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ABSTRACT

An alkaline serine protease producing strain was isolated from local soil
samples and identified based on morphological and biochemical
characteristics as Bacillus subtilis NR18. The enzyme was purified in
three step procedure involving ammonium sulfate precipitation, fol lowed
by gel filtration and ion-exchange chromatography. Through the process
13.7-fold increasein purity with aspecific activity of 283.1 U/mg proteins
was obtained. The molecular weight of the purified enzyme wasfound to
be21 kDaby SDS-PAGE. The enzymewas most active at 60C and pH 9.0.
It wasrelatively stable between pH 7.0-10.0 and temperature between 40
and 60°C Influence of metal ions on enzyme activity revealed that, Ca2+,
Mg2+ and Mn2+ dlightly enhanced the enzyme activity; whereas Co2+,
Fe2+, Hg2+ and Zn2+ strongly inhibited the enzyme activity. Among the
protease inhibitors that were tested, the PMSF and DFP completely
inhibited the enzyme activity, indicating that the protease is a serine
protease. The enzyme retained more than 50% activity after incubation at
different timeintervalsat 60°C in the presence of commercial detergents
indicating its suitability for application in detergent industry.
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INTRODUCTION

Enzymesarebiocataystssynthesized by living cdlls.
They areproteinin nature (exception- RNA actingas
ribozyme) colloidal and thermo |abilein character and
specificintheir action. Isolated enzymeswerefirst used
in detergents in the year 1941, their protein nature
proven in 1926 and their large scale production in
1960s. Industrial enzymesbusinessissteadily growing
due to improved production technol ogy engineered
enzymes propertiesand their application fields. More

than 3000 enzymes, which catalyzeawide variety of
chemical reactions, areknown. Although LouisPesture
recognized that fermentationis catalyzed by enzymes.
Among six classesof enzymes, hydrol ases (Proteases,
Amylases, Cdlulasesand Xylanases) havewiderange
of biotechnological applications.

PROTEASE

Proteasesarethe sngle class of enzymeswhich oc-
cupy apivotal position with respect to their applica
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tionsin detergents, pharmaceuticals, brewing leather,
food industry, peptide syntheses and waste treatment.
Proteasesrepresent one of thelargest groupsof indus-
trial enzymes. Proteases ate obtained from plant, ani-
mal and microbia sources. Microbia proteaseshave
more advantageswhen compared to plant and animdl.
Proteasesform the microbes are easy to manipul atefor
getting highly stable enzymes, shorter timerequiredfor
production and purification steps. From plantspapain
and ficin are important proteases, trypsin and
chemotrypsinformanimasand akaineproteasesform
microorganisms like Bacillus sp, Microbacterium,
Pencilliumsp, Nocardia, Aspergillus sp etc.

Types of proteases

Serine proteases, Subtilisins, Cysteine proteases,
Aspartic proteasesMetall o proteases.

Applicationsof proteases

Proteaseshavelargevariety of gpplications, mainly
inthedetergent and food industries. Proteasesare en-
visaged to have extensive applicationsinleather treat-
ment and in several bioremediation processes. The
worldwide requirement of enzymesfor individua ap-
plicationsvaries considerably. Proteasesareusedin
pharmaceutical industriesfor preparation of medicines
such asointmentsfor debridement of wounds. Etc. Pro-
teasesthat are used in thefood adetergent industries
areprepared in bulk quantitiesand used as crude pre-
parative. Whereas. Those used in medicine are pro-
duced insmall amountsbut require purification before
they can be used.

MATERIALSAND METHODS

Collection of soil sample

Soil sampleswere collected from Loca Garden,
Hyderabad, A.P, India. The sampleswerecollectedin
sterilized bottlesfor isolation of Bacillussubitilis.

| solation of bacteria

Thebacteriastrain wasisolated by serial dilution
plate method described asfollows.

1 gmof garden soil samplesweretakeninto 9ml of
sterilized weter blanksto get 10 dilutions. From these
dilutions, 1ml wastrandferredtoancther 9ml serilewater
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andthussix dilutions(10-10°) weremaintained. 1 ml
of diquotswastransferred from six dilutionsto the cor-
responding label ed Petri plates. Triplicatesweremain-
tained for each dilution. Themolten and cooled nutrient
agar medium was poured into the Petri platesand ro-
tated gently for proper distribution of theinoculum sus-
pensionwiththemedium. After solidification, theplates
wereincubated at 27 + 1°C for 48 hours. After incuba-
tion, the colonies were separated, sub cultureswere
maintained.

Maintenance of purecultures

Theidentified colonieswere sub cultured on nutri-
ent agar dantsand preserved at 4°C. Sub-culturing was
performed at onemonthinterval.

Plate hydrolysisassay for production of protease

Pateswereincubated at 37°C for 24 hours. A clear
zoneof skimmilk hydrolysisgave anindication of pro-
tease producing organisms. Depending uponthe zone
of clearance, strain Bacillus subtiliswas selected for
further experimental studies. Theisolated proteolytic
strain was aspore-forming gram-positiverod, identi-
fied asB. subtilis, and it wasdesignated as B. subtilis.

Extracellular protease production: Production of
protease from B. subtiliswas carried out in amedium
containing thefollowing: casein 2gms;, peptone5gms,
NaCl 5 gmsand pH was adjusted to 8 and maintained
at 37°C for 48 hours in a shaker incubator (140 rpm).
After the completion of fermentation, thewholefer-
mentation broth was centrifuged at 10000 rpm at 4°C,
and the clear supernatant was recovered. The crude
enzyme supernatant was subjected to further studies.

Protein assay

Protein was measured by the method of Lowry et
a with bovine serum albumin (BSA) asthe standard.
The concentration of protein during purification tudies
was cal cul ated from the absorbance at 750 nm.

Assay of protease Protease activity was assayed
according toAnson using casein asthe substrate [ 18].
Thereaction mixture (7.0ml) contained 5.0 ml of Tris-
Hcl buffer pH 8.5, 1.0 ml of 0.5% casein, and 1.0 ml of
enzyme. After 30 min, of incubation at 37C, thereac-
tion mixtureisterminated by addition of 0.5ml of 10%
TCA and kept inicefor 10 min, and contentsarefil-
tered through whatts man No-5filter paper. To 2ml of
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filtrate, 5.0 ml of 0.2M Alkalinesodium carbonateand
1.0ml of Folin& ciocalteus phenol reagent was added
and incubated at 37C for 30 min and absorbency was
measured at 660 nmin UV Spectrophotometer (Anson
etal).

Enzymepurification

The protease was purified by ammonium sulfate
precipitation,gel filtration (Sephadex G-100) and ion-
exchange chromatography (DEAE Sepharose CL-6B).
The cdll-free culture supernatant (crude enzyme) was
preci pitated with ammonium sulfate saturation (between
50% and 70% of saturation). The precipitate was col-
lected by centrifugation at 13000 x g for 15 min at
40C, dissolvedinminimal volumeof 0.1% Tris-HCl
buffer (pH 7.0) and dialyzed against the same buffer at
40C overnight. Thediaysate was applied to aSephadex
G-100colum (1.6 x 36 cm) equilibrated with Tris-HCI
buffer, pH 7.8. The column wase uted at aflow rate of
Imi/minwithal:1volumegradient from 0.1M to 1M
NaCl in the same buffer. The active fractions were
pooled and appliedon a DEAE sepharose CL-6B col-
umn chromatography (2.6 x20 cm) that had been equili-
brated with 0.1 mM phosphate buffer (pH 7.8) con-
taining 0.1M NaCl and then eluted at aflow rateof 1
ml/min. Theactivefractionswere collected and lyo-
philized.

Gel electrophoresis

Thehomogeneity and molecular weight of the puri-
fied protease was determined by sodium dodecyl
sulfatepolyacrylamidegd dectrophoress(SDS-PAGE)
according to the method of Laemmli (1970). Protein
bandswerevisudized by stainingwith 0.2% Coomasse
brilliant blue R-250 and destai ned by washing over-
night with mixture of acetic acidmethyl a cohol-water
(5:5:1v/v). Themolecular weight of thepurified pro-
teasewasdetermined by SDS-PAGE usingastandard
protein marker (Genei, India).

Characterization
(a) Effect of pH on enzymeactivity

Theactivity of the crude and purified protease was
messured at different pH valuesin theabsenceand pres-
enceof 10mM CaCl2. The pH wasadjusted using the
following buffers (0.05M): phosphate (pH 5.0-7.0),
Tris-HCI (pH 8.0), and glycine-NaOH (pH 9.0-12.0).
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Reaction mixtureswereincubated at 40°C for 30 min-
utes, and theactivity of theenzymewasmeasured. The
purified enzymewasdilutedin different relevant buffers
(pH 5.0-12.0) and incubated at 40°C for 2 and 20
hoursfor enzyme stability. Therelativeactivity at each
exposure was measured as per assay procedure.

(b) Effect of temper atureon enzymeactivity and
stability

Theactivity of the crude and purified enzymewas
determined by incubating thereaction mixtureet differ-
ent temperaturesranging from 30°C to 90°C in the ab-
sence and presence of 10mM CaCl 2 for 30 minutes.
To determinethe enzyme stability with changesin tem-
perature, purified enzymewasincubated at different
temperatures (60°C, 70°C, and 80°C) in the presence
of 10mCaCl2, and relative protease activitieswereas-
sayed at standard assay conditions.
(c) Effect of variousmetal ionson proteaseactiv-
ity

Theeffectsof metal ions (eg, Ca2+ M g2t AItS,
co™2 cd*? Fet3 Nat, zn * and cu2*

[5mM]) were i nvestl gated by addl ng them tothereac-
tionmixture. Relative proteaseactivitiesweremeasured.

(d) Deter gent stability

The compatibility of Bacillussubtilisproteasewith
locd laundry detergentswas studied inthe presence of
10mM CaCl2 and 1M glycine. Detergents used were
Nirma(NirmaChemica, India); Henko (Henkel Spic,
India); Surf, Surf Excel, Super Whed, Rin (Hindustan
Lever Ltd, India); andAriel (Procter and Gamble, In-
dia). Thedetergentsweredilutedindigtilled water (0.7%
wt/vol) andincubated with proteasefor 3hoursat 60°C,
and theresidual activity wasdetermined. Theenzyme
activity of acontrol sample (without any detergent) was
taken as 100%.

(e) Washingtest with proteasepreparation

Application of protease (5000 U/mL) asadeter-
gent additivewas studied on white cotton cloth pieces
(6 x 6 cm) stained with ink. The stained cloth pieces
weretakenin separateflasks. Thefollowing setswere
prepared and studied:

1. Hask with distilled water (100 mL) + stained cloth
(cloth stained with Ink).
2. Flask with distilled water (100 mL) + stained cloth
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(cloth stained with Ink) + 1 mL whedl de-tergent (7
mg/mL).

3. Flask with distilled water (100 mL) + stained cloth
(cloth stained with Ink) + 1 mL whedl de-tergent (7
mg/mL) + 2mL enzymesol ution.

The above flasks wereincubated at 60°C for 15
minutes. After incubation, cloth piecesweretaken out,
rinsed withwater, and dried. Visua examination of vari-
ouspiecesexhibited theeffect of enzymeinremoval of
stains. Untreated cloth pieces stained with ink were
taken ascontrol.

RESULTSAND DISCUSSION

Bacterial culture

Figurel: Bacillussubtilison nutrient agar medium.
Casein hydrolysis

£\

Figure2: (A)& (B) Thezoneof casain hydrolysisof B. subtilis.

Purification of extracellular proteaseof B. subtilis
NR18

() Sephadex G-200gd filtration chromatography

The protein pellet obtained after 60% saturation
with ammonium sulphatewasdissolved in 0.1M Tris-
HCI buffer and loaded onto a.column of Sephadex G-
200 (1.5 % 24 cm) equilibrated with Tris-HCI buffer,
pH 7.8. Thee ution profileof gel filtration chromatog-
raphy isshownin (Figure3).
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Figure3: Elution profileof B subtilis protease by sephadex
G-200 column.

97.4 kDa

66.0 kDa
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14.3 kDa

Lane 1 Lane 2

Lanel: Molecular marker Lane?2: Purified protease (21 kda).
Figure4: SDS-PAGE showingthepurified protease.

From theelution profile, it was observed that the
protease was €l uted as awell-resolved single peak of
casalnase activity coincidingwith asingleprotein pesk
at NaCl concentration of 0.6M. Fractions(19-23) with
protease activitieswere pooled, didyzed, and concen-
trated by lyophilization and used for further studies. The
summary of purification stepsinvolved for proteaseis
presentedin (TABLE 1).

SDS-PAGE of culturefiltrateand purified protease
from B. subtilisNR18

Whentheammonium sul phate preci pitation and pu-
rified proteasewere anayzed by SDS-PAGE, 6 bands
were observed in the case of the ammonium sulphate
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precipitation, while purified protease showed asingle
band, indicating ahomogeneous preparation. Themo-
lecular weight of the protease was determined by com-
parison of the migration distances of standard marker

proteins. Depending on therel ative mobility, the mo-
lecular weight of the protein band was cal culated to be
21 kd, which coincided with the with the band of a-
lactalbumin marker protein (Figure4).

TABLE 1: Summary of thepurification profilefor alkaline proteasefrom B. subtilisSNR18.

PURIFICATION STEPS OF ALKALINE PROTEASE

Purification Step Total Enzyme Activity (U) Total Protein (mg) Specific Activity (U/mg) Purification Fold % Recovery
Crude enzyme 50400 4920 10.2 1.0 100
(NH4)2S04 precipita-tion, dialyzed 36250 3000 121 12 72.0
Sephadex G-200 3760 17.6 213.6 21.0 75
Effect of pH on enzymeactivity after 350 minutesof incubation (Figure6).
For the determination of the pH optimum, phos- 120
phate (pH 5.0-7.0), Tris-HCI (pH 8.0), and glycine- -
; < - * * . R e
NaOH (pH 9.0-12.0) bufferswere used in the absence BN\
and presenceof 10mM CaCl2. Thehighest protease § @'\ . o 0
activitywasfoundtobeat pH 10.0usingglycineNaOH & | o —¥o e
buffer (Figure5s). : \\ R
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S 0.04 - y —=— Series2 Figure6: Effect of temperatureon the stability of theen-
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% g'g? : TABLE 2: Morphological and biochemical characteristics
< 0 / of thebacteria B.subtilisNR18.
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Gram reaction G

Figure5: Optimum pH for proteaseactivity.
Effect of temperatureon enzymeactivity

Theactivity of the crude and purified enzymewas
determined at different temperaturesranging from 30°C
t0 90°C in the absence and presence of 10mM CaCl2.
The optimum temperature recorded was at 60°C for
proteaseactivity. Theenzymeactivity gradualy declined
at temperaturesbeyond 60°C (Figure 6). The thermal
stability of thepurified protease wastested at different
temperatures of 60°C, 70°C, and 80°C for different
periods (50 to 350 minutes) in the presence of 10mM
CaCl2. The PE-11 protease had ahalf-life of 250 and
lessthan 50 minutesat 70°C and 80°C, respectively.
The enzyme was almost 100% stable at 60°C even

Spore formation

Motility +
Oxidase test +
Catalase test +
Voges-proskauer test -
Methyvl red test +
Indole test -
Citrate utilization test +
H,S production -
Milk test +
Hydrolysis of glucose +
Hyvdrolysis of starch

Hydrolysis of sucrose

(+)=Positive; (-)=Negative

Effect of metal ions

Mogt of the metd ionstested had astimulatory ef-
fect (Ca2t, Mg?", and Mn?™) or adlight inhibitory
effect (other ions) onenzymeactivity (TABLE 3). Some
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of themetal ionssuchasCa2™, Mg2™, and Mn2¥ in-
creased and stabilized the protease activity of theen-
zyme, thisispossi ble because of theactivation by the
metal ions. These cations al so have been reported to
increasethethermal stability of other Bacillusalkaine
proteases. Theseresults suggest that concerned metal
ions apparently protected the enzyme agai nst thermal
denaturation and played avitd rolein maintaining the
active confirmation of theenzymeat hi gh temperatures.
Other metal ionssuch aszn“, Cu? , Hg + C02+,
Na', Cd2+, Al 3+, and EDTA did not shown any ap-
preciable effect on enzymeactivity.

TABLE 3: Effect of variousmetal ionsand inhibitors(5mM)
on theactivity of alkaline protease of B. subtilisSNR18.

Metal ions/inhibitors Ralative activity (%)
Control 100
Al 89.5
5 127.3
Co™" 116
Cu® 96.0
Fe** 193
Hg'~ 23.5
Mg™ 113.7
Mn** 1231
In* 279
EDTA 87.0
DFP 0
DTT 71.6
PMSF 0

Compatibility with deter gents

BesidespH, agood detergent proteaseis expected
to be stablein the presence of commercia detergents.
The protease showed excellent stability and com-
patibility inthe presenceof locdly available detergents
(Nirma, Wheel, Henko, Surf, Surf Excel, Ariel, and
Rin). Proteasefrom B subtilisshowed stability and com-
patibility withawiderange of commercid detergentsat
60°C in the presence of CaCl2 and glycineas stabiliz-
ers. Our protease showed good stability and compat-
ibility inthe presence of Whed followed by Surf excel
(TABLE 4). Theenzymeretained morethan 50% ac-
tivity with most of the detergentstested even after 3
hoursincubation at 60°C after the supplementation of
CaCl2 and glycine. Thecompatibility of akaline pro-
teasewas studied with Whed inthe presence of 10mM
CaCl2 and 1M glycinefor different periods(0.5to 3
hours) at 60°C. The enzyme retained about 67% activ-
ity after 1.5 hoursin the presence of Wheel at 60°C

and wasadmogt inactivated after 3 hoursin the absence
of any stabilizer (Figure 7). However, the addition of
CaCl2 (10mM) and glycine(1M), individually andin
combination, wasvery effectiveinimproving the stabil-
ity, whereit retained 52% activity even after 3 hours.
Soitwasused asan additivein detergent, to check the
contribution of theenzymeinimproving thewashing
performance of the detergent. The supplementation of
theenzyme preparationin detergent (ie, Whedl) could
sgnificantlyimprovethedeanangof theink gains(FHgure
7). Washing test with protease preparation.

TABLE 4: Compatibility of alkalineproteaseactivity with

commer cial deter gentsin the presenceof 10mM CaCl2 and
glycineat 60°.

Relative Residual Alkaline Protease Activity (%)
Time(hour) Control Nirma Wheel Henko Surf Surf Excel Arid Rin

0.0 100 100 100 100 100 100 100 100
0.5 96 90 95 92 91 93 88 87
1.0 94 87 92 89 87 90 85 83
15 91 85 89 86 83 87 82 81
2.0 87 79 82 79 75 80 74 72
2.5 80 69 73 68 63 70 61 59
3.0 76 58 65 58 51 56 52 53

o v Ca -l A
Figure8: Washing perfor mance of proteasefrom B. subtilis
inthe presenceof detergent(Whed). (A): Cloth stained with
ink (B): Ink-stained cloth washed with deter gent only (C):
I nk-stained cloth washed with deter gent and enzyme.

CONCLUSION

Theakaline proteaseisolated from B subtilisisa
thermostable serineprotease. Itisstableat akainepH,
at high temperatures, and in the presence of commer-
cid detergentsand iscompatiblewith commercia and
local detergents. These propertiesindicate the possi-
bilitiesfor useof the proteasein the deter-gent industry.
Thisenzyme can beexploited commercialy.
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