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Abstract: The cellulolytic bacteria were screened out from five different sources on two selective media, cellulose agar 

and carboxymethyl cellulose agar. Ten bacterial isolates characterized by high potent ability to produce cellulases 

enzymes. These isolates were characterized and identified. The extracellular cellulases activities ranged from 4.389 to 

7.724 U/ml for filter paper cellulase (FPCase) and 6.175 to 12.152 U/ml for carboxymethylcellulase (CMCase) assay. Two 

isolates (CDB6 & CDB10) were found to be highest productivity of cellulases enzymes, 7.268 and 7.724 U/ml 

respectively, on FPCase, whereas on CMCase assay maximum activity was11.077 U/ml by CDB6 and 12.152U/ml by 

CDB10. Ten cellulose degrading bacterial isolates were identified as Bacillus subtilis(four isolates: CDB6, CDB8, CDB9 

and CDB10), Bacillus thuringeinsis(two isolates: CDB1 and CDB5), Brevibacillusbrevis(two isolates: CDB2 and CDB4), 

Brevibacillusparabrevis(one isolate: CDB7) and Bacillus pumilus(one isolate: CDB3). 

Keywords: FPCase: Filter Paper Cellulase, CMCase: carboxymethylcellulase, CDB: cellulose degrading bacteria.

 

1 Introduction 

Plant biomass contains cellulose as the major component of 

the cell walls. Cellulose accounts for 50% of the dry weight 

of plant biomass and approximately 50% of the dry weight 

of secondary sources of biomass such as agricultural wastes 

[1]. Cellulose is a strong fibrous, crystalline polysaccharide, 

resistant to hydrolysis and is water insoluble [2]. Cellulose 

is a polysaccharide composed of repeating D-glucose units 

that are linked together with β-1, 4-glycosidic bonds[3, 4]. 

Cellulases enzymes can hydrolyze the β (1-4) glycosidic 

linkages to smaller oligosaccharides and eventually 

glucose. For years, cellulases have been a target for 

academic and industrial research and are currently being 

applied in many industries [5]. Microbial cellulases have 

many potential industrial and biotechnological applications, 

and hence are in high demand [6]. 

Bacteria are now being widely explored for cellulases 

production because of their rapid growth, expression of 

multi-enzyme complexes, stability at extremes of 

temperature and pH, lesser feedback inhibition, capacity to 

colonize a wide variety of environmental niches, and ability 

to withstand varieties of environmental stress [7, 8]. 

Bacillus subtilis continues to be a dominant workhorse due 

to its capacity to secrete large quantities of extracellular 

cellulolytic enzymes [9, 10]. 

2 Materials and Methods 

2.1 Samples Collection.  

The samples for isolation of cellulose degrading bacteria 

were collected from five different sources, where the 

natural process of cellulose degradation is taking place, 

such as garden soil, agricultural soil, gut of ruminants, 

sediment of River Nile and compost, at Assiut Governorate 

(Upper Egypt). All samples were collected in sterile 

containers and transported under aseptic conditions to 

laboratory for further investigations. 

 

2.2 Isolation of Cellulose Degrading Bacteria. 

Cellulolytic bacterial strains were isolated from all samples 

by using serial dilutions and spread plate technique. For 

each sample, several sub-samples were taken, homogenized 

in sterile physiological saline solution 0.85% NaCl (w/v) 

and serially diluted to suspend the cells and spread plate 

technique was done using two selective media.The first 

medium was cellulose agar containing (g/l): cellulose 2.0, 

gelatin 2.0, MgSO4 0.25, KH2PO4 0.5 and agar 15.The 

second medium was carboxymethyl cellulose agar (CMC 

agar) with the following composition (g/l): peptone 10.0, 

carboxymethyl cellulose (CMC) 10.0, K2HPO4 2.0, 

MgSO4.7H2O 0.3, (NH4)2SO42.5, gelatin 2.0 and agar 15. 

pH was adjusted at 6.8-7.2, and the plates were incubated at 
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37 °C for 72 hours [11].All different bacterial colonies that 

appeared on the plates of the two selective media were 

selected and subjected to the purification process. The 

purified colonies were preserved at 4°C for further 

identification and screening for cellulases enzymes 

production. 

 

2.3 Screening for Cellulose Degrading Bacteria. 

All purified bacterial isolates were screened for cellulases 

production as described by Lisdiyantiet al.,[12]. Each 

isolate was individually streaked on the plates of CMC agar 

and incubated at 37 °C for 72 hours. After incubation, CMC 

agar plates were flooded with 0.1% (w/v) Congo red 

reagent and allowed to stand for 15 min. at room 

temperature, then washed with 1 M NaCl[13].The 

formation of a clear zone of hydrolysis around bacterial 

colonies indicated cellulose degradation. The ratio of the 

clear zone diameter to colony diameter was measured in 

order to select for the highest cellulases activity producer. 

The largest ratio was assumed to contain the highest 

activity [14,15].Hydrolysis capacity (HC) value was 

calculated as described by Sreejaet al.,[16]. 

 

2.4 Secondary Screening For Cellulose 

Degrading Bacteria Using Iodine Solution 

Indicator. 
 

All bacterial isolates were screened for cellulases 

production as described by Kasana et al., [6]. The 

hydrolysis capacity was calculated from the ratio between 

the diameter of the cellulolytic zone and the diameter of the 

bacterial colony [17]. 
 

2.5 Confirmation test for Cellulolytic Activity of 

Bacterial Isolates By Cellulose Congo Red Agar. 

Confirmation of cellulose-degrading ability of bacterial 

isolates was performed by streaking the isolates on the 

cellulose Congo-red agar [18]. Colonies showing 

discoloration of Congo red were selected as positive 

cellulose degrading bacterial colonies [19], and only these 

were taken for further study. 

 

2.6 Production of Cellulases Enzymes. 

For the quantitative estimation of cellulases enzymes, the 

selected cellulose degrading bacterial isolates were grown 

in carboxymethyl cellulose broth medium (enzymes 

production medium) contain (g/l): CMC 10.0, peptone 10.0, 

MgSO4.7H2O 0.3, K2HPO4 2.0, (NH4)2SO4 2.5, and gelatin 

2.0. pH was adjusted at 6.8-7.2. The medium was incubated 

in a shaking incubator at 37oC for 72 hours, with agitation 

speed of 160 rpm [11]. After three days of incubation, 

inoculated broth was subjected to centrifugation at 5000 

rpm for 20 min at 4°C. Supernatant was collected and 

preserved as a crude enzyme for further enzymes assay. 

 

2.7Cellulases Activity Assay by 

Spectrophotometric Method. 

 
The carboxymethylcellulase (CMCase) and filter paper 

cellulase (FPCase) enzymes activities were determined 

according to the methods recommended by the 

International Union of Pure and Applied Chemistry 

(IUPAC) commission on biotechnology [20]. 

 

2.8 CMCase Activity. 

CMCase activity wasdetermined and estimated according to 

the method described by Wang et al.,[21].One unit of 

CMCase activity is expressed as the quantity of enzyme, 

which is required to release 1μg of glucose per minute 

under standard assay conditions. The values obtained are 

compared with glucose standard curve [22]. 

 

2.9 FPCase Activity. 

Filter paper cellulase (FPCase) activity was determined as 

described by Gadgilet al.,[23].One unit of FPCase activity 

is expressed as the quantity of enzyme, which is required to 

release 1μg of glucose per ml per minute under standard 

assay conditions. The values obtained are compared with 

glucose standard curve [22]. 

 

2.10 Phenotyping of The Highest CMCase And 

FPCase Producing Bacterial Isolates. 
 

Morphological and biochemical identification of the 

selected ten bacterial isolates were carried out according to 

the standard methods described in Bergey’s Manual of 

Determinative Bacteria [24]. 

 

2.11 Molecular Characterization of Selected Ten 

Bacterial Isolates. 
 

Molecular characterization of selected ten bacterial isolates 

was done with the help of Solgent Company, Daejeon 

South korea. Cultures were sent to the Solgent Company 

for rRNA gene sequencing. Bacterial DNA was extracted 

and isolated using Solgent purification bead. Prior to 

sequencing, the ribosomal RNA gene was amplified using 

the polymerase chain reaction (PCR) technique in which 

two universal primers were used for amplification: Forward 

primer:27F(AGAGTTTGATCCTGGCTCAG).Reverse 

primer:1492R(GGTTACCTTGTTACGACTT).PCR 

products were purified and sequenced using a PCR 

purification kit. The purified PCR products were 

reconfirmed by gel electrophoreses with 1% agarose gel.  

Bands were eluted and sequenced with the incorporation of 
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di-deoxy nucleotides (dd NTPs) in the reaction mixture 

[25]. Sequences were further analyzed using BLAST from 

the National Center of Biotechnology Information (NCBI) 

website. Phylogenetic analysis of sequences was done help 

of MegAlign (DNA star) software version 5.05. The 

percentages of sequence matching were also analyzed and 

the sequence was submitted to NCB1-GeneBank to obtain 

accession numbers. 

 

3 Results and Discussion 

3.1 Isolation And Purification of Cellulose 

Degrading Bacteria. 

In this study, 120 bacterial isolates were isolated from five 

different sources (garden soil, agricultural soil, gut of 

ruminant, sediment of River Nile and compost). Garden soil 

was the richest source in isolates number with 49 isolates 

(40.83%) followed by gut of ruminant with 32 isolates 

(26.67%), compost with 19 isolates (15.83%), agricultural 

soil with 13 isolates (10.83%) and River Nile sediment with 

7 isolates (5.83%).These results are in agreement with those 

reported in a previous studies, which the cellulolytic 

microorganisms have been isolated from diverse 

environments such as, soil [26, 27],organic waste 

[28,29],gut [30, 31],animal waste [32],marine sediments 

[33, 34, 35]and seaweeds [36].One hundred and sixteen 

isolates exhibited Gram positive bacteria while four isolates 

only were Gram negative. From these isolates, 98 isolates 

were bacilli, 10 isolates were cocci and 12 isolates were 

coccobacilli (Table1). 

3.2 Screening for cellulases producing Bacteria 

(Qualitative Assay of CMCase And FPCase 

Activity) 

All 120 purified bacterial isolates were screened for 

cellulases production. One hundred and seven isolates 

(89.16 %) exhibited cellulases positive, whereas thirteen 

isolates (10.83 %) were cellulases negative. Ten Gram 

positive isolates were not exhibited cellulolytic activity 

whereas only one Gram negative isolate was exhibited 

cellulolytic activity (Table 1). Agar media containing 

cellulose or CMC for the screening of cellulases producing 

bacteria through the formation of zone of hydrolysis have 

been reported by many researchers [37, 38, 39, 40].Among 

107 isolates that showed cellulases activity, 10 isolates 

exhibited the largest clear zones, were selected and named 

as cellulose degrading bacteria (CDB1-10). Clear zones 

ranged from 23 to 57 mm, and the average of hydrolysis 

capacity (HC) values (ratio of zone size to colony diameter) 

ranged from 1.33 to 2.87 (Table 2). These results are very 

similar to the findings reported by Hatamiet al.,[41] who 

also found the hydrolytic value between 1.38 to 2.33 and 

0.15 to 1.37 cm of cellulolytic aerobic bacterial isolates 

from farming and forest soil, respectively. Lu et al., [42] 

observed maximum clearing zones ranged between 25 to 64 

mm with maximum HC value of 4.85-13.11 cm. 

Nevertheless, the observed HC value is lower than the 

value observed by Gupta et al., [43] who observed 

maximum HC value of 9 to 9.8 cm. The maximum clearing 

zone of 57mm was estimated for isolate CDB6 as shown in 

Figure 1. 

 

 

Figure 1.CDB6 isolate exhibited the largest clear zone on 

CMC agar medium by using Congo red reagent (a), and by 

using Gram’s iodine solution (b); negative result for 

cellulases activity(c). 

 

3.3 Quantitative Assay For CMCase And FPCase 

Activity By Spectrophotometric Method. 

Because the diameter of the clearing zone may be not 

accurately reflect the true cellulases activity [44], therefore, 

all the bacterial colonies having the large clear zones were 

screened again by colorimetric method to determine the 

most potent isolates for FPCase and CMCase production. 

Ten bacterial isolates (CDB1-10) that showed the largest 

clear zones were selected for cellulases production and their 

respective cellulolytic activity was estimated. The activities 

ranged from 4.389 to 7.724 U/ml for FPCase and 6.175 to 

12.152 U/ml for CMCase assay. Enzyme assay for cellulase 

activity on filter paper was found to be highest for CDB6 

and CDB10 with 7.268 and 7.724 U/ml, respectively, while 

for CMCase assay maximum activity was determined to be 

11.077 U/ml by CDB6 and 12.152U/ml by CDB10 

(Table3). 

These results are in agreement with previous studies, which 

also recorded a CMCase activity greater than FPCase and 

β-glucosidase[45, 46].Generally, FPCase activity is found 

to be lower than CMCase and β-glucosidase[47, 48].In a 

study carried out by Soareset al.,[26]46.9% of the isolates 

displayed the presence of endoglucolytic activity, 9.1% 

showed exoglucolytic activity, while only a minority 

(4.72%) could degrade both the substrates on plate assay.  

 

 

a b c 
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Table 1.Summery of samples collection, isolation, Gram staining and cellulases activity of isolates from different sources. 

Source of samples No. of isolates 
Cellulases activity Gram stain 

 

% 

+Ve -Ve +Ve -Ve 

Garden soil 49 41 8 48 1 40.83 

Gut of ruminant 32 30 2 31 1 26.67 

Compost 19 18 1 17 2 15.83 

Agricultural soil 13 11 2 13 0 10.83 

River Nile sediments 7 7 0 7 0 5.83 

Grand total 120 107 13 116 4 100% 

 

Table 2. Evaluation of cellulases activity of some cellulose degrading bacterial in CMC agar plate through halo zone  

formation. 

Isolates 

code 
Isolation source 

Mean clear zone 

diameter (ZD) (mm) 

Mean colony diameter 

(CD) (mm) 

HC Value 

(ZD/CD) 

CDB1 Garden soil 42 19 2.21 

CDB2 Garden soil 23 8 2.87 

CDB3 River Nile sediments 28 21 1.33 

CDB4 Garden soil 35 16 2.19 

CDB5 Garden soil 28 13 2.15 

CDB6 Garden soil 57 34 1.68 

CDB7 Agricultural soil  33 20 1.65 

CDB8 Agricultural soil  39 19 2.05 

CDB9 Gut of ruminant  47 26 1.81 

CDB10 Gut of ruminant  41 19 2.16 

Table 3.Extracellular cellulases activity of two enzymes (FPCaseandCMCase) for isolates (CDB1-10).  

Isolates 

code 

Enzymes activity (U/ml) 

FPCase CMCase 

CDB1 4.844 7.669 

CDB2 5.391 6.229 

CDB3 4.389 6.175 

CDB4 4.826 7.687 

CDB5 4.717 7.469 

CDB6 7.268 11.077 

CDB7 6.065 9.419 

CDB8 6.503 10.148 

CDB9 6.156 9.637 

CDB10 7.724 12.152 
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CMCase activity obtained in this study was higher than that 

exhibited by some known natural isolates. For example, 

Bacillus subtilis AS3, isolated from cow dung, produced 

CMCase with productivity of 0.07U/ml [49], Bacillus 

amyloliquefaciens SS35, isolated from rhinoceros dung 

(0.079 U/ml) [32],and Brevibacillus sp. DUSELG12 and 

Geobacillus sp. DUSELR7, isolated from gold mine (0.02 

U/ml and 0.058 U/ml, respectively)[50].On the other hand, 

the FPCase activity obtained in the present study was 

higher than that exhibited by some known natural isolates, 

for example, lower FPCase activities were obtained from 

Brevibacillus sp. DUSELG12 and Geobacillus sp. 

DUSELR7 studied by Rastogiet al.,[50].Also, Ariffin et 

al.,[15] recorded lower FPCase activity (0.011 U/ml) by 

Bacillus pumilus EB3. 

 

3.4 Identification of The Highest CMCase And 

FPCase Producing Bacterial Isolates. 

3.4.1 Morphological And Biochemical 

Characteristics (Phenotypic). 

Ten selected bacterial isolates (CDB1-10) were subjected to 

various morphological and biochemical characterization to 

identify them. The colony characteristics of the isolates 

were found variable. The colonies were undulate, convex, 

flat, filamentous and circular having gummy and sticky 

consistency. Microscopic observation of the isolates 

revealed that, all isolates were Gram positive, rod shaped 

(mono, diplo and streptobacilli), spore formation and 

motile. 

These isolates were examined for starch hydrolysis, gelatin 

hydrolysis, casein hydrolysis, urea hydrolysis, catalase 

production, nitrate reduction, indole production, methyl red 

test, voges-proskauer test, citrate utilization and sugars 

fermentation. Results of all these tests were presented in 

Table (4, 5).  
 

3.4.2 Scanning Electron Microscopy. 

Scanning electron microscopy illustrates the shapes and 

sizes of bacterial cells for CDB6 and CDB10.  

Figure (2) shows that, the average of cell size for CDB6 

was 1.6 μm in length and 0.7 μm in width. On the other 

hand, Figure (3) shows that, the average of cell size for 

CDB10 was 1.4 μm in length and 0.7 μm in width. 

Bacterial cells appear as diplo-bacilli. 

3.4.3 Genotyping Identification Using 16S 

Ribosomal RNA Gene Sequencing: 

Based on 16S rRNA gene sequence and morphological and 

biochemical characteristics, ten cellulose degrading 

bacterial isolates (CDB1-10) were identified as Bacillus 

subtilis(CDB6, CDB8, CDB9 and CDB10), Bacillus 

 

 

 

 

 

 

 

thuringeinsis(CDB1and CDB5), Brevibacillusbrevis(CDB2 

and CDB4), Brevibacillus parabrevis(CDB7) and Bacillus 

pumilus(CDB3). Isolates CDB6 and CDB10 were 

designated as Bacillus subtilisstrainASB11, Gene Bank 

accession No. (KY007073) with identity (99%), and 

Bacillus subtilisstrainASB1, Gene Bank accession No. 

(KU533851) with identity (98%), respectively, (Table 6). 

These results are in agreement with those reported in 

previous studies, which many Bacillus sp. including 

Brevibacillus brevis[51],Bacillus pumilus[52],Brevibacillus 

sp. [50],and Bacillus subtilis YJ1 [53],have been exploited 

for cellulases  production. 

A phylogenetic tree based on the comparison of 16S rRNA 

sequences of reference strains was constructed. The 

phylogenetic analysis was performed with (950 bp - 1500 

bp) sequences for isolates (CDB1-10) using the software 

MEGA 6[54], using the neighbor-joining method and based 

on Jukes-Cantor distances. 

3.4.3.1 Bacterial Isolates (CDB6): 

DNA nucleotide sequence of 16S rRNA gene of CDB6 

strain was amplified by PCR and partially sequenced for 

Bacillus subtilis strain ASB11. (KY007073.1). 

 

Figure2.Isolate CDB6 under scanning electron 

microscope showing diplo-bacilli.  

Figure 3. Isolate CDB10 under scanning electron 

microscope showing diplo-bacilli. 
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Table 4 . Summary of the morphological and biochemical characteristics of the best cellulose degrading bacterial 

isolates (CDB1-10). 

Oxygen 

requirement 
Motility Pigmentation 

Spore 

forming 

Shape of bacterial  

cells 

Gram 

staining 

Code of 

isolates  

Facultative Motile None +Ve Streptobacilli +Ve CDB1 

Facultative Motile None +Ve Diplobacilli +Ve CDB2 

Facultative Motile 
Endo-pigment 

(Yellow) 
+Ve Monobacilli +Ve 

CDB3 

Facultative Motile 
Endo-pigment 

(Orange) 
+Ve Monobacilli +Ve CDB4 

Facultative Motile 
Endo-pigment 

(Yellow) 
+Ve Streptobacilli +Ve CDB5 

Facultative Motile 
Endo-pigment 

(Brown) 
+Ve Diplobacilli +Ve CDB6 

Facultative Motile None +Ve Diplobacilli +Ve CDB7 

Facultative Motile None +Ve Diplobacilli +Ve CDB8 

Facultative Motile None +Ve Diplobacilli +Ve CDB9 

Facultative Motile None +Ve Diplobacilli +Ve CDB10 

Table 5.Biochemical characteristics of cellulose degrading bacterial isolates (CDB1-10). 

code of 

isolates 

Indole 

test 

M. R. 

test 

V. P. 

test 

Citrate 

test 

Starch 

hydrolysis 

Gelatin 

hydrolysis 

Casein 

hydrolysis 

Urea 

hydrolysis 

Nitrate 

reduction  

CDB1 - + + - + + + + + 

CDB2 - - - - - + + - + 

CDB3 - - + - + + + - + 

CDB4 - - - + + + + - + 

CDB5 - - - + + + + - + 

CDB6 - - + - + + + - + 

CDB7 - - + - - + + - + 

CDB8 - - + - + + + - + 

CDB9 - - + - + + + - + 

CDB10 - - + - + + + - + 
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Table 5 continued. Sugars fermentation. 

 
Isolate code  Glucose Lactose Fructose Dextrose Galactose Xylose Ribose Mannose Rhaffinose Rhaminose 

CDB1 + + + + + + + + + + 

CDB2 - - - - - + - - - - 

CDB3 - - + - + - + - + - 

CDB4 - - - - - - + - - - 

CDB5 - - - - - + - - - - 

CDB6 + + + + + + - + - + 

CDB7 - - - - - - - - - - 

CDB8 + + + + + + - + - + 

CDB9 + + + + + + - + - + 

CDB10 + + + + + + - + - + 

 

Table 6.Name, similarity and Gene Bank accession number of the selected cellulose degrading bacterial 

isolates(CDB1-10). 

 

Isolates code Name of isolates Similarity Gene Bank accession number 

CDB1 Bacillus thuringiensis 98% KU550946.1 

CDB2 Brevibacillusbrevis 99% KU973528.1 

CDB3 Bacillus pumilus 98% KU973527.1 

CDB4 Brevibacillusbrevis 96% KU973526.1 

CDB5 Bacillus thuringiensis 97% KU973525.1 

CDB6 Bacillus subtilis 99% KY007073.1 

CDB7 Brevibacillusparabrevis 98% KU555938.1 

CDB8 Bacillus subtilis 98% KU973529.1 

CDB9 Bacillus subtilis 97% KU533850.1 

CDB10 Bacillus subtilis 99% KU533851.1 

 

 
Figure 4.Partial sequence of 16S rRNA product gene sequence of isolate CDB6. 
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Figure 5. Phylogenetic tree for bacterial isolate CDB6. 

 

3.4.3.2 Bacterial Isolate (CDB10): 

 

DNA nucleotide sequence of 16S rRNA gene of CDB10 

strain was amplified by PCR and partially sequenced for 

Bacillus subtilis strain ASB1. (KU533851.1). 

 

Figure 6.Partial sequence of 16S rRNA product gene 

sequence of isolate CDB10. 

 

Figure 7. Phylogenetic tree for bacterial isolate CDB10. 

 

3.4.3.3 Aggregated Phylogenetic Tree for Ten 

Bacterial Isolates (CDB1-10). 

 

 

Figure 8.Phylogenetic tree for ten bacterial isolates 

(CDB1-10). 

 

4 Conclusions 

Based on the results of the current study, One hundred and 

seven isolates (89.16 %) exhibited cellulases positive, 

whereas thirteen isolates (10.83 %) were cellulases 

negative. Among 107 isolates that showed cellulases 

activity, ten bacterial isolates characterized by high potent 

ability to produce cellulases enzymes. These isolates were 

characterized and identified. Two isolates (CDB6 & 

CDB10) were  found to be highest  productivity of 

cellulases enzymes, 7.268 and 7.724 U/ml on FPCase, 

respectively,  whereas on CMCase assay maximum activity 

was 11.077 U/ml by isolate CDB6 and 12.152U/ml by 

CDB10. Ten cellulose degrading bacterial isolates were 

identified as Bacillus subtilis (four isolates: CDB6, CDB8, 

CDB9 and CDB10), Bacillus thuringeinsis (two isolates: 

CDB1 and CDB5), Brevibacillus brevis (two isolates: 

CDB2 and CDB4), Brevibacillus parabrevis (one isolate: 

CDB7) and Bacillus pumilus (one isolate: CDB3). 
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