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Abstract

Microbial production of enzymes using low valued agro industrial wastes is gaining importance

globally. Mango is one of the major fruit processed into a variety of products. During processing 40

50% of solid waste is generated in form of peel and stones. After decortications of mango stone,

kernel is obtained which is a rich source of starch (upto 60%). It was utilized as a substrate for �

amylase production using Fusarium solani. Maximum �amylase production (0.889 U g1) was

recorded using a substrate concentration of 5% (w/v), pH4 and temperature 300C on 9th day of

incubation. Supplementation of production medium with micronutrients viz., Ca2+, Fe2+ or Mg2+

improved the enzyme production while, Zn2+, B3+ or Mn2+ ions exhibited inhibitory effect. The

extracellular protein was precipitated by ammonium sulphate up to 70% saturation, dialyzed and

purified (27.84 fold) by gelexclusion (Sephadex G75) chromatography. Protein profiling on 12%

SDSPAGE revealed three bands corresponding to 26, 27 and 30 kDa molecular sizes. The optimum

amylase activity was achieved at pH 5.0 at 400C. The Michaelis constant (KM), Vmax and activation

energy (Ea) were found to be 3.7 mg ml1, 0.24 U mg1 and 42.39 kJ mole1, respectively.
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Introduction

Extracellular amylases are starch hydrolyzing

enzymes derived from different sources including plants,

animals and microorganisms. Three major classes of

amylases such as α-amylase, glucoamylase and β-amylase

are reported in microorganisms (Aedeniran et al., 2008; Abu

et al., 2005). Alpha-amylases (endo-1,4-α-D-glucan

glucohydrolase, E.C. 3.2.1.1) are extracellular enzymes that

randomly cleave starch at 1,4-α-D-glucosidic linkages

between adjacent glucose units in the linear amylose chain.

Microbial enzymes have greater importance and diversified

commercial applications in food, fermentation, textile and

paper industries (Pandey et al., 2000; Selvakumar et al.,

1996). Currently, a large number of microbial amylases are

available commercially and they have almost completely

replaced the chemical hydrolysis in starch processing

industry (Pandey et al., 2000a; Kunamneni et al., 2005).

There are reports of α-amylase production using various

micro-organisms under solid state and submerged

fermentations conditions (Abu et al., 2005; Pandey et al.,

2000). During industrial production of microbial enzymes,

use of synthetic media is very expensive and makes

production uneconomical. Therefore, the current use of low

value agricultural by-products and fruit processing wastes

are being explored.

Mango is a fruit which is processed into a variety of

products and after processing about 40-50% of solid waste

is generated in form of peel and stones (Garg and Prakash,

2006). Mango kernel, obtained after decortications of mango

stone, is a rich source (upto 60%)  of starch (Kaur et al.,

2004) which is not used for any purpose commercially

excepting for its use as flour supplements in some parts of
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Orissa (India). In the current study, kernel was used as a

substrate for �-amylase production using an amylolytic

fungus, Fusarium solani. Enzyme production conditions

were optimized, followed by purification and biochemical

characterization.

Materials and Methods

Mango kernel (dried and powdered) was used as

substrate for α-amylase production. Thirty two amylolytic

microorganisms were isolated from different soil samples,

compost and other degrading starch rich substrates. The

isolates were further purified by sub-culturing on starch-

agar plates (Alva et al., 2007). Primary screening of the

microbial isolates for   amylase production was carried out

following the method of Thippeswamy et al. (2006). The

starch agar plates containing microbial growth (after

incubation at 60°C for 48 hr) were flooded with a solution of

0.5% (w/v) I
2
 and 5.0% (w/v) KI. Colonies exhibiting halo

starch hydrolysis were picked up. The zone of clearance

was recorded. Five microbial isolates showing higher zone

of clearance were subjected to secondary screening using

di-nitro salicylic acid (DNS) method (Bernfeld, 1955). The

best microorganism selected after from the primary and

secondary screening experiments was used for enzyme

production and was identified as Fusarium solani (identified

as NAIMCC-F-02956). The production medium (500 ml in

triplicate) was autoclaved and inoculated with 107 spores of

F. solani. The flasks were incubated at 30°C under stationary

conditions, and samples were withdrawn at specific time

intervals of 7 days unless otherwise stated.

Substrate concentrations ranging from 1-10% (w/v)

with increments of 2 %; pH of production medium varying

from 3.0-7.5 with increments of 0.5; fermentation temperature

20-70ºC with increasing 10°C and fermentation period (1-12

day with 2 day interval). Effect of supplementation of

production medium with inorganic salts individually (as

detailed in table 1) on enzyme production was observed.

The salts and fine chemicals used in the experiments were

of analytical grade. All the experiments were conducted in

triplicates, repeated twice and the mean values were

calculated.

After the completion of fermentation, the extracellular

protein fraction was extracted from the culture filtrate by

gradient ammonium sulphate precipitation (upto 70%

saturation) and dialyzed twice against 50mM acetate buffer

(pH 5) to remove the excess salts. The protein concentration

of crude as well as partially purified enzyme was determined

by the method of Lowry et al. (1951) using bovine serum

albumin (BSA) as standard. The reaction mixture containing

0.4 ml of 1% soluble starch (Hi-media, India) in 0.05M acetate

buffer (pH 5.0) and 0.1 ml of the enzyme solution was

incubated at 30ºC for 60 min. Alpha amylase activity was

quantified by measuring the amount of reducing sugars

maltose released in the medium (Miller, 1959).  One unit of α-

amylase is the amount of enzyme that produced one ��mole

of maltose min-1 ml-1 under assay conditions and was

expressed as U g-1 of dry substrate.

The concentrated protein was then fractionated

using gel filtration chromatography column (1.0X40 cm)

packed with Sephadex G-75 matrix pre-equilibrated with

50mM acetate buffer (pH 5). Two ml fractions were collected

at the flow rate of 10ml hr-1. The protein values were

monitored spectrophotometrically at 280 nm. The enzyme

kinetics experiment was performed by measuring the initial

velocity at different temperature, pH and substrate (starch)

concentrations in 50mM acetate buffer (pH 5.0). Kinetics of

the enzyme was analyzed using Lineweaver-Burk and

Michaelis-Menten plots (Sanghi et al., 2010). The Michaelis

constants (K
M
), maximum velocity (V

max
), and activation

energy (-E
a
) were calculated by Lineweaver-Burk and

Arrhennis plots.

Protein profiling was performed by electrophoresis

in 10% native polyacrylamide gel and 12% denaturating

Sodium dodecyl sulphate-Polyacrylamide (SDS-PAGE) gel

in discontinuous buffer systems as described by Laemmli

(1970) in order to determine the molecular sizes of the enzyme

isoforms. After electrophoresis, the protein bands were

visualized by silver staining (Blum et al., 1987).

Results and Discussion

Potential of several microorganisms for α-Amylase

production using various agro-horticultural wastes as

substrate has already been reported (Balkan and Ertan, 2007;

Mohamed et al., 2009; Chen et al., 2010; Oshoma et al.,

2010). Garg and Ashfaque (2010) and Kumar et al. (2012)

reported the use of mango peel for pectinase and cellulose

Table 1 : Optimization of condition for maximum enzyme production by Fusarium solani under submersed fermentation conditions

Step Condition optimized Optimum condition Enzyme production (U g-1)

a Only substrate Mango kernel (5% w/v) 33.2±5.1

b a+ pH pH 4 34.9±3.2

c b+ Fermentation temperature 30ºC 44.83±7.3

d c+ Micro-nutrients Ca2+, Mg2+ and Fe2+ 50.7±5.3

e d+ Day of incubation 9th day 88.9±2.5
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production, respectively. There is no report available on

amylase production using mango kernel. Bhatti et al. (2005,

2007) used F. solani for glucoamylase production.

The primary and secondary screening results

revealed that a fungus isolated from degrading potato

tuber, Fusarium solani NAIMCC-F-02956, expressed

maximum amylase production (30 ±1.7U g-1) over other

isolates. Hence, it was selected for amylase production.

Optimization studies indicated that as independent

variable, substrate (mango kernel) concentration of 5%

(w/v), pH-4 and incubation temperature of 30°C were found

optimum for amylase production by F. solani. The results

were confirmed in the integrated optimization experiment

as reflected in Table 1 which indicated that the variables

contributed synergistically for maximum α-amylase

production (44.8±7.0 U g-1). Similar result has been reported

for glucoamylase production by F. solani using wheat bran

as substrate (Bhatti et al., 2007). Addition of Ca+2, Mg+2

and Fe+2 to basal medium resulted in enhanced enzyme

production to the extent of 1.38, 1.16 and 1.12 fold while

Zn+2, B+3, or Mn+2 showed negative effect (Table 2). �-

amylase production started only after 3rd day of incubation,

and reached maximum (88.9±2.5 U g-1) on 9th day. Production

decreased thereafter, which may probably be attributed to

catabolite repression.

The ammonium sulphate precipitation at 70%

saturation resulted in 4.08 fold purification and 38.33 %

yield. Dialysis followed by size exclusion chromatography

brought about purification to an extent of 27.84 fold with a

yield of 2.87% (Table 3). The specific activity of the purified

enzyme was found to be 2.55 U mg-1. Characterization of the

purified enzymes by SDS-PAGE showed three bands

corresponding to 26, 27 and 30 kDa molecular sizes (Fig. 1),

while, it was observed as single band on 10% Native gel.

Since, it is a heteromeric multienzyme complex, the three

bands might correspond to different isoforms of amylase

enzyme complex in F. solani. Earlier, 36 kDa amylase was

reported in Scytalidium thermophilium (Aquino et al., 2003).

The purified enzyme exhibited highest activity in

acidic and near neutral condition. Maximum activity (0.26±0.02

U ml-1) of the enzyme was found at pH 5.0, while, it dropped

almost 50% at pH 4.0 (0.13±0.02 U ml-1) and 6.0 (0.15±0.05 U

ml-1). Further fluctuation in the pH significantly hampered

the activity of enzyme. The result suggested that the enzyme

would be useful in processes requiring wide range of pH (4.0-

6.0). The pH range of 5.0-6.0 has been reported to be optimum

for amylase activity in Trichoderma matsutake (Mizuho et

al., 2003), while, it is 5-8 for Aspergillus niger and Penicillium

olsonii (Omemu et al., 2004; Afifi et al., 2008).

Table 2 : Effect of micronutrient addition to basal medium* on amylase relative production

Micronutrient      Micronutrient Quantity Enzyme production Relative enzyme production

µg 100 ml-1 basal medium (w/v) (U g-1) (fold)

Control 0 27.0±0.1 1

Fe2+ 100 30.4±5.7 1.12

Ca2+ 100 37.4±8.6 1.38

Mo3+ 1 25.8±5.0 0.95

Mg2+ 20000 31.4±8.6 1.16

Cu2+ 5 24.0±2.8 0.89

Mn2+ 1 19.3±9.2 0.71

Zn2+ 7 05.4±3.5 0.19

B3+ 1 09.9±4.8 0.36

*Basal medium (composition g 100ml-1 distilled water): mango kernel-5, KH
2
PO

4

- 0.4, Na
2
HPO

4

-6.0, (NH
4
)
2
SO

4

-2.0

Table 3 : Purification profile of �-amylase

Purification Volume Total protein Total activity Specific activity Purification Yield

step (ml) (mg) (U) (U mg-1) Fold (%)

Culture filtrate 1000 424.69 38.98 0.09 1.000 100.00
aPrecipitate 100 39.88 14.94 0.37 4.08 38.33
bSephadex G-75 2 0.43  1.01 2.55 27.84 2.82

aAmmonium sulphate precipitation (50-70%); bActive fraction collected from size exclusion chromatography; * One unit of endoglucanase

is the amount of enzyme that produced one �mol of glucose min-1 ml-1 under assay condition
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M C C P P

110 kDA

97kDa

66kDa

51kDa

30kDa

25kDa

18kDa

14kDa

M-Molecular marker; C-Crude filtrate; P-Purified �-Amylase

30kDa

27kDa

26kDa

Most amylases are reported to exhibit maximum

activity in the temperature range of 40-60ºC (Afifi et al.,

2008; Mahdavi et al., 2010). Higher enzyme activity was

obtained at 40ºC (0.34±0.6 U ml-1) compared to that 30ºC,

(0.27±0.055 U ml-1) and 50ºC (0.27±0.1 U ml-1) respectively. A

optimum temperature of 40ºC was in agreement with earlier

observations of De Silva et al. (2009). Beyond the optimum

temperature, there was gradual decrease in enzyme activity

with increase in temperature. Similar amylase activity was

found in Bacillus cereus which had optimum temperature

50ºC (Mahdavi et al., 2010). The thermal stability of the

enzyme was found in the range of 50-70ºC up to 60 min. The

enzyme lost about 79.3-81.1% of its activity at temperature

30ºC and 50ºC, respectively. At higher temperatures, for

instance, activity was either very low (28.19%) at 70ºC, and

virtually undetectable at 80ºC.

The effect of the substrate concentration on the

enzyme activity showed that amylase activity increased with

increasing the starch concentration up to 3.0 mg ml-1 but

decreased thereafter, following a sigmoid pattern. Enzyme

kinetics was worked out by Lineweaver-Burk plot which

revealed the reciprocal of initial velocity and substrate

concentration. Michaelis constant (K
M
) values were found

to be 3.37 mg ml-1 (Fig. 2). The K
M
 value was lower to that

(5.75 mg ml-1) reported in Aureobasidium pullulans (Li et

al., 2007), while, V
max

was found to be 0.24U mg-1 which was

equal to that reported by the same workers. Using Arrhenius

plot with starch as substrate at 40-80°C in 50 mM acetate

buffer pH 5.5, the activation energy (-E
a
) was calculated to

be 42.39 kJ.mole-1 (Fig. 3). The enzyme properties of amylase

produced by F. solani using mango kernel as substrate is

superior to the amylases earlier reported by other organisms

using various agro substrates (cassava, yam, banana, and

plantain peels and brewery spent grains) (Aedeniran et al.,

2008; Bhatti et al., 2005; Bhatti et al., 2007) in terms of pH

stability and relative activity.

This property makes the enzyme suitable for use in

paper and food industry. The work supports the concept of

making wealth through eco-friendly and cost effective waste

utilization technology using mango kernel as substrate.

D. Kumar et al.
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