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ABSTRACT

Cellulasesareagroup of hydrolytic enzymesthat are capabl e of degrading
most abundant lignocellulosic material on earth. A high level of thermo
stable cellulase has been produced from newly isolated strain Flavobacte-
riumbolustinum (MTCC 10203) under submerged fermentation using basal
medium supplemented with pineapple pedl (1.5%) pH 9 at 37°C. Different
culture conditions under submerged fermentation (SmF) were examined to
assess their effect on enzyme production. Various production parameter
included temperature, pH, inoculum age and volume, incubation time, car-
bon and nitrogen sources, salts and additives were optimized. After opti-
mization therewasincrease of about 7.76 fold in cellulase production (265U/
ml) which decreasesthe cost of enzyme production for itsindustrial appli-
cation. Moreover, results showed pineapple peel as a excellent source of
substrate for production of cellulase for commercial use.
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INTRODUCTION

Cdluloseisafibrous, insoluble, crysalinepolysac-
charide. Itismgjor polysaccharide congtituent of plant
cdl wall, composed of repeating D-glucoseunitslinked
by 1,4-glucosidic bonds?. It being the most abundant
carbohydrate polymer ontheearthi3. A promising strat-
egy for efficient utilization of thisrenewableresourceis
themicrobid hydrolysisof lignocelluloscwaste. Inthe
early 1970s, theoil crissgenerated interestin using cel-
luloseasachemical and energy resource. One promis-
ing approachwasto hydrolyzethecdlluloseto glucose
with enzymesand then to ferment the glucoseto ethanol
which could beused asaliquid fud® Thegrowing con-

cern about shortageof foss| fuel and air pollution has
also resulted in increased focus on the production of

Bioethanol (biofuel) from lignocel lul osic materia 9.

Among thepotentia aternative bioenergy resourcesli-
gnocellulosic has been identified as prime source for
biofuel. However in production of bioethanal, the cost
of theenzymeto beused for hydrolysisof raw materia

needsto bereduced and ther efficiency increased inorder
to maketheprocesseconomicaly feasibl€®. Organism
with cdllulase systemthat are cgpabl e of converting bio-
massto acohol directly aredready reported”® but none
of these system described areeffectiveaonetoyielda
commercidly viableprocess. Theuse of pureenzymes
intheconversion of biomassto ethanal iscurrently un-
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economica dueto the high cost of commercia cellu-
lases. Theeffective strategiesareyet to resolvewhich
maketheenzyme production cost effective.

Although fungi aregood producer of cellulasesbut
their dow growth rateand inability for cloning, thereis
need of new isolatethat can beeasily grown. Thisneed
isfulfilled by screening cellulase producing bacteriaas
they can grow easily, subjected to cloning and lessin-
hibited to feedback inhibition. Cdlulaseshydrolyze cdl -
lulose (B-1, 4-D-glucan linkages) and produce as pri-
mary productsglucose, cellobioseand cello-oligosac-
charides®. Therearethreemajor typeof cellulaseen-
zymesendo 1,4,-B-D-glucanase[ 1,4-B-D-glucanases
(CMCase, EC3.2.14)] and exo 1,4-B-D- glucanase
(1,4-B-D-glucan cellobiohydrolase, FPA, EC 3.2.1.91)
aongwith cdlobiase (8-D-glucoside glucanohydrolase,
EC 3.2.1.21)1011,

Cdlulaseyidd depend on acomplex rdaionshipin-
volvingavarity factorslikecarbon source, inoculumsize,
pH, temperature, presenceof inducer, medium additives,
aeration, growthtime, etc*?. Therefore attention has
been focused on studing cdllulaseenzyme production by
severad organismson variousagro productsand invari-
ousenvironments. Thiswork isfocusonto completethe
chalengesin cdlulaseproduction by isol ating bacteria
gpecieswith cdlulaseactivity and increasingitsproduc-
tion by using cheap source of lignocellulosic waste as
substrateand i dentification of better inducers.

MATERIALAND METHODOL OGY

Chemical

All chemica sand reagents used inthe study were
of analytical grade.

| solation and screening

Toisolatethe bacterial strain the soil samplewas
collected from sugar mill of digrict kaithd, haryana. The
bacteriawas isolated using media containing CMC
(1%), Peptone (0.2%), yeast extract (0.2%), Nacl
(0.5%), MgS0O,(0.01%) at pH 9. One gram of soil
wasinoculated in 100 ml flask containing 20 ml auto-
claved media at 37C for 48 hrsin BOD incubator.
Spread plate method was performed to i solate bacte-
rid strain. Theinoculated plateswereincubated at 37°C
for 24 hrs. After 24 hrs colonies so devel oped were
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screened for cellulase activity by growingisolatesina
minimal agar plate consisting of solubleform of cellu-
lose, Carboxymethyl cdlulose0.5% (Nasdt, Himedia).
Tovisudizethezoneof hydrolyss, plateswereflooded
with Congo red dye (0.5%) for 15 mins and washed
with 1M Nacl™3. on the basis of diameter of zone of
hydrolysisbest i solate was sel ected and maintained on
agar dantsa 4°C and sub cultured at interval of 1 month.

Enzymeproduction

The seed medium cons sted of CM C(0.1%), Pep-
tone (0.5%), Beef extract (0.15%), Yeast extract
(0.15%), NaCl (0.5%), KH,PO, (0.1%), wheat bran
(1%) pH 9was sterilized by autoclaving at 121°C for
30 minutes. After cooling the substratewasinocul ated
with 1% of inoculum of age 20 hrs. Theflask wasincu-
bated at 37°C for 24 hrs at 200rpm.

Enzymeassay

Theculturewasharvested by centrifugationat 10,000
rpm for 20 min at 4°C using Refrigerated centrifuge
(REMI). The supernatant was used asthe crude extra
cdlular enzymesource. Cdlulaseactivity wasdetermined
a 65°C by using carboxymethylcellulose (Sodium salts,
Sigma, India) assubgtrate. A reactivemixture contained
450ul of 1 % (w/v) substrate in 0.1M Glycine-NaOH
(pH 9) and 50ul of culture supernatant. The mixture was
incubated at 65°C for 10 min. The reducing sugar re-
leased was measured using 3, 5-dintrosalicyclic acid
(DNSA)™4., Oneunit of enzymeactivity wasexpressed
astheamount of enzymerequired torelease 1 ug re-
ducing sugars per ml under the above assay condition
by using glucoseasastandard curve.

OPTIMIZATION OF PARAMETERS
INFLUENCING CELLULASE PRODUCTION

The protocol adopted for optimizing the process
parametersinfluencing cellulaseyield wasto optimize
oneparticular parameter and incorporating it at theop-
timized leve inthenext experiment!®™, The parameters
analyzed included Incubationtime (18 hrsto 48 hrs),
inoculum age (14 hrsto 28 hrs), inoculum volume (1%
to 5%), pH of the medium (pH 5 to 11), incubation
temperature (25°C, 30°C, 37°C, 40°C, 45°C and
50°C), various carbon sources includes agro wastes
and sugarsand their concentration weretested for the
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effect on cellulase production. Effect of selected nitro-
gen sources and their concentration on cellulase pro-
duction weretested. Sdtsand additiveswerea so ana-
lyzedtoisolatebest that affect the cellulase activity by
conducting thefermentation under optimized conditions.
All experimentswerecarried out in duplicateand mean
valuesarereported.

RESULTSAND DISCUSSIONS

Onthebasisof physical and biochemical charac-
teristicsasshownin TABLE 1revealedthat isolateis
Flavobacterium bolustinum which is identified by
IMTEC, Chandigarh havingMTCC no 10203.

TABLE 1: Biochemical and growth characteristics of the
Flavobacterium bolustinum

Characteristics biochemical tests Observation
Gram’s reaction
Configuration
Surface
Cell shape
Size (um)
Arrangement
Spore formation
Motility
Growth temperature
Growth pH
Growth on Nacl
Growth under anaerobic condition
Indole test
Methyl red test
V oges Proskauer test
Citrate utilization
Gas production from glucose
Casein hydrolysis
Starch hydrolysis +
Urea hydrolysis
Nitrate reduction +
Lysine decarboxylase
Catalase test +
Oxidase test
Tween 20 hydrolysis
Acid production from Dextrose +
Lactose
Maltose

+ Positive, - Negative

Round
Smooth
Rod
1.5-3u
Scattered

25°C-42°C
7-11.5
2%-8%

Theextracdlular levelsof cdllulaseweremonitored
from 18t048 hrsin agitated culturesof the bacterium
growninabasa medium. Theenzyme production sarted
after 18 h and production peaked at 24h (37.28U/ml)
declined thereafter was shown infigure 1. Hydrolysis
rates decline with time due to depl etion of the more
amorphous subgtrates, product inhibition and enzyme
inactivation®, Cellulase productionwasfoundtoin-
creasewhentheageof inoculum’s is 20 h (56.46U/ml)
andincreasesfurther when inoculum’s size was between
1t02 % (57.3U/ml). Thisdecreasein cellulase pro-
ductionwith further increaseininoculum’s might be due
to clumping of cellswhich could have reduced sugar
and oxygen uptake rate and al so, enzyme rel ease 1.
The optimum incubation temperaturefor enzyme pro-
duction wasfound to be 37°C (64.88U/ml) which is
theoptimum growth temperature of thebacteriumwhile
no activity wasobserved after 50°C. Effect of pH on
cdllulase productionwas shown figure 2. Optimal cel-
lulase production was attained at pH 9 and it varies
with dight changein pH. Maximum cellulase activity
was obtained at pH 4.5, 7.5 and 6.
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Figurel: Effect of incubation period on cellulose production
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Figure2: Effect of pH on celluaseproduction

Different agriculture waste byproduct such as Saw
dust, Coconut waste, Bananawaste, pineapple peel,
pineapple pulp, wheat bran, wheat straw, rice husk,
rice straw, bagasseswere used as sol e carbon sources
for enzyme productioni**23 and resultsshowninfigure
3 andtheeffect of substrate concentration was shown
infigure4. A decreasein production beyond optimum
concentrationisexplainedto beasaresult of aninhibi-
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tory effect of accumulated byproducts and formation
of thick suspens on of substrate which hinder the proper
mixing of mediumin shakeflasks? 1. Low cellulase
production after optimum very probably highlightssugar
depl etion from the substratesinto the medium. Pine-
applepeel wasidentified asbest carbon sourceasitis
richincellulose, hemi cdluloseand other saccharides®.
Theeffect of additiona carbon sourceson enzyme pro-
duction wastested by addition of sugarssuch asglu-
cose, CMC, fructose, |actose, sucrose, cellulose etc
wasshowninfigure 5. Resultssuggest that fructose can
enhancecdlulaseproduction upto significant leve . For
cdlulasesynthesiscdlulose, lactoseand glucoseact as
inducer™¥, Glucose, lactose and fructoseinducesthe
cellulase production by Cellulomonas celluseal®”. Ef-
fect of variousorganic and inorganic nitrogen sources
listed peptone, beef extract, yeast extract, NH,cl, Am-
monium sulphate, Ammonium nitrateetc, areshownin
figure 6. NH,Cl was found best nitrogen source for
cellulase production by Cellulomonas celluseal®!.

When medium issupplemented with 1.8% ammonium
sulphate showsincreasein cellulase production?24,

Effect of NH,CI concentrationwasshowninfigure?7.

Different saltswere studied for their effect on cellu-

lase productionwas showninfigure8. MgSO,.7H,0
was suggested as best to induce cell ulase production

and its concentration effect was shown in figure 9.
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Figure3: Effect of variousagrowasteson cellulase pro-
duction
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Figure5: Effect of variouscarbon sourceson cellulase pro-
duction
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The production can beimproved by standardizing the
culture conditions. After optimizing parametersinthis
investigation it was observed that cellulaseyield was
increased to 7.76 fold and showed very simplenutri-
entsrequirement.

CONCLUSION

Thisstudy reveal ed that pinegppleped, whichare
examplesof domestic and industrial agro-wasteswas
screened as best carbon source to produce large
amounts of cellulaseenzymewhen hydrolyzed by cel-
[ulolytic microorganismsand instead of beingleft be-
hindfor natural degradation can beutilized effectively
under these conditions, to produce cellulase. Fructose
adisaccharideasabest inducer to enhanced the cellu-
lase production. By optimizing fermentation parameter
for cellulaseproduction thereis7.36 fold increasesin
cdlulaseactivity thusreducing the cost for the produc-
tion theenzymewhichisoneof the obstacleinthe path
of bioethanol production to overcometheincreasing
energy crisis. Moreover, pineapplewaste could be di-
rectly used for production of ethanol, thus making the
ethanol production processmore economical and less
timeconsuming.
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