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ABSTRACT

Cellulose is homo-polymer of glucose unit. It is one of the causes of environmental pollution and creates various
health hazards if not decomposed properly. In the present work, Actinomyces bovis was isolated from enriched
sample collected from landfill site located at Chakur, Dist. Latur (India). It was produced 520 U/mL of cellulase
under submerged state fermentation. The dialyzed Actinomyces cellulase showed optimum activity at temperature 30
°C and pH 6.0. The enzyme retained 10-35 % of itsinitial activity in the presence of metal ions (Sn**, Hg"*, Co"™",
Cu™™, Ca'™ and Zn"* at 1 mM concentration) and surfactant (at 0.1% concentration). The enzyme was also stablein
the presence of commercial laundry detergents at 7 mg/mL concentration. It was retained about 40-60 % of its
initial activity in the presence of Ariel™, Wheel™, Ghari™, Surf Excel™, Tide™ and Nirma™. Hence, the cellulase
isolated from Actinomyces bovis may find application in various bioprocesses and in bioconversion of biomass.
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INTRODUCTION

Cellulose is a linear disaccharide glucose unihWit 4-B- D glycoside linkages. It is versatile and mostiradant
organic component in plants found on earth. It haseived much attention as substrate for productbn
biomolecules and biofuel. Many microorganisms haported with cellulase activities including baceand fungi
which can utilizes it effectively as a substratell@ytic activity is a basically biologically cordlled process by the
enzymes involved in cellulose system. Cellulaseyer®s system encompases three classes of solubdeahilar
enzymes such as 1, @-endoglucanase, 1, #-exoglucanase arftt glycosidase. Microorganisms including bacteria
and fungi having ability to produce and degradéutmdic compounds have received primary importancearious
industries and bioprocessesChaetomium, Fusarium, Myrothecium, Trichoderma, Penicillium, Aspergillus, and
many other fungal species have been reported asmbmeible for hydrolysis of cellulosic biomass. IQlgtic
Actinomycetes, Bacilli, Bacteroides, Butyrivibrio, Clostridium, Cellulomonas, Methanobrevibacter, Pseudomonads,
Trichonympha and Ruminiococcus albus, etc. produce cellulase enzyme with high enzymatiwity as compared to
other genera [1-5].

Cellulase due to its massive application such besed in various processes such as enzymatic chidn,

production of biogas, chiral separation triphagi@amnd binding studies agricultural and plant wasiEnagement,
starch processing, malting and brewing, whitenihgudp, clearing of vegetables juices, and textil@ustry. Huge
amount of cellulosic waste generated on daily biasis various life processes ranged from agricalttw domestic
usage [6-7]. The generated cellulosic waste isllysaallected and by municipal organizations andptised of in
open field or incinerated. These traditional pi@agi are one of the causes for emission of greesehgases like
carbon dioxide and methane, polychlorinated P-di®eind diazofurans, which creates health problets as risks
of bladder, brain and cancers in children. The bgieg countries like India, China, Pakistan, Baugish, Nepal
etc. suffering from problem of cellulosic solid wasnanagement [8-10].
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In present paper, cellulase producer was isolateah fandfill site and produced industrially importz cellulase
was characterized.

EXPERIMENTAL SECTION

Sample collection
The composite soil sample was collected in stgridbpropylene bags from dumping sites in ChakustDliatur
(India).

Enrichment of culture media

The 1gm of fine collected soil sample was weighed &ansferred to MSM medium supplemented withrglof
1% different cellulosic substrate such as Carboxghyl cellulose (CMC), filter paper, drawing papaparately.
All flasks were kept on shaking incubator 120 rmn ¥ day at temperature 8G. After the incubation, the cellulase
producer was isolated [11].

I solation cellulase producer from enriched medium

The 0.1 ml enriched medium was spread on MSM algde gontaining 1% different cellulosic substrate CMC,
filter paper, drawing paper separately. The Pdates were incubated for 7 day at ®D After completion of
incubation, the plates were flooded 0.1% Congodgel (for 15 min). Then, the plates were washed ith M
sodium chloride solution for 20min and observeddearance zone. Presence of zone of clearancsateddositive
test [12].

Morphological and biochemical characterization

The microorganisms showing positive cellulase tesse selected and colony characteristics wererdeco The
selected isolates were obtained as pure culturdeth8l pure cultured isolated were tested for thachemical
characteristics such as Gram staining, motilitylization of carbohydrates and IMVIiC. The enzymeqguicing
ability was determined using qualitative tests [13]

Production, extraction and partial purification of cellulase

The production of cellulase was carried out usinignserged state fermentation method. The MSM mediuas
prepared in phosphate buffer (pH 6.8) and supplésdemvith 1% CMC as carbon source. The autoclaved
production medium was inoculated with 5% of inoculaf selected isolate. The inoculated medium waskated
at 30°C in shaking incubator at 120 rpm speed for 10 dAfter completion of incubation period, the protian
medium was centrifuged at 15000 rpm diCAtemperature. The filtrate was collected and pceducellulase was
precipitated at 65% ammonium sulphate saturatidve dontent was kept at°€ overnight to precipitate residual
dissolved enzyme. On next day, the precipitategrezwas separated using centrifugation techniqu®@® rpm
at 4°C temperature. The precipitated enzyme was susgendg mL citrate buffer (pH 5.8, 0.1 M) and pouried
dialysis bag (30 kDa pore size). The clamped disligags containing cellulase enzyme was dialyzeihaysame
buffer (0.005 M) first for the two hours. Then berffwas changed. Again this content was dialyzedvior hours
and buffer was changed. In a freshly prepared buffe clamped dialysis bags were dialyzed overnigiis
dialyzed and partially purified enzyme was stored % temperature until use [14-15].

Enzyme Assay

Total cellulase activity was determined by measuthe amount of reducing sugar formed from CMC. €heyme
activity was determined according to the method®memended by the International Union of Pure anglidg
Chemistry (IUPAC) Commission on Biotechnology. Ay was determined by incubating 0.5 ml of pufie
enzyme with 0.5 mL CMC (0.5 %) prepared in sodiunogphate buffer (pH 6.0) at 3@ for 30 min. After
incubation, the reaction was terminated by additér8 mL of 3, 5- di-nitro-salicylic acid (DNSA) agent. The
content was placed in boiling water bath for 10 .nindevelop colored complex. The content was @bakeroom
temperature (RT). The 5 mL distilled water was added vortex. The optical density was taken at Ba0using
calorimeter and recorded [16].

Effect on temperature on activity and stability of cellulase

The dialyzed cellulase was incubated at temperaamged from 10 to 86C for 30 min. The cellulase + 0.5 %
substrate + sodium phosphate buffer (pH 6.0) wa®dnas 1:1:1 ratio and incubated at respective ¢éeatpre for
10 min. After incubation, the reaction was termagtaby addition of 3 mL of DNSA reagent. The contests
placed in boiling water bath for 10 min. to develoglored complex. The content was cooled at RT. FhaL
distilled water was added and vortex. The optieasity was taken at 540 nm using calorimeter acdrded.
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Effect of pH on activity and stability of cellulase

Different buffers having pH 3 to 11 were prepar€be cellulase + 0.5 % substrate + buffer were added:1:1
ratio and incubated at 3C temperature for 10 min. After incubation, thecten was terminated by addition of 3
mL of DNSA reagent. The content was placed in hgilivater bath for 10 min. to develop colored complehe
content was cooled at RT. The 5 mL distilled wates added and vortex. The optical density was tak&s0 nm
using calorimeter and recorded.

Effect of different metal ion on activity and stability of cellulase

The effect of different metal ions (CunCl, SnChL HgCl, CaChand CoCjatl M concentration) on the activity
and stability of cellulase was studied. The meatalsolution + 0.5 % substrate + buffer were takeh:1:1 ratio and
incubated at temperature 30 and pH 6.0 for 10 min. After incubation, the i@t was terminated by addition of 3
mL of DNSA reagent. The content was placed in hgilwater bath for 10 min. to develop colored complehe
content was cooled at RT. The 5 mL distilled wates added and vortex. The optical density was také&#0 nm
using calorimeter and recorded.

Effect of surfactant Sodium dideocyl sulphate (SDS) on activity and stability of cellulase

The effect of SDS on the activity stability wasdigd by preparing the different concentrations sasi®.1 %, 0.2
%, 0.5 %, 0.8 % and 1 %. SDS + 0.5 % substrdtaffer were taken in 1:1:1 ratio and incubateteaiperature
30°C and pH 6.0 for 10 min. After incubation, the i@t was terminated by addition of 3 mL of DNSA geat.

The content was placed in boiling water bath forndifl. to develop colored complex. The content wased at RT.
The 5 mL distilled water was added and vortex. dpécal density was taken at 540 nm using calogmend
recorded.

Effect of commercially used laundry detergent on activity and stability of cellulase

Laundry detergents such Asel™, Ghari™, Surf Excel™, Wheel™, Tide™ and Nirma™ were dissolved in distilled
water at concentration 7 mg/mL. 10 mL prepared ttyanave detergent at 7mg/mL concentration. Theteat was
boiled for 10 min to deactivate the enzyme presetite detergent and cooled at RT. The cooled detgrsolution
was filtered through Whatman filter paper no.1 aotlected. The filtered content was making up @omiL to
maintain its concentration. 7mg/mL. The detergen®.5 % substrate + buffer were taken in 1:1:lorand
incubated at temperature 3D and pH 6.0 for 10 min. After incubation, the r&@t was terminated by addition of 3
mL of DNSA reagent. The content was placed in bgilivater bath for 10 min. to develop colored complehe
content was cooled at RT. The 5 mL distilled wates added and vortex. The optical density was tak&s0 nm
using calorimeter and recorded [17-18].

Statistical analysis
The entire tests performed in triplication and d&nd deviation for individual test result was cédted.

RESULTSAND DISCUSSION

The colony count for enriched MSM medium was 3 X C&U/mL. From the enriched medium, 15 isolates were
isolated. Of these six isolates were showed pesitilulase test. These are named as LFC1 to LBE&he six
isolates, LFC4 showed maximum production celluldsgected using CMC as carbon source in a quaktdtst.
Therefore, it was chosen for further study and patidn for cellulase. Colony of LFC4 was white, 2npcircular,
entire, flat, opaque and non-sticky. The cells weeey long Gram positive rod motile rod shapedshbwed
optimum temperature 38C and pH 6.0. It was utilized glucose, fructose #axtose as carbon source. It was
showed positive tests for amylase, urease, indaldygtion, MR, citrate utilization and,B production (Table 1).
According Bergey’'s Manual of Systematic Bacteriggd994) [19], cellulase producer LFC4 was ideatifias
Actinomyces bovis (A. bovis).

Production partial purification and characterization of cellulase produced by A. bovis under submerged state
fermentation

The isolatedA. bovis produced produced 520 U/mL of cellulase at tentpezeB0°C and pH 6.0. Ghose (1987) and
Goldbeck et al., (2013) observed similar type alules. They have recorded thattinomyces produced cellulase
showed the remarkable activity at temperaturéC3and at pH 6.0Rig. 1-2) [20-21].

Hence, temperature 8G and at pH 6.0 were chosen as optimal parametearty out further experiments. Those
parameter optimized were adopted and used in fuetigeriments/tests.
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Table 1. Morphological and biochemical characteristicsof A. bovis

Parameter Result
Cell shape Very long rodg
Gram staining +
Motility Non-motile
Color of colony White
Size of colony (mm) 2
Shape of colony Circular
Margin of colony Entire
Elevation of colony Flat
Opacity Opaque
Consistency Non-sticky
Optimum temperaturé@) 30
Optimum pH 6.0
Glucose +
Lactose +
Fructose +
Starch +
Cellulase +
Urease +
Indole production +
Methyl red +
\oges-Proskauer -
Citrate utilization +
H,S Production +
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Fig. 1. Effect of temperature on activity of cellulase produced by A. bovis
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Fig. 2. Effect of pH on activity of cellulase produced by A. bovis

Actinomyces cellulase showed maximum activity and stabilityatied ranges of temperature and pH range from 10
to 70°C and pH 4-10 respectively. Similar types of reseftorted worldwide by various research groupsaeiah

et al., (2010) characterizéattinomycetes and Trichoderma cellulase .They have reported that cellulase prediy
these species were stable at varied range of teupes and pH 50 toCT and pH 4.8 to 5.5 respectively [22].

Actinomyces cellulase also showed remarkable activity in thesence of Snglfollowed by CuC} and Hgc)

followed by Znc} and Cacl The Actinomyces cellulase showed considerable activity in the gmes surfactant SDS
at 0.1% followed by 0.2% followed 0.5% and followlegl 1% Eig. 3-4).
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Actinomyces cellulase showed remarkable activity and stabilitythe present of various commercial laundry
detergents such asial™, Surf Excel™, Tide™, Ghari™, Nirma™ and Wheel™ ranged from 60-40 % at 7mg/mL
concentration. Cellulase showed maximum activity atability in presencériel™ (60%) followed byWheel™
(55%) followed byGhari™ (50%) followed bySurf Excel™ and Tide™ (45%) and followed byNirma™ (40%)
(Fig. 5). Similar types of studies have been reggbworldwide by various research groups [23-25].
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Fig. 3. Effect of heavy metal ion (at ImM concentration) on activity and stability of cellulase
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Fig. 5. Effect of commercial laundry detergent on activity and stability of cellulase
CONCLUSION

From the result it is clear that the isolated spedctinomyces bovis is a potential industrially important cellulase
producer. Cellulase produced Bybovis was stable in wide range of temperature, pH, épgtesence of different
metal ions and SDS. It was showed remarkableigctind stability in the presence of various coners@daundry
detergents. Hence, it is useful to improve waslpedormance of detergents, in bioconversion of eagbmass in
agriculture and feed, food, textiles and paper siiiles as a catalyst.
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