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INTRODUCTION 

 

Cellulose is the most abundant biopolymer in nature and forms the major 

component of plant biomass (Yin et al., 2010; Sadhu et al., 2013; Kilo et al., 

2016). It is a linear polysaccharide polymer of β-1,4-glycosidic bonds and its 
crystalline structure is stabilized by intramolecular and intermolecular hydrogen 

bonds (Hikaru et al., 2008). Globally, plants are estimated to produce 4 x 109 

tons of cellulose annually (Narasimha et al., 2006; Yin et al., 2010). Most of the 

cellulose exist as wastes which may be agricultural, urban or industrial in origin 

and includes straw, corn cobs, wood wastes, peat, bagasse and waste paper 

(Reddy et al., 2015). These cellulosic wastes exist abundantly as organic wastes 
which tend to accumulate in the environment. However, they could be utilized 

more efficiently by being converted to fermentable sugars which act as carbon 

sources for the production of various products of commercial interests such as 
fuels and chemicals (Chen et al., 2007; Kuhad et al., 2011). The natural 

degradation of cellulose is carried out by cellulolytic microorganisms, which 

form an important part of the biosphere carbon cycle. Cellulolysis, which is the 
complete hydrolysis of the cellulose polymer to glucose is carried out by the 

synergistic action of three cellulolytic enzyme system (Acosta-Rodriguez et al., 

2005; Eveleigh et al., 2005; Kuhad et al., 2011). β-1,4-endoglucanase (EC 
3.2.1.4) randomly attacks the internal β-1,4-glycosidic bonds along a cellulose 

chain, resulting in glucan chains of different lengths; the β-1,4-exoglucanase (EC 

3.2.1.91) acts on the ends of the cellulose chain and releases β-cellobiose as the 
end products while the β-1,4-glucosidase (EC 3.2.1.21) specifically hydrolyzes β-

cellobiose to two glucose molecules. Biological oxidation of cellulose by 

cellulases is preferred for industrial purposes due to high yields of desired 

hydrolytic products with minimal by-products (Parry et al., 2001). Effective 

utilization of cellulosic materials through bioprocesses will be an important key 

to overcome the shortage of foods, feed, and fuels which the world may face in 
the near future, because of the explosive increase in human population (Ohmiya 

et al., 1997). Cellulases have wide applications and biotechnological potentials 

for various industries including chemical, fuel, food, brewery, animal feed, textile 

and pulp and paper industries (Bhat, 2000; Gilna and Khaleel, 2011; Karnouri 

et al., 2014; Ladeira et al., 2015). Some industrial processes for which cellulases 
find useful applications are clarification and liquefaction of fruit and vegetable 

juices, biopolishing of cotton and other cellulosic fabrics, improvement of 

nutritional and digestibility of animal feeds and ethanol fuel production (De 

Carvalho et al., 2008; Gaur and Tiwari, 2015; Behera et al., 2017). Enzyme 

production is closely controlled in microorganisms and therefore these controls 

can be carefully exploited to enhance enzyme productivity. Cellulase yield 

depends on a complex relationship involving a variety of factors like pH, 

temperature, incubation period, carbon and nitrogen sources (Immanuel et al., 

2006). To establish a successful fermentation process, microorganisms are 
exploited for the overproduction of the desired metabolite. An elaborate 

investigation is thus necessary to establish the optimum conditions necessary for 

scale up of of enzyme production in an individual fermentation process. Studies 
have shown a direct proportion between production costs of cellulase and 

productivity of enzyme producing microbial strains (Omojasola et al., 2008). 

Such processes would assist in food and animal feed processing, solve modern 
waste disposal problem and reduce drastically man’s dependence on fossil fuels 

by providing a convenient and renewable source of energy in the form of glucose 

which can be used for production of ethanol, organic acids and other 
commercially useful chemicals (Makoi and Ndakidemi, 2008). The conversion 

of cellulosic biomass by microorganisms is thus a potentially sustainable 

approach to developing novel bioprocesses and products (Kuhad et al., 2011). 
Cellulase research has been concentrated mostly on fungi but there is increase in 

cellulase production by bacteria due to their higher growth rate, thermostability 

and alkaline stablility properties (Nagendran et al., 2009; Acharya and 

Chaudhuri, 2012). Cellulose-degrading bacteria have been isolated from variety 

of sources such as soils, decayed plant materials, hot springs, organic matter, 

faeces of ruminants and composts and the search for bacteria with improved 
cellulolytic activities has been ongoing (Ray et al., 2007; Doi, 2008). There are 

reports of production of thermostable cellulases from several bacteria strains 

isolated from diverse sources. These include Bacillus vallismortis RG-07 from 

Cellulases have wide applications and biotechnological potentials for various industries. A bacterium producing an extracellular, 

thermostable cellulase was isolated from plant leaf litters of Lagerstroemia indica Linn, inside a botanical garden. According to 

morphological, biochemical and physiological characterization, it was tentatively identified as Enterobacter sp. Molecular 

characterization, using the 16S rRNA gene sequencing was used to confirm the identity of the bacterium as Enterobacter cloacae IP8. 

Effects of some cultural factors such as carbon and nitrogen sources, pH and temperature, on cellulase production from the bacterium, 

were investigated. Some physicochemical properties of the crude cellulase from E. cloacae IP8 were determined to evaluate its 

potentials for industrial applications. The maximum yield of cellulase (10.78 U/mL) was at 28 h of incubation using carboxymethyl 

cellulose (CMC) (1.5%, w/v), peptone (2.0%, w/v), inoculum size (1.0%, v/v), pH and temperature of 7.0 and 45 oC, respectively, and 

agitation speed 150 rpm. The crude cellulase exhibited optimum activity at 60 oC, retaining 75.0% of its maximal activity at 70 oC. It 

had optimum pH of 7.0, retaining 58.0% of its original activity at acidic pH 5.0. Metal ions Na+, Ca2+ and Mg2+ remarkably enhanced 

activity of the cellulase while K+ and EDTA inhibited activity of the cellulase from E. cloacae IP8. The characteristics of the cellulase 

from E. cloacae IP8 revealed the enzyme as being thermostable and an acidic to neutral metalloenzyme. Therefore, the enzyme from 

this strain could be applied in industrial applications such as lignocellulosic biomass conversion into fuel and other value added 

products. 
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soil (Gaur and Tiwari, 2015), Bacillus licheniformis Vic. From geothermal 
wells (Kilo et al., 2016), B. licheniformis 380 from compost (De Marco et al., 

2017) and B. licheniformis C55 from solid waste carrageenan (Listyaningrum et 

al., 2018). The objective of our study was the isolation and screening of 
cellulolytic bacteria from plant leaf litters of Lagerstroemia indica Linn. 

Optimization of different nutritional and environmental parameters for maximum 

cellulase production from selected bacterium and characterization of produced 
thermostable cellulase were then carried out. 

 

MATERIAL AND METHODS 

 

Isolation and maintenance of bacteria  
 

Bacterial strains were isolated from dumpsites of plant leaf litters of 

Lagerstroemia indica Linn by using serial dilutions and pour plate technique. 
Aliquot (100 µL) of each diluted sample was spread on correspondingly labelled 

sterile nutrient agar plates which were incubated at 45 oC for 48 h (Apun et al., 

2000). Representative bacterial colonies were purified by repeated streaking on 
nutrient agar and then preserved at 4 oC on nutrient agar slants for further 

identification and screening for cellulase production. 
  

Screening of bacterial isolates  

 

Pure cultures of bacterial isolates were individually streaked on carboxymethyl 
cellulose agar (CMCA) plates consisting of yeast extract (0.2%, w/v), KH2PO4 

(0.1%, w/v), MgSO4.7H2O (0.5%, w/v), NaCl (0.075%, w/v), peptone (2.0%, 

w/v), agar (1.5%, w/v) and high viscosity carboxymethyl cellulose (0.5%, w/v). 
The CMCA plates were incubated at 55 oC for 48 h. These plates were then 

flooded with Congo red (0.1%) for 15 min at room temperature and then 

destained with 1 M NaCl solution. Clear halo zone surrounding bacterial colonies 
was indicative of cellulose hydrolysis and measured in centimeters (Wood and 

Bhat, 1998). Endo-1,4-β- glucanases (Cx) producing activities of the isolates 

were estimated by the carboxymethyl cellulose hydrolysis capacity (HC value: 
ratio of diameter of clear zone and line of streak) on the cellulose congo-red agar 

(Lu et al., 2005). Isolates with high HC values were selected for identification 

and cellulase production using submerged fermentation system. 

 

Characterization and identification of cellulolytic bacterium 

 

Identification of bacterial isolate with the highest cellulolytic activity was carried 

out using phenotypic methods involving morphological, biochemical and 

physiological characterizations (Harrigan and McCance, 1976). Molecular 
characterization was then carried out to confirm the identity of the cellulolytic 

bacterium. The method was based on the 16S rRNA gene nucleotide sequencing 

and comparison to the sequences in National Centre for Biotechnology 
Information (NCBI) database (Bethesda, MD, USA). The primers used in this 

study were f25 (5′-AGAGTTTGATCMTGGCTCAG-3′) and r1525 (5′-

AAGGAGGTGWTCCARCCGCA-3′). The PCR products were analyzed by 
agarose gel electrophoresis. ABI 3130 x L Genetic Analyzer (Applied 

Biosystems, California, USA) was used for the nucleotide sequencing. Sequence 

similarity search of the Genbank data was done using a Basic Alignment Search 
Tool (BLAST) from the NCBI database (Mangamuri et al., 2012).  

 

Cellulase production 
 

Cellulase was produced by submerged fermentation (SmF) in Erlenmeyer flasks 

(250 mL) containing 100 mL of basal medium composed of yeast extract (0.2%, 

w/v), KH2PO4 (0.1%, w/v), MgSO4.7H2O (0.5%, w/v), NaCl (0.075%, w/v), 

peptone (2.0%, w/v) and high viscosity carboxymethyl cellulose (0.2%, w/v). 

The medium was inoculated with standardized aqueous suspension of the 
bacterium from a 24 h old culture (3.0 x 106 CFU/mL). The mixture was 

incubated at 45 oC for 48 h on a rotary shaker at 150 rpm. After incubation, the 

fermentation broth was centrifuged at 6000 rpm for 30 min at 4 oC to obtain the 
cell-free supernatant (CFS) that was collected as the crude enzyme extract and 

used for cellulase assay. 

 

Cellulase assay 

 

The β-1,4-endoglucanase activity towards carboxymethyl cellulose (CMC) was 

measured by the appearance of reducing end groups released by the action of the 

enzymes on the substrate using the method of Somogyi (1952). Mixture of 0.1 
mL of 0.1%, w/v CMC (in 100 mM of  phosphate buffer, pH 7) with 0.5 mL of 

crude enzyme was prepared. Phosphate buffer (0.85 mL) was added to make the 

corresponding volume 1.0 mL and the resulting mixture incubated at 55 oC for 20 
min. The reaction was terminated by the addition of 1.0 mL combined copper 

reagent. The reaction mixture was heated at 100 oC for 20 min in a boiling water 

bath. The tubes were cooled rapidly under running tap water and 
arsenomolybdate reagent (1.0 mL) was added to all the tubes while shaking. The 

mixtures were diluted with distilled water (7.0 mL). The optical density (O.D) 

was read at 540 nm against blank. The amount of reducing sugars produced was 

interpolated from the glucose standard curve. One unit of cellulase activity was 
expressed as the amount of enzyme that liberated reducing sugar equivalent to 1 

µg of glucose per milliliter per minute under the specified assay condition.  

 

Bacterial growth and cellulase production 

 

The time course of cellulase production was determined and compared with 
bacterial growth according to the method described by de Souza and Martins 

(2001), with appropriate modifications. The growth curve and enzyme production 

for the bacterium was determined by inoculating a 250 mL enzyme fermentation 
medium with 2.5 mL standardized inoculum of bacterium in an Erlemenyer flask. 

The culture medium was incubated at 45 oC for 48 h with agitation at 150 rpm. At 
2 h intervals, 5.0 mL samples were collected aseptically for a period of 48 h. The 

optical density of the culture was checked at 680 nm using spectrum lab 23A 

spectrophotometer and recorded as the cell optical density. This was then 
centrifuged at 6000 rpm for 30 min to obtain cell-free supernatant (CFS). The 

cellulase activity of the clear supernatant was then measured. 

 

Effect of nutritional and environmental factors on cellulase production 

 

Effect of pH on cellulase production 
 

Fermentation medium (50.0 mL) adjusted to different pH conditions 4.0 to 10.0 

were each inoculated with 0.5 mL of standardized bacterial inoculum and the 

culture incubated at 45 oC for 28 h with agitation at 150 rpm. After incubation, 

cells were removed by centrifugation and the amount of cellulase present in 

supernatant was quantified. 

 

Effect of temperature on cellulase production 
 

Influence of temperature on cellulase production was determined by varying the 

incubation temperature from 35 to 60 oC, at pH 7.0 and agitation speed of 150 

rpm. After incubation, cells were removed by centrifugation and the amount of 

cellulase present in supernatant was quantified.   

 

Effect of carbon sources on cellulase production 
 
The effect of various carbon sources on cellulase production from bacterium was 

studied by replacing high viscosity carboxylmethyl cellulose (0.2%, w/v) with 

different sugars: lactose, soluble starch, glucose, sucrose, galactose, and 
mannitol. The fermentation medium, previously adjusted to pH 7.0, was 

inoculated with 0.5 mL of the cell suspension and the culture incubated for 28 h 

at 45 ºC with agitation at 150 rpm. The supernatant obtained was then tested for 
cellulase activity. 

   

Effect of different concentrations of carboxymethyl cellulose on cellulase 

production 
 

The effect of different concentrations of carboxymethyl cellulose (0.5, 1.0, 1.5, 
2.0 and 2.5%, w/v) on cellulase production from bacterium was studied. The 

culture was incubated for 28 h at 45 ºC with agitation at 150 rpm. The 

supernatant was obtained and cellulase production was determined. 

 

Effect of nitrogen sources on cellulase production 

 

The effect of different nitrogen sources peptone, ammonium sulphate, potassium 

nitrate, ammonium chloride and yeast extract at 2.0%, w/v, separately, on 

cellulase production from bacterium was studied. The fermentation medium was 
incubated for 28 h at 45 ºC with agitation at 150 rpm. After incubation, the 

supernatant obtained was tested for cellulase activity. 

 

Physicochemical characterization of cellulase from E. cloacae IP8 

 

Effect of pH on activity of crude cellulase 

 

The effect of different pH conditions on activity of crude cellulase was 

determined by incubating the crude enzyme extract with 0.1 mL of 0.1%, w/v 
CMC prepared in different buffers (pH 4.0 to 9.0). The cellulase activity was 

determined according to standard procedure. The pH was adjusted using 10 mM 

sodium acetate buffer (pH 4.0 to 5.5) and 100 mM phosphate buffer (6.0 to 9.0). 
Incubation was at 45 oC for 20 min. 

 

Effect of temperature on activity of crude cellulase 

 

The effect of temperature on activity of crude cellulase was determined by 

incubating the reaction mixtures at temperature conditions ranging from 35 oC to 
80 oC for 20 min. Thereafter, the cellulase activity was determined according to 

the standard procedure earlier described. 
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Effect of metal ions and EDTA on activity of crude dellulase 
 

The effect of metal ions (K+, Na+, Mg2+ and Ca2+), at different concentrations (0 

to 200 mM, on cellulase activity was determined by adding each metallic ion to 
the reaction mixture. Effect of ethylenediamine tetraacetic acid (EDTA) on 

activity of cellulase was determined by incubating different concentrations of 

EDTA (0, 4, 12, 15, 20, 30, 50, 80, 100, 120 mM) with the reaction mixture. 
Cellulase activity was determined in each case by following standard assay 

procedure. 

 

Statistical analysis 

 

All data were subjected to statistical analysis for determination of mean and 

standard deviation using SPSS version 16. Experiments were carried out in 

triplicates. 
 

RESULTS AND DISCUSSION 

 

Screening and selection of cellulolytic bacterium 

 

In this study, seven bacterial isolates were obtained from decayed plant leaf 

litters of Lagerstroemia indica Linn and subjected to screening for cellulolytic 

activity using the plate method. Among these seven bacterial strains, three were 

found to exhibit cellulolytic activities out of which the isolate with the highest 
carboxymethyl cellulose hydrolytic capacity was selected for further studies (Tab 

1). Cellulolytic bacteria have been isolated from diverse environments by 

previous researchers. Gao et al. (2011) reported a cellulolytic bacterium, Vibrio 
xiamenensis, isolated from mangrove soil in Xiamen, Fujian province of China. 

Bacterial species showing endo- and exoglucanase activities in the sediment from 

a mangrove located in Ilha do Cardoso, SP, Brazil were reported by Soares 

Junior et al. (2013). Also, the bacterium Bacillus sp. C1, isolated from cow 

dung, was found to possess good potential for endoglucanase production (Sadhu 

et al., 2013) while the cellulase-producing bacterium Micrococcus sp. SAMRC-
UFH3 was obtained from saw dust/wood shavings by Mmango-Kaseke et al. 

(2016). Cellulose forms the major component of plant cell wall along with 

hemicellulose and lignin and these complex polymeric compounds together form 
the bulk of the organic carbon in soil. Microorganisms are responsible for the 

recycling of this organic carbon in nature (Wang et al., 2008). Researchers have 

continuously searched for new microorganisms with higher cellulase production 

potential and hence important biotechnological applications (Ray et al., 2007). 

 

Characterization and identification of cellulolytic bacterium 

 

Cellulolytic bacterium was identified by using morphological, biochemical and 

physiological characterizations (Tab 2). The cells were Gram negative, rod-
shaped, non-spore forming and motile. It is an aerobic and catalase producing 

strain. It tested positive for gelatin hydrolysis, aesculin hydrolysis and could 

utilize a wide array of carbohydrates, including maltose, lactose, mannitol, 
raffinose and arabinose as sole source of carbon. From these various tests, isolate 

was tentatively identified as Enterobacter sp. Molecular characterization, based 

on 16S rRNA nucleotide sequencing and comparison to the sequences in NCBI 
database, was then carried out to confirm the identity of the bacterium as 

Enterobacter cloacae IP8 with maximum identity of 94% to other Enterobacter 

cloacae (Accession No. NR 118568.1).  
 

Bacterial growth and cellulase production 

 

The production of enzymes such as cellulase is often dependent on growth of the 

bacterium in the appropriate media. Cellulase production was evident in the 

culture supernatant after 8 h of incubation with the lag phase of 6 h during the 
incubation period. Enterobacter cloacae IP8 had a lag phase of about 6 h. The 

peak of cellulase production was at 28 h. The production of cellulase increased 

rapidly with increase in bacteria cell growth and peaked at the exponential phase 
followed by a decrease in cellulase production as the cell growth aged into the 

stationary phase. Results are shown in Figure 1. These results are similar to those 
reported by Prakash et al. (2008). 

 

Table 1 Screening of cellulolytic bacteria for carboxymethyl cellulose hydrolytic 

capacity 

Isolate code IP8 IP15 IP7 

Diameter of zone of hydrolysis (cm) 2.8 3.5 3.1 

Hydrolytic capacity (HC) value (cm) 4.7 1.7 1.3 

 

 

 

 

 

 

 

 

Table 2 Morphological, biochemical and physiological characteristics of E. 
cloacae IP8 

Characteristics Enterobacter cloacae IP8 

Gram reaction - 

Morphology R 
Motility + 

Indole utilization - 

Methyl red test - 
Voges Proskauer + 

Citrate utilization + 

H2S production - 
Glucose + 

Maltose + 
Lactose + 

Mannitol + 

Raffinose + 
Arabinose + 

Sucrose + 

Coagulase test - 
Catalase test + 

Oxidase test - 

ONPG + 
Gelatin hydrolysis - 

Nitrate reduction + 

Esculin hydrolysis + 

 

Probable identity 

 

Enterobacter sp. 

+ = Positive; - = Negative; R = Rod 

Optimization of fermentation conditions for cellulase production 

 

Optimum pH for cellulase synthesis from Enterobacter cloacae IP8 was 7.0 with 
enzyme activity 5.45 ± 0.55 U/mL (Figure 2).  A similar optimum pH of 7.0 was 

observed for cellulase production from Paenibacillus sp. isolated from molasses 

(Islam and Roy, 2018).  However, optima pH of 5.0 was reported for cellulase 
production from E. cloacae WPL 214 isolated from bovine rumen fluid waste 

(Lokapirnasari et al., 2015). Cellulase activity was highest (3.02 ± 0.435 U/mL) 
at temperature of 45 oC (Figure 3). Similar optimum temperature value was 

reported for cellulase secretion by a strain of E. cloacae (Lokapirnasari et al., 

2015). However, optimum temperature for cellulase production from a strain of 
Paenibacillus sp. was 45 oC (Islam and Roy, 2018). Temperature is a vital 

environmental factor which controls the growth and production of metabolites by 

microorganisms and this usually vary from one organism to another (Kumar and 

Takagi, 1999). During enzyme production at differing temperatures, stabilization 

of metabolic network is supposedly by the folding of proteins of the metabolic 

network itself, most probably by acquiring chaperones (Borges and Ramos, 

2005). 

 

 
 -■- Cellulase activity; -♦- OD (Optical density)  

Figure 1 Growth and cellulase production of Enterobacter cloacae IP8 at 45 
oCand pH 7.0.  
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Figure 2 Effect of pH on cellulase production from Enterobacter cloacae IP8 at 

45 oC 

 

 
Figure 3 Effect of temperature on cellulose production from Enterococcus 

cloacae IP8 at pH 7.0 

 
Maximum cellulase yield was achieved with the use of CMC (4.38 ± 0.08 U/mL) 

as carbon source followed by glucose (2.78 ± 0.02 U/mL) (Figure 4). Therefore, 

the cellulase produced can be described as an inducible enzyme, whose 
production depends on the presence of the substrate which also acts as its 

inducer. Das et al. (2010) and Islam and Roy (2018) observed that CMC was the 

best carbon source for cellulase synthesis by thermophilic Bacillus species 
isolated from cow dung and Paenibacillus sp. isolated from molasses, 

respectively. The best CMC concentration for enzyme production was 1.5%, w/v 
(Figure 5). Cellulase production was most pronounced with the use of peptone 

(3.51 ± 0.38 U/mL) as the nitrogen source in the fermentation medium (Figure 6). 

Peptone was also found to be the best nitrogen source for maximum cellulase 
production from Bacillus sp. Y3 (Lugani et al., 2015) and Bacillus sp. K1 

(Paudel and Qin, 2015). The presence of external nitrogen source is essential in 

the fermentation medium during extracellular enzyme production for effective 

utilization of soluble carbohydrates (Ariffin et al., 2008). The use of organic 

nitrogen sources as compared to inorganic sources was found to be more suitable 

for maximum cellulase production (Ray et al., 2007). 

 
Figure 4 Effect of carbon sources on cellulase production from Enterobacter 

cloacae IP8 
               CMC = carboxymethyl cellulose  

  

 

 
Figure 5 Effect of CMC concentration on cellulase production from 

Enterobacter cloacae IP8 

 
Figure 6 Effect of nitrogen sources on cellulase yield from Enterobacter cloacae 
IP8  

 

Physicochemical properties of crude cellulase from E. cloacae IP8   

 

Effect of pH on the activity and stability of crude cellulase from E. cloacae IP8 

 
The activity of crude cellulase from E. cloacae IP8 was determined at different 

pH range 4.0 to 9.0. The crude cellulase exhibited activity at broad pH range 4.0 
to 9.0 with optimum activity being at the pH 7.0 (Figure 7). It retained 58.0 % of 

its maximal activity at acidic pH 5.0. This enzyme can therefore be classified as 

being active at acid to neutral pH. Similar optimum activity were also found at 
pH 7.0 for cellulase from Cellulomonas sp. YJ5 (Yin et al. (2010) and Bacillus 

vallismortis RG-07 (Gaur and Tiwari, 2015). However, optima pH of 5.0 and 

9.0 were reported for cellulase from Bacillus licheniformis 380 (De Marco et al., 

2017) and B. licheniformis Vic. (Kilo et al., 2016), respectively. Increasing or 

decreasing the pH changes the ionic state of ionizing side chains in a protein, 

distrupts ion pairs, breaks hydrogen bond, and consequently denatures the protein 

(Rawn, 1989). Cellulases are generally stable over a wide range of pH from 5.0 

to 10.0 (Kim et al., 2005; Tahir et al., 2009). 

 

Effect of temperature on the activity and stability of crude cellulase from E. 

cloacae IP8 

 
The activity of crude cellulase from E. cloacae IP8 was determined at different 

temperatures ranging from 35 °C to 80 °C. The results showed that the enzyme 

had optimum activity at 60 °C (Figure 8). The enzyme retained 75% of its 
maximal activity at 70 °C. Optimum activity of the enzyme obtained at 60 °C 

indicates that the cellulase from E. cloacae IP8 was relatively thermostable. 

Above 70 oC, cellulase activities decreased sharply. The obtained result from the 
present study is similar to the findings of Yin et al. (2010) and De Marco et al., 

(2017) on cellulase from Cellulomonas sp. YJ5 and Bacillus licheniformis 380, 

respectively, which had optimum temperature of 60 ºC. However, lower optima 
temperatures of 35 oC and 50 oC were reported of cellulases from a strain of 

Pseudomonas fluorescence (Bakare et al. 2005) and Bacillus licheniformis C55 

(Listyaningrum et al., 2018), respectively. Cellulase from E. cloacae IP8 thus 

exhibited relatively higher optimum temperature for activity and good thermal 

stability. These properties are very important for cellulose saccharification and 

may make the enzyme suitable for application to several biotechnological and 
industrial purposes. 
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Effect of metal ions and EDTA on the activity of crude cellulase from E. 

cloacae IP8 

 

The effect of various metal ions on the crude cellulase from E. cloacae IP8 was 
tested (Figure 9). The cations Ca2+ and Na+ exhibited stimulatory effects on the 

enzyme activity in all range of concentrations (Figure 9). While Mg2+ 

concentrations 4 mM to 15 mM inhibited the activity of the enzyme, it stimulated 
its activity from concentrations 20 mM to 200 mM (Figure 9). The stimulatory 

effect of Na+ and Ca2+ on cellulase activity had been reported by Femi-Ola and 

Olowe (2011) and Gaur and Tiwari (2015) which is similar to the finding of 
this study. The cation K+ exhibited inhibitory effect against cellulase activity 

accross all range of concentrations up to 200 Mm (Figure 9). This results show 
that cellulase from E. cloacae IP8 is metal ion dependent. EDTA at 

concentrations above 4 mM was inhibitory to the activity of the crude cellulase 

from the bacterium (Figure 9). The result of this study is in agreement with the 
reported inhibitory effect of EDTA on cellulase activity by Oikawa et al. (1994). 

EDTA as a metal chelating agent probably acts by inactivating the cellulase 

either by removing metal ions from the enzyme through the formation of 
coordinating complex or binding inside the enzyme as a ligand, as had been noted 

by Schmid (1997). 

 

 
Figure 7 Effect of pH on cellulase activity  

 

 
Figure 8 Effect of temperature on cellulase activity 

 

 
-♦- K+; -■- Na+; -▲- Mg2+; -×- Ca2+; -*- EDTA 

Figure 9 Effect of metal ions and EDTA on cellulase activity 

 

 

CONCLUSION 

 

In this study, Enterobacter cloacae IP8 was successfully isolated from plant leaf 

litters of Lagerstroemia indica L. Enhanced production of cellulase by the 
bacterium was achieved at pH and temperature conditions 7.0 and 45 oC, 

respectively and with the use of carboxymethyl cellulose and peptone as carbon 

and nitrogen sources, respectively. The crude cellulase of this isolate exhibited its 
optimum activity at pH of 7.0 and temperature of 60 ˚C. The enzyme was 

stimulated by Ca2+, Na+ and Mg2+ while K+ reduced its activity. Because of its 

activity and stability at high temperatures, cellulase of Enterobacter cloacae IP8 
isolated in this study has promising potentials for biotechnological and industrial 

applications. However, further studies on optimization of cost-effective substrate 
for bulk production of enzyme and protein engineering for more thermostable 

enzyme with even more turn over and specific activity are needed. 
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