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ABSTRACT

The production of protease Wenicillium griseofulvunliCJ231 under submerged fermentation was studied
with an objective to improve the production througkdium optimization. Important nutritional and ploal
parameters were optimized for maximizing the preg¢garoduction. The most suitable carbon sourcemgeh
source and inducer for maximizing the protease ytidn were studied. It was found that starch, yyeagact
and casein were the suitable carbon source, nitresgarce and inducer respectively. The presentystigb
explored the utilization of several agro-wastesl@as-cost natural inducers for protease productidhe
addition of black gram husk as an inducer succlgsénhanced the protease production (145.12 U/mL).
Maximum production of the protease enzyme was faorHe culture medium with initial medium pH ob8d

2 g/L of inoculum. The results obtained in the prasstudy demonstrate the potential use of thepclaea
abundantly available black gram husk for the iniuncof proteases and thus offer a new approachéurstrial
enzyme production.

Keywords. Protease; Submerged fermentation; Medium optineizgPenicillium griseofulvum

[I] INTRODUCTION

Enzymes are biocatalysts produced by livingimprovements in biotechnological enzyme
organisms to bring about specific biochemicalproduction processes are considered significant
reactions which form a part of the cellular for commercial production and process [36].
metabolism. Enzymes are exploited in theMicrobial proteases are extracellular enzymes
detergent, food, pharmaceutical, diagnostics, anthat catalyse proteolysis by hydrolysis of the
fine chemical industries. Today, more than 300Cpeptide bonds that link amino acids together in
different enzymes have been identified of whichthe polypeptide chain. Proteases are the most
several of them find application in valuable commercial enzymes and account for
biotechnology and industries [37]. Even small60% of the total enzyme market [34]. Microbial
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proteases are widely used in several industria]ll] MATERIALSAND METHODS

sectors such as food, detergent, pharmaceutica?,1 Fungal strain

chemical, leather, textile, silk, waste treatment Protease producing fungi Penicillium
and agriculture industries [5,12,20,29,44]. griseofulvum  LCJ231 (Accession no.
Large scale production of proteases in industrie&F414683) which was isolated from cotton seed
is mainly carried out under submergedoil cake [15] was used in this study. The culture
fermentation, where enzyme recovery is a verywas grown and maintained in Potato Dextrose
simple process [38]. Under submergedAgar (PDA) at 4°C and sub- cultured at regular
fermentation, a number of conditions have beerintervals.

described to stimulate proteolytic enzyme 2.2 Assay for protease activity

production. These conditions include The protease activity was assayed using casein
composition of the medium, type and as the substrate by the modified method of Keay
concentration of carbon and nitrogen sourcesnd Wildi [18]. The reaction mixture contained
and process parameters such as pH, temperatu?@0 uL of crude enzyme extract, 500L of

and agitation speed [11,16,23,32]. casein (0.5%) and 300L of 0.2 M Glycine-
The nitrogen source in the production mediumNaOH buffer (pH 9.0). The reaction mixture was
affects the growth and extracellular proteasencubated at room temperature for 10 min and
production [6,7]. Protease production is alsothe reaction was arrested by the addition of 1 mL
influenced by inducer substrates. Certainof 2.5% trichloroacetic acid. The reaction
proteases are produced and secreted only in thmixture was then centrifuged at 8000 rfon 15
presence of proteins in the medium [2]. min. To 1 mL of supernatant, 5 mL of 0.4 M
The optimization of a suitable fermentation NaeCO;, 1 mL of 3-fold diluted Folin and
medium is a critical factor as it significantly Ciocalteau’'s phenol reagent were added. The
influences the yield of proteases. Generally thesolution was incubated at room temperature for
optimization process starts with the conventionaB0 min and the absorbance of the blue colour
(one-factor-at-a-time) method. In this methoddeveloped was read at 660 nm [21]. Tyrosine
the medium components are optimized bywas used as the standard. One unit of enzyme
modifying one-factor-at-a-time while keeping activity was defined as the amount of enzyme
the other variables as constant [13,28].that liberated 1ug of tyrosine from substrate
Conventional optimization method is simple and(casein) per minute under assay conditions.
helps in the selection of significant factors The enzyme activity was calculated as follows.

enhanc|ng protease productlon (umole tyrc;sine e?uive;lent released x total
. . . volume ot assay

Formulation of a cost-effective fermentation protease activity (u/mL) =

medium is considered important. Thirty to forty 02x10x4

percent of the cost involved in the production of
industrial enzymes depends on the cost of the.2

: o : 4 Volume used in colorimetric
growth medium [17,19,39]. Utilization of cheap determination (in rigérs)

Imat.((ejrlal “g_e ggro-was'ie as .an inducer Ihn :he2.3 Optimization of culture conditions for
iquid media is an alternative approac Orprot production

protease production which reduces the expensganicillium griseofulvun.CJ231 was grown in

[1,35]. _ o the culture medium described by Namasivayam
The present study deals with the optimization of

- . - et al. [25]. The influence of carbon source,
nutrltloqal and physical conditions for the nitrogen source, inducers, pH and inoculum size
production of extracellular proteases

- _ bY on the production of protease was studied by
Penicilium - griseofulvum LCJ231  under modifying the medium. In all the experiments

submerged fermentation using one-factor-at-ag,q \n_gptimised medium served as the control.
time method.

Reaction timing (in min)
Volume of enzyme used (in milliliters)
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The protease production was carried out ininducer on protease production was studied. The
Erlenmeyer flask (250 mL) containing 100 mL un-optimized medium served as a control. The
of the production media inoculated with one best inducer which supports high vyield of
mycelial disc (4 mm). The flasks were protease production Benicillium griseofulvum
maintained at room temperature for 10 days o.CJ231 was chosen for further study.

an orbital shaker (120 rpm). The culture mediumThe influence of various natural inducers such as
was harvested after an interval of 24 hrs andyroundnut oil cake, mahua oil cake, sesame oll
centrifuged at 7000 rpm for 15 min to obtain thecake, black gram husk, green gram husk and red
supernatant. This served as the enzyme sourggam husk on the production of protease was

and the protease activity was assayed. studied at a concentration of 20 g/L. This study
2.3.1 Effect of carbon sources and their was carried out by replacing the chemical
concentrations on the production of protease  inducers with natural inducers in the liquid

The influence of different carbon sources ONmedium for enhancing protease production.
protease production Wyenicillium griseofulvum 5 3 4 Effect of initial pH on the production of
LCJ231 was studied. The carbon source in th‘f:)rotease

medium was replaced with different carbonThe effect of initial medium pH on protease

sources such as galactose, lactose, maltosgyoqyction byPenicillium griseofulvum.CJ231
starch and sucrose at a concentration of 10 g/lyas evaluated. The medium pH was adjusted
and the protease was assayed every alternajgym 4 to 10 using 0.1N HCL and 0.1N NaOH.
days. The best carbon source was selected anghe flasks were inoculated and incubated on an
the effect of varying concentrations (5 to 30 g/L) orpital shaker (120 rpm) at room temperature.
was also investigated. The carbon source whichhe protease activity was determined on
supports high yield of protease production bygiternate days.

Penicillium griseofulvumLCJ231 was chosen 535 Effect of inoculum sze on the

for further study. _ _ production of protease
2.32 Effect of nitrogen sources and their  The effect of inoculum size on the production of

concentrations on the produqtlon of protease protease byPenicillium griseofulvumLCJ231
The influence of different nitrogen sources was . . .
was studied. The production medium was

determined by supplementing both organic, . . . .
. y PP g g inoculated with different mycelial discs of
nitrogen sources (beef extract, peptone, yeast . : .

. . . various sizes ranging from 1 to 6 g/L. The
extract) and inorganic nitrogen sources,

. . . inoculated flasks were incubated on an orbital
(@ammonium chloride, ammonium sulphate and
. . . shaker (120 rpm) at room temperature.
sodium nitrate) at a concentration of 5 g/L tothe . ;
Statigtical analysis

production medium and the protease enzyme ) _
'{he obtained data were statistically analyzed
was assayed every alternate days. The bes

: . and expressed with one way analysis of variance
nitrogen source was selected and the mfluenc?AN OVA). The statistical analysis was carried
of various concentrations (5 to 30 g/L) was '

. o . ing SPSS 11. ftware.
studied to maximize the protease production. out using SPSS 11.5 software

233 Effect of inducers and ther [111] RESULTSAND DISCUSSION

concentrations on the production of protease Obtimization of medium components plavs an
The effect of various inducers on protease P P play

production byPenicillium griseofulvum.CJ231 m;]porr]tant LOIe |nh|mprovmg the anyme yield
was studied. The production medium wasV e Makes the enzyme production cost-

supplemented with different inducers such aseffectlve and economically feasible. Similarly,

bovine serum albumin (BSA), egg albumin, Choudhary and Jain [9] also optimized culture

casein and gelatin at a concentration of 20 g/LCOHdI'[IOI’IS for increased protease production.

and its effect was tested. Also, the effect OfMoon and Parulekar [22] reported that the
varying concentrations (5 to 30 g/L) of the bestprOdUCtlon of protease was significantly
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promoted by the culture conditions and they alsdThe effect of various concentrations of starch
reported that each microorganism neededanging from 5 to 30 g/L on the protease
different medium components for proteaseproduction byPenicillium griseofulvuniCJ231

production. Similarly, Kumar and Takagi [20] was also studied. Maximum protease production
also reported that each microorganism has it$110.27 U/mL) was obtained in fermentation
own conditions for maximizing the enzyme medium with 25 g/L of starch (Figure 1) at 5%

production. level of significance. Likewise, in a previous
3.1 Effect of carbon sources and their report, Palanivekt al [30] obtained maximum
concentrations on the production of protease protease production bispergillusstrain KH17

The influence oflifferent carbon sources on the \yith 19 of starch.
production of protease by Penicillium _

fiseofulvum LCJ231  w tudied. Th Table 1. Effect of Carbon and Nitrogen sources on
9 seoq u ; as su -e T € production of protease by
production medium supplemented with different penicillium griseofulvunt.CJ231

carbon sources was employed to study theit_ ;¢

Protease activity (U/mL) ‘

effect on the protease production. Among thez o 77 182057
different carbon sources studied, maximumcarbon sources(10g/L)  (p 0.001**)
protease production (91.22 U/mL) was observedsalactose 79.40+3.21
in the culture medium supplemented with starch-2¢10se 23.51+8.75
hich significantly (p<0.05) stimulated the M2t 73.00+ 1.16
whic g _y p<v. _ Sucrose 57.26+ 7.59
protease production (Table 1). Palanie¢lal.  starch 91.22+ 0.7
[30] reported that using starch as the carbomitrogen sources(5g/L)  (p 0.000%*)
source resulted in maximum protease productiorpeef extract 113.36+ 0.98
by Aspergillusstrain KH17. However, there was | cPone 86.21+ 0.97
y ASperg ) ) ’ Yeast extract 136.12+ 0.50
also a report that monosaccharides are known t@,monium chioride 25 71+ 6.62
influence the enzyme production [42]. Wang andammonium sulphate 22.48+ 320
Lee [45] reported that maximum proteaseSodium nitrate 5.84+0.09

production was observed when the medium was* denotes significance at 1% level; * denotes

supplemented with glucose Aspergillus niger  significance at 5% level; significance between the

Similiarly Chellapandi [8] reported that fructose factors at 5% level using Tukeys multiple
comparison test is depicted in the form of alphsbet

and glucose proved to be the best carbon sources jngicates the standard deviation of the three

for improving the productivity of protease from replicates

Aspergillus flavusand Aspergillus terrusThe 3.2 Effect of nitrogen sources and their

study thus proves the uniqueness of each fungioncentrationson the production of protease

towards their carbon requirement. The effect of different nitrogen sources on
208 T . . : . : . protease production enicillium griseofulvum
M - LCJ231 was evaluated by incorporating three
v | '_G different organic and three different inorganic
g . g nitrogen compounds in the production medium.
= 1 /‘_‘f‘m 3 Lea % Maximum protease production of 136.12 U/mL
ER e 7 % % g was observedhen yeast extract was used as the
s ] / / 3 Y
g % / / / © £ nitrogen source which was followed by beef
SR /// .. = extract (113.36 U/mL) and peptone (86.21
= / / / / / I U/mL) respectively (Table 1). Nadeeet al
S s e S e [24] reported enhanced protease activity in
) staren (giL) culture medium containing yeast extract as a
Fig. 1 Effect of various concentrations of starch o nitrogen source. In this study, organic nitrogen
protease production Wenicillium griseofulvum sources enhanced the protease production when

LCJ231 on the peak day
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compared with the inorganic nitrogen sourcesThe concentration of casein at various levels (5
Similar results were reported by Narayana ando 30 g/L) was also evaluated. Casein at a
Vijayalakshmi [26] and Radhet al.[33]. concentration of 15 g/L significantly (p<0.05)
Among the nitrogen sources tested, yeast extragtielded the maximum amount of protease
induced maximum protease production. The(125.40 U/mL) as shown in Figure 3. Niyozima
effect of various yeast extract concentrationsand More [28] reported maximum protease
ranging from 5 to 30 g/L was tested on theproduction at a casein concentration of 1.5%. In
production of protease by Penicillium  another study, 2% of the casein was reported as
griseofulvumLCJ231. Addition of yeast extract the best inducer for protease production by
at a concentration of 15 g/L significantly Conidiobolusspecies [41].
(p<0.05) enhanced maximum protease activityThe influence of different natural inducers on
(148.63 U/mL) as shown in Figure 2. Nehra etthe production of protease was studied. Addition
al., [27] reported that casein along with yeastof black gram husk as a natural inducer into the
extract was found to be the best nitrogen sourcenedium supported high amount of protease
for the production of alkaline protease under(145.12 U/mL) and it was significant (p<0.05).
submerged condition foAspergillussp. In the This was followed by groundnut oilcake, red
present study, the production of protease wagram husk, mahua oilcake supported high
gradually decreased when yeast extracprotease production (144.57 U/mL, 135.77
concentration was increased above 15 g/L. U/mL and 129.59 U/mL) respectively (Table 2).
Natural inducers showed best response by
o e ey producing increased amount of protease by
—e—Speciicactivy " Penicillium  griseofulvum LCJ231 when
compared to chemical inducers when they
replaced chemical inducers. Black gram husk
contains rich amount of proteins. These proteins
are very helpful for the protease production.
Bhattacharyaet al.[3] used mahua flowers as a
low cost natural inducer for protease production.
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oA, A TR T2 T 25 “ALo Likewise, soy cake was found to be the best
Yeast extract (g/L) agro-based inducer for protease production
[4,31].

Fig. 2 Effect of various concentrations of yeast
extract on protease production bRenicillium  Table 2: Effect of Chemical and Natural inducers on
griseofulvumLCJ231 on the peak day the production of protease byPenicillium

] ) griseofulvumLCJ231
33 Effect of inducers and their
concentrations on the production of protease
Influence of different inducers on the production Chemical inducers(20g/L) | (p 0.000"*)

of protease byenicillium griseofulvuni.CJ231 BSA 84.60: 0.19

Factors Protease activity (U/mL)

) .| Casein 126.01+ 4.87
was evaluated. In this study, protease productioigg albumin 76.79+ 1.95
was significantly (p<0.05) enhanced whenGelatin 85.16+ 0.07
: : : L Natural inducers (20 g/L) (p 0.020%)
casein was use'd.as an inducer with 126.01 U/ M ndnUt oil cake 14457: 904
of protease activity and the results are presentegianua oil cake 129 59+ 8.45
in Table 2. Generally, casein is a protein richSesame oil cake 117.97+ 0%57
. . 4. Black gram husk 145.12+ 9.04
substra’Fe, which  supports high proteage=_—-- gram husk 171 685 096
production. Nehraet al [27] also reported that [ Red gram husk 135.77+ 028
casein was the most suitable inducer for protease genotes significance at 1% level; * denotes #igance
production byAspergillus oryzae at 5% level; significance between the factors at $%el

using Tukey's multiple comparison test is depictedhe
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form of alphabets: + indicates the standard desniatif the  performed with media adjusted to different
three replicates initial pH ranging between 4 and 10. The

o - maximum enzyme production of protease
P27 Protease aciivty (148.96 U/mL) was observed at pH 8 and this
—e— Specific activity | s was significant at 5% and results are represented
in Figure 5. The enzyme yield decreased if the
medium pH was higher or lower than 8.
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% [14] where they found that an initial pH 8 was
/ /// suitable for enhanced protease production by
73 777 77 Penicillium godlewskiSBSS25 andhspergillus

Cowol 5 10 15 2B flavusrespectively. Similarly, Hossagt al.[14]
Black gram husk (g1 reported that a pH of 8 supported high yield of

Fig. 4 Effect of various concentrations of black gram protease byspergillus fIavusSqtaret al. [43]
husk on protease production Bgnicillium also reported that the suitable pH for

griseofulvumLCJ231 on the peak day maximizing protease production by
Conidiobolous coronatusvas pH 8. Thus the

The effect of different quantity of black gram result reveals that the pH of the medium strongly
husk added to the medium was also studiedaffects many enzymatic processes.

Results showed that the addition of 15 g/L of the3.5 Effect of inoculum size on the production
black gram husk induced maximum proteaseof protease

production. Addition above 15 g/L did not result Size of inoculum is an important biological
in any further increase in the protease productioffiactor which determines the fungal growth and
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(Figure 4). enzyme production. The influence of inoculum
3.4 Effect of initial medium pH on the  size onthe production of proteaseRsnicillium
production of protease griseofulvum LCJ231 was studied. The

In order to study the effect of pH of the mediumfermentation medium was inoculated with
for protease production by Penicilium  varying concentrations of inoculum ranging
griseofulvum LCJ231, experiments were from 1 to 6 g/L. Maximum enzyme production
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was observed when the medium was inoculated
with 2 g/L inoculum which had significant effect
(p<0.05), while increasing inoculum level [2]
decreased the protease productioRémicillium
griseofulvumLCJ231 (Table 3). This was in
agreement with the reports of Niyonzima and
More [28] and De souzeaet al. [10], who
reported that a large inoculum proved to be[3]
inhibitory to enzyme activity.

Table 3: Influence of inoculum size on the

production of protease bienicillium griseofulvum
LCJ231

(4]

Factors Protease activity (U/mL) |

Inoculum size (g/L) (p 0.001**)

125.19+ 6.78
142.44+5.6%
127.46+ 4.4%
122.92+ 0.5%F
114.94+ 8.36

85.52+ 0.57

(5]

OO WN P

(6]

** denotes significance at 1% level; * denotes gigance
at 5% level; significance between the factors at ¥gel
using Tukey’'s multiple comparison test is depictedhe
form of alphabets: * indicates the standard dewmatif the
three replicates

CONCL USION [7]

The production of protease b¥enicillium
griseofulvum LCJ231 was  significantly
increased several folds using selected nutritional
and physical parameters. In the present studyg)
cheap and easily available agro-waste, black
gram husk was used as a natural inducer and
yielded maximum protease production than the
chemical inducer. Only few reports are available
on the utilization of cheap agro-waste as ar®l
inducer for protease production. This study
proves that black gram husk is a cost-effective
inducer for protease production.

[10]
ACKNOWLEDGEMENT
The authors thank the Loyola College
Management for providing the necessary
facilities. [11]
REFERENCES
[1] Akcan N, Uyar F (2011). Production of

extracellular alkaline protease froacillus

J. Joel Gnanadoss, et al.

subtilis RSKK96 with solid state fermentation.
Eurasia J Biosci5, 64-72.

Bazarzhapov BB, Larvent'eva EV, Dunaevskii
YA, Bilanenko EN, Namsaraev BB (2006).
Extracellular proteolytic enzymes of
microscopic fungi from thermal springs of the
Barguzin valley (Northern Baikal regior\ppl
Biochem Microbiol2, 186-189.

Bhattacharya A, Saini V, Gupta A (2012).
Novel application of MahuaMadhuca sp.)
flowers for augmented protease production
from Aeromonassp. S1.Nat prod commun
7(10), 1359-1362.

Boominadhan U, Rajakumar R, Sivakumaar
PKV, Joe MM (2009). Optimization of protease
enzyme production usinBacillus sp. isolated
from different wastesBot. Res. Int2(2), 83-87.
Brandelli A, Daroit DJ, Riffel A (2010).
Biochemical features of microbial keratinases
and their production and applicationsppl
Microbiol Biotechno] 85(6), 1735-1750.
Chellappan S, Jasmin C, Basheer SM, Elyas
KK, Bhat SG, Chandrasekaran M (2006).
Production, purification and partial
characterization of a novel protease from
marine Engyodontium albunBTMFS10 under
solid state fermentationProcess Biochem
41(4), 956-961.

Chi z, Ma C, Wang P, Li HF (2007).
Optimization of medium and cultivation
conditions for alkaline protease production by
the marine yeastAureobasidium pullulans
Bioresour Technol98(3), 534-538.

Chellapandi P (2010).Production  and
Preliminary Characterization of alkaline
protease from Aspergillus flavus and

Aspergillus terrus Journal of chemistryy7(2),
479-482.

Choudhary V, Jain PC (2012). Optimization of
process parameters for alkaline protease
production byAspergillus versicoloiPF/F/107.

J. Acad. Indus. Re4(1).

de Souza DF, de Souza CGM, Peralta RM
(2001). Effect of easily metabolizable sugars in
the production of xylanase byspergillus
tamarii in solid-state fermentationProcess
Biochem 36(8), 835-838.

Genckal H, Tari C (2006). Alkaline protease
production from alkalophilic Bacillus sp.
isolated from natural habitatEnzyme Microb
Tech,3%4), 703-710.

158



Optimization of Culture Conditions and Inducers lfoproved Protease Production Bgnicillium griseofulvum
LCJ231 under Submerged Fermentation

[12] Gupta R, Beg Q, Lorenz P (2002). Bacterial [24] Nadeem M, Qazi JI, Baig S, Syed Q (2008).

alkaline proteases: molecular approaches and

industrial  applications. Appl.  Microbiol.
Biotechnol 59(1), 15-32.

[13] Hajji M, Rebai A, Gharsallah N, Nasri M
(2008). Optimization of alkaline protease [25]

production by Aspergillus clavatusES1 in

Mirabilis jalapa tuber powder using statistical

experimental  design. Appl.  Microbiol.

Biotechnol,79(6), 915-923.

[14] Hossain MT, Das FLORA, Marzan LW,
Rahman MS, Anwar MN (2006). Some
properties of protease of the fungal strain[26]

Aspergillus flavusint J Agr Biol 8(2), 162-
164.

[15] Jenitta XJ, Gnanadoss JJ (2014). Screening,
molecular characterization and phylogenetic[27]
analysis ofPenicilliumsp producing high levels

of proteaselnt J Curr Sci,11: 10-17.

[16] Johnvesly B, Naik GR (2001). Studies on
production of thermostable alkaline protease[28]

from thermophilic and alkaliphili®acillus sp.
JB-99 in a chemically defined mediufrocess
Biochem 37(2), 139-144.

[17] Joo HS, Kumar CG, Park GC, Paik SR, Chang
CS (2003). Oxidant and SBEsable alkaline

protease fronBacillus clausiil-52: Production
and some propertied. appl microbio] 95(2),
267-272.

[18] Keay L, Wildi BS (1970). Proteases of the

genusBacillus. I. Neutral protease&iotechnol.
Bioeng,12(2), 179-212.

[19] Kirk O, Borchert TV, Fuglsang CC (2002).

Industrial enzyme applicationsCurr. Opin.
Biotechno] 13(4), 345-351.

[20] Kumar CG, Takagi H (1999). Microbial
alkaline proteases: from a bioindustrial

viewpoint.Biotechnol. Adv17(7), 561-594.

[21] Lowry OH, Rosebrough NJ, Farr AL, Randall
RJ (1951). Protein measurement with the Folin

phenol reagentl biol Chem193(1), 265-275.

[22] Moon SH, Parulekar SJ (1991). A parametric
study on protease production in batch and

fed-batch cultures of Bacillus firmus
Biotechnol bioeng37(5), 467-483.

[23] Nadeem M, Baig S, Qurat-ul-Ain S, Qazi JI
(2006). Microbial production of alkaline

proteases by locally isolateBacillus subtilis
PCSIR-5.Pak J Zool, (Pakistan)38 (1), 109-
114.

J. Joel Gnanadoss, et al.

Effect of medium composition on commercially
important alkaline protease production by
Bacillus licheniformis N-2. Food Technol
Biotechno] 46(4), 388-394.

Namasivayam SKR, Sivasubramanian S,
Kumar G (2010). Influence of media on
protease production byBeauveria bassiana
(Bals.) Vuil. And stability towards
commercially available detergents, surfactants
and enzyme inhibitordnt J Biol Technol1(1),
78-83.

Narayana K, Vijayalakshmi M (2008).
Production of Extracellular Protease by
Streptomyces albidoflavu#\sian J Biochem
3(3), 198-202.

Nehra KS, Dhillon S, Chowdhary K, Singh R
(2002). Production of alkaline protease by
Aspergillussp. under submerged and solid state
fermentationindian J Microbiol,42(1), 43-47.
Niyonzima FN, More SS (2013). Screening and
optimization of cultural parameters for an
alkaline protease production b#spergillus
terreusgr. under submerged fermentatidmt J
Pharm Bio Sci4(1), 1016-1028.

Oberoi R, Beg QK, Puri S, Sexena RK, Gupta
R (2001). Characterization and wash
performance analysis of an SDS-stable alkaline
protease from aBacillus sp. World. J.
Microbiol. Biotechnol 17(5), 493-497.

Palanivel P, Ashokkumar L, Balagurunathan R
(2013). Production, purification and fibrinolytic
characterization of alkaline protease from
extremophilic soil fungilnt J Pharm Bio Sgi
4(2), 101-110.

Pedge SS, Ahirrao SD, Garad VB (2013).
Optimization on protease enzyme production
usingBacillus subtilisssd-i (jg747516) isolated
from lonar meteorite crater in indignt J Biol
Pharm Res4(12), 885-890.

Puri S, Beg QK, Gupta R (2002). Optimization
of alkaline protease production froBacillus
sp. by response surface methodologiurr
microbiol, 44(4), 286-290.

Radha S, Nithya VJ, Himakiran R, Sridevi A,
Prasad NBL, Narasimha B (2011). Production
and optimization of acid protease by
Aspergillus sp under submerged fermentation.
Arch Appl Sci Res3, 155-163.

Rao MB, Tanksale AM, Ghatke MS,
Deshpande VV (1998). Molecular and

159



Optimization of Culture Conditions and Inducers lfoproved Protease Production Bgnicillium griseofulvum
LCJ231 under Submerged Fermentation

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

biotechnological aspects of microbial proteases[45] Wang Y, Lee M (1996). Influence of culture

Microbiol. Molec. Biol. Rev62(3), 597- 535.
Ravindran B, Kumar AG, Bhavani PA, Sekaran
G (2011). Solid-state fermentation for the
production of alkaline protease bBacillus
cereus 1173900 using proteinaceous tannery
solid wasteCurr Sci,100(5), 726-730.

Reddy LVA, Wee YJ, Yun JS, Ryu HW (2008).
Optimization of alkaline protease production by
batch culture ofBacillus sp. RKY3 through
Plackett-Burman and response  surface
methodological approacheBioresour Technol,
99(7), 2242-2249.

Rozell JD (1999). Commercial scale
biocatalysis: myths and realitieBioorg Med
Chem 7(10), 2253- 2261.

Sandhya C, Sumantha A, Szakacs G, Pandey A
(2005). Comparative evaluation of neutral
protease production byspergillus oryzaein
submerged and solid-state fermentation.
Process Biochepd((8), 2689-2694.

Sarker PK, Talukdar SA, Deb P, Sayem SA,
Mohsina K (2013). Optimization and partial
characterization of culture conditions for the
production of alkaline protease froBacillus
licheniformisP003.SpringerPlus2(1), 506.
Sindhu R, Suprabha GN, Shashidhar S (2009).
Optimization of process parameters for the
production of alkaline protease from
Penicillium godlewskii SBSS 25 and its
application in detergent industryAfr J
Microbiol Res 3(9), 515-522.

Srinivasan MC, Vartak HG, Powar VK, Sutar Il
(1983). High activity alkaline protease
production by aConodiobolusSP. Biotechnol
Letters 5(5), 285-288.

Sudharshan RK, Dutt L, Nayyar R (2007). A
highly thermostable and alkaline amylase from
aBacillus sp. PN5Bioresour. TechnoR1, 25-
29.

Sutar |Il, Vartak HG, Srinivasan MC,
SivaRaman H (1986). Production of alkaline
protease by immobilized mycelium of
Conidiobolus Enzyme Microb Tech8(10),
632-634.

Vijayaraghavan P, Vijayan A, Arun A, Jenisha
J, Vincent SGP (2012). Cow dung: a potential
biomass substrate for the production of
detergent-stable  dehairing  protease by
alkaliphilic Bacillus subtilis strain VV.
SpringerPlus1(1), 76.

J. Joel Gnanadoss, et al.

and nutritional conditions on the production of
proteases from therrmophilic strain  of
Aspergillus sp.NTU-FC671.J Chinese Agric
Chem Soc34, 732-736.

160



