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ABSTRACT

The present study was focused on the optimizafidheoisolated, selected cellulase producing baatéom the
soils of the North West of Algeria. For this purppsix different samples were collected from fduzospheric soil,
cow dung and bark where cellulose wastes are stdxnio natural fermentation. The early screening@lfulase
producing bacteria on the used CMS culture mediuvimch was containing cellulose as sole source db@a of the
collected six different samples (four from rhizaspd soil, cow dung and bark) allowed the selectainsixteen
bacterial producer strains. Where the producedwaie was explored by the measuring of the forni@aeter of
the zone of hydrolysis around the inoculated, cplomsolid used culture medium submerged with 1%goared
solution and the formed reduced sugars was estinayethe using of DNS method. The obtained resdisated
that five bacterial strains manifested the highgstential of cellulose production. Furthermore, thidy of the
effect of several physico-chemicals parameters igad in the cellulose production such as pH-vahrel
temperature the by the selected EC4’ Bacillus ¢&mas indicated that the production of cellulose veapH-value
of 6.6(375 U/ml) and temperature of 40°C (425 U/Mjther, the identification of isolated, the satst EC4’
Bacillus circulans strains has been achieved bystiaely of the morphological and biochemical chagesistics.
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INTRODUCTION

The cellulosic biomass production, once thoughig@n ever increasing unmanageable waste, is noswdsred as
an important renewable source of energy [1].

The annual world biosynthesis of cellulose by Hattd and marine algae occurs at a rate of 0.85b@s per years,
which was corresponding to more than four timesvibeld's yearly total energy consumption[2]. Cetlsé could
be employed as an important energy source for thduation of useful end products only after its fojgsis to
glucose [3], which can further be used as a sulesti@a other bioprocess[4].The major factors affegtthe
hydrolysis of cellulose include porosity(accessibleface area) of waste materials, crystallinitycellulose fiber
and lignin and hemicelluloses content[5]. The putitun of soluble sugars from cellulose in agrictdiuresidues
relies by the sequential/coordination action ofividhal components of cellulose complex (i.e.,exmginase;
EC3.2.1.91, endoclucanase; EC 3.2.1.4 afiedD-glucosidase; EC3.2.1.21) derived from cellulmyt
microorganisms[6]. For many years, cellulose pratlycbacteria have been isolated, characterized ttier
production of more effective cellulases from varief sources such as soil, plant materials, hoingpr organic
matters, feces of ruminants and composts[7].
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The aim of the present work was the isolation dmal 4creening of the cellulose producing straing waigher
activity with higher activity and the optimizatiasf the physicochemical parameters, such as pH efcthture
medium, temperature and the study of the celluaseity by the using DNS method.

MATERIALS AND METHODS

Isolation of cellulose producing bacteria

The cellulose producing bacteria were isolated M5Golid culture medium containing cellulose aesmurce of
carbon and composed of the following componentsiéptone,1% cellulose,0.2%MPO,, 1% agar,0.03%
MgSQ,,0.25%(NH),SO,0.2% gelatin [ For the isolation cellulase producing bacteria, graam of each different
sample was weighed and introduced into 9 mL ofletdistilled water. Serial dilution of 10 of 1 naf the mixture

was introduced into a sterile Petri dish and inatad on 100 ml CMS culture medium, containing de#la as sole
source of carbon and incubated at 30°C for 24 hours

After enrichment in CMS broth, the inoculums weespectively streaked in CMS agar plates with cedlelas
unique source of carbon for incubation at 30°CAfgh.bacterial colonies were purified by repeateebding.

Screening of cellulase producing bacteria

The isolated, selected cellulase producing bacteslanies were transferred individually on CMS agdates,
incubated at temperature of 30°C for 48hours. beptto estimate the produced cellulose enzyme bysétected
bacteria, the plates were flooded with a solutiérl% congo red, incubated at room temperature fomfin.
Furthermore, a solution of 1M NaCl was added armibated at room temperature for 15 min. The prodluce
cellulase was explored by the measuring of the éarmdiameter of the zone of hydrolysis around trezuhated
colony in solid used culture medium submerged i congo red solution]%nd the formed reduced sugars was
estimated by the using of DNS method[10

Identification of the selected cellulose producingpacteria

The identification of the isolated, selected celdd producing bacteria was mainly based on therditation of the
morphological analysis such as macroscopic andasdopic observation after the coloration of Grand #me
determination of further biochemical characteri§ticthe using the (galerie API20E) was carried axgording to
the manufacturer’s instructions (bioMerieux, Maidytoile, France).The determination of the physgital and
biochemical criteria of the of the isolated, setectellulase producing bacteria was based on ty sbf the
bacterial growth on the above described culture immdCMS, containing cellulose as sole source obaay
incubated at temperatures of 30°C for 5 days. Wpécal colonies were isolated and purified. Therstime
conservation of the pure isolates has been achiemned solid CMS, culture medium; the obtained celtwas
maintained at 4°C and renewed every month.

Crude enzyme production

The isolated cellulase producing bacteria straiesevinoculated in fermentation broth culture medzomposed of
the followed ingredients: 1%cellulose,0.2%HP0,,0.03% MgSQ, 1% peptone,0.25% (NHSO,[10], incubated
under agitation speed of 100 rpm at room tempegdiur 24 hours. The crude extract enzyme was hiagdsy
centrifugation of the inoculated isolated, seledtedterial strain in the fermentation broth at 20@®r 10min at
temperature 4°C.

Cellulase activity assay

The Cellulase activity was evaluated by the measeftithe reduced sugar obtained from the hydrolgéithe used
solubilized cellulose in phosphate buffer 0.05 Mpat 8 according to the described DNS method|.[Bdr this
purpose, a volume of 0.5 ml of the crude extractypre obtained by the centrifugation of the inocdat
fermentation broth culture medium with the seleateliulose producing strains, was added to a volafriaml 1%
cellulose in phosphate buffer and incubated at &ratpre of 50°C for 30min. Furthermore, the reactieas
stopped by the addition of a volume of 1ml of DNSuson, incubated at temperature of 100°C for Indihe
obtained reducing sugar was determined by measofitlge absorbance at 540nm by the using of theogk as
standards, where 1 unit(U) of crude extract enzyas estimated as the amount of enzyme that relasel
reducing sugars per mL per minute.

Hydrolysis of cellulose

The hydrolysis of cellulose by the cellulase watedained by the using DNS method [1Briefly, 5 sterilized
tubes containing 0.5ml of crude enzyme and 1ml%fcellulose solution prepared in phosphate buffé8 were
incubated at 50c in different times courses regpalgtfor 1,2,3,5,10,15 min. The reaction was stgy adding
1ml of DNS reagent. The obtained reducing sugardessrmined by measuring of the absorbance at B#Bynthe
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using of the glucose as standards, where 1 unib{djude extract enzyme was estimated as the aned@mzyme
that release 1umol reducing sugars per mL per minut

Effect of pH on the cellulase activity

In order to explore the effect of pH value on tledluidose activity, a volume of 0.5 ml of the inoatdd broth was
introduced in different test tubes, added to a ma&wf 1ml of 1% cellulose, the pH value (5.8, &3, 7, 7.45, 8)
was adjusted by the using of 0.05M phosphate bufféution. The reaction mixture of crude extradtutase and
cellulose solution was incubated at 50°C for 30.rAiblank consisting of 1 ml of 1% 0.5 ml solublellalose (1%,
w:v) in 0.05 M phosphate buffer (pH 6.4) was alscubated in a water bath at the same temperatdréraa with

the other test tubes. The reaction was stoppeditiypg 1 mL of DNS reagent in each test tube and themersing
the tubes in a boiling water bath for 5 min aftdrich they were allowed to cool and 5 mL of distllleater was
added and the reducing sugars liberated were dstimaccording to the described DNS method].[Ilhe

absorbance for all the test tubes was measurediCans with spectrophotometer. An enzyme unit israef as the
amount of enzyme that release 1umol reducing symgareL per minute at 50°C.

Effect of temperature on the cellulase activity

In order to investigate the effect of temperatunelee cellulose activity, a volume of 0.5 ml of theculated broth
was introduced in different test tubes, added afomuime of 1ml of 1% cellulose, adjusted at pH vahfe8,
incubated at different temperature.

The reaction mixture of crude extract cellulase esltllose solution was incubated at different teragpure (20, 30,
40, 50, 60, 70, 80, 90, 100°C) for 30 min. A blardnsisting of 1 ml of 1% 0.5 ml soluble cellulog€4, w:v) in
0.05 M phosphate buffer (pH 8) was also incubated water bath at the same temperature and tinfetkét other
test tubes. The reaction was stopped by adding DfINS reagent in each test tube and then immgthia tubes
in a boiling water bath for 5 min after which thesre allowed to cool and 5 mL of distilled watersasdded and
the reducing sugars liberated were estimated airgptd the described DNS method [Ithe absorbance for all the
test tubes was measured at 540 nm with spectropiedéo. An enzyme unit is defined as the amountzyiere that
release 1pumol reducing sugars per mL per minub@ &t.

RESULTS AND DISCUSSION

Nowadays, there is rekindled enormous worldwidergst in the development of new and cost-efficotesses
for converting plant-derived biomass to bioenengwiew of fast depletion of our oil reserves anddshortages
[6].Several microorganisms have been discovered foaddes which have capacity to convert cellulose sitaple
sugars [1BIn this study, sixteen bacteria strains have hselated from different samples; the primary schegn
gave five strains with high potential of celluldsgdrolysis. Among this five bacterial strains;EG#owed better
yield of sugar degradation with a clear hydrolyste at 52 mm (Figure 1), many researchers dolytid
bacteria isolated from different environmental sesrhave been done[lderobic bacteri€ellulommonas sp.YJ5
[15] andCellulomonas spASN2 isolated from soil samples and cellulosevitgtivas measured after 48 hours of
incubation .The identification of the new isolateC£ was determined by morphological observation and
biochemical test , colonies of EC4’ on cellulosedinen salt were yellow green color, small and élsti shin;
microscopic observation of this isolate demonstrat&ram positive, long, thin and sporuledbacilligure 2),
biochemical tests of EC4’ strain allowed bringind3acillus circulans.

Exploration of cellulase activity

Cellulase activity of the isolated, selected E@4cillus circulanswas estimated according to the described DNS
method by to be 0.81 IU/ml. Where, Ekperigin anelit co-workers [1have reported that the maximum cellulase
by A.anitratusandBranhamellaspvere (0.48 and 2.561U/ml)respectively.

Hydrolysis of cellulose by crude cellulose enzyme

The assay of hydrolysis of cellulose by crude ettreellulose has been investigated by the estimatibthe
potential of crude cellulase enzyme to hydrolydisnsoluble cellulose such as crystalline whichuged for this
experimental approach. The obtained result lethéocbnclusion that both of the enzyme activity aodcentration
of cellulose is related to incubation time. Theger® study proofed that the reducing sugar formaihd time
courses is increasing until the yield of cellelasficiency obtained after 30 min of time incubatfFigure 3).

pH optimum for cellulose production

In order to explore the effect of the pH value loé ulsed CMS culture medium on the cellulose pradudiy the
isolated, selected ECMBacillus circulans,the crude extract of enzyme has been investigatedifferent pH
incubated in the value in the presence of cellylosribated at temperature 40Y@e initial pH of the used culture
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medium influences the rate of cellulose productibtrwas inferred from the obtained results thate tbolated,
selected EC4Bacillus circulansis capable to induce the cellulose productiamifrthe initial pH value of the
used culture medium from pH 5.5 to pH 8.0. Wh#re enzyme production varied considerably froinl2/ml to

375 U/ml (Figure 4). The isolated, selected EB4tillus circulanshas optimum cellulose production atpH 6.6(375
U/ml). However, it was noted that the cellulasequation was declined with increase in pH value fi@irv.0 to pH
8.0. Close and co-workers [[ifdicated that that cellulase productiBacillus subtilissubsgras a pH optimum of
6.5. Where, Ogura J et al. [1Bas reported thdtysobacterspmanifested a high enzyme production at pH range of
enzyme production at pH range of 5.0-7.0. Furtheen®awadza, Kim and co-workers [19,]2Bas found
important enzyme production at pH range of 5.0 & @&d 4,5-7 by the investigat®hcillus strains,Bacillus
circulans respectively .

Figure 1:lllustration of hydrolysiszone of the isohted, selected EC4Bacillus circulans, inoculated in the CMS cumture medium,
containing cellulose as source of carbgn. incubateat temperature of 30°C for 48 hours

Figure 2: Gram coloration and microscopic observatin of the isolated, selected EC8Bacillus circulans, inoculated in the CMS cumture
medium, containing cellulose as source of carbomdubated at temperature of 30°C for 48 hours.
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Figure 3: Time courses of reducing sugar formed dung hydrolysis processes of 1ml of cellulose by 0 of crude enzyme
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Figure 4:Display of the pH optimum for cellulase poduction by the isolated, selected EC8Bacillus circulans, inoculated in the
CMSculture medium, adjusted pH value (5.8, 6.2, 6,&, 7.45, 8)incubated at 30 °C for 48 hours

Effect of incubation temperature on cellulase prodation

Temperature is a critical parameter that has todmtrolled and it varies from organism to organiSramperature
influences secretion of extracellular enzymes anding the physical properties of the cell membramerder to
explore the effect of the temperature on the aedlellproduction by the isolated, selected EB&illus circulans,
the crude extract of enzyme has been incubatdtkiprtesence of cellulose at the following tempeeal0, 30, 40,
50, 60, 70, 80, 90, 100°C). The obtained resuitsHe optimization of temperature for enzyme prditucshowed
that the isolated, selected EBacillus circulansproduces cellulose in wide range of temperatunenf20°C to
100°C, where the cellulose was produced from 526 W/ml (Figure 5). The optimum temperature fordake
enzyme production was at 40°C (425 U/ml)and theyeezproduction was decreased after increase ofdmanhpe
above 40°C to 100°C.In early study, Yin and Mawadzeir co-workers [21, 19] has reported that caeHel
production byBacillus subtilisYJ1,Bacillus strains RH68 and CH43 has optimum temperatureOpf76, 65 °C
respectively.
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Figure 5:Display of the temperature optimum for celulase production in the used CMS culture medium bythe isolated, selected EC4’
Bacillus circulansincubated at the following temperature (20, 30, 4360, 60, 70, 80, 90, 100°C) for 48 hours

CONCLUSION

Cellulase is among the most important used enzymge industrial processes. With the advent of fremtiers in
the biotechnology, the spectrum of cellulase hksge application in the industrial application Bwas production
bioethanol and therefore, it is of interest to ehafor new sources for the production of enzymeewl, the
isolated strairBacillus circulanspresented as excellent candidate producer forlas#iuin the investigated CMS
culture medium composed of the followed ingredietdg cellulose, 0.2% ¥PQ,, 0.03% MgSQ 1% peptone,
0.25% (NH,),SO,, with a maximum enzyme yield of 11.747 U/mL, whickrease the yield of the cellulase yields
by 6 folds. Furthermore, the obtained resultsdatiid the existence of other interesting bactesti@ins with
important potential for cellulase activity. Theredp further studies characterization of the enzysneh as
purification of the a-amylase and characterizatibmetal containing protein will require.
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