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Abstract 

Cellulases are produced by different microorganisms dwelling in a broad range of environmental habitats though the fermentation 
process.  Out of 41 isolated bacterial and actinomycetes from 10 agro-wastes; the cellulose degrading Paenibacillus polymyxa strain 
H210517 showed the highest cellulase activity among them. The strain sequences were submitted to GenBank database at NCBI under 
accession number: MZ440844.  The resulted optimum pH, substrate concentration, NaNO3 concentration and the incubation time when 
collected in one test, the cellulase activity was increased from 0.14 to 0.21µmol reducing sugar /ml. 
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1. Introduction 

Agricultural wastes are becomes very obvious and aggravated problem after the harvest of crops.  The farmers are in a rush 
to re-cultivate there lands; therefore getting rid of the wastes usually occurs by burning is there highest priority (Blanco-
Canqui and Lal, 2009; Lahham, 2016 and Khan and Faisal, 2020).  Burning agricultural residues has harmful effects on 
the environment due to the emission of poisonous gases which is called “the black cloud” and reduction of microbial 
activities in the soil (Chen et al., 2019).   On the other hand, storing these wastes in the field after compacting could create 
an unwanted environment for breeding pests and microbial pathogens that would attack the new crops (Ansari et al., 2018 
and Maji et al., 2020).  In addition, burning agricultural residues is considered an economic loss; since these residues can 
be utilized in compost, animal fodder, bio-energy, fertilizers, raw materials to certain industries and adsorbent for the 
removal of contaminants (Dai et al., 2018; Bhushan et al., 2019; Bolzonella et al., 2020 and Gebremikael et al., 2020).     
Estimation of agricultural wastes in Egypt range from 30-35 million tons per year of which only 7 million tons used as 
animal feed and 4 million tons used as organic fertilizer . These residues exist in the form of rice straw, corn cobs, sugar 
cane bagasse, several wastes from dates palm tree (such as: empty fruit bunches, leaves and stem) and others (Abou 
Hussein and Sawan, 2010 and Elbasiouny et al., 2020).  In ancient times, the lifestyle of the Egyptian villagers was 
linked to the subsistence economy; in which the farmer was able to utilize all residues in different ways, such as building 
houses, making furniture, producing fuel and animal feed (Abou Hussein and Sawan, 2010). The main component of the 
agricultural wastes is lignocellulose which is a complex carbohydrate polymer of cellulose, hemicellulose and lignin 
(Thomsen et al., 2014 and Li et al., 2015).   Biological degradation in general, for both economic and ecological reasons, 
has become an increasingly popular alternative for the treatment of agricultural, industrial, organic as well as toxic wastes 
(Efrati et al., 2013; Leo et al., 2013; Maryan and Montazer, 2013 and Zhang et al., 2013).  This type of degradation 
‘which is known as the enzymatic hydrolysis’, occurs with the help of the microbial enzymes.  Enzymes also play an 
important role to advance both the rate and specificity of the various bio-chemical reactions and metabolic processes 
(Thapa et al. 2019).     In recent years, use of enzymes is increasing for the development of eco-benign and efficient 
chemical syntheses. They have particular physico-chemical characteristics such as being economical, less energy 
input/intake, eco-friendly and better efficiency.  These unique properties have led to efforts for their optimum production 
and subsequently for novel and competitive uses in large number of industrial bio-processes (Gurung et al., 2013 and 
Adrio and Demain, 2014). Microorganisms are well known agents for their metabolic versatility for the degradation of 
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agricultural wastes (Mutschlechner et al., 2015; Rouches et al., 2018; Srivastava et al., 2018; Wagner et al., 2018; Xu 
et al., 2018; Wilhelm et al., 2019; Bhatt et al., 2020 and Leite et al., 2021).     
The aim of this study is the isolation of a bacterial strain with high cellulase activity, to utilize it after that as an eco-
friendly disposal of the agricultural wastes.  
2. Materials and Methods  

2.1. Collection of agricultural wastes  
 The lignocellulosic agricultural wastes were collected from different places in Giza, Egypt during August, 2018.  Seven 
samples were collected from the fields in the Agriculture Research Center in Giza- Egypt.  Date palm tree samples (leaves 
(PL), Date palm stem (PSt), palm fibers (PF) and empty fruit branch (EFB)) and soil sample of the same tree in depth 15-25 
cm (PS) were collected.  The soil samples (in depth 15-25 cm) from the fields of both Zea maize (CS) and sugar cane (SCS) 
were also collected.  While, the waste samples of Zea maize corncobs (the base (CC) and the husk (CH)) were collected 
from the local market.  Hence, the sugar cane bagasse of sugar cane waste (SCB) was collected from local shop of sugar 
cane juice in Giza, Egypt.  All the samples were collected in sterile polyethylene bags.   

2.2. Isolation of the predominant bacteria and actinomycetes from the agricultural wastes  
The isolation of microbial population was carried out directly after the preparation of the samples by using a modified 
method described by Ajijolakewu et al. (2013).  Different media are applied where different organisms are isolated.   
Media of nutrient (N) agar/L (3g beef extract, 5g peptone, 5g NaCl and 15g agar) (Aneja, 2003), starch-nitrate (SN)\L (20 
g starch, 20g Agar 2 g KNO3, 0.5 g NaCl, 3 g CaCO3, 0.02 g FeSO4. 7H2O, 1g K2HPO4, 0.5 g MgS04.7H20 and 1 ml trace 
salt solution (0.1g FeSO4. 7H2O, 0.1g MnCl2. 4H2O and 0.1g ZnSO4. 7H2O/ 100ml DW) (El-Naggar et al. 2014 and Atlas 
2010) and DSM 65 (GYM) agar/L (4g glucose, 4g yeast extract, 10g malt extract, 2g CaCO3 and 12g Agar) (Pridham et 
al., 1956-1957) were used. Microbial suspensions were prepared directly after the collection of the agricultural waste 
samples.  The samples were crushed into small pieces from outside their sterile - containing bag, to avoid their 
contamination with the air microflora.  Aseptically, 3 g of the sample in 50 ml sterile peptone water in 250 ml sterilized 
Erlenmeyer conical flask was shaken for 1hour at 200 rpm at room temperature.  All the samples suspensions were left to 
stand for 5 minutes for sedimentation of the samples. By using the pour plate method, 0.1 ml of the prepared microbial 
suspension was taken from the interface between the sediment and the supernatant, and then spread on the agar surface.  
All the samples were prepared in triplicates.  The inoculated plates were incubated in inverted position at 37 0C for 48 
hours for nutrient agar plates, while for 7 days for GYM- agar and SN- agar plates.  The cultures were examined for the 
selection of the microbial colonies; each colony was encoded, and then individually sub-cultured on the same medium.   

2.3. Screening of cellulase- producing bacteria and actinomycetes  
2.3.1. Qualitative Screening by using carboxymethylcellulose (CMC)- agar 

The experiment was carried out according to Ajijolakewu et al. (2013).  An inoculum from each isolated bacterial and 
actinomycetes culture was separately spread on the CMC-agar medium/L (1 g NaNO3, 1g K2HPO4, 1g KCl, 0.5g 
MgSO4.7H2O, 0.5g Yeast extract, 5g CMC and15g Agar) by the streak plate method; then incubated at 37 0C for 48 hours 
and 7 days respectively in inverted position.  All the samples prepared in duplicates.  After the incubation time, all the 
plates were stained with 1% (w/v) congo-red solution; then left for 15 minutes at room temperature.  Then the plates were 
washed with 1 M NaCl for 15 minutes; then examined by the naked eye for the presence of clear zones that formed around 
the microbial strikes.  The isolates that formed the highest clear zone were selected.    

2.3.2. Confirmatory test for cellulase activity by using the agro- wastes 
The test was carried out according to Sirisena and Manamendra (1995).  The base of the Zea maize corncobs and the 
sugar bagasse wastes were dried at room temperature then grinded.  Individually, 5g from each waste was replaced in the 
CMC-agar medium as the sole carbon source. Then, all the media sterilized at 121°C for 15 minutes.  An inoculum from 
each isolate culture was separately spread on the modified CMC-agar medium by the streak plate method; then incubated at 
37 0C for 48 hours and 7 days for bacteria and actinomycetes respectively in inverted position.  All the samples prepared in 
duplicates.   After incubation time, all the plates stained with 1% (w/v) congo-red solution, then left for 15 minutes at room 
temperature and finally washed with 1 M NaCl for 15 minutes.   The plates examined by the naked eye for the presence of 
clear zones that formed around the microbial strikes; the isolates that formed the highest clear zone were selected.     
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2.3.3. Quantitative screening by the submerged fermentation process 
 The experiment was carried out by using a modified method described by Shanmugapriya et al. (2012) and Sharma and 
Sharma (2016).   Subsequently, 1ml of 0.5 McFarland microbial suspensions prepared from 48 hours and 7 days old 
cultures for both the selected bacterial and actinomycetes isolates was inoculated into 250 ml Erlenmeyer conical flask 
containing 50 ml modified CMC - broth media.  All the inoculated flasks were shaken at 150 rpm at 37 °C for 48 hours for 
bacteria, while for 7 days for actinomycete isolates.  After that, the cultures were centrifuged at 5000 rpm for 15 minutes 
and the supernatants were collected.  In a test tube, a mixture of 1 ml of acetate buffer pH 5.5 (Malik and Singh,1980), 0.5 
ml of the supernatant and 1.5 ml of 1% CMC solution were incubated in water bath at 500C for 30 minutes.   After that all 
the mixtures were boiled for 5 minutes, then the reaction mixture raised to 5ml with DW.  After that, 1ml of each reaction 
mixture was mixed with 3ml of dinitrosalicylic acid (DNS) reagent Miller (1959), and then boiled for 15 minutes in a 
water bath.  The optical density for the cellulase activity was measured at 540 nm.    

2.4. Identification of the selected bacterial strain 
2.4.1. Examination under the Electron microscope  

The spore-print technique (Tresner et al., 1961) was applied to prepare the materials for electron-microscopy.  Culture 
with collodion films were gently passed to the sporulation surface of nutrient agar cultures. The cells were shadowed with 
chromium before examination with electron-microscope JEM-60.        

2.4.2. Molecular characterization using 16S rRNA 
The extraction of DNA was carried out according to Sigma Lab method.  In microcentrifuge tube, 200 µl of the bacterial 
suspension was added, and then 95 µl water, 95 µl solid tissue buffer (blue) and  10 µl proteinase K were added.  All the 
tube components mixed thoroughly and then incubated at 55 0C for 2 hours, after that the components re-mixed thoroughly 
and centrifuged at 12,000 xg for 1 minutes.   The aqueous supernatant transferred to a 300 µl clean tube, and then 600 µl of 
the Genomic Binding Buffer was added and mixed thoroughly.  After that, the mixture transferred to a Zymo-SpinTM IIC-
XL column in a collection tube, centrifuged at 12,000 xg for 1 minute, and then the collection tube was discarded with the 
flow through.  A 400 µl DNA pre-wash buffer was added to the column in a new collection tube, and then centrifuged at 
12,000 xg for 1 minute.   A 700 µl g-DNA wash buffer was added, the mixture centrifuged at 12,000 xg for 1 minute and 
then the collection tube discarded.   A 200 µl g-DNA wash buffer was added and then the components centrifuged at 12,000 
xg for 1 minute, then the collection tube was discarded.  Finally, 30 µl elusion buffer was added, the components incubated 
for 5 minutes, then the components centrifuged at 12,000 xg for 1 minute. 
To the extracted DNA tube, 25 µl My Taq Red Mix, 8 µl DNA Template, 1 µl (20 Pico mol) Forward Primers, 1 µl  (20 
Pico mol) Reverse Primers and 15 µl Nuclease free water were added.  For the thermal cycler conditions step, a subsequent 
temperature time cycles were applied.  At first, the initial denaturation was at 94 0C for 6 minutes, and then the 
denaturation was at 94 0C for 45 seconds.    After that, the annealing was at 56 0C for 45 seconds (35 cycles), extension was 
at 72 0C for 1 minute; finally, the extension at 72 0C for 5 minutes. 

2.5. Optimization of the cellulase activity by using the agro- waste a C-source 
Optimization of cellulase activity culturing condition was carried out by using a modified method described by 
Shanmugapriya et al. (2012), Sethi et al. (2013), Agarwal et al. (2014) and Sharma and Sharma (2016).  Sugarcane 
bagasse (which representing the enzyme substrate) was used as the sole     C- source instead of the CMC.   The tests were 
carried out at different pH (at 5, 7, 8 and 9), substrate concentrations (5g, 10g, 20g and 30g), nitrogen source 
concentrations (0.5g, 1g, 1.5g and 2g), incubation times (for 48, 72, 96 and 120 hours) and exposure to UV irradiation 
(UVC lamp 250—260 nm) at different time periods (starting from 5 minutes to 30 minutes with 5 minutes interval).  

2.6. Quantitative evaluation of the cellulase activity when the optimized growth conditions    
for the isolated Paenibacillus polymyxa strain H210517 collected in one test by using the 
agricultural wastes as C-source. 
The optimum enzymatic activity conditions that resulted from the previous tests (2.5.) were collected in one test; the test 
was designed by the author. The control medium was prepared as illustrated in section (2.3.3.) by using a modified method 
described by Shanmugapriya et al. (2012).  The designed medium that contains the optimum parameters was prepared as 
the following: ((1 g NaNO3, 1g K2HPO4, 1g KCl, 0.5g MgSO4.7H2O, 0.5g yeast extract, 30g sugarcane bagasse/L), pH 8 and 
incubation time for 72 hours.  All the samples prepared in triplicates.   The cellulase activity was assayed as mentioned 
before. 
 

220 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 01, January 2022 

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com 

3. Results and Discussion   
One of the problems that are usually associated with the environmental pollution is the accumulation of the agro-industrial 
wastes.  They require large places for their disposal; beside, the treatment options are cost (Blanco-Canqui and Lal, 2009; 
Lahham, 2016; Chen et al., 2019 and Khan and Faisal, 2020).   This encouraged the utilization and bioconversion of 
those wastes into high value industrially useful products (Dai et al., 2018; Bhushan et al., 2019; Bolzonella et al., 2020 
and Gebremikael et al., 2020).    The isolation of microbial cells requires using different media; in this study nutrient 
agar, starch – nitrate agar and GYM agar were used.  A total of 41 encoded colonies from 46 different selected colonies 
representing different bacterial and actinomycete colonies were isolated. The morphological characteristic, color and 
intensity of the growth for each selected colony were determined to distinguish between bacteria and actinomycetes as 
shown in Table (1).   Finally, we obtained 20 bacterial isolates and 21 actinomycete isolates as presented in Table (2) and 
Table (3) respectively.   The ability of those selected bacteria and actinomycetes isolates to produce the cellulase enzyme 
and degrade the cellulosic materials was determined qualitatively and quantitatively by using the submerged fermentation 
method.     
In nature, the mechanical strength of plant cells is due to the presence of cellulose; since it is the major component of the 
cell walls of most of the plants (Khandelwal and Windle, 2013).  The crystalline and amorphous forms of cellulose are 
formed due to the presence of large number of hydroxyl groups. This leads to the formation of hydrogen bonds between the 
lateral fibers, which make the structure more stable.  The crystalline nature of cellulose increases its ability to resist 
biological degradation (Karimi and Taherzadeh, 2016 a and b).  Cellulose is hydrophilic material, but its large size 
makes it less soluble in water.  It owes its structural characteristics, in which it can keep a semi-crystalline state of 
aggregation even in an aqueous environment; this is unusual for a polysaccharide (Zhang et al., 2013 and Aravamudhan 
et al., 2014).    
Therefore, the pretreatment for the agro-wastes were used to decrease biomass crystallinity and enhance its digestibility.  
Increasing the surface area of the agro-wastes by the size reduction is a key approach; where more microbes attach to the 
surface of biomass to enhance the degradation of cellulose (Yang et al., 2015 and Dahunsi, 2019).   Here in our study, the 
mechanical pretreatment by grinding and milling followed by thermal pretreatment (1.5 bar at 120°C) during the 
sterilization of the media components were applied (Zheng et al., 2014 and Neshat et al., 2017).  This will increase the 
microbial accessibility to the cellulose exist in the agro-waste.   
The qualitative analyses for each isolate were detected through studying its ability to hydrolyze three different cellulose-
containing media as sole carbon source. The carboxymethylcellulose (CMC), which considered the simplest cellulose, was 
used firstly as the sole carbon source.  This was followed by culturing the 41 encoded isolates on modified 
carboxymethylcellulose (CMC); in which carboxymethylcellulose was replaced with the lignocellulosic agro-wastes of the 
base of Zea mays corncobs and the sugar as complicated carbon sources.   The cellulase - degrading isolates were detected 
through both the density of the growth and the formation of the inhibition zone (IZ) upon staining the culture plate with the 
congo red.  The inhibition zones were possibly formed due to that, the congo red strongly interacted with the 
polysaccharides containing continuous β-1,4-linked D-glucopyranosyl units and β-1,3-D-glucans and some hemicellulosic 
galactoglucomannans (Nguyen et al., 2016).    Although all the encoded isolates were agro-wastes inhabitants; their ability 
to hydrolyze them were differ as presented in Table (2) and Table (3).   This may be attributed to that; those bacterial and 
actinomycete isolates hydrolyzes the lignocellulosic materials through a synergistic mechanism between them and other 
agro-wastes inhabitant microorganisms ((Wongwilaiwalin et al., 2010; Chen et al., 2013; Deng and Wang, 2016; 
Kanokratana et al., 2018 and Tomazetto et al., 2020).  According to the obtained results, the finally selected isolates were 
occurred upon those gave hydrolytic activity with the three carbon sources; they were selected for further investigations.   
Cellulase is not a single enzyme, rather a multi-enzyme complex; it produces, at the end of the hydrolytic reaction, 
biotechnologically relevant monomeric subunits (Singhania et al., 2013; Lombard et al., 2014 and Garg et al., 2016). 
Upon this finding, the cellulase activity was determined by quantitatively determine the amount of those produced reducing 
sugars /mole; to finally choose the encoded isolate with the highest cellulase activity.  The nine  selected bacterial isolates 
CL32, PS44, CL40, CL31, CC29, SC43, CC1, CC5 and CC6 were cultured on the on the modified carboxymethylcellulose 
(CMC); in which carboxymethylcellulose was replaced with the lignocellulosic agro-wastes of the base of Zea maize 
corncobs and the sugar as complicated carbon sources.     
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Table (1): The total 41 isolated colonies from the collected agricultural wastes. 
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N
* 

 

•          PL19 opaque and lobate at the margin 
•          PL 24 opaque and lobate at the margin 
•          PL 25 round, smooth and opaque colony 
 •         PSt15 undulate- opaque colony 
 •         PSt16 opaque and lobate at the margin 
 •         PSt44 opaque – undulate colony 
  •        PF20 opaque- undulate in margin 
   •       EFB21 opaque- irregular in shape 
   •       EFB 22  opaque- undulate in margin 
   •       EFB 25 a round, smooth and red in color colony 
       •   CC37 round, smooth and brown in color 
       •   CC 38  smooth, pale brown and punctifom in shape 
       •   CC 39 an undulate- opaque colony 
        •  CH40 round, smooth and opaque colony 
        •  CH 41 round, smooth and opaque colony 
        •  CH 42 an irregular- opaque colony 
         • SC43 An opaque-lobate colony in margins 

 

S-
N

**
 

  

 •         PSt14 round, smooth and red in color 
 •         PSt17 opaque and lobate in margin 
    •      PS18 opaque- rounded in shape 
     •     SCS23 round-smooth in margin 
       •   CC8 an opaque- punctifom colony 
        •  CH10 an opaque-undulate colony 
        •  CH 11 an opaque-undulate colony 
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       •   CC1 circular ash color colony with dark brown 
pigmentation 

       •   CC2 circular colony with pale brown pigmentation 
       •   CC3  white-creamy circular colony with brown spot in the 

center 
       •   CC4 circular brown in color with white-creamy margin 
       •   CC5 irregular orange in color with brown spot in the 

center 
       •   CC6 circular with powdery white texture 
       •   CC26 round smooth yellow in color 
       •   CC27 opaque – punctifom in shape 
       •   CC28 opaque – punctifom in shape 
       •   CC29 smooth opaque colony 
        •  CH31 A punctifom colony in shape  
        •  CH32  A smooth colony in shape  
        •  CH33 A colony punctifom in shape 
        •  CH34 smooth colony with central dark brown spot 
        •  CH35 A smooth colony in shape 
        •  CH36 A punctifom colony in shape 
        •  CH12 A punctifom colony in shape               

          N*: Nutrient agar    S-N**: Starch - Nitrate agar     GYM***: Glucose- Yeast -Malt agar 
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     Table (2): The encoded bacterial isolates that showed clear zone by using Congo Red. 

Nu. Source of isolate   Code  
C- source  

Decision the Zea maize 
corncobs base 

the sugar cane 
bagasse CMC 

1 

the Zea maize 
corncobs husk (CH) 

CH41 -ve -ve -ve -ve 
2 CH32 +++ ++ +++ +ve 
3 CH36 + + -ve -ve 
4 CH31 ++ ++ ++ +ve 
5 CH33 + + ++ -ve 
6 CH40 +++ +++ +++ +ve 
7 CH34 + + ++ -ve 
8 CH35 -ve -ve -ve -ve 
9 CH42 -ve -ve -ve -ve 
10 

the Zea maize 
corncobs base (CC) 

CC26 -ve + -ve -ve 
11 CC27 -ve -ve -ve -ve 
12 CC28 + + ++ -ve 
13 CC29 + + +++ +ve 
14 CC37 + + + -ve 
15 CC38 + + -ve -ve 
16 CC39 -ve -ve ++ -ve 
17 Corncobs soil  (SC) SC43 ++ ++ ++ +ve 
18 Date palm stem  (PSt) PSt44 +++ ++ ++ +ve 
19 Date palm leaves (PL) PL25 -ve -ve -ve -ve 

                     (-ve) : No Growth,  (+): fair  Growth, (++): moderate  Growth and (+++): Heavy Growth   

   Table (3): The encoded actinomycete isolates that showed clear zone by using Congo Red. 

Nu. Source of isolate   Code 
C- source 

Decision the Zea maize 
corncobs base 

the sugar cane 
bagasse CMC 

1 

the Zea maize 
corncobs base (CC) 

CC1 + ++ +++ +ve 
2 CC2 + -ve + -ve 
3 CC3 + -ve + -ve 
4 CC4 -ve -ve + -ve 
5 CC5 ++ ++ +++ +ve 
6 CC6 ++ + ++ +ve 
7 CC8 + + -ve -ve 
8 

the Zea maize corncobs 
husk (CH) 

CH10 -ve -ve + -ve 
9 CH12 -ve + -ve -ve 
10 CH11 -ve + + -ve 
11 

The empty fruit branch of 
Date palm (EFB) 

EFB21 + + + -ve 
12 EFB22 + + -ve -ve 
13 EFB25 + -ve + -ve 
14 The Date palm leaves 

(PL) 
PL24 -ve -ve + -ve 

15 PL19 -ve + + -ve 
16 The Date palm fiber  (PF) PF20 + + -ve -ve 
17 

The Date palm stem(PSt) 

PSt14 -ve -ve + -ve 
18 PSt15 + + + -ve 
19 PSt16 -ve + -ve -ve 
20 PSt17 -ve -ve + -ve 
21 The Date palm soil PS18 -ve + -ve -ve 
22 the sugar cane soil (SCS) SCS23 -ve + -ve -ve 

           (-ve) : No Growth,  (+): fair  Growth, (++): moderate  Growth and (+++): Heavy Growth 
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They were estimated for their cellulase activity through the following equation (Koehler et al., 1976): 
 

                        (T-C)X Factor X volume of sample                          (1) 
                                                              volume of standard  
 

              Where: T: the O.D. of the test sample    C: the O.D. of the control  
 
 

It was found that, the encoded bacterial isolate SC43 gave the highest hydrolytic activity with the both of the agricultural 
wastes. The enzymatic activity with the Zea maize corncobs base and the sugarcane bagasse were 0.16 µmole reducing 
sugar /ml and 0.156 µmole reducing sugar /ml respectively as presented in Figure (1).     
      

Figure (1):  Quantitative analyses of the cellulase activity by using the Zea maize corncobs base 
and sugarcane bagasse as sole C- sources  
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The encoded bacterial isolate SC43 was examind for its identification. At firest, the bacterial cell shape was examined 
under the scanning electron microscope as illuserated in Figure (2).   The bacterial cell appeared as a bacillus, rod-shaped 
with endospore.  Thereafter, the encoded bacterial isolate was examined for its molecular characterization using 16S 
rRNA.  The phylogenetic relationship of this species was blasted with other closely related bacterial species present in 
GenBank; the bacterium was sequenced as Paenibacillus polymyxa strain H210517 as illustrated on the phylogenetic tree 
in Figure (3).  The tree showed the positions of all the Bacillus species and representative of related genera with similarity 
99%.  The sequences were submitted to GenBank database at NCBI under accession number: MZ440844.    Paenibacillus 
is a genus of facultative anaerobic, endospore-forming bacteria, originally included within the genus Bacillus and then 
reclassified as a separate genus (Ash et al,. 1993).   Bacteria belonging to this genus have been detected in a variety of 
environments such as: soil, water, rhizosphere, vegetable matter, forage and insect larvae, as well as clinical samples.     
Paenibacillus polymyxa strain H210517, also known as Bacillus polymyxa, is a Gram-positive bacterium capable of fixing 
nitrogen.  It is found in soil, plant roots, and marine sediments.  History of P. polymyxa and its role as a biofertilizer and 
biocontrol agent in agriculture was extensively reviewed by Padda et al. (2017).    
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Figure (2): Examinations of the encoded bacterial isolate SC43 under the scanning electron 
microscope at different magnifications. 

 Figure (3): The phylogenetic tree for the bacterial isolate Paenibacillus polymyxa strain H210517 
 

 

 
 

         
          
          
          
          
          
          
     

 

    
          
          
          
          
          
          
          
          
           

As studied by Ash et al. (1993), they were determining the small subunit rRNA sequences of 51 species of Bacillus by 
reverse transcription to demonstrate the phylogenetic structure of the genus. From their studies, comparative analysis of 
the sequence data revealed five phylogenetically distinguished clusters. From those clusters, the group 3 bacilli showed 
phylogenetically distinct genera when compared with the others genus Bacillus (Ash et al., 1993).  Recently, Padda et al. 
(2017) have reclassified the group 3 bacilli which composed of Bacillus polymyxa and ten other close relatives into a new 
genus Paenibacillus; which meaning almost a Bacillus.  It was officially accepted and announced by the International 
Committee on Systematic Bacteriology, and was reclassified into a separate family name as Paenibacilliaceae (Meena et 
al., 2016; Rawat et al., 2016; Saha et al., 2016; Yadav and Sidhu, 2016 and Yasin et al., 2016).    

 

 
 

(3a) the bacterial culture at Magnification  x3000 

 
 
 

(3b) the bacterial culture at Magnification  x5500 

Paenibacillus polymyxa strain H210517  
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 Media optimization is an important estimation step in the determination of the enzymatic activity.  The isolated 
Paenibacillus polymyxa strain H210517 was tested with different pH, different substrate concentrations, different nitrogen 
source concentrations and different incubation time.   Also the effect of exposing the strain to the UV-light on the 
cellulase activity was studied.  The optimum cellulase activity can be obtained when the pH adjusted at 8, 1.5 g of the 
sugarcane bagasse as substrate, 1g of NaNO3 and incubation time for 72 hours as illustrated in Figures (4), (5), (6) and 
(7) respectively.  Hence, the UV light showed lethal effect on the bacterial cell as illustrated in Figure (8). 
 

Figure (4): The effect of different pH media on the 
production of  cellulase activity 

Figure (5): The effect of different substrate 
concentrations on the production of cellulase activity 

 
 
 
 
 
 
 
 
 
p-value <0.0001  (p-value≤0.05 considered statistically significant (95% 
confidence interval) 

 
 
 
 
 
 
 
 
 
 
 
p-value <0.0001  (p-value≤0.05 considered statistically significant (95% 
confidence interval)) 

 

Figure (6): The effect of different concentrations of the 
Nitrogen source on the production of cellulase activity 

 

Figure (7): The effect of incubation time on the 
production of cellulase activity 
 

 

 
 
 
 
 
 
 
 
 

p-value <0.0001  (p-value≤0.05 considered statistically significant (95% 
confidence interval)) 

 
 
 
 
 
 
 
 
 
 

 p-value <0.0001  (p-value≤0.05 considered statistically significant (95% 
confidence interval)) 

 

 

Figure (8):  The effect of UV light on the cellulase activity of the Paenibacillus polymyxa strain H210517 

 

p-value <0.0001  (p-value≤0.05 considered statistically significant (95% confidence interval)) 
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In a test that designed by the author, the resulted optimum pH, substrate concentration, NaNO3 concentration and the 
incubation time were collected in one test to determine their effect on the cellulase activity.   It was found that, the 
cellulase activity was increased to 0.21µmol reducing sugar /ml when the substrate concentration raised to 30g/l as 
illustrated in Figure (9).   From this result, we can conclude that the Paenibacillus polymyxa strain H210517 can be used 
for both hydrolyzing the agricultural wastes and the production of the cellulase for industrial applications.        
 

Figure (9). The cellulase activity after optimized growth conditions collected in one test by using the 
agricultural wastes as C-source. 

 

                               p-value <0.0001  (p-value≤0.05 considered statistically significant (95% confidence interval)) 

4. Conclusion 
    Out of 41 examined bacterial and actinomycete isolates; the cellulose degrading Paenibacillus polymyxa strain 
H210517 showed the highest cellulase activity among them. The strain sequencing was submitted to GenBank database at 
NCBI under accession number: MZ440844.   
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