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a b s t r a c t

In this study, we have reported novel �-amylase enzyme from less extensively studied marine Streptomyces
sp. D1. Enzyme production was determined by using media containing 2% sucrose, 0.35% peptone and
0.15% of malt extract. Optimum temperature for enzyme production and activity was found to be 45 ◦C
and enzyme retained almost 50% of its activity at 85 ◦C. Enzyme activity was also retained in presence
of commercially available detergent and oxidizing agents. The partially purified enzyme from strain D1
vailable online 11 November 2008
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exhibited specific activity of 113.64 U/mg protein that corresponds to 2.8-fold purification. SDS-PAGE and
zymogram activity staining showed a single band equal to molecular mass of 66 kDa. The reported enzyme
may have wide spread application for detergent and pharmaceutical industry.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Enzymes have attracted attention from researchers all over
he world because of wide range of physiological, analytical and
ndustrial application; especially from microorganisms because
f their broad biochemical diversity, feasibility of mass culture
nd ease of genetic manipulation [1]. More than 3000 different
nzymes have been identified and many of them found their way
nto biotechnological and industrial applications [2]. The present
nzyme toolbox is not sufficient to meet many industrial demands.
herefore, researchers are now trying to exploit extremophiles
hich are the valuable source of novel enzymes [3,4]. Among the

xtremophiles, halophiles are microorganisms that live, grow, and
ultiply in highly saline environments. Moderately halophilic bac-

eria are able to grow over a wide range of salt concentrations from
.4 to 3.5 M with optimum growth at 0.5–2.0 M [5]. Exoenzymes
rom these organisms with polymer-degrading ability at low water

ctivity are of interest in many harsh industrial processes where
oncentrated salt solutions would inhibit enzymatic conversions
6].

∗ Corresponding author. Tel.: +91 20 25437237 fax: +91 20 25439383.
E-mail address: kokare71@rediffmail.com (C. Kokare).
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Amylase (endo-1, 4-�-D-glucanohydrolases EC 3.2.1.1) consti-
utes 25% of the sales in enzyme market [7,8]. This enzyme plays

vital role in many industrial processes such as sugar, textile,
aper, brewing, baking and distilling industries. It is also used in
ood industry and in pharmaceutical industry [9] as a digestive
id. The demand for amylase is increasing day by day because
f its tremendous potentiality in above mentioned industrial sec-
ors.

Marine microorganisms are capable for catalyzing various
iochemical reactions with novel enzymes such as amylase,
eoxyribonuclease, lipase and protease [10,11]. Streptomyces
xhibit remarkable capacity for the synthesis of secondary metabo-
ites and use of numerous extracellular hydrolytic enzymes to
egrade organic material in their natural habitat [12].

There are many reports on thermostable �-amylase production
rom bacteria belonging to genus Bacillus such as Bacillus coagu-
ans, Bacillus stearothermophilus and Bacillus candolyticus [13,14].
mylase production has been reported from eubacterial moder-
te halophiles such as Acinetobacter [15], Micrococcus halobius [16],
east such as Cryptococcus flavus [17] and Halomonas meridiana [18].

ut very limited research has been directed towards �-amylase pro-
uction from marine Streptomyces species [19]. The present study
as carried out to select a Streptomyces strain that produces mod-

rately halophilic, detergent and surfactant stable �-amylase and
o investigate its properties and stabilities.

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:kokare71@rediffmail.com
dx.doi.org/10.1016/j.molcatb.2008.10.011
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. Materials and methods

.1. Source for actinomycetes strain

Marine Sediment samples were collected from Goa, Alibagh
nd Mumbai coastal region of India at the time of low tide. Heat
retreatment at 40 ◦C for 30–60 days was used for isolation of
arine actinomycetes [20,21]. Soil samples were suspended in

terile water and mixed on rotary shaker at 150 rpm for 20 min.
ifferent marine actinomycetes were isolated by using selective
edia such as glycerol yeast extract agar, starch casein agar, maltose

east extract agar and glucose aspargine agar. The isolated strains
ere screened for amylase production by using starch agar medium
repared in artificial sea water. The artificial sea water (ASW) con-
ains (g/l) NaCl, 23.37; Na2SO4, 3.91; NaHCO3, 0.19; KCl, 0.66; KBr,
.09; MgCl2, 4.98; CaCl2, 1.10; SrCl2, 0.02 and H3B03 0.02. Maximum
mylase producing marine Streptomyces sp. D1 was maintained on
lycerol yeast extract agar medium.

.2. Identification of strain D1

Identification of strain was done by scanning electron
icroscopy (SEM), biochemical and cultural characterization. The

reparation of culture for SEM was done as described by Williams
nd Davies [21].

.3. Inoculum preparation and culture condition

The glycerol yeast extract medium containing starch 1% (w/v)
repared in artificial sea water (ASW) was used for development of

noculum. The seed culture was prepared in 100 ml of conical flasks
ontaining 50 ml of medium by inoculating 2.0 ml of spore sus-
ension containing 2.5 to 3.0 × 106 CFU ml−1 and cultivated under
gitation (200 rpm) at 45 ◦C for 4 days. The seed culture (50 ml)
as inoculated in the 500 ml of fermentation medium containing;
% sucrose, 0.5% peptone, 3% malt extract prepared in artificial sea
ater and fermentation was carried out 12 days under agitation at
00 rpm at 45 ◦C. The cell free supernatant containing �-amylase
as harvested by centrifugation at 1000 × g for 15 min and sub-

ected to partial purification and characterization.

.4. Effect of pH, temperature and NaCl on ˛-amylase enzyme
roduction and activity

Effect of pH on production of enzyme was studied by adjusting
he pH of the basal medium to different levels. Similarly, effect of
emperature was studied in basal medium at different tempera-
ures. Effect of NaCl on enzyme production was studied by varying
he concentrations of NaCl % (w/v) added to the basal medium.

Effect of pH, temperature and NaCl on enzyme activity was
etermined by carrying out the enzyme substrate reaction in var-

ous buffer systems, at different temperatures and in presence of
ifferent concentrations of NaCl % (w/v) respectively. Enzyme activ-

ty was expressed [17] as percentage relative activity.

.5. Effect of metal ions, EDTA and various chemicals on enzyme
ctivity
Effect of metal ions, EDTA and various chemicals on enzyme
ctivity was determined by carrying out the enzyme substrate reac-
ion in presence of above mentioned additives. Enzyme activity was
etermined as percentage relative activity as compared to control
without additives) considered as having 100% of relative activity.
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a
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.6. Repression study

Repression of enzyme secretion by glucose was studied by
ncorporating different concentration of glucose to the produc-
ion medium. Effect of glucose on amylase activity was determined
y carrying out the enzyme substrate reaction in presence of
lucose. Amylase activity was expressed as percentage relative
ctivity.

.7. Partial purification of ˛-amylase enzyme

The enzyme was precipitated by bringing the culture filtrate to
0% saturation with solid ammonium sulfate and kept at 4 ◦C for
vernight. The precipitate was centrifuged at 12,000 × g for 30 min.
he precipitate was dissolved in glycine–NaOH buffer of pH 9 and
ialyzed for 48 h against the same buffer. The dialyzed sample was
ssayed for �-amylase activity and protein content [22]. The par-
ially purified enzyme was used for investigating the effect of NaCl,
emperature, pH and metal ions on enzyme activity.

.8. Assay of ˛-amylase enzyme

The activity of �-amylase was estimated by determining the
mount of reducing sugar released from starch. The liberated reduc-
ng sugars were quantified by the method of 3,5-dinitrosalicylic
cid (DNSA) according to Miller [23]. One unit (U) of enzyme activ-
ty was defined as the amount of enzyme required for the liberation
f 1 mmol of reducing sugar as glucose per minute under assay
ondition.

.9. Stability studies of amylase

The pH stability of amylase was determined by incubating the
nzyme in presence of different buffer systems. Residual amylase
ctivity was expressed as % relative activity as compared to control
100% relative activity). Amylase enzyme was incubated at different
emperatures (6–48 h) for determination of temperature stability.
mylase was incubated in presence of different percentage (w/v)
f NaCl for different time intervals (6–48 h) and residual activity of
mylase was determined.

Surfactant and detergent stability of amylase was determined
y incubating the enzyme in presence of anionic detergents, non-
onic detergents and commercial detergents such as rin, surf, aerial
nd tide [24]. Role of bleaching agent on enzyme activity was deter-
ined by incubating the enzyme in presence of different bleaching

gents and enzyme activity was expressed as percentage relative
ctivity determined under standard assay condition.

.10. Electrophoretic method

SDS-PAGE was used to determine protein purity and the molec-
lar mass of the purified enzyme using a 10% acrylamide gel
25]. After electrophoresis, gel was stained with Coomassie R-
50. Phosphorylase b (97 kDa), bovine serum albumin (66 kDa),
valbumin (43 kDa), carbonic anhydrase (29 kDa) and soyabean
rypsin inhibitor (20.1 kDa) were used as molecular mass markers.
or activity staining, gel was suspended in 20% (v/v) isopropanol
nd incubated for 30 min, then transferred to 0.1 M glycine–NaOH

uffer (pH 9) and incubated for 30 min. Amylolytic activity [24] was
etermined by placing the gel onto agarose gel containing 1% (w/v)
tarch and incubating at 45 ◦C for 3 h. The transparent band on the
mylase containing agarose gel was observed after flooding with

2-KI solution.



lar Catalysis B: Enzymatic 58 (2009) 17–23 19

2

b
t
s
t
o
w
L
u
p
d
p
f
f

3

g
l
w
m
4

3

i
o
o
s
s
w
o
c
t

3
D

p
i
a
p
a
p

Fig. 2. Growth kinetics of strain A3 with reference to amylase production. Cell
growth (OD600) (�) and amylase production (�).

Table 1
Partial purification of amylase enzyme from Streptomyces strain D1.

Properties Cell-free supernatant Ammonium sulfate fractionation

Total protein (mg) 789.05 240.08
Total activity (unit) 31070.5 27284.6
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.11. HPTLC analysis of enzyme

Amylase was incubated with 1% (w/v) starch in glycine–NaOH
uffer at pH 10 and at 45 ◦C for 2 h. Standards (glucose, mal-
ose and maltotriose) and test sample (comprising of 1% (w/v)
tarch and enzyme in glycine–NaOH buffer at pH 9) were spot-
ed as bands (width, 6 mm) with a CAMAG microlitre syringe [24]
n precoated silica gel aluminium Plate 60F-254 (20 cm × 10 cm
ith 250 �m thickness, E. Merck, Germany) using a CAMAG

inomat IV spotter (Switzerland). The plates were developed
sing n-butanol–absolute ethanol–water (5:3:2) mixture as mobile
hase. Plates were dried and derivatized by spraying aniline-
iphenylamine reagent [aniline 1% (v/v): diphenylamine 1% (w/v):
hosphoric acid 1% (v/v)] in acetone followed by baking at 120 ◦C
or 20 min [13]. Densitometric scanning was carried out at 370 nm
or detection of hydrolyzed products.

. Results and discussion

There are many reports on isolation of amylase enzymes from
enus Bacillus [26], but very few reports on isolation of amy-
ase enzyme from marine actinomycetes [27]. In our laboratory,

e have isolated the strain of marine Streptomyces from sedi-
ents collected from west coast of India by pre-heat treatment at

0 ◦C.

.1. Characterization of strain D1

The strain shows good growth in temperature range 37–55 ◦C
n 7 days on glycerol yeast extract agar medium. Outer surface
f colonies were perfectly round initially, but later they devel-
ped aerial mycelium that may appear velvety and spore formation
tarted after 4th day of incubation. Spore chain was long (up to 16
pores) and sporulating hyphae were straight. Spores were oval and
arty, seen like hairy and 1–2.5 �m in size (Fig. 1). Good growth was
bserved at neutral and alkaline pH. By morphological, biochemi-
al, cultural characterization and SEM, the isolated strain was found
o be a member of Streptomyces genus.

.2. Growth characteristics and amylase production from strain
1

Most of the actinomycetes species are slow growing. Enzyme
roduction started in early log phase but there was drastic increase
n production of enzyme at late growth phase and early station-
ry phase; and amylase production continued up to late stationary
hase and after that it declined (Fig. 2). It clearly indicates that
mylase production was independent of growth phase [28,29]; and
rominent role of amylase in primary metabolism and ecologi-

m
o
o
N

Fig. 1. Scanning electron microscopy of strain D1. (a) ×1
pecific activity 39.70 113.64
ield (%) 100 87.81
urification (- fold) 1.0 2.8

al sustenance of strain D1. Similar reports on amylase production
ere reported on bacteria belonging to genus Bacillus and other
aloalkaliphilic organisms [5].

.3. Partial purification of amylase

Partial purification of amylase was done by bringing the cul-
ure filtrate to 90% saturation with solid ammonium sulfate. The
artially purified enzyme from strain D1 exhibited specific activ-

ty of 113.64 U/mg protein that corresponds to 2.8 fold purification
Table 1). The partially purified protein showed single band about
6 kDa (Fig. 3) and activity staining confirms the high enzyme
urity.

.4. Effect of NaCl, pH and temperature on amylase production
nd activity
The strain D1 was found to be moderately halophilic in nature as
aximum enzyme production was obtained in presence of 7% (w/v)

f NaCl and enzyme retained almost 80% of its activity in presence
f 12% (w/v) of NaCl. There was no amylase production in absence of
aCl (Fig. 4). These results clearly indicate halophilic nature of the

0,000 magnification. (b) ×25,000 magnification.
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Fig. 3. SDS-PAGE and zymogram activity staining analysis of amylase enzyme. Lane
1, activity staining of enzyme; lane 2, amylase enzyme; lane 3, molecular mass
standard.
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Amylase activity was stimulated in presence of calcium ion (5
Fig. 4. Effect of NaCl on amylase production (�) and activity (�).

nzyme, where salt appears to be prerequisite for amylase produc-

ion and activity. Similar behavior for other halophiles producing
mylase [30] and protease has been described [31].

Haloalkaliphilic microorganisms not only require high salt but
lkaline pH for growth and enzyme production [5]. Good growth

a
w
e
a

Fig. 5. Effect of pH on (a) production (�) and
Fig. 6. Effect of temperature on amylase production (�) and activity (�).

f strain was observed at a pH range of 8–11; however, growth
t pH 8 and 9 was quite comparable (Fig. 5a). This indicates
lkaliphilic nature of isolate D1. A similar response on growth
as observed in some haloalkaliphilic archea such as Natronuin-

ul [32], Natronorubrum bangense [33] and bacteria belonging to
enus Bacillus [5]. The strain D1 showed gradual increase in amy-
ase production and optimum pH for enzyme production was
ound to be 9. The enzyme was found to be stable in different
uffer as it retained almost 80% in phosphate buffer (pH 7) and
0% of its activity in disodium hydrogen phosphate buffer (pH
2) but optimum amylase activity was obtained in glycine–NaOH
uffer having pH 9 (Fig. 5b). Research was focused on the isola-
ion of alkaline amylase enzyme from microbes because there is
remendous potentiality of alkaline enzymes in detergent industry
24].

The strain D1 showed good growth in the temperature range
f 37–55 ◦C but optimum growth was observed at 45 ◦C. Max-
mum amylase production was obtained at 45 ◦C and enzyme
etained almost 50% of its activity at 85 ◦C (Fig. 6). This clearly
ndicates moderately thermostable nature of enzyme. Until today,
acteria belonging to genus Bacillus have been exploited for com-
ercial production of thermostable amylase enzymes [9,13]. There

s no such report on isolation of moderately thermostable amylase
nzymes from marine Streptomyces sp.

.5. Effect of metal ions, EDTA and various chemicals on amylase
ctivity
nd 10 mM). Other divalent cations such as Mg2+, Mn2+, Co2+, Cu2+

ere also found to potentiate the enzyme activity but not to the
xtent of calcium ion. But amylase activity was inhibited by Hg2+

nd Fe3+ ions. Metal ions such as K+ have no effect on amylase

growth (�); and (b) activity of amylase.
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Fig. 7. Effect of glucose on growth (�) and amylase (�) production; and activity.

Fig. 8. (a) Salt tolerability and (b) pH stability of amylase.

e (a) i
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Fig. 9. Temperature stability of amylas
ctivity (Table 2). In previous reports, most of the amylase activ-
ty was inhibited in the presence of Ni2+, Cd2+, Cu2+, Ag+, Pb2+,
e2+, and Zn2+. The �-amylase from Bacillus sp. KSM-1378 [34] and
acillus firmus [27] were strongly inhibited by Ni2+, Cd2+, Zn2+ and
g2+. The �-amylase from Thermus sp. was strongly inhibited by

C
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Fig. 10. Effect of (a) surfactants; and (b) bleaching agents
n absence (b) presence of calcium ion.

2+ 2+
u and Fe [35] and the �-amylase from B. subtilis, B. amyloliq-
efaciens I, and B. amyloliquefaciens II were strongly inhibited by
n2+, Ag+, Cu2+ and Fe2+ [36]. Enzyme activity decreased drasti-
ally in presence of EDTA (5 and 10 mM) which provides evidence
hat this amylase is calcium ion dependent. EDTA forms complex

, H2O2 (�) and NaClO3 (�) on stability of amylase.
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Table 2
Effect of various metal ions, EDTA and chemicals on amylase activity.

Metal ions and Chemicals % Relative activity

Ca+2 (5 mM) 129.98
Ca+2 (10 mM) 143.23
Mn+2 (5 mM) 102
Mn+2 (10 mM) 107
Co+2 (5 mM) 104
Co+2 (10 mM) 118.21
Cu+2 (5 mM) 103.79
Cu+2 (10 mM) 109.47
K+ (5 mM) 100
K+ (10 mM) 99.96
Mg+2 (5 mM) 104.12
Mg+2 (10 mM) 112
Hg+2 (5 mM) 64.23
Hg+2 (10 mM) 46.78
Fe+3 (5 mM) 56.67
Fe+3 (10 mM) 42.12
EDTA (5 mM) 45.23
Urea 1% 13.45
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Fig. 12. HPTLC analysis for hydrolyzed products of starch digested by amylase from
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lycerin 1% 78.90
live oil 1% 84.23
ontrol 100

ith the Ca2+ which is required for activity and stability of enzyme,
herefore causing decrease in enzyme production and activity.
ffect of various chemicals on amylase activity was recorded in
able 2.

.6. Repression study with glucose

Strong catabolic repression was observed with glucose as amy-
ase production (Fig. 7a) and activity (Fig. 7b) decreased drastically

ith increase in glucose concentration from 0.5 to 2% (w/v). How-
ver, growth slightly increased up to 2% (w/v) of glucose. A similar
ehaviour was reported in case of alkaline protease from an alka-

iphilic Bacillus sp. [5] and amylase production from marine yeast
erobasidium pullulans [37].

.7. Stability studies of amylase

Isolated amylase was found to be moderately salt tolerant.
nzyme activity drastically decreased in presence of 0% (w/v) of
aCl after 48 h incubation. Enzyme retained almost 100% and 50%
f its activity in presence of 7% (w/v) of NaCl and 10% (w/v)
f NaCl after 48 h incubation (Fig. 8a). Though, enzyme retained
lmost 50% of its activity in presence of 14% (w/v) of NaCl after
h incubation but there was drastic decrease in activity after

8 h incubation. Similar behaviour has been reported for bacte-
ia belonging to genus Bacillus [5,24]. But this is probably the first
eport on moderately salt tolerant amylase from marine Strepto-
yces sp.

Fig. 11. Detergent stability of amylase.
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treptomyces sp. D1. A. Peak of standard glucose (Himedia), B. Peak of standard mal-
ose (Himedia), C. Peak of standard maltotriose (Sigma), D. Peak of hydrolysis product
f starch consisting of peaks corresponding to glucose, maltose and matotriose
enerated by isolated amylase enzyme.

The amylase enzyme was found to be stable in buffer sys-
ems having pH 7–8 (phosphate buffer) to pH 9–11 (glycine–NaOH
uffer) when incubated for 6–48 h. There are various papers deal-

ng with amylase having stability over wide range of pH; but this
s probably the first report of amylase enzyme from haloalka-
iphilic marine Streptomyces strain having wide range of pH stability
Fig. 8b). Therefore, enzymes may have widespread application for
etergent industry [24].

Amylase activity decreased drastically at higher temperature
uch as 80 and 90 ◦C (Fig. 9a) but there was drastic increase in stabil-
ty (Fig. 9b) of enzyme in presence of calcium ion (10 mM) especially
t higher temperature as mentioned above. This data provides an
nsight into calcium dependent nature of enzyme and role of cal-
ium ion in structural integrity, stability and activity of enzyme
9,38].

Amylase enzyme was found to be very stable towards labora-
ory surfactants such as Tween 40, Tween 60, Tween 80 and cholic
cid as enzyme retained above 95% of its activity; when incu-
ated in presence of these surfactants [0.5% (w/v)] for 24–48 h.
hough enzyme production decreased in presence of triton X-100
ut reported amylase retained almost 70% of its activity in presence
f Triton X-100 after 48 h incubation (Fig. 10a).

Enzyme retained almost 80–100% of its activity when incubated
n presence of different concentrations of oxidizing agents such as
odium hypochlorite and H2O2 (Fig. 10b). Ideally, amylase used in

etergent industry should tolerate oxidizing chemicals and surfac-
ants. However, not all of currently used detergent enzymes are
ctive in presence of bleaching agents. Hence, the latest trend in
nzyme-based detergents is to introduce site directed mutagenesis
nd protein engineering techniques to produce enzymes with bet-
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[35] G. Shen, B. Saha, Y. Lee, L. Bhatnagar, J. Zeikus, Bot. Bull. Acad. Sci. 36 (1998)
195–200.
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er oxidation and heat stability [7]. However, the reported amylase
lready possessed good oxidation stability.

Amylase enzyme retained almost 70–35% of its activity in pres-
nce of commercial detergents, when incubated for 7–90 days
Fig. 11). There are reports on detergent stable amylase enzyme
rom bacteria belonging to genus Bacillus [24] but no such reports
n detergent stable amylase enzyme from marine Streptomyces sp.

.8. HPTLC analysis of enzyme

The hydrolysis pattern of soluble starch digested with partially
urified amylase was studied by using HPTLC. The test sample (sol-
ble starch and enzyme) showed three peaks having similar Rf to
hat of standard glucose, maltose and maltotriose (Fig. 12). These
esults provide an insight on degradation mode of the amylase sug-
esting that it has �-1-4, �-1-6 (debranching) and �-glucosidase
ctivity.

. Conclusions

In the present investigation, we have isolated thermostable,
oderately halophilic, commercial detergent, surfactant and oxi-

ant stable �-amylase enzyme from marine Streptomyces sp.
1. Reported amylase enzyme exhibited specific activity of
13.64 U/mg and molecular mass of enzyme was found to be
6 kDa. Enzyme retained good activity in presence of commercially
etergents such as rin, surf, aerial and tide; and oxidizing agents.
nzymes may have tremendous applications in detergent and phar-
aceutical industries where higher salt concentration, surfactant

nd detergents inhibit enzymatic conversions.
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