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The management of municipal solid waste is one of the major problems of the present world. The use of microbial enzymes for
sustainable management of the solid waste is the need of the time. In the present study, we have isolated a potent amylase producing
strain (ISL B5) from municipal solid waste. The strain was identified as Pseudomonas stutzeri (P. stutzeri) both biochemically and
by 16S rDNA sequencing. The optimization studies revealed that the strain ISL B5 exhibited maximum activity in the liquid media
containing 2% starch (2.77U/ml), 0.8% peptone (2.77U/ml), and 0.001% Ca2+ ion (2.49U/ml) under the pH 7.5 (2.59U/ml),
temperature 40∘C (2.63U/ml), and 25 h of incubation period (2.49U/ml). The highest activity of crude enzyme has also been
optimized at the pH 8 (2.49U/ml).

1. Introduction

Microorganisms are most important sources of enzyme pro-
duction which can be used for various purposes of humans.
Microbial enzymes have several advantages, which comprise
lower production costs, possibility of large-scale production
in industrial fermenters, wide range of physical and chemical
characteristics, scope of genetic manipulation, and rapid
culture development [1]. The enzymes produced by microor-
ganisms are alsomore active and stable than plant and animal
counterparts [2]. The above characteristics make microbial
enzymes suitable for various industrial applications [3]. In
addition, as the microorganisms can be cultured in large
quantities in a short time by fermentation, they represent an
alternative source of enzymes. Presently, microbial enzymes
are considered to be increasingly important for sustainable
technology and green chemistry [2, 4].

Amylase is one of the important enzymes, used in the
field of biotechnology. It performs the hydrolysis of starch to
yield glucose [5]. In recent years, the microbial production
has made its superiority due to its wide spread use in food,

baking, and detergent and textile industries [6]. There are so
many advantages of using microorganisms for their ability
in mass production of amylase and also for their very easy
manipulation for desired products [7]. 𝛼 -Amylase has been
derived frommany fungi, yeasts, bacteria, and actinomycetes;
however, enzymes from fungal and bacterial sources have
been considered most suitable for applications in industrial
sectors [8]. Several microorganisms are able to make amy-
lases including Bacillus spp., Lactobacillus, Pseudomonas sp.,
Proteus, Escherichia, and Streptomyces sp. [9].

Municipal solid waste management is tremendous prob-
lem in front of current world. One of the sustainable man-
agement of solid wastes is to digest it to produce an end
product which can be used as a resource. Several products,
including biofertilizers, have been reported to be produced
from municipal solid waste. Several reports suggested that
municipal solid waste can be transformed into biofertilizer
with multifunctional efficiency. Biofertilizer generated from
municipal solid waste are rich in microorganisms with
various capabilities as these products are generated from
microbial action where microbes use various substrates like
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starch, cellulose, and proteins. Composting is one of the
methods of converting organic wastes into biofertilizers,
reducing the inorganic compound usage that may lead to
the environmental contamination. This conversion is the
consequence of the action of microorganism, transforming
complex carbon sources into resultant energy. Production of
enzymes by microbes to its environment leads this process
[10].

The present study focuses on the search of the starchy
material transforming capacity of amylolytic bacteria present
in the municipal waste. For the fulfilment of this objective
isolation, characterization and identification of amylolytic
bacteria and partial characterization of amylase enzyme with
regard to the effect of substrate, temperature, and pH were
done.

2. Materials and Methods

2.1. Sample Collection. In this study for the purpose of
isolation of amylase producers, soil samples were collected
from the municipal solid waste deposition area of Malda
town, West Bengal, India. The soil samples were collected in
sterilized polyethylene bags and brought in ice pack to the
laboratory.

2.2. Isolation of Amylase Producing Bacteria. One gram (1 g)
of the soil sample was weighed and added to 9ml of sterile
distilled water. Serial dilutions were prepared up to the 10−4
dilution and then 0.1ml of each dilution was added, using the
spread plate method, to nutrient agar that had been fortified
with 1% starch. The agar plates were incubated at 37∘C for
24–48 h and then flooded with Lugol’s iodine. The colonies
produced halo zones were designated as amylase producers,
picked, and maintained in NA slants supplemented with 1%
starch.

2.3. Characterization and Identification. Thebacterial isolates
were characterized based on the followingmorphological and
biochemical tests such as Gram staining, scanning electron
microscopy (SEM) using Hitachi Scanning Electron Micro-
scopes (model S-530), catalase test, production of acid and
gas from carbohydrate, nitrate reduction, protein hydrolysis,
gelatin liquefaction, and Voges-Proskauer (VP) test [11, 12].

The strain was identified by both biochemical andmolec-
ular approaches. Biochemically, the stain was identified by
using the BiomerieusVitek 2 system.

For molecular identification, genomic DNA was
extracted from 24-hour-old culture following the method
of Stafford et al. [13]. DNA was precipitated from the
aqueous phase with chilled ethanol (100%) and pelleted by
centrifuging at 12000 rpm for 15min, followed by washing in
70% ethanol and centrifugation. The pellets were air-dried
and suspended in TE buffer pH 8.

For PCR amplification, DNA was amplified by mixing
the template DNA (50 ng) with the polymerase reaction
buffer, dNTP mix, primers, and Taq polymerase. Poly-
merase chain reaction was performed in a total volume
of 100𝜇l, containing 78𝜇l deionized water, 10 𝜇l 10x Taq
polymerase buffer, 1 𝜇l of 1U Taq polymerase, 6 𝜇l 2mM

dNTPs, 1.5 𝜇l of 100mM reverse and forward primers, and
3.5 𝜇l of 50 ng template DNA.The amplification of 16S rRNA
gene was carried out by PCR using the forward (704F
5GTAGCGGTGAAATGCGTAGA 3) and reverse (907R
5CCGTCAATTCMTTTGAGTTTAG 3) primer. The PCR
was programmed with an initial denaturing at 94∘C for
5min, followed by 30 cycles of denaturation at 94∘C for
30 sec, annealing at 61∘C for 30 sec, and extension at 70∘C
for 2min and with a final extension at 72∘C for 7min
in a thermocycler (Applied Biosystems, 2720). Amplified
products were resolved by electrophoresis in 0.8% agarose
gel and PCR amplicons were purified. The purified DNA
was sequenced from Xcelris laboratories, Ahmadabad, India,
and the 16S rDNA sequence obtained from PCR products
was subjected to BLAST analyses. The DNA sequences were
deposited to NCBI GenBank through BankIt procedure and
approved as the sequence after complete annotation and
given accession numbers. Evolutionary history was inferred
by neighbor-joiningmethod [14]. Phylogenetic analyses were
conducted in MEGA 4.0 software [15].

2.4. Assay of Amylase. For assay, previously inoculated nutri-
ent starch broth was centrifuged at 8000𝑔, for 12minutes, and
the supernatant was used as crude enzyme source. The assay
of amylase was conducted following the method of Jamieson
et al. [16]. In brief, oneml of diluted enzyme solution was
added to 1ml of substrate and then incubated for three
minutes at 37∘C; twoml of color reagent was added to stop
the enzyme reaction; tubes were heated in a boiling water
bath for five minutes to effect the color change and then
cooled with running tap water and absorbance was read in
a spectrophotometer at 470 nm of spectrophotometer [17].
Units of amylase activity were expressed as micromoles of
maltose liberated per minute.

2.5. Optimization of Amylase Production. The effect of dif-
ferent parameters on the amylase production by the iso-
late was standardized in respect of incubation time, tem-
perature, pH, carbon source, nitrogen source, and metal
ions.

2.6. Effect of Incubation Period. After inoculation, the flasks
were incubated at 35∘C for different time periods ranging
from 5 hours to 30 hours.

2.7. Effect of Temperature. Effect of temperature on amylase
production was studied in the nutrient starch broth at
different temperature (28∘C to 48∘C).

2.8. Effect of pH. The amylase production in relation to in-
itial medium pH was studied by inoculating the bacteria in
nutrient starch broth, by adjusting the pH ranging from 5.0
to 8.0.

Effect of pH of reaction mixture on amylase production
was tested by using buffer (0.1M) of different pH. By using
sodium phosphate (pH 6), potassium phosphate (pH 7), tris-
HCl (pH 8), and glycine–NaOH (pH 10) buffers, different pH
of the reaction mixture was maintained during the enzyme
assay [18, 19].
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NR 116489.1 Pseudomonas stutzeri strain VKM B-975
KT748761.1 Pseudomonas stutzeri strain ISL B5

NR 113652.1 Pseudomonas stutzeri strain NBRC 14165
NR 041715.1 Pseudomonas stutzeri strain ATCC 17588
NR 133828.1 Pseudomonas kunmingensis strain HL22-2
NR 074829.1 Pseudomonas stutzeri A1501
NR 115115.1 Pseudomonas chloritidismutans strain AW-1
NR 118798.1 Pseudomonas stutzeri strain CCUG 11256
NR 041044.1 Pseudomonas xanthomarina strain KMM 1447
NR 024734.1 Pseudomonas alcaliphila strain AL15-21
NR 113653.1 Pseudomonas pseudoalcaligenes strain NBRC 14167

Figure 1: Phylogenetic analysis of 16S rDNA sequences of P. Stutzeri ISL B5 (KT748761) with other ex-type strains by neighbor-joining
method.

2.9. Effect of Carbon Source. The effect of various carbon
sources such as starch, sucrose, glucose, and mannitol at the
concentration of 2% was examined for amylase production.
The effect of starch concentration on amylase production
was determined by supplementing the nutrient broth with
different concentration of starch ranging from 0.2% to 4%.

2.10. Effect of Nitrogen Source. The effects of nitrogen sources
on amylase production were determined by using different
organic and inorganic nitrogen sources (0.6%) such as beef
extract, ammonium chloride, peptone, and tryptone. The
effect of peptone at varied concentration on amylase produc-
tion was checked by supplementing the nutrient starch broth
with different concentration of peptone, ranging from 0.3 to
2.0%.

2.11. Effect of Metal Ions. Effects of metal ions on amylase
production were checked by substituting different metal
ions, ferrous ions, zinc, manganese, and calcium, at 0.001%
concentration with the nutrient starch broth [20].

2.12. Statistical Analysis. All the optimization studies were
conducted in triplicate and the data were analyzed using
one-way analysis of variance (ANOVA). All the data are
graphically presented as mean ± SD of triplicates (𝑛 = 3).
ANOVA was performed using SPSS software. P values < 0.05
were considered significant with a confidence limit of 95%.

3. Results

A total of twenty-five strains were isolated with amylase
activity. Among them, the isolate ISL B5 showed the highest
zone of clearance around the colony when flooded with
Lugol’s iodine solution. The isolate ISL B5 was characterized
both morphologically and biochemically. Light microscopic
observation revealed that the isolate was a rod shaped Gram
negative bacteria. The morphology of the isolate was also
confirmed by scanning electron microscopy.

The identity of the isolate was confirmed by both
biochemical and molecular techniques. Biochemically, the

strain was identified by using the BiomerieusVitek 2 system
as Pseudomonas stutzeri with 99% probability. Molecular
analysis based on 16S rDNA gene homology identified the
ISL B5 as Pseudomonas stutzeri with 99% similarity with the
respective strains in NCBI GenBank database with query
coverage of 95%.The obtained sequence was aligned with ex-
type isolate sequences fromNCBIGenBank for identification
as well as studying phylogenetic relationship with other
ex-type sequences (Figure 1). The evolutionary distances
were computed using the Maximum Composite Likelihood
method [21, 22]. The nucleotide sequences were deposited in
NCBIGenBank database under accession number KT748761.

The amylase production by P. stutzeri ISL B5 was opti-
mized in terms of incubation period, temperature, pH, car-
bon and nitrogen source, and metal irons. After inoculation,
the flasks were incubated at 30∘C and enzyme activity was
measured at different time intervals (Figure 2). The isolate
showed highest production of amylase after 25 hours of
incubation (2.49U/ml). The yield of enzyme decreased after
25 hours maybe due to the decrease in growth of the isolate.

The effect of temperature on enzyme production was
assessed by maintaining the flasks at different temperature
ranging from 28∘C to 48∘C for 25 h (Figure 3).Themaximum
enzyme production was detected at 40∘C (2.63U/ml). The
enzyme production was declined below and above 40∘C
temperature.

The media pH was adjusted from 5.0 to 8.0 for the
assessment of amylase production (Figure 4(a)). After 25 h
of incubation, it was observed that, in pH 7.5, enzyme was
produced maximally (2.59U/ml) by ISL B5 strain. Effect of
pHof reactionmixture on amylase productionwas also tested
by using sodium phosphate (pH 6), potassium phosphate
(pH 7), tris-HCl (pH 8), and glycine–NaOH (pH 10) buffers
during the enzyme assay (Figure 4(b)) [18, 19]. It was observed
that, after 25 hours of incubation, the reaction mixture
containing tris-HCl buffer (pH 8) showedmaximum amylase
production (2.49U/ml).

The bacterial isolate ISL B5 was inoculated in nutrient
broth, containing starch, sucrose, glucose, and mannitol, to
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Figure 2: Effect of incubation period on amylase production by P.
stutzeri ISL B5. Data represent mean ± SD (𝑛 = 3).
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Figure 3: Effect of temperature on amylase production by P. stutzeri
ISL B5. Data represent mean ± SD (𝑛 = 3); 𝑃 < 0.05.

show the effect of carbon sources in amylase production (Fig-
ure 5(a)). The starch showed the highest enzyme production
at 2% concentration (2.77U/ml) (Figure 5(b)).

The effect of different nitrogen sources on amylase
production was assessed by using beef extract, ammonium
chloride, peptone, and tryptone. The maximum enzyme
production was exhibited in 0.8% peptone concentration
(2.77U/ml), whereas ammonium chloride had the lowest
enzyme production ability (Figures 6(a) and 6(b)).

Ferrous, zinc, manganese, and calcium ions in very low
concentration were used to determine the effect of metal
ions on amylase production (Figure 7). After 25 hours, broth
containing calcium ion showed the highest ability of enzyme
production (2.49U/ml), whereas ferrous ion had the lowest
ability of enzyme production.

4. Discussion

Twenty-five bacterial strains were isolated from munici-
pal dumping waste; from these, the isolate ISL B5, which
was identified as Pseudomonas stutzeri, showed the highest
amylase activity. Several reports have suggested that many
bacteria isolated from solid waste show amylase activity with
significant efficiency [23]. Among bacterial isolates, Bacillus
sp. [24] and Pseudomonas sp. [25] are frequent amylase
producers.

P. stutzeri ISL B5 showed the highest amylase production
at 25 hours of incubation. Above this incubation period,
the amylase enzyme activity started to decrease. This may
be due to the decrease in growth of the isolate. Most of
the studies reported the highest enzyme production between
35 hours and 48 hours [26, 27]; on the contrary, ISL B5
showed optimum production after 25 hours, thus proving
early harvesting time for industrial use.

The strain of P. stutzeri has low starch degrading activity
below and above 40∘C.This may be due to decreased growth
rate and inactivation of genes, which are responsible for the
starch degrading enzyme [28].Most of the amylase producing
bacterial strain exhibited a pH range between 6.0 and 7.5
for normal growth and enzyme production [29]. The present
bacterial strain revealed maximal enzyme production at pH
7.5. The highest enzyme activity in reaction mixture has been
achieved at pH 8. Samanta et al. [30] also reported the highest
amylase activity of Cronobacter sakazakii Jor52 at pH 8.

The supplement of carbon sources in either monosac-
charide or polysaccharide form may induce the amylase
production. In our present study, the influence of starch was
more than the other carbon sources tested. Mannitol was
the second best supplementary carbon source. Glucose has
the lowest amylase activity. It is reported that the different
carbon sources variedly influence the amylase production
[31]. Similar findings suggested that glucose represses the
amylase production in the case of hyperthermophilic archaea
Sulfolobus solfataricus [32]. They also reported that glucose
inhibits the expression of amylase gene.

Thenitrogen sources are secondary energy sources for the
organisms, and those play an important role in the growth
and in the production of valuable enzymes of organisms.The
nature of the compound and the concentration that we used
might influence or downregulate enzyme production [27]. In
this experiment, the effect of nitrogen sources on amylase
production showed that peptone was found to be a better
nitrogen source for P. stutzeri ISL B5.

The effects ofmetal ions have been well studied on several
amylases from bacteria and fungi. It has been known that
most of amylases are metal ion-dependent enzymes and
these ions are divalent cations such as Mn2+, Zn2+, Mg2+,
Ca2+, and Fe2+ [17]. Enhancement of amylase activity in the
presence of ions could be based on its ability to interact with
negatively charged amino acid residues such as aspartic and
glutamic acid [33]. The study showed the highest enzyme
activity in the presence of calcium ion. According to Burhan
et al. [34], in case of Bacillus sp., calcium ion increased
the production of amylase. Ramesh and Lonsane [35] also
reported that different concentrations of calcium affect the
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Figure 4: Effect of pH on amylase production by P. stutzeri ISL B5 and on enzyme activity in reactionmixture. (a) Amylase production under
different media pH. (b) Enzyme activity under different pH of reaction mixture. Data represent mean ± SD (𝑛 = 3); 𝑃 < 0.05.
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Figure 5: Effect different carbon sources and different starch concentrations on amylase production by P. stutzeri ISL B5. (a) Amylase
production under the influence of different carbon sources. (b) Amylase production under the influence of different starch concentrations in
percentage. Data represent mean ± SD (𝑛 = 3); 𝑃 < 0.05.

amylase production and its activity. The crystal structure of
amylase showed that calcium ions play a detrimental role in
ionic interactionwithAsn 100 andHis 201 residues of domain
A and also with Asp 159 and Asp 167 residues of domain B
in amylase enzyme. It has also been reported that the active
site of amylase is located between domain A and domain B
and calcium promotes stability and catalytic activity of the
enzyme by interconnecting these two domains [36, 37].

In the present study, we have isolated and identified
amylase producing bacteria from the municipal solid waste.
Our study showed that the municipal solid wastes can be
used as productive sources of beneficial microbes; those
can be successfully used in large scale for management of
municipal starchywastematerials present inmunicipal waste.

The isolate Pseudomonas stutzeri ISL B5 showed the ability
to tolerate adverse conditions like wide range of pH and
temperature and has significant toxic metal ion tolerance,
which makes it a promising inoculant for enzyme industry
as well as in solid waste management.
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