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ABSTRACT

A total of five bacterial strains were isolated Miosoil samples of Selakui area of Dehradun, Indiag were
subjected to screening for their carboxy methylubese (CMC) hydrolysis activity. Results reveatbdt, MIJSH
1205 have maximum exocellulase activity and akeméntation at temperature 27°c, pH 7 and 1.5 % CMC
concentration and 0.5% of urea as nitrogen soursacterial strain MJSH-1205 showed the highest CMC
hydrolysis activity of 0.01038 +0.000504 U/ml/mirhe enzyme produced is stable at varied rangenopégature
and pH, but the optimum temperature and pH was dotm be 30°C temperature pH 9 respectively. This
alkalophilic property of enzyme makes it industyiamportant. Presence of Mgions enhance the activity of
enzyme while reduction in the activity of enzyme foand in the presence of SDS.
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INTRODUCTION

Cellulose is the major component of plants celllwald one of the most abundantly present formsadiahydrates
on earth. It is linear polymer of D-glucose unitseéd together by 1-4 glycosidic linkage and crystalline in nature
[1]. The annual biosynthesis of cellulose by latehfs and marine algae occurs at the rate of 0@%%dnnes per
annum [2]. Degradation and consequent use of osluls important for global carbon sources. Enosraaounts
of agricultural, forestry, industrial and municigagllulosic wastes have been accumulated in fietds/if it was not
degraded or suitably used. The cellulosic biomams lbe utilized by microorganisms for the productioin
commercially important products such as ethanotharee, glucose syrup and single cell protein. &pjgroach also
solves the waste disposal problem and diminishesdépendence over conventional fuels by the pramuacif
ethanol [3-4]. Due to rising cost of fossil fueldaenvironmental pollution global effort was shiftemvards the
utilization of renewable resources and productibgreen energy [5].

Cellulase is a group of enzymes which degrade loskuin to glucose and cellooligosaccharides. Gelkiis a
complex enzyme and composed of efidglucanase (EC 3.2.1.4), efe-glucanase (EC 3.2.1.9.19) affid
glucosidases (EC 3.2.1.21) which are acts synégiilst [6]. Cellulase are industrially importantames and used
in starch processing, animal feed production, ged@ohol fermentation, malting and brewing, exti@attof fruit
and vegetable juices, pulp and paper industry ertilé industry [7-10]. The high production cosddow vyield is
the major problem associated with their industépplication [11]. Cellulase production was foundb® most
expensive step about 40% of total cost in the prtioin of bioethanol from cellulosic biomass. To uwed the
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relative cost of this process cellulose productigmrmicroorganisms were studied. Cellulase can ¢hsgized by
microorganisms during their growth on cellulosictenals [12].

A large number of Bacteria, Actinomycetes and figgmious fungi have ability to produce cellulase &grsting the
enzyme freely in the solution or in the form ofld®ind enzyme cellulosmes. The main difference betwcell free
cellulase and cellulosomes is in the component edfulosome-cohesine containing scaffolding and doicle
containing enzyme. The free cellulase containailcede binding domains (CBMs) which are replacedibgkerin
in cellulosomes, and single scaffolding born CBIvedis the entire cellulosome complex to celluldsamass [13-
14]. Most commonly used bacterial sp. for the comuiaé production of cellulase iacidothermus sp., Bacillus sp.,
Clostridium sp., Pseudomonas sp. and Rhodothermus s

The present study was aimed to isolate and screermanganisms which produce cellulolytic enzymertker
effort was made to optimize the culture conditimr £nhance the yield of enzyme. After purificatiand
characterization of enzyme was done to investitfagestability of enzyme at the varied range of pdperature
and under the influence of heavy metals.

MATERIALSAND METHODS

2.1. Isolation and screening of microorganisms

Soil samples were collected from Selakui, Dehraddia, at a depth of about 15-20 cm from the tagmfles were
collected from the area where decomposing leavee wweesent because the probabilities of occurresfce
cellulolytic microbes were higher at these pladds soil was serially diluted and spread on st&riinutrient agar
(NA) plates and incubated at 37°C. Five bacteM$H-1201, MJSH-1202, MJSH-1203 MJSH-1204 and MJSH-
1205) were purified by streak plate method at sstggeby Khan et al. [15]

All purified cultures were subjected to screening EMC hydrolysis. Pure cultures were transferradMinimal
Agar Media (NaHPQ, 6.0g L'*; KH,PO, 3.0gL™; NaCl, 5.0gL*; NH,CI 2.0g L'*; MgSQ,0.1g L'*; Glucose 8.0g L

- Agar 17g %) supplemented with 1% CMC and incubated for 48 h&j.[Secondary screening was done by
flooding the plates with 0.1% Congo red solution I& minutes, after that the plates were washetd ti{ NaCl
[17].

2.2. ldentification of isolated microorganisms

Microorganisms which were showing cellulose hydsidy were subjected to staining (Gram’s staining and
endospore staining) and biochemical tests likelas¢a manitol fermentation and, Voges- proskauersttieir
identification [18].

2.3. Optimization of physico-chemical conditionsfor the production of enzyme on laboratory level by shake
flask fermentation

Among all the isolates, microorganism which showaximum zone of hydrolysis during screening was grom
cellulase production media having composition gitpee 5.0g [; yeast extract 5.0g't, K,HPO, 1.0 g L'; NaCl
5.0g LY MgSQ, 0.2g LY Agar 17g I; pH 7 and 1% CMC [15]. Production of cellulase yne was optimized at
different temperature (10°C, 20°C, 30°C, and 401),(5, 7, 9, and 11), incubation time (1 tbday) and nitrogen
sources (peptone, yeast extract, beef ext@mimonium chloride, urea, ammonium sulphate, ancéreegl) in
different concentrations of 0.01%, 0.05, 0.1, Gah8 0.2% [19-21].

2.4. Estimation of protein concentration and enzyme activity in crude

For extraction culture was centrifuge at 5000 rpm5 min. After centrifugation 86 ml of crude wastained. The
crude extract was transferred to a 250 ml conileeskfand stored at cold temperature. 40% of thdecmolume
ammonium sulphate salt was added pinch by pindhaacrude extracts with continuously stirring. Whka total
salt gets dissolved then the mixture was kept aghtrat 4°C [15]

Concentration of protein in crude extracellularragt was determined by Lowry’s method using BSAsiamdard
[22]. CMCase activity is assayed using a standaethad given by Mendales, [23]. The activity wasreated
using 1% solution of CMC in 0.1M Tris buffer (pHOJ .as substrate. 0.5 ml substrate and 0.5 ml ofreezsolution
were allowed to react on 37 for 15 minutes after that the 30 min of incubatii 50°C was given to the reaction
mixture. 2 ml of DNS solution was then added andpas were boiled for 15 min and then allowed toléo cold
water for color stabilization and optical densitgsstaken at 540 nm [19].
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2.5. Partial purification of crude enzyme

Dialysis was performed for the partial purificatiohsalt precipitated protein. Pretreatment ofydied bag was done
by boiling in distilled water for one min. and themashed in 0.1% SDS for one minute and finally edah distilled
water. The enzyme was filled in dialysis bag anptke 200 ml of 200 mM Tris buffer (pH 7.0) on magic stirrer
for one and half hrs at 4°C. After that dialysighsas replaced in new 200 ml of 100 m M Tris bufied kept
overnight at 4°C. After salt precipitation and g&é concentration of protein was estimated by Lysvmethod.
While for the estimation of enzyme activity 0.5 afl substrate and 0.5 ml of enzyme was reacted & 3ar 15
minute and the absorbance was compared with thdatd graph [24].

2.6. Characterization of enzyme

Enzymes are catalytically active only in a narrolt pange, temperature, substrate specificity andeunte
influence of metal ions and inhibitor. For the awerization of enzyme, a reaction between CMQuéstsate and
enzyme was carried out at different pH (5, 7, 91dndtemperature (0°C, 10, 20, 30 and 40°C) unigeirnfluence
of different activators like C4 Mg™ Fe? and zri? and inhibitors such as SDS and EDTA for 15 mine Th
absorbance was read by using spectrophotometetCani wavelengths and the activity was calculatedhe
formula given by Irfan et al. [25]

Unit/ml/min= [(mg/ml glucose released X 0.180)/ @nizyme used]

2.7. Statistics
During present study, all the measurements were dortriplicates. The mean + standard deviation )(8@2s
calculated and graphs were plotted using GraphPathf statistical software.

RESULTSAND DISCUSSION

3.1. Isolation and screening

On spreading the serially diluted soil sample owettrient agar plates mixed colonies were obtainad a
differentiated on the basis of morphological chteastics. Five different bacterial colonies werdgtained were
numbered as MJSH-1201, MJSH-1202, MJSH-1203, MJ3b#l1and MJSH-1205 and purified by streak plate
method. On screening with congo red dye, amonthalisolated bacterial strains MJSH-1205 showedhthbest
zone of CMC hydrolysis. This indicated the prodoctof extracellular cellulase that hydrolyze théutese present

in their surroundings and use them as carbon solifezone was appeared due to congo red dye dttiatarea,
and after washing with NaCl solution elutes the tlyéhe zone where the cellulose has been degratiegimple
sugars by the enzymatic activity. While the remagnpart of the plate retained the congo red dyen eafer
washing with NaCl and a clear zone of celluloserblydis was observed around the organisms colo8l [2

3.2. Study of growth parameters

Study of growth curve revealed that day 4 and thésstationary phase for the bacterial strain MA285. The
optimum temperature for the growth of MJSH 120fisd to be 40°C while optimum pH for growth wasifd to
be pH 7.
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Growth curve study of MJSH-1205
3.3. Biochemical tests
Staining and biochemical characteristics of MJSI@5LPevealed it Gram positive rod shaped bacterfdctwwas
positive in endospore staining, catalase test aahitol test while negative in Voges-proskatgst. On comparing
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the results of biochemical tests with Bergey's nadnit was confirmed that the MJSH-1205 wBscillus
megaterium.

3.4. Optimization of culture condition to enhance enzymeyield

In order to enhance the yield of enzyme culturedidmns was optimized, Effect of incubation time enzyme
activity was studied and the results revealed tMdSH-1205 had maximum enzyme activity ofi day of
inoculation (0.01008 +0.000457 U/ml/min). Similasults were observed by Krairitthchai and Thongy&®],
while maximum enzyme activity aftel"@lay of inoculation was reported by Lalitha effa¥].

S. No. Nitrogen Sources Enzyme Activity (U/ml/min)
1. Peptone 0.01002 +0.000516
2. Yeast extract 0.01008 +0.000504
3. Beef extract 0.00932 +0.000466
4, Ammonium chloride 0.00912 +0.000456
5. Urea 0.00864 +0.000432
6. Ammonium Sulphate 0.01038 +0.000504
7. Soyameal 0.00840 +0.000420
8. Peptone + Yeast extract 0.00624 £0.000312
9. Peptone + Urea 0.00624 +0.000312
10. Yeast extract + Urea 0.00780 £0.000390
?
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Effect of incubation time on enzyme activity

Nitrogen is one of the most important componergrotein and main constituents of protoplasm. Afigrihe media
composition in respect to different nitrogen sosgrceoncluded by DNS ass&acillus megateriumshowed
maximum enzyme activity with urea as nitrogen seunc0.05% concentration (0.01038 +0.000504 U/rmijmi

Effect of different nitrogen sourcesover enzyme activity

This result is supported by previous researchers &aal. [28] 2010 and Doi, [29] 2008, whereas mmaxh
cellulase production by using ammonium chlorideaasitrogen source was reported by few workers Jatal,
[30].
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68



Shivam Kumar Mishraand M. R. Suseela Int. J. Pharm. Res. Allied Sci., 2016, 5(1):65-71

Optimum pH for maximize the yield of enzyme wasrfduo be pH 7 (0.01008 £ 0.000534 U/ml/min) and¥2.0
substrate concentration was found to be suitablthéBomaximum yield of enzyme (0.01224 + 0.00061&lmin).
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Effect of different substrate (CM C) concentration over enzyme activity

3.5. Extraction and partial purification of crude enzyme

Bacillus megateriunmwas cultured in optimized culture media and cradeyme was extracted from the fermented
media through centrifugation. To precipitate owg thissolve protein, salt precipitation was donesagurating the
crude extract with ammonium sulphate. The soluybitif protein depends upon the concentration of isathe
solution, as the salt concentration increasesjra pbmaximum protein solubility is reached. Fugtlincrease in the
salt concentration leads that there is less or atemavailable to solubilize the protein. Finallsoigin starts to
precipitate when there are not sufficient water enoles to interact with protein molecules. This hoet of
precipitation of protein in the presence of excaasis known as salting out. Precipitation of pmotby salt gives a
mixture of protein and salt, to remove the saltrfritne protein, dialysis was performed.

Dialysis operates on the principle of diffusion arsosis to desalt the protein [31]. Small mole@asses through
the pores of dialysis bag and move into or outh& bag, in the direction of decreasing concentnaticarger
molecules that have size greater than the poreed@roould not move across the pore of the bagetathed inside
the dialysis bag [32]. After purification conceniom of protein was estimated and found to be 0.80&.0004
mg/ml in extracellular crude extract, while 0.09.8045 mg/ml after dialysis.

In order to estimate the activity of enzyme in @iéfnt form viz. crude form, in presence of salt angure form,
DNS assay was performed. Results revealed thBaaillus megateriunthe enzyme activity remains constant in
crude enzyme and after salt precipitation i.e; 008L+ 0.000474 U/ml/min, while after dialysis ktincrease in
enzyme activity was observed (0.01032 + 0.000506Id4in).

3.6. Characterization of enzyme

Different reaction conditions were given to the yane during DNS assay incubation to check the dgtiof
enzyme at varied range of conditions. This allowdatermine the stability of enzyme at different ditions, like
temperature, pH, activators and inhibitors. A reesctof substrate and enzyme was performed at difiter
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temperature, 0°C, 10, 20, 30, and 40°C and reseitsaled that optimumneanzyme activity (0.01032 +0.000504
U/ml/min) found at 30°C. The pH of substrate in DRSsay was altered from 5 to 11 in the interva2,odnd the
enzyme activity was calculated for each pH conditibhe result revealed that the enzyme was stabared range
of pH but maximum activity of enzyme (0.01028 +@@06 U/ml/min) was found to be at pH 9.

Characterization of enzyme

S.No. Parameter Enzyme Activity (U/ml/min)

1. 10°C 0.00946 +0.000438
2. 20°C 0.00967 +0.000451
3. 30°C 0.01032 +0.000483
4. 40°C 0.00780 +0.000360
5. pH3 0.00584 +0.000264
6. pH5 0.00632 +0.000302
7. pH 7 0.00874 +0.000416
8. pH9 0.01028 +0.000486
9. Calcium 0.01024 +0.000472
10. Magnesium 0.01104 £0.000538
11. Iron 0.00964 +0.000426
12. Zinc 0.00938 +0.000406
13. SDS 0.00924 +0.000416
14. EDTA 0.00396 +0.000194

To access the effect of metal ions over the agtivitenzyme DNS assay was done in the presencédferfetht metal
ions (C&% Mg*, Feand zri?) the results indicated in the presence ofMgn enzyme activity was found to be
maximum (0.01104 +0.000492 U/ml/min). Effect of ilnitors over the activity of enzyme was also stddi®y
incubation the enzyme with 1% SDS and 1% EDTA dufdNS assay; results revealed SDS inhibit the égtof
enzyme (0.00396 +0.000194 U/ml/min). Other workebserved activation in enzyme activity in the preseof
Co'“and Mri?ions [25]. These metals acted as cofactor and eehidre enzyme activity, while SDS and EDTA are
the inhibitors and cause the degradation of peptidén of enzyme which leads to inhibition of enzeyattivity.

CONCLUSION

On the basis of present research it can be contlinde soil from forest area are a very good soofaeellulolytic
microorganisms. The enzyme produced is extracelltsch make the downstream processing more edFEilg.
activity of cellulase enzyme varied with the vagatin culture media and culture conditions. Theyene produced
is stable at varied range of pH and temperature.prbduced enzyme found suitable to use in indassbrecause of
its maximum activity even at highly alkaline coraiit.
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