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Amylase producing thermophilic, alkali-tolerant bacterial strain was isolated from mushroom compost and identified as
Bacillus sonorensis GV2 using 16S rRNA gene technique and deposited in NCBI gene bank vide accession number
|KJ775811|. Medium components and process parameters for an enhanced amylase production were optimized with
respect to media types, substrate concentration, pH, temperature, inoculum size, divalent ion concentrations, carbon and
nitrogen sources, surfactants etc. through one variable at a timPAd@ @pproach followed by a statistical approach under
submeged fermentation from this isolate. Optimum levels of six significant parameters obtained #fea@Vtheir

interaction eiects were determined employing the response surface central composite desigi(@&mum amylase

activity of 82.78 IU had been obtained atG@nd 9.5 pH @ 8.75% inoculum using 0.5% substrate with 0.3%aGd

Mg?* concentrationsAn overall increase of 21.30% has been observed after the factors were optimized by using Response
Surface Methodology
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Introduction and related carbohydrateBhey can specifically
cleave the O-glycosidic bonds in starch. Starch
_ ) ) _ depolymerization by amylases is the basic mechanism
in ecological niches such as at high temperaturesfor several industrial processes such as preparation

extremes of pH, h'g.h salt coqcentratlons and h'ghofglucose syrups, bread making and brewing. Thus,
pressure. These microorganisms produce unique

: . . it is a key enzyme in the production of starch
biocatalysts that function under extreme conditions Y 4 P

o . i . derivatives and also used in desizing fabrics, in
comparable to those prevailing in various industrial

Ext h ¢ _Eharmaceuticals and detergents. Submerged
proce;se;. X rem.ozyme.s ave a great economi¢, . antation (SmF) has been traditionally used for
potential in many industrial processes,

: ' i |n§IUQ|ng the production of industrially important enzymes
agricultural, chemical and pharmaceutical appllcatlons.b ecause of the ease of handling and greater control

Eonsequitntéwnlque prlo pertlles ofl_thet.se blo;:atalysts of environmental factors such as temperature and pH
ave resulted in several novel applications of enzymes o, - ondragt al. 2010).

in industrial processes such as protease, amylase etc.

Extremophilic microorganisms are adapted to survive

Driven by increasing industrial demands for

a-amylase (E.C 3.2.1.1) catalyses the hydrolysis biocatalysts that can cope with industrial process

of a-D-(1,4) glycosidic linkages in starch components
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conditions, considerable efforts have been devoted tgparameters using response surface methodology to
the search for such enzymes. Howeitatill remains ~ enhance the enzyme production.

as a challenging task to obtain the strains, which are

capable of producing commercially aptable yields  Mmaterials and Methods

and this selection of suitable strain is the most

significant factor Thus, recent research with Collection and Isolation of Alkalothermophilic
thermostablen-amylase has been concentrated on Amylolytic Microorganisms

the screening of thermophilic micro-organisms with
thermostablen-amylase that can, facilitate the
discovery of novedi-amylase producing straisuitable
for new industrial applications (Gupgal., 2003).

Mushroom compost samples were collected in sterile
containers from different sites of Solan District of
Himachal Pradeshlo 50 g of compost sample in
each of the petriplates, 1g of starch was added and
_ _ _ _ water was sprinkled and mixed thoroughly to have
To meet the growing demands in the industry it 5qequate moisture. The petriplates containing the
is necessary to improve the performance of the 555ve mixture were incubated at 50°€ Zor 3 days
system and thus increase the yield without increasingq enrich the compost samples. Isolations were done
the cost of production. The growth and enzyme by applying the enrichment technique. Enriched
production of the organism are strongly influenced by o mpost samples were serially diluted and incubated
medium composition. Thus, optimization of media 5; 50 + 2C for 24h in starch agar medium (peptic
components and cultural parameters is the primarygigest of animal tissue-5.0 g, yeast extract-1.5 g, beef
task in a biological process (Djekrif-Dakhmouche, eyiract-1.5 g, starch soluble —2.0 g, Sodium chloride-
2006). The main strategy used is media engineerings g, agar —15.0 g, distilled water —1000 ml, pH —9.0
for which the optimal operating condition of & 44 1) puyre line cultures obtained were maintained

parameter is standardized by changing one parametegy, starch agar slants and preserved in the refrigerator
at a time and keeping the others at a constant levek; pc and subcultured once in a month.

(Liu and Tzeng, 1998). The optimization studies do

not consider the interaction effects among the gereening of Hyperamylolytic Alkalothermophilic
variables, as any process is influenced by severalyjcroorganisms

variables (Silva and Roberto, 2006). Limitations of

the single factor optimization can be eliminated by Isolated microorganisms were screened on the basis
employing response surface methodology (RSM), of their amylase production fefiency. Following
which is used to explain the combined effects of all qualitative and quantitative tests were used for the
the factors in a conventional fermentation processscreening of the thermoalkalophillic amylogenic
(Elibol, 2004). Single variable optimization methods bacteria isolated from mushroom compost.

are not only tedious, but also can lead to o _ _
misinterpretation of results, especially because theQualitative Screening of Hyperamylolytic
interaction effects between different factors are Alkalothermophilic Isolates

overlooked (VénstefBotz, 2013). Response surface giarch hydrolysis test was performed on isolated
methodology may be summarized as a collection Ofyrains to screen amylolytic strains (Sheal.,
experimental strategies, mathematical methods and1995)_ The starch agar plates were spot inoculated
statistical inference for constructing and exploring an uith the isolated strains and incubated &Sr 72
approximate functional relationship between a  The growth thus obtained was flooded with 10 ml
response variable and a set of design variabies. ot jodine solution for about 20 miarea of hydrolysis

this study a-amylase production fromBacillus  gnneared as a clear zone among the blue stained

sonorensis GV2 has been studied. Optimization of nhydrolysed starch. The diameter of a clear zone
the individual factors has been conducted along withs,med indicated the extent of amylolytic activity of
their interactive effects between physico-chemical e strain.
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Quantitative Screening of Hyperamylolytic was selected for further studies. It was identified by
Alkalothermophilic Amylase Producing | solates using 16S rRNA technique.

Isolated bacterial strains were grown in 100 ml of |splation of Genomic DNA (Genei DNA |solation
starch broth at 50£Z for 24 h. Standard enzyme Kit)

production medium (Kwart al., 1993), -which o

comprised of Soluble starch- 4.0 g, (YHPO,-0.5 Pure cultgre of selectgd bacterial isolate was
g, Yeast extract- 0.5 g, Sodium citrate- 0.2 g, inoculated in 10 ml of nutrient broth and grown at 50

Mgso4_7H20_0.05 g, CangHzo- 0.008 g, Distilled + 2°C for 18 h. Isolation of total genomic DNA from
water- 100 mL at pH- 9.0+ 0.2 in 250 ml of the culture was carried out by the following standard
Erlenmeyer flask was used for extracellular enzyme Procedure.

production.An unipoculated culture medium was kept PCR Amplification of 165 rRNA Region

as a control. The inoculated and uninoculated enzyme

production media were then incubated for 3 days atPCR amplification was done to confirm the identity
50£2°C at 120 rpmAfter incubation, the culture of bacterial strain, small subunit 16S rRNA genes were
contents were centrifuged at 12,000 rpm for 20 min amplified from the genomic DNA with 16SF
(4°C). The supernatant thus obtained was used ag5’AGAGTTTGATCCTGGCTCAG3’) and 16SR
crude enzyme for quantifying extracellular amylolytic (5 TACCTTGTTACGACTT3’) primers to get an
activity. amplicon size of 1500 bAmplification was carried

. . . outin 20 ul reaction volume consisting of 10 Xfbyf
Amylase activity was determined by measuring 2.0 ul: 2mM dNTPs, 2.0 ul; 3 U/\lfag DNA

;?_e agc;luntgéggdrg[[yzeg .S‘?Ch using tge mzthootlr?fpolymerase, 0.2 pl; 100 ng/ul of each pripiepl;
'a0 o )- Starch-iodine assay based on etemplate DNA, 1ul and sterilized distilled water 12.8

thrr? mtc)) ggn fofrmatlotq th binding OT 'Od'gf w:;[h sdtarch I in aASTEC thermocycleusing the PCR conditions
is the basis of quantitative screening. Standar curv§zoc for 1 min (denaturation), 8G for 1 min

Yl_vﬁ S prepared kl)yt'usmgtﬁcz)luzkzl/e Sttarchh as 6,‘ stanta:j annealing) and PZ for 1 min (extension). The total
€ enzyme solution with ©.270 starch was incubated,  ,ar of cycles was 36 with the final extension at

at 3.70.(: for 30 min. The rgact|or_1 was thgn stopped by 72°C for 1 min. The amplified product (20 pl) was
addition of 1N acetic acid. lodine solution was used
as a chromogen and the preparation was rea
spectrophotometrically at 580 nm.

ize separated on 1% agarose gel prepared in 1%
AE buffer containing 0.5pg/ml ethidium bromide and
photographed with the gel documentation system

One International Unit (IU) of amylase activity (alpha Imager 2200 100 bp DNAladder (Genei)
is defined as the disappearance of an ayeief was used as molecular weight size markers. The PCR

1pmol of iodine binding starch material per minute in product (1500 bp) was purified from contaminating
the assay reaction. products by electro-elution of the gel slice containing
the excised, desired fragment with Qiaquick gel

Morphological and Physiological Characteristics gyiraction kit (Qiagen, USR). The elution was carried
of AlkalothermophilicAmylase Producing Isolates out in 30 pl of nuclease free water

Morphological, cultural and .metabollc': fmgerprmtmg Nucleotide Sequencing
of screened hyperamylolytic bacterial isolates was
done by applying standard techniques for bacteriaThe PCR amplicon obtained by amplifying PCR
(Aneja, 2003). product was diluted ifiris buffer (10 mM, pH 8.5).

_ o _ Dilution used was 1:1000 in order to obtain the DNA
Genotypic Identification of Hyperamylolytic  ¢oncentration required for sequencing (30 ng/pl, the
Bacterial Isolates using 16S rRNA sequencing required 8 pl DNA. The primer used in

Bacterial isolate GV2 giving highest titres of amylase S€duencing reaction was BITS-1 (SAGAGTTTGA
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CCTGG) and BITS-4 (5-ACCTTGTTACGACTT) observing enzyme production potential of the organism
at a concentration of 3 uM. at particular temperature and pH.

PCR products were further sequencedth®y  Effect of Carbon Sourcesand Their Concentration

services provided by Bioserve, India. Pvt. Ltd. to _ _
confirm the results. Various carbon sources viz. starch, mannose,

arabinose, dextrose,maltose and sucrose were used

BLASTN Analysis for explorlqg their effect on amylase production at a
concentration ranging from 0.5% to 3.0%.

All the sequences were compared with 16S rRNA . )

gene sequences available in the GenBank databases/f€ct of Nitrogen Sources, Divalent Ions and

by BLASTn search (wwwncbi.nlm.nih.gov:g0/  Media Additives

BLAST). Multiple sequence alignments pfpartial 16S various nitrogen sources viz. gelatin, tryptone,
rRNA gene sequences were aligned using CLAIST (NH,),SO,, NH,CI, NH,NO, and NaNQ at a

Omega, version 1.8ree generated was analyzed .qncentration of 0.1%, divalent ions viz. 2GaMg2*,
with the TREEVIEW program. Sequences obtained ¢ 2+ Bz2* Fe* Mn2*. Co2*. Zm2* Ni2* at a

were submitted to NCBI for accession number concentration of 5mM and media additives viz. SDS,

EDTA, CTAB, Tween 20,Tween 80,Triton X 100
and glycerol at a concentration of 5mM were tested
for their effects on amylase production.

Optimization of Media Components and Process
Parameters for Enhanced Enzyme Production

Amylase production from selected strain GV2 was _ _ _
optimized first using conventional ONeriableAta ~ OPtimization by Using Central Composite Design

Time (OVAT) approach by varying certain media (CCD) of RSM

components and process parameters one by ONqysing the On&ariableAt aTime (O\AT) approach,
Significant variables thus obtained were chosen forihe effects of media types, incubation time

further optimization studies by using a statistical temperature, pH, inoculum size, carbon sources,
approach Central Composite Design (CCD) of g pstrate concentration, nitrogen sources, media
Response Surface Methodology (RSM). additives and divalent ions etc. were studied. Based
on these optimization results, six independent variables
Effect of Media, Inoculum Size and Incubation were chosen for further optimization studies by
Period employing Central Composite Design (CCD) of
Response Surface Methodology (RSM). The

Various inoculum sizes ranging frarb%, 5.0%...., q dent variabl th aindl. th
15% were tested to enhance amylase production o ependent variable was the enzyme actiaityl, the

different media viz. Babu and Satyanarayana, (1993),|ndependgnt variables chosen were substrate
Kwanet al. (1993), $archAgar medium (Saxengt F:oncentra_tlon R EH (%), temperature (%9;

al., 2007), Modified starch medium (Jyettal., 201),  noculum size (%), C&" concentration (§ and Md
Modified medium (Fooladi and Sajjadian, 2010) for concentration (§. Central Composite Design (CCD)

an incubation period ranging from 24, 48..., 144h. with six factors at five levels was employed to
' ' investigate the first and higher order main effects of

each factor and the interactions among them. The
experiment divided into 5 blocks contained 90 runs.
The design involved 14 centre points with an alpha

The effect of different temperature (30, 40...900  value being 2.82843. The minimum and maximum
and pH (7.0, 8.0..., 12.0) on amylase production wasranges of independent variables are giveraile 1.

studied by subjecting the organism to variable Experimental design included 90 flasks with three
temperatures and pH for enzyme production andreplicates attheir central coded values. Mathematical

Effect of Temperature and pH on Enzyme
Production
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Table 1. Range of values for independent variables used in  point studies. Experimentally obtained data were
Central Composite Design (CCD) of the RSM compared with the predicted one and the prediction
error was calculated.

Independent variables Units Low High
Substrate concentration (X % 0.5 3.0 Results and Discussion
pH (X)) - 7 12 Isolation and ldentification of Screened
Temperature (¥ °C 30 65 Hyperamylolytic Bacterial |1solate
Inoculum size (%) % 25 15 In total, 13 bacterial isolates were obtained from
Ce?* concentration (¥ % 0.2 10 pooled samples of compost ite8hAgar medium,

, having pH 9.0 and temperature®’80All the isolates

+ 1 0, . . . . o ge . .
Mg™ concentration (39 % 0.2 1.0 were preliminarily identified by conducting their

morphological and metabolic fingerprinting studies
(Table 2) and tentatively identified usiAgIS-online
software (http://wwwgw1916.net/bacteria_abis.
html). On the basis of similarityhe isolates were
homologous to Bacillus sp.

relationship of response (enzyme production, protein,
specific activity) and variables i.e1)<>(2, X X Xy

and X, was approximated by a quadratic model o
equation. The response value in each case is tth/o

average of triplicate experiments. Statistical software Highest amylase activity after qualitative starch-
package Design Expert® version 7.0 (Stat Ease, Incagar zone assay and quantitative starch-iodine assay
Minneapolis, USA) was used to generate polynomialswas observed in GV2 i.e. 68.24 IU while the least
and the contour plotall experiments were carried  amylase activity was that of GC4 i.e. 7.37 Ad.itis
outin triplicates. clear from Fig. 1, strain GV2 is entirely different from
the cluster showing the amylogenic potential of all
the screened isolates. Thus, among all the screened

Statistical software package Design Expert® versionamylolytic isolates, isolate GV2 (Fig. 1) exhibiting
7.0 (Stat Ease, Inc, Minneapolis, USA) was used for highest amylolytic activity of 68.24 |U, was chosen
regression analysis of the experimental data to obtairfor further studies based on its hyperamylolytic and
working parameters and to generate polynomials andhermoalkalophilic nature. This strain was identified
the contour plot# second-order polynomial equation at genomic level by using 16S rRNA gene technique.
was established based on analysis of variance an&enomic DNA of isolate was extracted by using DNA
the optimum ratio of medium components was found purification kit (Banglore, Genei). DNA was quantified
using Design-Expert 7.1 software optimization toolbox. by using the standard protocol (Samiraad Rusell,
Standard deviation, PRESS, R? values were alsol989). The genomic DNA obtained from GV2 isolate
analyzed.

Satistical Analysis

Dendrogram using Average Linkage (Between Groups)

Ana-lyss Of Varlance (ANOVA) Rescaled Distance Cluster Combine
CAS3E a 5 10 15 z0 25

A second-order polynomial equation was established Z:l Nm:
based on analysis of variance and the optimum ratic 37 = —
of medium components was found using the Design- & > 7
Expert 7.0 software optimization toolbox. Standard E‘Z’g lg ]
deviation, PRESS, r? values were also analyzed. <l i -

GV1 g g
Model Validation v - —

. . Fig. 1: Dendrogram showing the similarity and differences
The mathematical model generated during RSM among the strains in terms of their amylogenic

implementation was validated by conducting check potential
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Table 2. Biochemical and metabolic characteristics of screened alkalothermophilic amylolytic bacteria isolated from

mushroom compost

Characteristics Screenedmylolytic Isolates

GC1 GC2 GC3 GC4 GC5 GC6 GC7 GC8GV1LI GV2 GV3 Gv4 GV5
Indole - - - - - - - - - - -
Gelatin hydrolysis - - - - - - - - - - - - -
Citrate utilization + + + + + + + + + +
Catalase + + + + + + + +
Urease + - - + - - - + i, + _ . }
st + - + + - + - - + - + + -
Methyl Red - - + + + + - + + - - + +
Voges Proskeur - - - - - - - - - - - - -
DNase activity - - - - - - - - - - - -
Nitrate reduction + - - - - + + - + - + + +
Cellulolytic - - - - - - - - - - - - -
Sugar fermentation
¢ Glycerol A A A AG A A AG A A AG A AG A
e Sorbitol - - AG - A AG - - - A - - -
o Dextrose AG AG AG AG AG AG AG AG AG AG AG AG AG
o Galactose AG A A A AG A A AG A A AG A A
e Xylose A - - A - - - - A - - - -
e Mannose A A A A AG A A AG A A AG A A
e Sucrose AG AG AG AG AG AG AG AG AG AG AG AG AG
e Arabinose - - A - A - AG - - AG A - -
¢ Lactose AG AG AG AG AG AG AG AG AG AG AG AG AG
¢ Raffinose A A A A A AG A A A A A A A
e Inulin A A A A - - - - - - A - A
o Maltose AG AG AG AG A A AG AG AG A AG AG AG
e Sucrose A A A A AG - A - A - - - -
Tentative Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus BacillusBacillusBacillusBacillus Bacillus Bacillus
identification sp. sp. sp. sp. sp. sp. sp. sp. sp. sp. sp. sp.

had a concentration of 41 pg)/The isolated genomic

GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGA

DNA was subjected to PCR to amplify small subunit TGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGG
of 16S rRNA using universal primers having product AAGAACAAGTTCCGTTCGAATAGGGCGGRCCTTGACG

size of approximate/y1500 bpThe FCR product so
obtained after amplification was purified and
sequenced

Nucleotide Seguencing

>0114_305_001_1_27F-C07.abl

TAAGACTGGGATAACTCCGGGAAACCGGGACTRATA
CCGGAIGCTTGATTGAACCGCATGGTTCAATTCTAAAA
GGTGGCTTTRACTTCCACTTACAGATGGACCCGCGG
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAA

G GCGACGA GCGTAGCCGACCTGAGGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCAACAAACT
CATACGGGAGGCAGCTGRAGGGAAACTTCCGCAATG

GTTCCTAACCAGAAAGCCACGGCTAACCACGTGCCA
GCAGCCGCGGTCAACGTATGTGGCAAGCGTTGTCCGGA
TTATTGGGCGRAAGCGCGCGCAGGCTGTTTCTTAGTC
TGATGTGAAAGCCCCCGGCTCAAGCGGGGAGGGTCA
TTGG

>0114_305_002_1_1492R-D07.abl

TGTCAGAGGATGTCAAGACCTGGTAA
GGTTCTTCGCGTTGCTTCGAATAAA
CCACATGCTCGACCGCAGTGCGGGCCC
CCGTTTATTCCTTTGAGTTTCAAACTT
GCCACCGTACTCGGGGAGGCGGAGT
GCTTAATGCGTTTGCTGCAGCGCARAA

sp.
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GAGGGGGAAACGCTCTAACACTTAG g, Yeast extract- 0.4 g, KJRO,-0.1 g, MgSQ.7H,0O-
CACTCATCGTTTACAGCGTGGACTACGAA 0.15 g, dJO-1000 ml, pH- 9.0. Enhanced enzyme
GGTATCTAATCCTGTTCACTCCCCACGCTTT  production using defined medium may be due to the
CGCGCCTCAGGGGAGTRAAGACC presence of nitrogen, carbohydrate and other
AGAGAGTCGCCTTGGCTACTGGCG compounds in appropriate concentration, as per the
TTGGTCCACAICTCTA physiological requirement of the organism that would
have resulted in enhanced ability of the cells to
synthesize most of the extra cellular amylase (Barsar
et al., 2010).

The isolate GV2 was identified @&acillus
sonorensis using BLASTN analysis and has been
registered under the accession number |KJ71381
National Centre for Biotechnology Information Effect of Incubation Period

(NCBI). Phylogenetic tree dBacillus sonorensis o _
GV2, with respect to otheBaillus sp. as inferred Enzyme activity was measured at regular intervals

by neighbor joining method which has been shown in ffom 24h to a period of 144h and maximum amylase
Fig. 2. production was noticed at Fhi.e. 68.36 1U, with a

specific activity of 3.27 umol/min/mg (Fig. 3A). Similar

Optimization of Process Parameters for findings have been reported by Thippeswasna.
Enhanced Amylase Production by Bacillus (2006) and/idyalakshmit al. (2009) After 72h, there
sonorensis GV2 by Using oneVariable at aTime was a decrease in the amylolytic activi{ydecrease
(OVAT) Approach was observed due to depletion of nutrients available
causing a stressed microbial physiology resulting in
an inactivation of enzymloresetal., 1997) Another
reason could be the catabolite repression i.e. the
increase in production of reducing sugars, which after
a certain period of growth could exhibit inhibitory
€ effect on enzyme production, sinaeamylase is an

inducible enzymeKiran and Chandra, 2008; Premila,

Effect of Media 2013).

In order to explore the maximum potentiaBatillus
sonorensis GV2 to synthesize amylase for
biotechnological applications, determination of
cumulative effect of multiple parameters regulating
the rate of enzyme production have becom
warranted.

Bacillus sonorensis GV2 showed maximum growth ~ Effect of Different Carbon Sources and Substrate
in SarchAgar medium containing Soluble starch- 1.0 Concentration

Carbon source in the form of either monosaccharides

Alkalibacillus haloalkaliphilus psm 5271

NR 2419851 or polysaccharides influence the production of
Bacillus vietnamensis 15-1 . . i - .

NR 024306.1 amylaseBacillus sonorensis GV2 exhibited highest
Bacillus coahuilensis m4-4 .. . e

NR 115833.1 amylase activity of 69.13 U (Fig. 3B) and specific
Bacillus cereus ATCC 14579 . . . .

NROTASIOLD activity of 3.27pmol/min/mg with supplementation of
Bacillus carboniphilus JCM9731

WO starch among all other carbon sources used for

KJ 775811

Bacillus aerius 24K
NR 042338.1

Bacillus licheniformis Dsm

enzyme production. Starch has also been found to
increase enzyme production B subtilis IMG22,

Bacillus sonorensis NRRL B-23164 Bacillus sp. PS-7 an@acillus sp. I-3 as reported by

Bacilusamyoliquotaions v 3601 Tanyildizi and Elibol, (2005); Sodkt al. (2005) and

%:ac:izbz%%bﬁnms Goyal et al. (2005) respectivelyThe a-amylase
—— Bacllus ubillssubsp. Subils 0552 production is also subjected to catabolite repression
L Bacillus subtitis NBRC 13719 by glucose and other sugars, like most other inducible

NR 112629.1

enzymes. Synthesis of amylases in most species of
Fig. 2: Neighbour joining tree based on 16S rRNA : : .
0. < WEIghboUr JoININg Tee based on =5 IRHA 9ene  the genusBacillus is repressed by readily
sequence showing thehylogenetic relationship of .
isolate GV2 with the analysed sequences metabolizable substrates such as glucose and fructose
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as reported by Haselting al. (1996); Linet al. production (Liu ant¥ang, 2007 and Singharegal .,
(2007); Kiran and Chandra, (2008); Premila, (2013). 2007).

A reduced enzyme activity of 50.57 IU is in

consonance with these reports. Effect of Inoculum Size

Varying concentrations of the best yielding Different inoculum sizes studied for enhanced enzyme
carbon source as substrate ranging from 0.5 to 3.0%production were: 2.5, 5.0..., 15.0 % (v/v). Highest
were explored for an increase in the enzyme yield. amylase production fro. sonorensisGV2i.e. 71.82
At a concentration of 0.5% starch ylelded amaximum IU was obtained at 7.5% of inoculum size, having
enzyme activity of 70.12 IU with 3.31 pmol/min/mg  statistically significant differences over the range of
specific activity There were statistically significant  variable inoculum sizes. Specific activity of 3.40 pmol/
variations among the different substrate min/mg was observed (Fig. 3C). There was a steady
concentrations used for amylase production rangingincrease in the enzyme production from 2.5 to 7.5%.
from 0.5-3.0%. Optimum substrate concentration However there was a steep decrease in the enzyme
normally results in an increase in the yield and reactionactivity beyond this inoculum size because of an
rate of hydrolysis (Reginet al., 2008). However  overload of the cells in the production medium resulting
high substrate concentration can cause substratén nutrient starvation. Maximal enzyme activity at
inhibition, which substantially lowers enzyme optimal level was observed because at this point, there

80 1 -4 80 - - 4

70 L35
_ m 70 - - 35 _
£ ¢ s § B S
< 2 60 - -3 2
= g & B
= 50 E 25 = = -
:% z :% 50 o F 25 :E

oy

g 40 2 % 2 40 - -2 &
] @ '}
E 30 1.5 g E 30 - L 15 E
g 20 L 8 B >
£ 2 E 20 - L1 §
< 2 < <

10 - 05w 10 - - 0.5

0 -0 0 0

24 48 72 96 120 144 25 5 75 10 125 15
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L
—t
N
wu wl
Specific activity (IU/mg)
Amylase activity (IU)
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Fig. 3: Effect of (A) Incubation period (days), (B) Inoculum size (%), (C) pH, (D)Temperature (°C) on amylase poduction from
Bacillus sonorensis (GV2)
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is equilibrium between the number of cells and Andualem, (2014). The reduction in enzyme activity
availability of nutrients for growth and substrate to at higher temperature could be due to deformed
act upon, while the decline in enzyme yield at larger enzyme structures. Maximum enzyme activity at
inoculum size might be due to formation of thick optimum temperature may be due to an increased
suspensions and improper mixing of substrates in shakenetabolic activity of the cells resulting in an increased
flasks. extracellular enzyme production in culture supernatant.
At very low temperatures, membranes solidify and
high temperatures damage microorganisms by

The pH of the growth medium plays an important denaturing enzymes, transport carriers and other
role in terms of inducing enzyme production and Proteins, thus lowering the enzyme activityiey et
morphological changes in the microbes (Pederson and - 2008).

Nielsqn, 2000; Kathire§an and Manivannan, 2006). Effect of Various Nitrogen Sources

The highest amylase titres 71.89 IU were observed

at alkaline pH 10.0 with specific activity 3.41 umol/ Nitrogen sources are the most important secondary
min/mg (Fig. 3D). Similar results have been reported energy compounds for the growth and metabolism of
by Haget al. (2002); Mukherjeet al. (2009); Erdal  microorganisms. The nature of these compounds and
andTaskin, (2010) and Pathak and Narula, (2013). the concentration used may stimulate or down regulate
the production of enzymes (Sharmaal., 2012).
BacillussonorensisGV2 enzyme production medium
Incubation temperature is the most important physicalSUPPlemented with ammonium sulphate showed an
factor which affects enzyme productioB. increased enzyme activity of 71.72 1U with a specific
sonorensis GV2exhibited maximum amylase activity activity of 3.86 pmol/min/mg (Fig. 5). Rest of the other
of 72.76 IU at an optimum temperature of 50°C with Nitrogen sources used viz. gelatin, tryptone, 8
aspecific activity of 4.02 umol/min/mg (Fig. 4), which NHsNOs, NaNG, however showed a decline in

is significantly higher than others. Similaryptimum ~ €NZyme activitylt has been observed that iganic
incubation temperature of 50°C for an enhancedSOUrces gave comparatively higher enzyme yields than
amylase production has been reported in studies byPrganic nitrogen sources (Sankaralingaai., 2012).
Kunamnenkt al. (2005), Hernandez, (200&)sgher
etal. (2007):Ayganet al. (2008); Zohra andhmad,
(2012) and Singht al. (2014) A decrease in enzyme
activity i.e. 18.13 IU with an increase in incubation
temperature to 65°C & sonorensisGV2 is evident
from the findings oWidyalakshmiet al. (2012) and

Effect of pH

Effect of Temperature

However presence of more than one nitrogen
source in the medium gave better results which are
evident from the results of the experimehtnong
the nitrogen sources tested, yeast extract amended
media showed thmaximum production af-amylase
probably due to its high content in minerals, vitamins,

80 - s=== Amylase activity = Specific activity 4 80 ~ == Amylase activity e Specific activity - 4.5
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Fig. 4: Effect of different carbon sources on amylase Fig. 5: Effect of different nitrogen sources on amylase
production from Bacillus sonorensis (GV2) production from Bacillus sonorensis (GV2)
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coenzymes and nitrogen components (Asghalr., anionic detergent SDS in the medium resulted in an
2007;:Ashwinietal., 2011; Vijayabaskaet al., 2012). increased enzyme activity up to 72.90 IU, with a
In consonance with these findings, starch agar mediunspecific activity of 3.64 1U/mg protein. Similar increase
used for enzyme production in the present study havingn enzyme activity by addition on surfactants in the
yeast extract, when supplemented with an inorganicmedium has been reported by Rao and Satyanarayana,
nitrogen source ammonium sulphate, resulted in an(2003) and Sodlet al. (2005). Howeverthe addition
elevated enzyme vyield. of EDTA and CPRB in the medium resulted in
inhibition of activity proving it to be-amylaseTween

20, Triton X100 and glycerol also failed to increase

Metal ions accept or donate electrons and act aghe enzyme activity consideraptiius were not added
electrophiles, mask nucleophiles to prevent unwantedi, the medium.

side reactions, bind enzyme and substrate by
coordinate bonds, hold the reacting groups in the  Classical approach, i.e., OvfariableAt aTime
required 3D orientation, and simply stabilize a (OVAT) used for optimization dacillus sonorensis
catalytically active conformation of the enzyme GV2a-amylase has resulted in statistically significant
(Palmer 2001). Most of the enzymes are metallo- increase in the production of amylase proving the
enzymes exhibiting an increased activity in the direct utility of this technique in increasingzyme
presence of metal ions. Howeytire enzyme action titres. The significant variables chosen from one
is specific to the presence or absence of a particulavariable at a time optimization were further taken up
metal ion. Likewise Bacillus sonorensis GV2 for precise standardization by using a statistical tool
exhibited quite a variable behimur towards  ©Of Response Surface Methodology
extracellularo-amylase secretion in the presence of
various metal ions in the production medium?Ca
and Mg* showed a positive effect on enzyme For optimization of process parameters, RSM is more
production giving 73.44 and 70.43 U respectively satisfactory than classical methods such as One-
Ca* and Mg* are reported to enhance enzyme Variable-At-a-Tme (O\AT) or mathematical models,
activity by Goyalet al. (2005);Ashgeret al. (2007) -because it can study many variables simultaneously
and Kiran and Chandra, (2008). In accordance to thewith low number of observations, saving time and costs
findings of Burharet al. (2003) and Singét al. (2014), (Bezerraet al., 2008; Boxet al., 1978). Response
Ni2*and Z#*almost inhibited the enzyme production surface methodology may be summarized as a
while in the medium. B4, F&* and C8" showed a  collection of statistical tools and techniques for
negative effect on enzyme production lowering the constructing and exploring an appropriate functional
titres considerablyMn?* and Cd* however did not  relationship between a response variable and a set of
affect the enzyme production to a greater extent asdesign variables. Central composite design (CCD) is
reported by Rao and Satyanarayana, (2007). one of the response surface methodologies usually
Effect of Surfactants utilized to obtain data that fits a full second-order
polynomial equation.

Effect of Divalent lons

Response Surface Methodology

Surfactants in the fermentation medium are known

to increase the secretion of proteins by increasing In this method, prior knowledge obtained from
cell membrane permeabilityherefore, addition of  the previous experiment i.e. @V was necessary
these surfactants is used for the production offor achieving a more realistic mod&hble 1 shows
extracellular enzymes (Sivaramakrishegai., 2006).  the minimum and maximum levels of variables chosen
o-amylase production biacillus sonorensis GV2 for trials in the CCD. Central Composite Design
was increased with the addition of surfactants such(CCD) of RSM was employed to determine the
asTween 80With Tween 80 in the medium, enzyme interactions among the significant media components
activity was observed as 69.46 IU with a specific and process parameters and also to determine their
activity of 3.26 pumol/min/mg proteidddition of an optimal levels. The full experiment plan as per the
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experimental design, along with the experimental Table 3. Full experimental design and results of Central
values is given ifable 3. From multiple regression C°mPposite Design of RSM

analysis, we found that the second order polynomial, “C "~ oH Temp.noculum C&* Mg? Amylase
equation can explain amylase production regardless concentration size  ions ionsactivity (IU)
of the significance of cofi€ients. IfY is the response

1 1 1 -1 1 1 1 10.98
value, then the fitted response surface model is: 2 0 101 -1 -1 1 3.76
3 0 -1 1 11 2478
EnzymeActivity (Y) = 74.25+4.17 *X1-10.32 ¢ 9 R
* X2-7.38 * X3+0.53 * X4-2.20 * X5-0.90 * X6-8.77 6 -1 1 -1 -1 11 1.77
*A2.12.33*B-11.68 * -12.28 *-5.23*E-061* 4 5 1+ 1 1 1 L
F2-5.94* X1 * X2+2.87*X1* X3+4.21* X1 * X4+1.68 ?O -11 11 11 11 -11 11 40é 0743
* X1 *X5-0.055 * X1 * X6+5.40* X2 * X3-2.10 * X2 11 1 a1 1 1 -1 47.9
* * * XE. * * 12 1 11 -1 -1 -1 1.218
X4+1.25% X2 * X5-0.52 * X2 * X6 +4.17 12 1 T b 1 1 icer
*X3*X4+3.35 * X3 * X5+1.46 * X3 * X6+1.01 * X4 14 1 1 -1 1 -1 -1 1.44
15 0 0 o 0 0 0 63.475
* X5+1.14 * X4 * X6+1.72 * X5 * X6 e 1 Y 1 P 326
_ . _ 17 -1 -1 1 -1 -1 44.65
Where,Y is enzyme activity (IU/ml), Xis 18 0 0 o0 0 0 0 54.55
oy : 19 1 -1 1 1 1 57.74
substraf[e.concentrajuonQ)S pH, X is temperatgre 20 1 - : Y 148
(°C), X, is inoculum size (%), Xis C&* concentration 21 1 101 1 1 -1 11.09
(%) and % is Mg?* concentration (%). By optimizing 32 1 & 1 L % 1 2ou
the above parameters using RSM, maximum enzyme24 1 101 -1 1 1 32926
activity obtained was 82.78 IU/ml at®Dtemperature 32 :1 _11 _11 11 _11 i 507' ?373
and 9.5 pH @ 8.75% inoculum using 0.5% substrate27 01 (1) 8 g g (i 800-107593
with 0.5% C&" and Md* concentration. e 1 1 1 -1 1 -1 921
30 -1 11 1 11 2.12
The statistical significance was checked by F-31 1 101 -1 -1 -1 4448
. : 32 0 -1 -1 -1 1 1  37.086
Test and the analysis of variance (AN®Mor the 33 1 11 1 11 16.79
response surface quadratic model. Itis evident, thag? -1 A v T %g%‘s‘
the model was highly significant, as suggested by these -1 1001 1 1 -1 6.44
model F-value and a low probability value [(P model 3/ ! S
>F] =0.0001). The coefficient of determination (R?) 39 0 101 -1 11 1.74
40 0 1 -1 -1 11 11.09
was calculated as 0.8844 for enhanced amylasg,; 1 1 1 1 1 247
production, indicating that the statistical model can 42 -1 11 1 -1 -1 049
explain 88.44% of variability in the response. The R2; 44 é (1, é '3 '3 10 soé.%
value is always between 0 and 1. The closer the R2 |§5 01 01 01 f (1) 10 gg-ig
to 1.0, the stronger the model and the better it predlctsn 1 1 -1 1 1 -1 49139
the response (Haaland, 198®).adequate precision 48 7 vt 2 Lo 2-32
of 17.422 for amylase production was recorded. Theso 1 11 1 1 1 61.67
predicted R? of 0.6349 was in reasonable agreemeng? % R e
with the adjusted R2 of 0.8305. This indicated a goods3 1 1 - 1 101 1.76
agreement between the experimental and predicted; % .+ L 1 1 1 YY
values for amylase production. The adjusted R256 1 1001 -1 1001 1.49
-1 11 1 11 1.37
corrects the R? value for the sample size and for theSs 1 11 1 1 1 049
number of terms in the model. If there are many terms59 0 0o 0 0 0o 0 8133
: o 60 1 1 -1 -1 -1 -1 066
in the model and the sample size is not very large, the;; 1 1 1 1 1 1 0.50
adjusted R2 may be noticeably smaller than the R2.62 _01 _01 _01 _01 10 10 gé%
The model F-value of 16.43 and values of prob > Fes4 -1 1 -1 -1 1 -1 59.97
1 -1 1 1 -1 59.711

(<0.05) indicated that the model terms are significant. ®>
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66 1 1 1 1 1 1 0.04
67 0 -1 1 1 -1 -1 7.47
68 0 1 1 -1 -1 1 0.39
69 0 1 1 -1 1 -1 0.04
70 1 -1 1 -1 1 -1 0.14
71 -1 -1 1 1 1 1 5.71
72 1 -1 -1 1 1 -1 52.74
73 0 0 0 0 0 0 0
74 0 0 0 0 0 0 82.47
75 0 0 0 0 0 0 11.46
76 0 0 0 0 0 0 49.47
77 0 0 0 0 0 0 0.779
78 0 0 0 0 0 0 0
79 -1 0 0 0 0 0 82.77
80 0 0 0 0 0 0 32.24
81 0 0 0 0 0 0 0
82 0 0 0 0 0 0 12.87
83 -1 0 0 0 0 0 79.44
84 -1 0 0 0 0 0 81.36
85 -1 0 0 0 0 0 81.34
86 -1 0 0 0 0 0 81.39
87 0 0 0 0 0 0 0
88 -1 0 0 0 0 0 82.77
89 -1 0 0 0 0 0 55.47
90 -1 1 -1 -1 1 1 82.47

For amylase production,XX,, X,, X,2, X,% X2, X2,
X2, X X X X0 XX 4, XX, XX are significant
model termsValues of “Prob > F” less than 0.05

reliability of any such experiment is usually indicated
by high value of CVIn the present case a low CV
(4.33) denotes that the experiments performed are
highly reliable (Gangadharaet al., 2008). Fig. 6
depicts an increase in amylase activity after
optimization of process parameters.

The application of statistical design for screening
and optimization ofa-amylase allows quick
identification of tke important factors and interactions
among them. The major objective of RSM is to
determine optimum region of the factor space, in which
operating specifications are satisfiedAn overall
increase of 21.30% has been observed in a- amylase
production aftethe factors were optimized by using
RSM. Similarly a significant increase in the enzyme
production have been reported by (Gangadheatran
al., 2008; Kiran and Chandra, 200&nyildiziet al.,
2005).

Among the variables screened, substrate

indicate model terms are significant. The coefficient concentration, incubation time, temperature ardd Ca
of variation (CV) indicates the degree of precision concentration were identified as most significant
with which the experiments are compared. The lowervariables influencingr-amylase production. The
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Fig. 6: 3D-response surface curves showing interaction between various factors
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interaction effects and optimal levels of the variables 11. Besides being alkalophilic, the most striking feature
were determined by plotting the response surfaceof this strain is its thermostable nature. The significant
curves. The response surface curves are representatiermostability of the isolate makes it eligible for use
in Fig. 7(a-d). Fig. 7a represents the interaction in industrial applications which are carried out at very
betweeen pH and temperature. The shape of contouhigh temperatures.

graph shows a positive interaction between the two
variables. The enzyme vyield was found to increase
with simultaneous increase in both the factors. The statistical approach RSM showed significant
Response surface curve of inoculum size and substratg. g its for optimizing the process parameters for
concentration is represented in Fig. 7b. Lower and yaximal amylase production under SmF from a newly
higher values of both the variables did not result in jgq)5ted hyperamylase producing thermoalkalophilic
higher enzyme yields. The shape of the responsesyainBacillus sonorensis GV2 [KJ77581] isolated
surface curve showed a moderate interaction betweef,om mushroom compost and allowed rapid screening
these tested variables. Fig. 7c represent the interactiogs large number of variables simultaneoustyesent

of the inoculum size with temperature and Fig. 7d g,y has identified the effects of various process

represents the interaction of temperature and Caldu”barameters on the enzyme yield and the production
ions, which showed a positive interaction among \yas found to be significantly influenced by

themselves towards an increase in enzyme activity .oncentrations of substrate. inoculum Caand

The supplementation of medium with metal ions MgSOQ,. This is the first report on surfactant and SDS

has been reported to provide good growth and alsc>t@Ple amylase production fragacillus sonorensis
influence higher  enzyme production GV2. Significant thermostability of the isolate makes

(Sivaramakrishnaret al., 2006. Most of thea- it eligible for use in the industrial applications which
amylases are metalenzymes, and, in most cases &€ normally carried out at very high temperatures.
C&* ions are required for maintaining the spatial
conformation of enzyme and to increase its thermal
stability, thus play an important role in enzyme stability
(Banoet al., 2009). It proves the significant effects

Conclusion

References

Andualem B (2014) Isolation and screening of amylase producing
thermophilic spore formin@acilli sp. from starch rich
soil and characterization of their amylase activities using

of these vital components for higher synthesis of submerged fermentatiohnternational Food Research
amylase, thus, rendering them important constituents Journal 21(2)831-837
of the production medium. Aneja K R (2003) Experiments in microbiolggyant pathology

. . . and biotechnologyNew Age International (P) Limited
On the basis of the literature available on . 9 . g )
Publishers, New Delhi

amylase production, we report this strain for the very Asgher M.Asad M J, Rahman S U ardigge R L(2007)A

first time as an amylogenic strain yielding very high thermostable-amylase from a moderately thermophilic

_titers Of amylase. _The newly iSOI‘_ated Si[rain offers Bacillus subtilis strain for starch processindpurnal of
interesting hydrolytic properties, being active upto pH Food Engineering 79 950-955
20 Ashwini K, Kumar G Karthik L and Bhaskara Rao ¥ (2011)

30
70
60
50
40
30
20
10

0

Optimization, production and partiaugfication of
extracellula-amylase fronBacillussp.marini. Archives
of Applied Science Research 3(1) 33-42

Babu K R and Satyanarayana T (1993) Parametric optimization
of extracellular alpha-amylase production by thermophilic
Bacillus coagulanBolia Microbiologia 38 77-80

Barsar B, Shamzi M M, Rosfarizan M, Puspaningsihn N N T and

Native Optimized Ariff A B (2010) Enhanced production of thermophilic

Fig. 7: Amylase activity of Bacillus sonorensis GV2 before and xylanase by recombinaBscherichia coli DH5a through

after optimization optimization of medium and dissolved oxygen level

Amylase activity IU)




1220

Gitanjali Was and Nivedita Sharma

International J Agricultureand Biology 12(3)321-328
Bezerra MA, Santelli R E, Oliveira E,Rillar L S and Escaleira L

A (2008) Response surface methodology (RSM) as a tool

for optimization in analytical chemistfipalanta 76(5)965-
977

Box G Hunter E PGordorW, Hunter and tiart (1978) tistics
for ExperimenterslohnWiley and Sons, NeWork, USA

BurhanA, Nisa U, Gokhan C, Omer @shabilA and Osman G
(2003) Enzymatic properties of a novel thermostable,
thermophilic, alkaline and chelator resistant amylase from
an alkaliphilic Bacillus sp.- IsolateANT 6 Process
Biochemistry 38 1397-1403

Djekrif-Dakhmouche S, Gheribi-Aoulmi Z, Meraihi Z and
Bennamoun I(2006)Application of a statistical design to
the optimization of culture medium far-amylase
production byAspergillus niger ATCC 16404 grown on
orange waste powdeiournal of Food Engineering 73
190-197

Elibol M (2004) Optimization of medium composition for
actinorhodin production bgreptomyces coelicolor A3
(2) with response surface methodolo&yocess
Biochemistry 39 1057-1062

Erdal S E R KA N andTaskin M E S UT (2010) Production of
alpha-amylase b#enicillium expansum MT-1 in solid-
state fermentation using waste Loqitdbotryajaponica
Lindley) kernels as substraRemanian Biotechnological
Letters 15(3)5342-5350

Flores M E, Perez R and Huitron C (19%¢xylosidase and
xylanase characterization and productiorsigptomyces
species CH-M-103%etters of Applied Microbiology 24
410-416

Fooladi J and Sajjadiak(2010) Screening of thermophilknd
hyperthermophilic bacterial population of three Iranian
hot-springs to detect the thermostabiEmylase producing
strainlranian Journal of Microbiology 2(1) 49-53

Gangadharan D, Sivaramakrishnan S, Nampoothiri K M,
Sukumaran R K and PandAy(2008) Response surface
methodology for the optimization of alpha amylase
production byBacillus amyloliquefaciens. Bioresource
Technology 99 4597-4602

Goyal N, Gupta J K and Soni S K (2005novel raw starch
digesting thermostabbemylase fromBacillussp. I-3 and
its use in the direct hydrolysis of raw potato stdhatyme
and Microbial Technology 37723-734

Gupta R, Gigras,Mohapatra H, Goswar K and Chauhan B
(2003) Microbial alpha amylase: a biotechnological
perspectiveProcess Biochemistry 38 1599-1616

Haaland M (eds) (198PExperimental design in biotechnology
Marcel DekkerInc., NewYork

Hag | U,Ashraf H, Omar S and QadeerAM2002) Biosynthesis
of amyloglucosidase bispergillusniger using wheat bran
as substratPakistan J Biological Sciences’5 962-864

Haseltine C, Rolfsmeier M and Blum P (1996) The glucose effect
and regulationof a-amylase synthesis in the
hyperthermophilic archeddulfolobus solfataricus Journal
of Bacteriology 178945-950

Hernandez MS, Rodryguez MR, Guerra N P and Roses R P
(2006) Amylase production byAspergillus niger in
submerged cultivation on two wastes from food industries
Journal of Food Engineering 7393-100

Jyoti J, Lal N, Lal R and Kaushik (2011) Partial purification
and characterization of an acidophilic extracellular &-
amylase fromB. lichemiformis JAR-26 International
Journal of Advanced Biotechnology and Research 2(3)
315-320

Kathiresan K, Saravanakumar K and Senthilraja (2011). Bioethanol
production by marine yeasts isolated from coastal
mangrove sedimeninternational Multidisciplinary
Research Journal 1(1) 19-24

Kiran K K and Chandra T S (2008) Production of surfactant and
detergent-stable, halophilic and alkalitolerant alpha-amylase
by a moderate halophiliBacillus sp. StrainTSCVKK
Applied Microbiology and Biotechnology 77 1023-1031

KunamnenA, Permaul K and Singh S (200%nylase production
in solid state fermentation by the thermophilic fungus
Thermomyces lanuginosus Journal of Bioscience and
Bioengineering 100(2)168-171

Kwan H S, So K H, Chan K'Y and Cheng S C (1993) Production
of thermotolerant alpha amylase Bwcillus circulans
World Journal of Microbiology and Biotechnology 9 50-52

Lin L L, Chyau C C and Hsu W H (2007) Production and
properties of a raw starch degrading amylase from a
thermophilic and alkalophilidacillus sp. TS-23
Biotechnology and applied biochemistry 2861-68

LiuB L and Tzeng Y M (1998) Optimization of growth medium
for production of spores froBacillusthuringiensis using
response surface methodoldgjpprocess Engineering 18
413-418

Liu J andYang J (2007) Cellulase production Tiychoderma
koningii A83.4262 in solid state fermentation using
lignocellulosic waste from the vinegar industgod
Technology and Biotechnology 45(4)420-425

MukherjeeA K, KumarT S, Raj S K and Roy J K (2010p8stical
optimization of Bacillus alcalophilus a-amylase
immobilization on iron-oxide magnetic nanoparticles
Biotechnol ogy and Bioprocess Engineering 15(6)984-992

PalmerT (2001) Enzymes: BiochemistrBiotechnology and
Chemical ChemistryHorwood Publication, Chichester
UK



o-Amylase from a Novel Thermo Alkalophilic Bacillus sonorensis GV2 1221

Pathak S and Narula N (2013) Optimization of pH for the 119-124
Production oAmylase by Soil Mycotic Flora of Jabalpur ~ Singh R, Kumar V and Kapoor V (2014) Partial Purification and
RegionResearch and Reviews Journal of Microbiology Characterization of a Heat StaldeAmylase from a
and Biotechnology 2(1) 17-22 ThermophilicActinobacteria Sreptomyces sp. MSC702

Pederson H and Niclson J (2000) The influence of nitrogen sources Enzymeresearch http://dx.doi.org/10.1155/2014/106363
on the alpha amylase productivity Adpergillus nigerin Singhania R R, Sukumaran R K and Pani¢2007) Improved

continues culturespplied Microbiol ogy and Biotechnology cellulase production byfrichoderma reesei RUTC30
3278-281 under SSF through process optimizatiApplied
Premila J S and Dhandayuthapani K (2013) Optimizatian of Biochemistry and Biotechnology 142(1) 60-70
amylase production @acillus Stear othermophilus KDP Sivaramakrishnan S, Gangadharan D, Nampoothiri Krid
from sago industry wastaternational Journal of Applied PandeyA (2006)a-amylases from microbial source&n
Biological Research1617-21 overview on recent devgdmentd-ood Tech and Biotech
Ramachandran S, PailK, Nampoothiri K M, Chandran S, 44(2)173-184
Szakacs Boccol C R and Panday(1999)Alpha amylase Sodhi H K, Shatrma K, Gupta J K and Soki @005) Production
from a fungal culture grown on oil cakes and its properties of a thermostable-amylase fronmBacillus sp PS-75 by
Braz Arch Biol Technol 47 309-317 solid state fermentation and its synergistic use in the
Rao J L U M and Satyanarayana T (2003) Enhanced secretion hydrolysis of malt starch for alcohol productiBrocess
and low temperature stabilization of a hyperthermostable Biochem40525-534
and C&" independenta-amylase ofGeobacillus Tanyildizi M S, Ozer D and Elibol M (2005) Optimization @f
thermoleovorans by surfactantd.ett Appl Microbiol 36 amylase production Bgacillus sp using response surface
191-196 methodologyProcess Biochemistry 40 2291-2296
Regina M, Broetto FGiovannozzi-Sermanni, Marabatini R and Thippeswamy S, Girigowda K and Mulimani V H (2006) Isolation
Peranni C (2008) Influence of stationary and bioreactor and identification of alpha-amylase producBagillus sp
cultivation on Lentinula edodes (bark) Pegler from dhal industry wastendian Journal of Biochemistry
lignocellulolytic activityBrazlian Archivesof Biology and and Biophysics 43(5) 295-298
Technology 51 223-233 Varalakshmi K N, Pallavi N U, Banerjée Bhuvaneshwari S,
Sambrook J and Rusell W (ed) (1989) Molecular cloningk Prabhakar M and Gogoi P (2012) Production padial
laboratory manual. Cold Spring Harbor Laboratory Press, purification of a-amylase frorRseudomonas sp 2 under
New York solid-state fermentatiofurkish Journal of Biochemistry
Sankaralingam S, ShankgmRamasubburayan R, Prakash S and 37(1)21-28
Kumar C (2012) Optimization of culture conditions for Vidyalakshmi R, Paranthman R and Indhumathi J (2e08)ase
the production of amylase froBacilluslicheniformison production on submerged fermentation Bacillus sp
submerged fermentatioAmerican-Eurasian J Agric & World J Chem 4 89-91
Environ Sci 12 (11) 1507-1513 Vijayabaskar PJayalakshmi D and Shanka(2012)Amylase
Saxena R K, Dutt KAgarwal L and Nayyar B2007)A highly production by moderately halophilBacillus cereus in
thermostable and alkaline amylase froBeaillussp PN5 solid state fermentatioffrican Journal of Micraobiology
Bioresource Technology 98 260-265 Research 6(23)4918-4926
ShahA R and Madamwar D (2005) Xylanase production by a WensterBotz D (2013) Experimental design for fermentation
newly isolatedAspergillus foetidus strain and its media development: Statistical design or global random
characterizatio®rocess Biochemistry 401763-1771 search?d Biosci Bioeng 90(5)473-483
Sharma V and Singh P K (2012) Strain improvemeBaofllus Willey J M, Sherwood IM andWoolverton C J (2008) Prescoitt,
coagulans andGeobacillus stear othermophilusfor enhanced Harley and Kleins Microbiology7" Edn., McGraw Hill
thermostable cellulase production and the effect of different Co. Inc., Boston, ISBN:978-007-126727-4
metal ions on cellulase activityternational Journal of Xiao Z, Sorms R andlsangA (2006)A quantitative starch-
Engineering Science and Technology 4(11) 4704-4709 iodine method for measuring alpha amylase and
Shaw J FLin F R Chen S and Chen H C (19950t Bull Acad glucoamylase activitiednal Biochem 351146-148
Snica36195-200 Zohra R R andAhmad M (2012) Optimization of cultural
Silva C J S M and Roberto | C (2006) Optimization of xylitol conditions for production of amylase from thermophilic
production byCandida guilliermondii FTI 20037 using Bacillus spPak J Biochem Mol Biol 45(2)99-103.

response surface methodoldgpocess Biochemistry 361



