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Abstract 

Cellulases are enzymes produced by many organisms and cellulose hydrolysis. They are well-known for their 

widely distributed industrial and medical uses. In this work, 84 bacterial strains were recovered from agar plates and 24 

demonstrated hydrolyzing areas from carboxymethyl cellulose-containing agar dishes following Congo-Red staining. 

Among the 24 strains, three isolates Z7, Z9 and Z63 have shown increased activity of carboxymethyl cellulase 

(CMCase). It was shown that the three strains, Bacillus and Klebsiella, belonged to 2 separate genera. The isolates have 

been morphologically, physiologically, biochemically determined and validated by their 16S rRNA gene sequence. The 

16S rRNA sequence of Z7, Z9 and Z63 has been submitted with GenBank under the accession codes (KT693283, 

KT693282 and KT693284). The sequences have been identified as Bacillus cereus strain Z7, Bacillus licheniformis 

strain Z9 and Klebsiella oxytoca strain Z63. This study gave appropriate information on the variety of rhizospheric 

isolated cellulose-degrading bacteria. 
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1. Introduction 

Cellulose is a polymer of D-glucose residues 

joined by β-1. Cellulose is nature's most abundant 

carbon dioxide since it is the fundamental structural 

substance of the cell wall of the plant [21]. The 

development of technologies for the efficient treatment 

and use of cellulose waste such as low-cost carbon 

sources is therefore of major commercial significance. 

The enzyme system termed cellulases degrades 

cellulose. Cellulase is a complicated enzyme, requiring 

endoglucanase, exoglucanase, and β-glucosidase to 

work synergetically[18]. This enzyme is generated by 

several microbes, mostly bacteria and fungus. By 

contrast, the rate of development and resilience of 

bacterial species to harsh conditions is higher[12][30]. 

Most mushrooms can breakdown amorphous and 

crystalline cellulose but most bacterial strains only 

hydrolyse amorphous cellulose efficiently (CMC, 

carboxymethylcellulose). Many of the reports of 

cellulases isolated from various bacteria have been 

obtained, such as Thermomonospora sp [6], YJ5 [29] 

Cellulomonas sp., Melanocarpus sp. MTCC 3922[9], 

Fluorescens Pseudomonas [2], Horikoshi Pyrococcus 

[8], Bacillus sp. [1], [3] [6],[10]. Microbial cellulases 

are used in numerous sectors, notably for the textile, 

pulp, paper, food and detergent sectors, as well as for 

the treatment of cellulosic waste[25],[11]. In 

hydrolyses of renewable lignocellulosic waste 

materials, cellulases also play an essential role in the 

creation of biofuels such bioethanol[24].  

Enzyme production is regulated in 

microorganisms and these controls may be modified to 

boost their productivity. Induction of cellulase depends 

on a complicated interaction that involves a range of 

parameters, such as inoculum size, pH, temperature, 

induction presence, medium additives, aeration, period 

of development and so forth[20]. The cost-effective 

manufacturing and discovery of novel cellulase sources 

is continuously needed. The present investigation has 

thus been carried out to identify possible soil cellulose 

degrading bacteria. Selected bacterial isolates have 

been tested using CMCase (carboxymethyl cellulase) 

for the endoglucanase enzyme activity. 

 

2. Materials and methods 

Sample Collection  

Soil samples were collected from farm fields at 

Menoufia governorate (30°35'50.09"N, 

30°59'15.48"E), Egypt, from 5-10 cm depth in sterile 

plastic bag (Nikky et al.,2019). The samples were kept 

at 4˚C up to further processing. 

Isolation and screening of cellulase producing 

bacteria  

Soil suspension was prepared by suspending 1 g 

soil into 9.0 mL sterile distilled water to set up 10-fold 

serial dilutions (Patagundi et al., 2014; Saini et al., 

2012). Soil suspension (0.1mL) was spread on to 

nutrient agar plates amended with 1% (w/v) CMC and 

incubated overnight at 37°C.  

After incubation period, selected bacterial 

colonies were again streaked on agar plates containing 

CMC (carboxymethyl cellulose) 10 g; peptone 5 g; 

yeast extract 5 g; NaCl 5 g, KH2PO4 1 g; and 2.0% 

agar (w/v), then pH was adjusted to 7.2. The plates 

were incubated for 48 h at 37°C. After incubation 

period the plates were stained with 1% Congo red 

solution at room temperature for 15 min and de-stained 

for 20 min using 1M NaCl. Cellulose degrading 

bacterial isolates were selected by the formation of 

clear zones around colonies through the Congo red 

overlay method (Teather and Wood, 1982). The most 

cellulolytic bacterial colonies were sub-cultured and 

purified on nutrient agar. The bacterial strains were 

stored on nutrient agar at 4°C. 

Identification of cellulolytic bacteria by 

morphological and biochemical characterization 

For the identification of the most potent three 

bacterial strains, Z7, Z9 and Z63, cultural 
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characteristics, morphological characteristics, and 

biochemical tests were done according to methods as 

given in Bergey's Manual of Systematic Bacteriology 

[4]. The parameters investigated included Gelatin 

hydrolysis test, Casein hydrolysis test, Starch 

hydrolysis test, Urease Activity, Lipase Activity, 

Xylanase Activity, Catalase Activity, Methyl red 

reaction, and Vogues-Proskauer reaction. The various 

types of media was prepared in sterile distilled water 

and pH was adjusted accordingly. 

Scanning electron microscopic (SEM) study of 

the bacteria 

The morphology of the isolates was observed 

using a Scanning electron microscope (SEM) (Model 

JSM-5500 LV JEOL “JAPAN”) at the Regional Center 

for Mycology and Biotechnology, Al-Azahr 

University.   

Molecular identification of bacterial isolates 

Extraction of DNA and molecular phylogenetic 

analyses using 16S rRNA gene Sequence 

The genomic DNA for the three most cellulolytic 

activity bacterial strains Z7, Z9 and Z63 was extracted 

from the cells grown on LB broth and purified using 

the protocol for bacterial DNA extraction in the G-

spinTM Total Extraction kits according to the 

supplier’s recommendations. 

The resulting 16S rRNA genes of the new isolates 

were amplified by Thermocycler (Biometra 

thermocycler, Germany) using the universal primers 

27F (5´-AGAGTTTGATCCTGGCTCAG-3´) 

and1492R (5´-GGTTACCTTGTTACGACTT-3´) as 

described by Pandey et al. (2002). The amplified 16S 

rDNA PCR product was sequenced using automated 

ABI 3730xl sequencer at (Macrogen Inc., South 

Korea). The PCR amplification condition is consisted 

of an initial denaturation at 94°C for 2 min, followed 

by 35 cycles (94°C denaturation for 30 sec, 55°C 

annealing for 30 sec, 72°C extension for one min) and 

final elongation at 72°C for five min. 

The Sequence Similarity Search was done for the 

16S rDNA sequence using online search tool called 

BLAST (http://www.ncbi.nlm.nih.gov/blast/).The 

unknown organism was identified using the maximum 

aligned sequence through BLAST search. 

 

3. Results and discussion 

Isolation, screening and identification of cellulase 

producing bacteria 

In total, 84 bacterial isolates were initially 

isolated from serially diluted soil samples. Twenty-four 

isolates revealed halo zones on the LB agar plates 

containing 1% CMC after staining with 1% Congo red 

solution. Of these, three bacterial isolates (Z7, Z9 and 

Z63) were selected on the basis of halo zone diameter 

giving (2, 1.8 and 1.6 cm) respectively (Fig. 1). The 

use of Bacillus sp for CMC production has been 

reported by various workers [26] , [13]. According to 

the morphological and biochemical tests, the isolated 

strains were identified as Bacillus and Klebsiella 

(methods in general and molecular bacteriology). 

The biochemical characterizations of the isolated 

strains (Z7, Z9and Z63) are presented in Table 1. A 

microscopic examination revealed that the isolated 

strain Z7 and Z9 was rod shaped and found to be gram 

positive whereas Z63 strain was short rod in shape and 

found to be gram negative. 

Scan Electron Micrograph (SEM) 
The most potent cellulolytic isolated bacteria 

were scanned by electron microscope (JSM-5500 LV 

JEOL “JAPAN”) and appeared rod- shaped as shown 

in fig. (2). 

 

 

 
 

Fig. (1) Showing the most three potent cellulolytic strains Z7, Z9 and Z63 isolated from soil samples. 
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Fig. (2) Scan Electron Micrograph of the most cellulolytic bacterial isolates Z7, Z9 and Z63. 

 

Morphological, physiological and biochemical characteristics of the three chosen bacterial isolates 

The three most potent cellulosic were 

characterized morphologically, physiologically and 

biochemically. They are listed in table (1) from the 

reference data were got the genus Bacillus and 

Klebsiella (methods in general and molecular 

bacteriology). 

  

 

Bacillus cereus strain -Z7 

 

Bacillus licheniformis strain- Z9 

 

Klebsiella oxytoca strain- Z63 
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Table (1) Morphological and biochemical characteristics of the three chosen bacterial isolates Z7, Z9, and Z63. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of the three chosen bacterial isolates 

PCR product of 16s rRNA 

 
 

Fig (3) Agarose gel electrophoresis shows the PCR products of 16s rRNA of Bacillus cereus strain Z7, Bacillus 

licheniformis strain Z9 and Klebsiella oxytoca strain Z63. 

 

The genomic DNA of the three bacterial colonies 

Z7, Z9, and Z63 were extracted. Genomic DNA which 

extracted from these bacteria was used to amplify 16S 

rRNA gene. The PCR amplified products of 

approximately 1.5 kb were resolved on 1.2% agarose 

gel (Figure 3). Amplified PCR products were gel eluted 

and outsourced to (Macrogen, south Korea) for 

sequencing. The sequences obtained in Fasta format 

were analyzed using NCBI nucleotide BLAST tool and 

compared with the known NCBI database sequences. 

Analysis of 16S rRNA gene sequence of the three 

chosen strain    

The obtained sequence of strains Z7, Z9 and Z63 

was assembled, analyzed and submitted in the 

GenBank under the accession numbers of (KT693283), 

(KT693282), and (KT693284) respectively which 

revealed the maximum identity of these isolates and 

allowed identification of these cellulose-degrading 

bacterial strains (Table 2). The Phylogenetic tree 

computed using the NJ method revealed that the 

isolated Bacillus licheniformis strain Z9, Bacillus 

cereus strain Z7, and Klebsiella oxytoca strain Z63 

were classified in clade with other strains of B. 

licheniformis, Bacillus cereus and Klebsiella oxytoca 

strains (Fig. 4). 

Morphological characteristics Z7 Z9 Z63 

Staining Gram positive Gram positive Gram negative 

Arrangements Rods In chains Short rods Short rods 

Form Circular Circular Irregular 

Margin Serrated Sleek Sleek 

Growth level Superficial Raised Raised 

Catalase activity + + + 

Gelatin hydrolysis test + + - 

Starch hydrolysis test + + - 

Casein hydrolysis test + - - 

Xylanase activity + + - 

Urease activity - - + 

Lipase activity - - + 

Vogeus prasukauer reaction - - - 

Methyl red reaction - - - 

Anaerobic growth - - + 
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Table (2) Indicates the accession numbers of the 16s rRNA gene sequence for the three chosen strains. 

 

 

 

 

 

 

 

 

 

Various cellulose-degrading bacteria have been found 

in different environments. Cellulase gene of Bacillus 

spp. has been reported by many researchers [15],[23], 

[27]. Poovazhagi [19] distinguished Bacillus subtilis 

P15 strain by morphological, physiological, and 

biochemical portrayal and 16S rRNA from soil samples 

in screening for cellulases. 

 

 

Fig. (4) Molecular phylogenetic analysis of Bacillus licheniformis strain Z9 Bacillus cereus strain Z7, and Klebsiella 

oxytoca strain Z63 with the neighbor joining methods using MEGA 7 software. The bars represent the distance values 

calculated by MEGA 7, and the values at the nodes represent the percentages of 1000 bootstrap replicates. 

 KY010309.1 Bacillus sp. strain KCT1 16S ribosomal RNA gene partial sequence

 KY930333.1 Bacillus cereus strain NIBSM OsG2 16S ribosomal RNA gene partial sequence

 KU870751.1 Bacillus cereus strain BFM4 16S ribosomal RNA gene partial sequence

 KY628813.1 Bacillus cereus strain CCM 2010 16S ribosomal RNA gene partial sequence

 KY927396.1 Bacillus cereus strain NIBSM OsS4 16S ribosomal RNA gene partial sequence

 KT693283.1 Bacillus cereus strain Z7 16S ribosomal RNA gene partial sequence

 KF751725.1 Bacillus cereus strain Sami 16S ribosomal RNA gene partial sequence

100%

100%

100%

0.00050

 JF271864.1 Klebsiella oxytoca strain CJ13 16S ribosomal RNA gene partial sequence

 DQ358738.1 Klebsiella sp. JT42 16S ribosomal RNA gene partial sequence

 AY873801.1 Klebsiella oxytoca isolate GR6 16S ribosomal RNA gene partial sequence

 DQ229102.1 Klebsiella sp. TNT3 16S ribosomal RNA gene partial sequence

 EF127829.1 Klebsiella oxytoca strain LF-1 16S ribosomal RNA gene partial sequence

 NR 118853.1 Klebsiella oxytoca strain ATCC 13182 16S ribosomal RNA gene partial sequence

 KT693284.1 Klebsiella oxytoca strain Z63 16S ribosomal RNA gene partial sequence

100%

0.000100

 MF540573.1 Bacillus licheniformis strain BK401 16S ribosomal RNA gene partial sequence

 KC429647.1 Bacillus licheniformis strain XFB-AK 16S ribosomal RNA gene partial sequence

 KT074458.1 Bacillus licheniformis strain BGR281 16S ribosomal RNA gene partial sequence

 KT693282.1 Bacillus licheniformis strain Z9 16S ribosomal RNA gene partial sequence

 KJ722434.1 Bacillus licheniformis strain Lr124/6 16S ribosomal RNA gene partial sequence

 KX235179.1 Bacillus licheniformis strain PKBMS16 16S ribosomal RNA gene partial sequence

 KU925859.1 Bacillus licheniformis strain 7170 16S ribosomal RNA gene partial sequence

100%

100%

100%

100%

0.00020

No.                        Name of the 16s rRNA sequence Accession no. 

1 
Bacillus cereus strain Z7 16S rRNA gene, partial sequence  

 

KT693283 

2 Bacillus licheniformis strain Z9 16S rRNA gene, partial sequence KT693282 

3 Klebsiella oxytoca strain Z63 16S rRNA gene, partial sequence KT693284 
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4. Conclusion 
For decades, many microbes able to hydrolyze 

cellulose into simple sugars were examined. 

Nevertheless, there were still need for newly identified 

cellulolytic bacteria. In this investigation we have 

isolated and discovered cellulase that produces soil-

based bacteria. The bacterial isolates were 

characterised by morphological and biochemical 

testing and 16S rRNA sequencing validated. They were 

identified as strain Z7 of Bacillus cereus, strain Z9 of 

Bacillus licheniformis and strain Z63 of Klebsiella 

oxytoca. Cellulose generating bacteria may be 

insulated, screened and identified to give an excellent 

starting point for the discovery in the industrial and 

agricultural fields in Egypt of such helpful enzymes. 
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