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ABSTRACT

Extracellular alkaline protease produced by an isolate from soil was preliminarily identified to be Bacillus subtilis.
Studies on submerged fermentation revealed that maximum level i.e. 321 pg/ml/min of protease production was
observed during early stationary phase. Optimization of fermentation medium for characterization of protease was
carried out. Optimization parameter includesincubation period, temperature, pH, substrate concentration, carbon
sources, nitrogen sources and tween 80 concentrations. The optimized conditions found for protease production
were40°C at pH 10 (alkaline condition), with 10% inoculums, 2 ml tween 80, 1% sucrose, 1% ammonium chloride
and 20% casein, after 72 h of incubation stimulates protease production. The protease profile of the selected
isolate shows its potential for itsindustrial applications.
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INTRODUCTION

Protease enzymes are essential componentsof al
living beingsincluding prokaryotes, fungi,plantsand
animals. Proteaseis most applicable enzymeon com-
mercid leve likedetergents, leather industries, food and
pharmaceutical industries®32, |tisa so used in brew-
ing, baking, meat tenderdization, peptide synthesis,
medica diagnos's, cheesemaking, in medica trestment
for inflammationand in unhairing of sheepskins. It has
wide applicationsin bioremediation*®. Protease oc-
cursinanimals, plantsand micro-organisms. Most im-
portant groups of proteasesincludes, serine protease
(E.C.3.4.21), cysteine (thiol) protease (E.C. 3.4.22),
aspartic protease (E.C. 3.4.23) and metall oprotease
(E.C.3.4.24)*8, Beinginmicrobid origin, proteaseac-
countsabout 60% of thetotal enzymesadeintheworld

with 2/3 of thisamount®. A variety of microorgan-
isms such asbacteria, fungi, yeast and actinomycetes
areknown to produce these enzymes™. Selection of
effident micro-organism playsanimportant roleinhigher
yield of enzymesproducing enzymeonindustrid leve,
isolation and characterization of new promising strains
with chesap carbon and nitrogen sourceisacontinuous
process. Protease secreted from thermophilic bacteria
have becomeincreasingly useful for arange of com-
mercia application dueto faster reactionrate, increase
insolubility of non gaseousreactantsand productsand
minimum risk for contamination by mesophilic micro-
organisms”. Bacillussp. and Aspergillus sp. arefound
to possessproteaseactivity onalargescaebasis. Molds
of the genera Aspergillus, Penicilliumand Rhizopus
areespecialy useful for producing proteases, as sev-
eral speciesof thesegeneraaregeneraly regarded as
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safe8. Duringlarge scae production, heavy metasplays
animportant rolefor protease fermentation. For the
production of enzymesfor industria use, isolationand
characterization of new promising strainisacontinuous
process?l. They aregenerally produced by using sub-
merged fermentation dueto itsapparent advantagesin
down streaming besidesthe cost intensivenessfor me-
dium componentd’©827, |nthiscontext, overdl yield
of enzyme productionisinfluenced by physi cochemicd
conditions. Thus, in our |aboratory, preliminary we car-
ried out experimentation in order to determinevarious
environmental factorsin submerged fermentation for
proteolytic activity under stander condition. Thispaper
particularly focuson effect of different cultural condi-
tionson proteasefermentation by Bacillussubtilisiso-
lated from dairy waste contaminated soil.

MATERIALSAND METHODS

Collection of soil near by dairy effluents

Ten different soil sampleswere collected fromthe
vicinity of dairy effluentsof Ja gaon JlhaSahakari Dudh
Utpadak Sangh Maryadit, Jalgaon. All these samples
wererefrigerated and subsequently used for screening
of protease producing strains.

Screening of proteolytic activity

Screening and enrichment of strainscapableof pro-
tease production was made by inocul ating one gram of
soil samplein nutrient broth containing 1% casainfol-
lowed by incubation at 37 °C for 48 hrs. Streaking, a
loopful of inoculumsfrom enriched sampleon sterile
skimmilk agar plate containing 1% of casein. Casein
degradation ability of themicroorganismwasconfirmed
by appearing aclear zone around thecoloniesafter in-
cubation of 48 h at 37°C.

Selection of potent strainswith proteolytic activ-
ity
Proteasefer mentation and Proteolytic assay
After screening, isolation procedure capability of
each sdected strainwastested in sterileliquid minimal
medium as per suggested by Naidu and Devil*¥. The
strain and the minimal medium showing maximum re-
sultsfor protease production were selected for further

experimentation.

Protease activity was assayed by the modified
method; minima mediawith inoculumsisincubated at
37°C for 48h. After incubation, samplewas alowed
for centrifugation, supernatant were collected and used

Photoplate 1: Proteolytlc activity shown by the screened
isolate

for protease assay.
I dentification of isolates

Mixed microbid cultureswererepeatedly streaked
on sterile nutrient agar plates containing 1% casein.
These cultureswerepreiminarily identified by doing
Gramsstaining, motility; with other cultura characteris-
ticslike colour of colony, opacity, elevation, consis-
tency for bacteria colonies. Identification wascarried
out under laboratory conditiong*13,

Mass cultivation of proteolytic microor ganism

Erlenmeyer flask (500 ml) containing sterileskim
milk brothwasinocul ated with 10ml enrichedinoculums
and incubated for 48 h at 37°Cin static condition. The
pelletswereharvested after cultivation andthenusedin
degradation studies.

Submer ged fer mentation for protease

Fermentation medium for protease studieswascar-
ried out in yeast extract casein medium asper given by
Naidu and Devi et all*9.

Factor saffecting proteolytic activity

Optimization parameters playsimportant rolein
large scaleindustrial fermentation processes. For de-
velopmental activitiesof fermentation products, most
influencing factorsonitincludes, incubation period, in-
cubation temperature on stability of protease, pH, sub-
strate concentration, carbon sourceand nitrogen source
and effect of Tween 80. Thesefactorswerestudiedin
termsof experimentationin order to devel op fermenta-
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tiononlargescde. All theexperimentation wascarried
out intriplicatesand mean valuesweretaken asfinal
values.

RESULTSAND DISCUSSION

All formsof life on earthincluding prokaryotes,
fungi, plantsand animashaveanintegral constituent
occupying andthat isprotease. Proteasesoccupy nearly
60% of enzyme sales, procured from microbia, plant
and animal sources™. Thereareever high exploitation
of dkaineproteasesinindustrial sector likefood pro-
cessing, leather, detergent, pharmaceutica, diagnostic,
waste management, Silver recovery, medica purposes,
feedsand chemical industries?.

Microbid akaline proteasesdominated worldwide
theoveral enzymemarket mainly two third of shareof
the detergent industry!?. As compared to protease pro-
duction from plantsand animal sources, itiseaseto
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Figurel: Influenceof incubation period on proteaseactivity

produce protease by microbial fermentations.
Collection of ten different soil samplesfrom Jalgaon
JilhaSahakari Dudh Utpadak Sangh Maryadit, Ja gaon,
weredone. All these sampleswererefrigerated and then
allowed for subsequent screening, isolation and identi-
fication of protease enzyme. Screening, isolation pro-
cedurewasfollowed for protease production. A strain
which hydrolyses the skim milk agar and the zone of
hydrolysison skim milk agar ensuresthe confirmation
of protease secreting ability of microorganism (Figure
1). Thehighest activity of proteasewasrecorded after
72 hof incubation. All these strainswere examined for
stability in sel ected medium and maximum proteolytic
activity. Oneof thebacteria strain showing satisfied
results, easy cultivation was sel ected for fermentation
process. Selection of potent strainswith proteolytic
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activity wasdone by studying proteasefermentation and
carrying out proteolytic assay.
Protease producing capacity

Twenty threeout of thirty bacterid isolatesexhib-
ited variousdegreesof proteolytic activitieswhen culti-
vated on skim milk agar. Selection criteriawhen ap-
plied for maximum proteol ytic activity, only onestrain
wasfound to exhibit maximum activity of enzyme.

Proteolytic assay

Proteolytic activity wasassayed after carrying fer-
mentation of protease enzymeat 37°C for 48 h. Fol-
lowing 48 h of incubation, 5 ml fermented broth was
alowed for centrifugation and supernantant collected
wasused for proteol ytic assay.

I dentification of bacterial isolate

Identification key wasfoll owed for identification of
B.subtilig™3,

Optimizing parameter sfor proteolyticactivity

Incubation period

Protease activity wasfound to be maximum after
72 hrsof incubation. Theenzymeactivity wasfound to
bein decreasing order during 96 hrsof incubation (Fig-
ure1). Onthecontrary findingsof Kumar et d, 200213,
reported that Pseudomonas sp.S22 showed a peak
for protesseproduction at 24 hrsof incubationand again
peaksat 108 hrs.

Incubation temperature

Thereisaspecifictemperature for each microor-
ganismto grow and produce enzymes. Itisgeneraly
observed that, asthereisincreaseintemperaturewhich
leadstoincreasein reaction rates. The reason behind
thismight bedueto alteration or denaturation of active
site. Therearemideading resultson ideaof an optimum
rate of enzymereaction. Thisisbecauserate of enzyme
activity observed at any temperatureisdueto products
of tworates, thereaction rateand thedenaturation rate.
If any enzymeisobserved for itsactivity for one sec-
ond, it would givehigh activity at high temperaturesbut
If samereactionisobserved for onehour, thenit would
givelow activity at thesetemperatures.

In experimentation with Bacillussubtilis, 40°C tem-
perature was showing its maximum protease activity
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(310 pg/ml/min). After, 45°C thereisdeclineinenzyme
activityi.e 277 pg/ml/min (Figure 2). Same results were
interpreted by Sen et al, 1993 using B. licheniformis
andfor B. subtilis.
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Figure2: Influenceof temperatureasan optimizing param-
eter for proteaseactivity

Effect of pH

Culturemedium pH strongly affectsmany enzymétic
processes and trangport of compoundsacrasscell mem-
brane. M aximum protease (317.88ug/ml/min) produc-
tion was observed at pH 10 by Bacillussubtilis (Fig-
ure 3). As pH increases, decrease in protease level
occurs. Same resultswere recorded by Kumar et al,
2002% who has reported that protease production was
maximum at pH 7 and 9 for Bacillus subtilisstrain $4
a Pseudomonas spp S22 respectively. Borrig®! and
Sen, 19934 &l so reported akaline protease active at
pH range9to 13.
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Figure3: Influenceof pH on protease activity
Substrateconcentration

Effect of different casein (Substrate) concentrations
including inrangeof 5to 25% on protease production
wascarried out under |aboratory level. Inparalldl set of
experimentation effect of casein concentration ontota
number of protein concentration wasalso carried out.
At 20% optimized concentration of casein, enzymeac-

tivity wasfound to be 320.77 pg/ml/min (Figure 4)
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Figure4: Influence of different substrate concentrationson
proteaseactivity

Carbon source

At one percent concentration of glucose, lactose,
sucrose, maltoseand starch weretested for thelir effect
on protease fermentation. It was found that sucrose
accelerates production of protease while as starch
showed itsunfavorablecondition for stimulation of pro-
tease (321 pug/ml/min, Figure 5). Addition of carbon
sourcein theform of monosaccharide’s and polysac-
charides could influence production of enzymée??. Out
of wheetbran and lentil husk, wheet bran showed high-
est protease production in Bacillus spp.
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Figure5: Effect of varioussugar concentrationson protease
activity
Nitrogen source

Various nitrogen sourceslike sodium nitrate, am-
monium chloride, urea, anmonium phosphate and
casein wereexamined for production of protease by
replacing 0.5 % yeast extract in the production me-
dium. Caesin and peptone were recorded to be best
nitrogen sources for protease fermentation by
Prevotella ruminicolo 23 by Wang and Hsul?!. In
parallel experimentation,’?? reported soyabean med as
best nitrogen source. In our experimentation by
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B.subtilis, ammonium chloride wasfound to be best
nitrogen sourcefor protease fermentation.

Effect of tween 80 on proteaseproduction

Surfactantsplaysanimportant rolein cleaning, wet-
ting, dispersing,emulsifying and anti foaming in many
practica agpplicationsand productsincluding detergents,
emulson etc. Thestability of enzymesremainsacritica
aspect in pharmaceutica and industria biotechnol ogi-
cal applications. Tween 80 ranging from 0.5%to 5%
on proteasefermentation. It wasfound that at 2ml con-
centration maximum proteaseactivity 210.39 pg/ml/min
was observed (Figure 7.0). GoudaM., 20061%! stud-
iedtwo proteasethat werefound to bevery sableaginist
non—ionic surfactants such as tween 80 and triton 100.
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Figure 6 : Effect of various nitrogen sources on protease
activity
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Figure7: Effect of tween 80 on proteaseactivity
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CONCLUSION

Theresultsobtaned in the present study indicated
that Bacillus subtilis could be a potential strain for
protase production by submerged fermentation with
casein asasubstrate. The enzyme production wasin-
fluenced by variousphysiologica and chemicd natures
of thesubstrate aswell asmedium ingredientsduring
submerged fermentation. Among thevarious parameters

screened for submerged fermentation like pH, tempera-
ture, incubation period, carbon and nitrogen sources
played animportant rolefor higher amount of protease
production. After optimization of individua parameters
separately when further experiment was carried out with
al optimized parameters, protease production wasin-
creased as compared with previous one.
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