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ABSTRACT KEYWORDS
A newly filamentous bacteriawasrecovered from Tikjdaforest soil (Algeria) Endoglucanase;
for its high endoglucanase activity. The nucleotide sequence of the 16S Optimization;
rRNA gene (1454 pb) of Streptomyces sp. TKJ2 showed aclose similarity Phylogenetic tree;
(99%) with other Streptomyces 16SrRNA genes. Endoglucanase production Streptomyces sp. TKJ2.

by Streptomyces sp. TKJ2 was optimized for varying culture conditions
following onefactor at time (OFAT) approach. Aninitial medium pH6 and
incubation temperature 30°C were found to be optimal for endoglucanase
production, after 7 days of incubation. Studieson nutritional factorsrevealed
that the highest endoglucanase production was obtained in medium made
up of 10gIcarboxymethyl cellulose, 311 gyeast extract, 1 gl*NaCl, 2gl-
*NH,CI, and 0.3 g " MgSO,. Among various carbon sources tested, the
actinomycete secreted high level of endoglucanase on some waste such

as wheat bran and sugar can.

INTRODUCTION

Cdluloseisthemgor polysaccharide compoundin
plantsand isthe most abundant organic compound on
earth. Degradation of the cellulosic materialscan be
achieved chemicdly, enzymaticaly, or by thecombina-
tion of both chemical and enzymatic methods. The
enzymatic hydrolysisof cellulose by thecellulaseen-
zymeisfavoured rather than chemical means. Cellu-
lases (endo-1,4-B-glucanase) are a group of hydrolytic
enzymeswhich hydrolyzethe glucosidic bondsof cel-
luloseand related cello-oligosaccharide derivatived?.
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Withtheappearanceof new frontiersinthefield of bio-
technol ogy, thespectrum of cellulasehasexpandedinto
variousindustries, includingfood, textiles, laundry, pulp,
paper, agricultureaswell asin research and devel op-
menttl,

Thesoil habitat presentsan array of challengesto
itsmicrobia community. Theactinomycetalesareim-
portant members of this ecosystem and they have
evolved complex morphological and physiologica ad-
aptationsthat enablethemto thriveinthisenvironment™.
They aremycdlial bacteriathat resemblefilamentous
fungi intheir apical growth, branching, and morphoge-
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netic devel opment. These Gram-positive bacteriacon-
tinueto be prolific source of new secondary metabo-
liteswitharange of biological activitiesthat may ulti-
mately find appli cation as anti-infectious, anti-cancer
agentsor other pharmaceutical useful compounds®s7.
By these metabolites, they are considered as major
decomposersof complex polymerssuch aslignocdlu-
losesand chitin, main components of agricultural and
urban organic wastes®.

Successtul bioconversonof cdluloscmateriasde-
pends mainly onthenature of cellulose, sourcesof cel-
[ulolytic enzymeand optimal conditionsfor catalytic
activity and production of enzymes?. Cellulosequdlity,
temperature, aeration, carbon sources, incubation pe-
riod, medium additives, pH of themedium and pres-
ence of inducersareimportant parametersfor the opti-
mized production of cellulaseenzymesd.

In previousstudies performed in our |aboratory, it
was shown that Sreptomyces SP. B-PNG23, a new
actinomyceteisolated in Béjaia in the north part of Al-
geria, showed high endoglucanase activity. Thus, this
enzyme could be considered as athermotolerant bio-
catalyst beinginteresting for biotechnol ogica applica
tiong¥.

Inthe present work, we describetheisolation of a
Sreptomycesstrain, labeled TKJ2, from aTikjdasoil
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sample, and itsidentification by molecular methodsas
well asthe production and Satistica optimization of the
culture conditionsemploying onefactor at atimeap-
proach (OFAT) under submerged fermentation condi-
tionsfor enhanced endoglucanase production.

MATERIALSAND METHODS

I solation, screening of endoglucanase producing
actinomycetesand identification of potent isolate

For theisolation of new strains of actinomycetes
that would have an endoglucanase activity, the sail
sampleswerecollected from Tikjdain Bouiranorth east
of Algeria Thesampleswerethen seridly diluted and
Separated on actinomycetei solation agar containing Glu-
cose-Yeast extract-Mdt (GLM) (3glyeast extract, 3
gltmatextract, 5gl*peptone, 10gl*glucose, 20gl-
tagar, pH 7.2 and incubated at 28°C for 7 days.

The devel oped actinomycete colonieswere puri-
fied by repeated transfer of cultures. Theisolateswere
screened for endoglucanase production and sel ected
onthebasisof hydrolysiszone. For theidentification of
the potent endoglucanase produci ng actinomyceteiso-
late TKJ2, 21454 bp region of 16srRNA gene was
amplified using the universal primers 27f (52 -
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Figure2: Neighbor-joiningtreebased on 16Sr DNA sequencesshowingthereationsbetween strain TKJ2 and differ ent

species of Sreptomyces

AGAGTTTGATCCTGGCTCAG-32) and 1492r (52
-GGTTACCTTGTTACGACTT-32). The PCR prod-
ucts were purified and sequenced as described ear-
lier™ and nucl eoti de sequence has been deposited in
the GeneBank database (accession no. JX483709).
The sequence datawas anayzed for thehomology with
thesimilar existing sequencesavailableinthedatabank
of National Center for Biotechnology Information
(NCBI) using BLAST search.

Microor ganism and itsmaintenance

Sreptomyces sp. TKJ2 used inthe present study is
an aerobic filamentous actinomycete. The culturewas
grown and maintained on Williamsand Kuster medium
containing: 10glstarch, 0.3gl*casein, 2gl*KNQO,,
2gl*NaCl, 2g1*K,HPO,,0.05g1*MgSO, (7H,0),
0.02 g I*CaCO,, 0.01 g I'* FeSO, (7H20), 1 g I*
glucose, 15gl*agar, pH 7.2, incubated at 28°C*31,

Selection of basic medium for SmF

Theproduction of crudeenzymewascarriedoutin
carboxymethyl cellulosecontaining: 1g1*KH,PO,,0.5
g1*MgSO, (7H,0), 1 g I*NaCl, 0.01 g I FeSO,
(7H,0),0.01g1*MnSO, (1H,0),1gI"NH,CI, 109
[*CMC, 2gltyeast extract. The pH was adjusted to
7.0. Erlenmeyer flask (500 ml) containing 100 ml of

carboxymethyl cellulose medium wasinoculated with
3% of pre-culture.

Enzymeassay

Endoglucanase (CM Case, Endo-f-1,4- glucanase;
E.C. 3.2.1.4) activity was determined according to™4.
A reaction mixturecontained 2 ml of 2% (w/v) CMCin
50 mM sodium phosphate buffer, pH 7.0 and 1 ml of
the crude enzyme sample. The reaction mixture was
incubated in awater bath at 50°C for 30 min. The re-
action wasended by adding 1.5 ml of dinitrosalicylic
acid (DNYS) reagent and by placing thereagent tubesin
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Figure3: Effect of incubation period en endoglucanase pro-

duction
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Figure4: Effect of initial medium pH (a), temper ature(b) on endoglucanase production
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Figure5: Effect of carbon sour ce on endoglucanaseproduction

awater bath at 100°C for 5 min*®l. One unit (IU) of
enzyme activity was defined astheamount of enzyme
requiredtoliberate 1 umol of glucose from the appro-
priate substrates per min per ml of crudefiltrate under
assay condition.

Optimization of endoglucanaseproduction

Inorder to screen the effective parametersfor the
optimization of endoglucanase production from Srep-
tomyces sp. TKJ2, various process variablessuch as
cultivationtime (upto 10 days), initid pH (4.0-10.0),
temperature (2545 °C), carbon sources and concen-
trations of nutrients such asmagnesiumsulfate (0-0.6
g/l), NHA4CI (0-5 g/1), yeast extract (0—4 g/1), NaCl
(0-5 g/1) have been investigated to enhance the pro-
duction of endoglucanase. Each factor examined for
optimization wasincorporated further in the subsequent
experiments. All other experiment conditionswerekept
constant otherwiseit was stated.

Satistical analysis

Oneway anaysisof variance (ANOVA) wasdone
using tatigticd packagefor the determination of Sgnifi-

cant differenceswithin different conditions, Tukey test
wasapplied. Threereplicateswere determinedfor each
condition. A significant difference wasfound when p<
0.05.

RESULTSAND DISCUSSION

The present study aimed to describetheisolation
of actinomycetes strain which have endoglucanase
activitiy fromTikjdain Bouiranorth east of Algeria(Fg-
ure1). Thisecosystem was sel ected for its abundance
of floraand organics matters. The siteisindeed par-
ticularly exposed to an exceptiona snow accumulation
dueto theferruginous minera subsoil. Different pro-
cessparametersinfluencing the cellulase production by
Sreptomyces sp. TKJ2 under submerged fermenta
tion conditionswere studied to maximizethe produc-
tion. Theoptimization was carried out using aonefac-
tor at atime approach (OFAT).

M olecular characterization
Theidentification of theactinomyceteisolate TK J2
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whichwasdoneby 16SrRNA gene sequence, revealed
that theisolate TKJ2 was closely related to the genus
Sreptomyces. TKJ2 16SrRNA gene had 99% simi-
larity (E. value0.0) with the 16SrRNA geneof Srep-
tomyces tricolor, Sreptomyces cavourensis, Srep-
tomyces flavovirens, Streptomyces praecox and
Sreptomyces microflavus. Severa researchershave
reported the usefulness of 16SrRNA gene sequence
asatool to confirm theidentity of actinomyceteg?617,
The phylogenetic treewhichisobtained by applying
the nelghbor joining method isillustrated in Figure 2.
The organism was|abled as Sreptomycessp. TKJ2.

Effect of incubation period, pH and temperature

The production of cellulose by streptomyces sp.
TKJ2wasoptimized following onefactor at atime ap-
proach (OFAT). Thesametechnical gpproachwasused
by Deswal et al. (2011)1*® and Ketnaet a. (2013)1*9

08

0.6

(4

0.2

0,21

Endoglucanase activity 1U/ml

o 1 15 2 25 1 35 4 d5 5

NH4 Cl g/

C

End oglucanase activity i /ml

Endoglucanase activity U/mi

to optimize cellulase production by the fungus,
Fomitopsis sp. RCK2010 and Aspergillus sydowii
respectively.

Timecourseof endoglucanase production by Srep-
tomycesp. TK J2 showed the maximum endoglucanase
production (0.89 1U/ml) after 7 daysof incubation and
thereafter it gradually declined (p<0.05) (Figure3). In
addition, prolonged incubation periods (7 days) were
required to obtai n maximum enzymatic production by
streptomycetesand that agreeswithArunachdamet d.
(2010)1%, After 7 days, endoglucanase productionwas
decreased, which may be due to substrate consump-
tion, another reasonisthe catabolite repression caused
by cellobiose?Y, It might also be dueto the denatur-
ation of theenzyme, resulting fromvariaionin pH and
cellular metabolism during fermentation,

Temperature and pH valueswerefoundto beim-
portant parameters that influenced enzyme produc-
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Figure6 : Effect of yeast extract (a), sodium chloride (b), ammonium chloride (c) and magnesium sulphate (d) on the
production of endoglucanaseafter 7 daysof fermentation in shakeflask culturecontaining 10 g car boxymetyl cellulose at

30°C.
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tion2241 |nthisstudy, endoglucanase productionin
the culturewas significantly different (p<0.05) with all
values of pH and temperature. Growth medium pH
strongly influences many enzymetic reactionsby affect-
ing thetransport of anumber of chemica productsand
enzymesacrossthe cell membrane?!. Our resultsalso
confirmed that growth medium pH was animportant
fector affecting thecarboxymethyl cellulase production.
Thestrain showed agreater cdllulase production at pH
6 (Figure 4a). Jaradat et al. (2008)1° found that
CM Case enzyme from Sreptomyces sp. (strain J2)
wasactive over apH range of 4-7 with maximum ac-
tivity at pH 6. Furthermore, theendoglucanase obtained
from Cellulomonas, Bacillus and Micrococcus sp.,
hydrolyzed substrate in the pH range of 4-9 with a
maximaof pH 7.012%, Solingen et d. (2001)!?" studied
the new akaline Sreptomyces speciesisolated from
east African sodalakeswhich showed an optimal pH
of 8.

Asthetemperatureincreases, endoglucanase pro-
duction wasalso increased with an optimum of 30°C
(Figure4b) whichissimilar to thefindingsof Goldbeck
etd. (2013)%. After 30 °C, it was observed that there
was asharp declinein endoglucanase production. It
may be due to the fact that at low temperature, the
transport of substrate acrossthecell issuppressed and
lower yield of product is obtained. Onthe other hand,
at high temperature, the mai ntenance energy require-
mentsfor cellular growthishigh, dueto therma dena-
turation of enzymes of metabolic pathway resultingin
minimum amount of product formation®!.

Effect of carbon sourceon cellulaseproduction

Cdlulaseisaninducible enzymeand severd car-
bon sources have been found to promote efficiently
enzyme productioni*. Among these carbon sources:
carboxymethyl cellulose, glucose, matose, whest bran,
sugar cane, wheat straw and strach whichwerethe best
carbon sourcesfor enzyme production with better pro-
duction by carboxymethyl cellulose(0.96, 0.89, 0.74,
0.73,0.69, 0.64 and 0.61 1U/ml respectively). It was
observed that carboxymethyl celluloseincreased sig-
nificantly (p<0.05) the cdllulase production when com-
pared to other carbon sources (Figure 5). A major car-
bon sourcefor the production of fungal CM Cases by
Aspergillus and Trichoder ma species was reported

to bewheat bran’*1*2, Although someaerobic Bacillus
speci es have been shown to produce endoglucanases
that can degrade amorphous cellulose, most of them
cannot degrade crystalline cellulose efficientl i3, A.
fumigatus strain FBSPE-05 was found to produce
maximal level of endoglucanase (0.35 U/ml) in pres-
enceof sugar cane under submerged culture’?.

Effect of culturemedium

Nutrient concentrationsin thegrowth mediumin-
fluenced the production of cdllulasesby the bacterium.
Sreptomyces sp. TKJ2 showed significantly (p<0.05)
ahigh production of cdlulasewhenthegrowth medium
was supplemented with yeast extract (3g/l), 1 gl so-
dium chloride, 2 gl ammonium chlorideand 0.3g |+
magnesium sulfate (Figure6). Cellulaseactivity by A.
terreuswasenhanced with theaddition of calcium chlo-
ride (3 mM) and magnesum sulfate (5 mM) intheme-
dium=,
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