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Abstract: Cellulose degrading bacteria was isolated and was purified. Cellulase extraction was carried out and was optimized. In
this study, enzyme kinetic parameters were determined. The Km of the enzyme is 12.04 pumoles whereas Vmax is 5.88
umoles/ml/min. The enzyme was then further partially purified by ammonium sulphate precipitation and dialysis method. In
ammonium nitrate precipitation, the enzyme showed maximum precipitation at 60% of ammonium sulphate. The protein content
was found to be 518 pg/ml. The enzyme purified by ammonium sulphate precipitation showed the yield of 68.91%. The specific
activity was increased from 0.74 U/mg to 1.274 U/mg. The purification factor was 1.722-fold. After dialysis, the concentration was
increased from 0.279 pg/ml to 0.3906 pug/ml, thus, the enzyme was purified. The bacterial isolate was then applied to some of the
leading industrial biproducts like sugarcane bagasse, paper pulp and sugarcane molasses, which are the biproducts of sugarcane
mills, paper industry and sugar industries respectively.

Index Terms: Extraction, parameters, precipitation, dialysis, applied.

INTRODUCTION

Cellulose is the most abundant biomass on earth [22]. This abundancy makes cellulose an attractive
raw material for producing many industrial important commodity products [10]. So, cellulase become the
most important enzyme of today in industrial biotechnology [14]. About 15% of the global market of industrial

enzymes consist of cellulase. This creates a need of new ingredients of cellulase production [29].

Cellulase is produced by every living body that utilizes cellulose. In industries, it can be produced by
number of microorganisms including bacteria and fungi [8]. They have different mechanisms that degrades

various forms of cellulose such as lignocelluloses and hemicelluloses [29]. Cellulolytic organisms are
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ubiquitous in nature [21]. Bacteria are commonly used for the purpose of high production [29]. They have
high growth rate than fungi and also have a good potential for production [22]. Some of them include species
of Clostridium, Butyrivibrio, Bacteroides, Ruminococcus, Cellulomonas etc. [10]. Bacterial enzymes are
known to be more stable to the industrial processes like bioconversion, which further increase the efficacy of
fermentation [20]. This enzyme is used as production material in industry [18]. Cellulolytic bacteria are
isolated from various niche including composts, soils, decaying plants, feces of insects and birds and so on

[20]. One of the easily approachable sources is of the ruminants.

The importance of these enzyme is highly recognized in every industry producing cellulose as a
biproduct. They also dominate the waste of agricultural sector [29]. These types of wastes are needed to be
managed in order to grow a sustainable environment free from environmental pollutants [24]. These wastes
generally comprise of lignocellulosic waste [18]. Conversion of these cellulosic materials into chemicals and
fermentable sugars offer a great option to serve the environment [24]. These are extremely resourceful and
cost effective. Cellulose degrading bacteria was isolated and was purified. Cellulase extraction was carried

out and was optimized. In this study, enzyme kinetic parameters were determined

MATERIALS AND METHODS

1.Determination of enzyme kinetic parameters

Determination of Km and VVmax Initial reaction rate of cellulase hydrolysis was determined by varying
its substrate concentration in the range of 2 to 20 umoles /ml in standard cellulase assay and the double
reciprocal plot (Lineweaver and Burk’s plot) was drawn. The kinetic parameters Km and Vmax were

estimated from this plot.

Table 1- Readings obtained for Lineweaver and Burk’s Plot

Substrate
Sr. . 1/ [S] [Vl 1/ [V]
concentration 0O.D at 540 nm
No (mL/pmoles) (umoles/ml/min) | (umoles/min/ml)
(umoles/mL)
1 2 0.5 -0.020 -2 -0.5
2 4 0.25 -0.021 -2.1 -0.476
3 6 0.166 -0.024 -2.4 -0.416
4 8 0.125 0.025 25 0.4
5 10 0.1 0.027 2.7 0.370
6 12 0.083 0.033 3.3 0.303
7 14 0.071 0.036 3.6 0.277
8 16 0.062 0.040 4 0.25
9 18 0.055 0.046 4.6 0.217
10 20 0.05 0.05 5 0.2
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2.Enzyme activity of crude cellulase-

Cellulase activity of the isolate was assessed by DNS method by measuring the amount of reducing sugar
released during enzymatic reaction by Dinitrosalicylic acid. The reaction mixture was composed of 1 ml crude
enzyme and 1 ml of DNSA. After boiling the mixture for 10 min, 8 ml of distilled water was added. The
colour of reducing sugar developed was measured spectrophotometrically at 540 nm wavelengths and the
activity was measured and enzyme units were calculated by using standard graph of glucose. Cellulase activity
was expressed as a units of glucose released per ml per min. The experiments were performed in triplicate
(n=3).

3. Partial purification of cellulase enzyme

The clear supernatant obtained after centrifugation was subjected to partial purification by ammonium
sulphate [(NH4)2SO4]. 20 ml of the supernatant was taken and was saturated with 10% of ammonium sulphate,
which was incubated at 4°C overnight and observed for precipitation. Since no precipitation was observed, a
new batch of 20 ml supernatant was saturated with 20% ammonium sulphate and incubated. These tests were
carried out until the precipitation was observed. The flask with 60% of saturation showed precipitation. This
protein precipitate obtained by centrifugation at 5,000 rpm for 20 min at 4°C was dissolved in 5 ml. 0.1 M
sodium phosphate buffer of pH 7.The quantity protein in this precipitate was estimated by Folin-Lowry
method using bovine serum albumin (BSA) as standard. Also, the parameters like yield, specific activity and
purification factor were calculated. The precipitate was also dialysed extensively against citrate buffer of pH

4.3 at room temperature for 1h. The dialysed sample was considered as partially purified.
4. Applications in sugar industries, paper industries and sugarcane mills

To demonstrate the utilisation of molasses. Paper pulp and sugarcane bagasse biproducts of sugar
industry, paper industry and sugarcane mills respectively, minimal broth with respective biproducts were
prepared. The broths were autoclaved and inoculated with the culture to demonstrate utilisation of the
biproducts as cellulose substrate. The broths were further incubated for 24h and the cellulose reduction was

assayed by DNS method.
RESULTS
1.Determination of enzyme kinetic parameters

Km and Vmax of the enzyme was determined by extrapolating the reciprocal graph (Lineweaver and
Burk’s plot) of substrate concentration verses velocity. Velocity was determined with the help of standard
graph of glucose of 20 umoles/ml. The value of Km was found to be 12.04 pumoles and that of Vmax was

5.88 umoles/ml/min
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Buvk's Plot

Fig 1: Lineweaver and Burk’s plot for determination of Km and Vmax

2.Enzyme activity of crude cellulase-

The cellulase activity was determined of the crude cellulase that was extracted. The O.D obtained was
extrapolated on the standard graph of glucose of concentration 1000ug/ml. After the extrapolation and
calculation by the formula-

umole of product formed xXVolume of enzyme

.Enzyme units = —
Reaction time

The enzyme units of the crude cellulase were found to be 0.162 units.
3.Partial purification of cellulase enzyme

Partial purification was done in two steps. The enzyme was partially purified by 60% ammonium
sulphate precipitation. Specific activity of enzyme was increased from 0.74 U/mg to 1.274 U/mg. The
purification factor was 1.722-fold with the yield of 68.91%. The concentration of the dialysed sample
increased from 0.279 to 0.390ug/mL after 1h.

4. Applications in sugar industries, paper industries and sugarcane mills

The O.D of all the samples (paper pulp, sugarcane bagasse, solid and liquid molasses) were increased
after incubation of 24h. This indicated that the bacteria readily utilize cellulose as its substrate for its
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metabolism as a carbon source. The bacteria can further be subjected to fermentation for large scale production

of the enzyme.

Dialysis }": ' u;‘ o ,”Jl'.‘ o *"1 “,,’ ‘al J

TR

Appllcatlt)ns

Fig 2: Dialysis Fig 3: Applications

DISCUSSION

Earlier reports on the microbial cellulase indicate that VVmax of cellulase extracted from A. Niger was
found to be 9.26 U/mL while the Km was 0.23 mg/ml (A.O Sulyman et.al.,2020). The ammonium sulphate
precipitation keeps the high salt concentration crude enzyme away from nonprotein and was typically included
in purification protocols (Wei Wang et.al.,2007). The bacterial cellulase was precipitated at 60% ammonium
sulphate precipitation (Ashok Shinde et.al.,2020). The enzyme was purified to 68.12-fold with yield of 3.87%
and specific activity of 484.3 U//mg (A.O Sulyman et.al.,2020). The agricultural by- products like cereal
straws, rye, barley, oats etc. were checked for the activity of cellulase (Agnieszka Wita et.al.,2019)

AKNOWLEDGMENT

The authors are grateful to the principal, Dr. B.H Zaware; The vice principal Dr. A. E. Athare; Prof.
Girish Kukreja (H.O.D., Department of Microbiology) of New Arts, Commerce and Science College,
Ahmednagar. Also thankful to the guide, Prof. Ragini Pansare and Prof. Sajid Shaikh for the guidance.

REFERENCES

1. Amer S., Habbeb M., Abdallah N., Production , purification and characterization of L-glutaminase
enzyme from Streptomyces avermitilis, African Journal of Microbiology research, Vol 7 (14). Pg.
1184-1190.

2. Andreaus J., Azevedo H., Cavacopaulo A. (1999), Effects of temperature on the cellulose binding
ability of cellulase enzyme, Journal of molecular catalysis B, Enzymatic 7(1-4), pg. 233-239.

3. Chakraborthy A., Mahajan A. (2014), Cellulase activity enhancement of bacteria isolated from oil
pump soil using substrate and medium optimization, American journal of microbiological research.

4. Criquet S.(2002), Measurement and characterization of cellulase activity in Sclerophyllous Forest
litter, Journal of microbiological methods 50 (2), 165-173.

JETIR2205A70 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | j541


http://www.jetir.org/

© 2022 JETIR May 2022, Volume 9, Issue 5 www.jetir.org (ISSN-2349-5162)

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dashtban M., Buchkowski R. and Qin W. (2011), Effect of different carbon sources on cellulase
production by Hypocrea jecorina (Trichoderma reesei) strains: International journal of biochemistry
and molecular biology.

Deka D., Jawed M., Goyal A. (Feb 2013), Purification and characterization of an alkaline cellulase
produced by Bacillus Subtilis, Preparative biochemistry and biotechnology. 43(3):pg256-70

Deng S., Tabatabai M. (1994), Cellulase activity of soils, Soil biology and biochemistry 26(10), pg.
1347-1354.

Eriksen J., Goksoyr J. (1976), The effect of temperature on growth of cellulase (-1,4 endoglucanase)
production in the compost fungus Chaetomium thermophile var. dissitum, Archieves of microbiology
110(2) pg. 233-238.

Ferbiyanto A., Raffiudin R. (2015), Characterization and identification of cellulolytic bacteria from
the gut of worker Macrotermes gilvus, Hayati journal of biosciences.

Gupta P., Samant K. and Sahu A. (Jan 2012), Isolation of cellulose degrading bacteria and
determination of their cellulolytic potential: International journal of microbiology.

Halshall D.M. etal. (Oct 1985), Cellulose decomposition and associated nitrogen fixation by mixed
cultures of Cellulomonas gelida and Azospirillium species of Bacillus macerans, National library of
medicine.

Ilahi R. etal (2021), Screening of cellulolytic bacteria from biological education and research forest
floor andalas university. Indonesia, National library of medicine.

Irfan M., Safdar A, Syed Q., Nadeen M. (2012), Isolation and screening of cellulolytic bacteria from
soil and optimization of cellulase production and activity, Turkish journal of biochemistry/Turk
Biyokimya Dergisi 37(3).

Islam M., Sarkar P., Mohiuddin A., Suzanddula M. (2019), Optimization of fermentation condition
for cellulase enzyme production from Bacillus spp, Malaysian Journal of halal research journal
(MJHJ).

Lee Y, Kim B, Lee B. etal, Purification and characterization of cellulase produced by Bacillus
amyloliquifaciens. DL- 3 utilizing rice hull, BioSource Technology, Vol 99.

Lin J., Xia W. (2006), Purification and characterization of bifunctional enzyme with chitosanase and
cellulase activity from commercial cellulase, Biochemical engineering journal 30(1), pg. 82-87
Nishida Y., Suzaki K., Kumagai Y., Tanaka H., Inone A. and Ojima T., Isolation and primary structure
of cellulase from the Japanese sea urchin Strongylocentrotus nuelus, Biochimie, Vol 89.

Nur S., Malik M., Sibiyandhita I., Amalia E., Agatha B. etal, Screening and identifying of cellulolytic
bacteria from Alas Lurwo National Park, Published online in August 2018.

Pardo A.G. etal, (Jan-Mar 1999),Influence of temperature and pH on cellulase activity and stability in
Nectria catalinensis, Rev. Argent Microbio

Pinheiro G., Correa R., Cunha R., Cardoso A., Chia C., Clementino M., Garcia E., Desouza W. and
Frases F. (2015), Isolation of aerobic cultivable cellulolytic bacteria from different regions of G.I of

giant land snail Achatina Fulica, Frontiers in microbiology.

JETIR2205A70 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | j542


http://www.jetir.org/

© 2022 JETIR May 2022, Volume 9, Issue 5 www.jetir.org (ISSN-2349-5162)

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

Serensen T., Cruys-Bagger N., Windahl M, Flindr- Badino S., Borch K. and Westh P. (2015),
Temperature effects on kinetic parameters and substrate affinity of Cel7A cellobiohydrolases, The
journal of biological chemistry Vol 290, No. 36.

Sethi S., Datta A., Gupta B., Gupta S. (Jan 2013), Optimization of cellulase production from bacteria
isolated from soil, Hindavi Publishing corporation.

Shinde A., Shaikh F., Pisal K., Patil P. (Jan 2020), Isolation and characterization of cellulose degrading
bacteria from saliva of Jaffrabadi breed of buffalo: International journal of livestock research.
Sulyman A.O, Igunnu A. and Malomo S.O. (Dec 2020), Isolation, purification and characterization of
cellulase produced by Aspergillus niger cultured on Arachis hypogaea shells, Articles from Heliyon.
Sun Y. and Cheng J.(2022), Hydrolysis of lignocellulosic materials for ethanol production- a review,
BioSource technology, Vol 83, pg. 1-11

Wang W., Liu Q., Cui H. (2007), Rapid desalting and protein recovery with phenol after ammonium
sulphate fractionation, Analytical Science Journal.

Wang Z, Ong H. and Geng A. (2012), Cellulase production and oil palm empty fruit bunch
saccharification by new isolate of Trichoderma Koningii., D-64, Proc. Biochem 47:1564-1571.
Wenzel M. etal (2002) Aerobic and facultatively anaerobic bacteria from the gut of termite
Zootermopsis augusticosis, National library of medicine.

Wita A. , Bialas W. and Czaczyk K. (March 2019), The influence of temperature and nitrogen sources
on cellulolytic potential of microbiota isolated from natural environment, Polish journal of
microbiology.

Xu Q., Qiao Q., Gao Y., Hou J., Hu M., Du Y., Zhao K. and Li X. (Aug 2021), Gut microbiota and
their role in health and metabolic disease of dairy cow, Frontiers in nutrition.

Zhang Y. and Lynd L., Forward an aggregated understanding of enzymatic hydrolysis of cellulose-

Non complexed cellulase systems, Biotechnology and Bioengineering, Vol 88.

JETIR2205A70 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | j543


http://www.jetir.org/

