) and urea (235.67 +
researchers have studied the effect of g 13 U/g). Peptone and urea also showed a

2 4 6 8
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considerable amount of amylase production
than the control. Frolova et al. [32],
Hernandez et al. [29] and Anto et al. [23]
reported maximum enzyme production on
supplementation of yeast extract to the
medium for fungal culture. Ellaiah et al. [24]
obtained maximum enzyme production on
supplementation with urea. Shaista et al. [33]
reported maximum enzyme activity upon
supplementation with 0.2 % peptone as a
nitrogen source for Bacillus sp. The
optimized media supplemented with 1 %
(w/w) starch and 0.5 % (w/w) yeast extract
with pH 5.0 and temperature 3¢ showed
optimum enzyme production (323.33 £ 22.54
U/g) than the control medium (228 + 7.55
U/g). That is 1.42 fold higher than control
(Figure - 4).

400 ~
350 -
300 -
250 -
200 -
150 -
100
50 -
0

Enzyme (U/g)

—e— Control medium
—a— Optimum medium

2 4 6 8
Duration (days)

Figure - 4: Comparison of a-amylase production
by using optimized media (rice bran media (w/v)
supplemented with 1 % starch and 0.5 % yeast
extract and maintained the moisture content of 80
%).
Crude enzyme characterization
Preliminary attempt has been made to
characterize the-amylase produced from the
fungi Aspergillus sp. cmst-04 for its
enzymatic activity at different pH,

4 to pH 9 (Figure 5a). The crude enzyme has
retained maximum activity at pH 6.0 (90.3
%). Most fungal amylases are unstable at low
pH [34]. In this study newly isolated
Aspergillus sp. cmst-04 produced amylase
enzyme has shown higher activity at pH 6.0
(Figure 5a). Similar activity was also
reported for Scytalidium thermophilum
amylase enzyme [35]. The strain cmst-04
produced amylase has showed a high
catalytic activity at 50°C when the enzymatic
reaction was carried out at different
temperatures, showing that the enzyme is low
thermo active (Figure 5b). Aquino et al.
[35] resultedS thermophilum enzyme has
optimum activity at temperature 66C.
Sidkey et al. [33] reported that falvus o-
amylase showed higher activity at 3D and

pH 6.4.
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Figure -5: Characterization of the crude enzyme.
a) Effect of pH on enzyme activity. For

temperature and metal ions. The amylase getermination of optimum assay pH of the
exhibited a broad pH stability range, from pH enzyme reaction, acetate buffer - pH 3 and 4;
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sodium phosphate buffer - pH 5, 6 and 7; Tris showed higher purity (25.32 fold) than the
buffer - 8 and 9 (100 mM) were used. The enzyme 5mmonium sulphate precipitation but the

activity was measured and the results are
presented on graph. b) Effect of temperature on

yield was reduced to 27.52% (Table -3). The

enzyme activity. To study the effect of partially purified enzyme preparation was
temperature on enzyme reaction activity and subjected

results are presented on graph. Bars represent
means + standard deviations for three replicates.

An increase in enzyme activity was seen in weight

[36] reported that CA had no effect on al.
enzyme activity. Babu and Satyanarayana produces ~ 43 kDa-amylase enzyme.

[37] revealed that 10 mM calcium inhibits the

[28] reported

enzyme activity but EDTA has no effect. In activity

was

to SDS-PAGE for
weight determination (Figure 4). The enzyme
was run on the protein gel and the molecular
determined

thatA. niger JG124

(~50

molecular

kDa).
the presence of calcium ions (121.26 % at 5 Chakraborty et al. [38] noticed the purifigd
mM and 118.16 % at 10 mM) and reversely amylase ofBacillus sp. as a monomeric
of EDTA, which highly affected the normal protein with molecular mass of 64 kDa.
enzyme activity (63.47 % at 5 mM and 19.03 Sidkey et al. [39] reported fungh. flavus
% at 10 mM) (Figure 6). But, Asghet al. produces 56 kDa-amylases. Varalakshrat

the present study, results indicate thatdhe
amylase ofAspergillus sp. was stable in the
presence of Cabut not in EDTA.

150

.y
)

Activity %

i
7%

.

5mM ‘ 10 mM 5mM ‘ 10 mM

CaCl2 EDTA

Figure -6: Effect of CaC} and EDTA on enzyme
activity. The enzyme assay was performed after
pre-incubation of the enzyme with various
concentrations of the salts. The results are
presented on graph. Bars represent means *
standard deviations for three replicates.

The enzyme was partially purified by
ammonium sulphate precipitation (65 %
saturation level). The purity of the enzyme
was 4.94 fold greater than the crude
preparation. SephadeX 50 purification has

Selvakumar G, et al.

-

Figure -7: SDS-PAGE shows different stepsooef
amylase purification. (1) Enzyme after Sephadex
G-50 chromatography purification,

Table-3: Purification of a- amylase and its
Total
L Total .
a(zEJv;ty Protein igg\f&c Yield | Fold
ml) (mg/ mL)
Crude 356 69 516 | 100 1
enzyme
Ammonium
sulphate (65
% saturation 313 12.3 25.48 87.92 4.94
level)
precipitated
Sephadex G| - o4 0.75 130.67| 2752 25.3
50 purified
3 2 1 M
B
66.2
45

(2) Crude



enzyme, (3) Enzyme after salting out, and (4)
Protein marker (Bio-Rad Low range), stained with
Coomassie brilliant blue R250.

3.
Amylase Starch digested
by amylase
4.
5.
Figure -8: Zymogram analysis ofa-amylase
produced byAspergillus sp. cmst-04. 6.

CONCLUSION

The results obtained in the present study
indicated thatAspergillus sp. cmst 04 could 7,
be a potential strain far-amylase production

by SSF with rice bran as the substrate. The
enzyme production was highly influenced by
pH and temperature. Among the various 8.
parameters of SSF pH, temperature,
supplementation of carbon and nitrogen
sources played an important role for
amylase production. Further, optimized
media showed improved production af
amylases to a maximum of 323 + 22.54 U/g.

It was concluded that the enzymes produced
from Aspergillus sp. cmst-04 have low
temperature stability and are sensitive to
EDTA, this would be a novel one which
could be used for biotechnological

applications. 10.
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