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ABSTRACT 
 
The present work was aimed to develop in vitro cost effective nonsterile fermentation technique to enhance cellulase 
production and also its optimization for carbon and nitrogen source, pH, and temperature. Cellulose degrading 
novel strain of Paenibacillus was isolated from soil and characterized further using 16S r-RNA analysis 
(LPUANSHUL strain LPU001; accession number JQ916899). Optimum pH and temperature for cellulase activity 
was recorded 8.0 and 70o C respectively.  Enzyme stability was noted at 60oC for up to 5 hours and activity was also 
evaluated in the presence of divalent cobalt, manganese and magnesium ions. Bushnell-Haas medium enriched with 
0.5% CMC and beef extract showed the best enzyme activity. Optimization of substrate was done by using wheat 
straw under solid state fermentation (SSF). The enzyme isolated from solid state fermentation was analyzed in a 
zymogram. 
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INTRODUCTION 
 

Cellulases are key enzymes to hydrolyse the cellulose to its monomer [1], glucose, which is further naturally 
fermented to ethanol by Saccharomyces cerevisiae. Hence, the cellulases represent the key biocatalysts for biomass - 
ethanol process technology. The cost of sugar is the determining factor for economics of the ethanol production [2]. 
It is quite evident from the existing literature that the worldwide interest is now inclined towards the development of 
new and cost efficient processes for transforming plant derived biomass to bioenergy owing to fast diminution of oil 
reserves and concomitant increase in air pollution. Nevertheless, substantial technical improvements are still looked 
for, in developing competent and economically viable lignocellulosic [3] biomass-based bioethanol processes to 
commercialize. Biofuel production using lignocellulosic waste materials as a sole carbon source has been shown a 
lucrative approach [4] since it can tackle waste management and at the same time, environmental pollution too. 
 
It is the fact, that the cost of biomass feedstock represents nearly 40% of the cost of ethanol production; this 
indicates that there is a massive scope to cut down the cost of biomass-to-ethanol transformation. Two major cost 
determining factors for bioethanol production, recognized by researchers to work out, is feedstock cost [5] and 
cellulose degrading enzymes. Many workers suggested effective use of lignocellulosic waste for the production of 
cellulases employing cellulolytic microorganisms using solid state fermentation as a cost efficient technology which 
is less equipment orientated [6] and therefore being more applicable in less sophisticated situations [7]. It has been 
proved that there was about tenfold reduction in the production cost in solid state fermentation than submerged 
fermentation [8]. 
 
It has been reported that efficiency of enzyme complexes to utilize lignocellulose is best when these complexes are 
raised with the same lignocellulosic materials as the host [9] in fermentation. Study conducted by [10], revealed that 
separate hydrolysis and fermentation processing resulted various advantages and opportunities to enable enzymes to 
operate at higher and moderate temperatures for increased performance and fermentation processing respectively to 
optimize the utilization of sugars.  
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The present study was undertaken to reduce the cost of cellulase production by making effort of using nonsterile 
fermentation technique and its optimization for various physio-chemical parameters. 
 

EXPERIMENTAL SECTION 
 

Soil samples were collected from different locations of Punjab, India and suspended in sterile distilled water and 
after serial dilutions plated on Mineral Salt Agar (MSA) [11] and Congo red (Sigma Aldrich) was used for staining 
purpose.  
 
Optimization of Growth Conditions 
Optimization methods for carbon and nitrogen sources, substrate concentration, temperature, pH and salt 
concentration were referred from available study conducted by [11]. Enzyme Activity of crude enzyme extract 
obtained from 72 hr grown culture on MSS and 0.5% CMC was assayed at temperature 30oC, 40oC, 50oC, 60oC, 
70oC,80oC and pH : 6, 7, 8, 9, 10. Study of consortium was carried out by inoculating 1% (w/v) of soil sample in 
Mineral Salt Solution; incubated at 37oC for 72 hrs. Enzyme assay was performed using pH 7 at 50º C.  
 
Biochemical Characterization of Cellulase 
Different temperatures starting from 30ºC to 80ºC with 10ºC intervals were tested to screen an optimum temperature 
of cellulase isolated from fungal strain under investigation. DNS method was performed to measure the activity of 
cellulase. Effect of temperature on enzyme stability was also studied by measuring residual activity of cellulase. A 
range of pH from 6 to 10 was worked out using BHB medium supplemented with 0.5% CMC, to detect optimum pH 
of the enzyme. Stability of enzyme under pH 6-10 was studied by pre incubating the enzyme in 0.1M Tris-HCl for 
varying time intervals (120, 240 and 360 minutes) [11]. Effect of various metal ions namely Ca2+, Mg2+, Cu2+, Mn2+, 
Zn2+, Fe2+ and Hg2+ on enzyme activity was measured by incubating the strain with 1% CMC supplemented with 
these metal ions.  
 
Enzymatic saccharification, non sterile submerged fermentation and solid state fermentation was done as per the 
method employed by [11] with slight modification in temperature (37ºC in submerged fermentation). 
 
Zymogram Analysis 
Zymogram analysis for cellulase was done by copolymerizing CMC (0.1%) with polyacrylamide (12%) in a native 
Polyacrylamide Gel Electrophoresis followed by loading of cellulase produced from SSF. Staining was done by 
incubating the gel in Tris–HCl buffer (20 mM, pH 8.6, containing 5% isopropanol) for 24 hrs. followed by  several 
washings with Tris–HCl buffer. Further, the band of cellulase was visualized by staining the agarose gel with Congo 
red (0.5 % (w/v) and subsequent destaining with  NaCl (1M).                             
 

RESULTS AND DISCUSSION 
 

Study reveals that about 600 MT of wastes from agricultural sources alone, have been generated in India [12]. 
Enriching components of agriwaste are mostly hemi-cellulose and lignins which may readily be utilized as sole 
carbon source for fermentable sugars for the purpose of bioethanol production. In present study, we isolated CMC 
lytic strain and tested for its potential at various physico-chemical parameters to best optimize for saccharification of 
these polysaccharides by making use of agriwaste as a carbon source. The growing concern about the shortage of 
fossil fuel and increasing air pollution has drawn attention of researchers on production of bioethanol from 
lignocellulosic waste with an option to use cellulases and hemicellulases to perform enzymatic hydrolysis of the this 
agriwaste [13]. The optimal solution to make the process commercially viable and economically feasible, the cost of 
cellulolytic enzymes needs to be reduced [6]. In present work, we reported a new strain of Paenibacillus, which 
possesses considerably high cellulolytic activity and stability at various temperatures. The 16S r-RNA gene was 
sequenced and analyzed to determine the phylogeny of the strain.  
 
Isolation and genetic identification of cellulolytic strain: Cellulase producers were isolated on MSA plates 
enriched with 0.5% CMC and were re-patched onto fresh MSA plates followed by staining with congo red. Further 
binding of Congo red with CMC containing β-1,4 glycosidic linkages was observed and hence the cellulase activity 
was confirmed with a clear zone due to hydrolysis of CMC by cellulase secreted by the microbial cells (Figure 1). 
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Figure 1: Congo red stained MSA-CMC plate showing clear zones indicating cellulase activity 
 
Isolated cellulolytic strains were further cultured for 24 hrs in mannitol salt broth for the isolation of total genomic 
DNA which was used for PCR to amplify 16S r-DNA gene. The 16S r-DNA analysis is the most accepted and 
convenient method for identification of microbes and moreover, 16S r-DNA gene sequences for most microbes are 
available on public-access databases. The DNA fragments were eluted, and purified for sequencing. Analysis was 
done using the software MEGA 4 [14] and then phylogenetic tree was developed. The sequence has been submitted 
to NCBI with accession number JQ916899. Phylogenetic analysis showed clear branching out of our strain 
Paenibacillus LPUANSHUL strain LPU001, represented this as a novel strain (Figure 2). 
 

 
 

Figure 2: Neighbour joining phylogenetic tree 
 

Optimization Parameters:  
Various parameters such as media, carbon, nitrogen, temperature, pH, enzyme stability and metal ions were studied. 
Media (M1 and M2) supplemented with varying concentrations of CMC were used for optimization which was 
determined by measuring the cellulase enzyme activity using the standard DNS method. Growth was better 
supported in media M1 (Bushnell Haas Broth) containing CMC (0.5%). 
 
Looking to the huge quantity of agriwaste, carbon appears to be one of the cheapest key parameters to economize 
bioethanol production. The endeavors need to be encouraged to optimize the best carbon source. In present study, 
various carbon sources such as xylose, glucose, Birchwood CMC, Oat spell CMC and carboxy methyl cellulose 
(CMC) at 0.5% (w/v) each and, wheat bran, wheat straw, rice husk, rice straw, and sugarcane bagasse, at 
concentration of 1.0% (w/v) each was tested for enzyme production. The best yield was noted with rice straw which 
indicated the highest β-glucosidase (17.9 IU/ml) production at 72 hours, followed by wheat straw that gave 14.8 
IU/ml at 96 hours (Figure 3). 
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Figure 3: Effect of various carbon sources on Cellulase and  β-Glucosidase production 

 
 

Variety of organic (peptone, yeast extract, beef extract and tryptone) and inorganic nitrogen sources [sodium nitrate 
(NaNO3), ammonium chloride (NH4Cl) ammonium nitrate (NH4NO3)] at concentration of 1% (w/v) and whey (1% 
v/v) were selected for the best nitrogen source optimization. The medium M1, containing CMC (0.5%) and  
concentrations of various nitrogen sources as indicated, was inoculated with Paenibacillus LPUANSHUL strain 
LPU001 and cultured for 24, 48, 72 and 96 hours respectively. The enzyme activity was analyzed by standard DNS 
assay. Organic nitrogen sources such as yeast extract (16.2 IU/ml), peptone (19.8 IU/ml), tryptone (16.0 IU/ml) 
resulted in higher enzyme concentration compared with other inorganic compounds (Figure 4). 
 

 

 

Figure 4: Effect of various nitrogen sources on Cellulase and β-Glucosidase production 
 
To detect optimum temperature, Paenibacillus LPUANSHUL strain LPU001 bacterial cells were grown in media 
(M1) and tested at different temperatures for 48 hours followed by estimation of the enzyme (Figure 5). The 
maximum cellulase enzyme activity of 6 IU/mL was observed at a growth temperature of 70oC, while at same 
temperature beta glucosidase activity was 7 IU/mL which reflected that the strain is thermo-tolerant (Figure 5). 
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Figure 5: Temperature Stability of CMCase and β-Glucosidase 
 

 

 

Figure 6: pH Stability of CMCase and β-glucosidase 
 

Cellulase producing strain was grown in media M1 at varying pH values ranged from 6 to 10 and enzyme 
production was estimated. The results were shown in Figure 6. The optimum enzyme activity of 6.2 IU/ml was 
noted at alkaline pH i.e., 8.0.  
 
Enzyme stability was studied under various temperatures ranging from 30 to 80ºC at intervals of 10ºC for 120, 240 
and 360 minutes respectively. Residual enzyme activity was measured to estimate the stability of the enzyme which 
showed maximum at 30ºC where the activity was retained 84% even after 380 minutes of incubation. However, 70% 
activity was retained at 70ºC after 360 minutes of incubation. 
 
Enzyme (CMCs) incubation in 100mM tris-HCl at pH ranging from 6 to 10 for 120, 240 and 360 minutes resulted 
maximum (95%) stability at buffer pH 8.6 even after 360 minutes of incubation. Nevertheless, the enzyme lost the 
activity and showed instability at pH 6 and 10. 
 
Effect of divalent metal ions on CMCase and β-glucosidase was also studied since metal ions play a significant role 
in enzymatic reactions. Divalent metal ions (1mM solution) were equilibrated with either Ca+2, Mg+2, Hg+2, Fe+2, 
Cu+2, Mn+2, CO+2 and Zn+2 at room temperature for 1 hour. Residual activity was measured at 60ºC. Residual 
activity of β-glucosidase was 129.45% followed by 110.73% on incubation with Mg2+ and Mn2+ respectively. In case 
of CMCase, residual activity was 117.62% with Mg2+ followed by 112.68% Mn 2+ (Table 1). 
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Table 1: Effect of Metal Ions on CMCase and Β-Glucosidase Activity 
 

Metal ion Concentration 
(mM) 

RESIDUAL ACTIVITY (%) AFTER 24 Hr
 CMCase β-GLUCOSIDASE 

NONE - 100 % 100 % 
Ca +2 5 96.14 % 93.57 % 
Mg +2 5 117.62 % 129.45% 
Hg +2 5 54.94% 66.4% 
Fe +2 5 98.89 % 102.42% 
Cu +2 5 92.84 % 94.11% 
Mn +2 5 112.68% 110.73% 
Co +2 5 108.35 % 105.96% 
Zn +2 5 96.74 % 94.53 % 

EDTA 5 16.28 % 22.3 % 
 

 

 
 

Figure 7: CMCase and β-glucosidase production under non-sterile submerged fermentation 
 

Non-sterile submerged fermentation (SmF) was carried out for the production of cellulase and β-glucosidase 
wherein cellulase production was estimated as 19.2 IU/ml after 72 hours using BHB supplemented with sterile 
peptone (0.5%). However, it was 15.2 IU/ml after 72 hours in BHB supplemented with 0.5% non sterile peptone. β-
glucosidase production was 20.1 IU/ml using BHB supplemented with 0.5% sterile peptone after 72 hours, whereas 
it was 18.8 IU/ml after 72 hours in BHB supplemented with 0.5% non sterile peptone (Figure 7).  
 

 
 

Figure 8: CMCase and β-glucosidase production under non-sterile solid state          

 

Experiment was conducted for the production of cellulase and β-glucosidase under non-sterile solid state 
fermentation. The reaction mixture was containing M1 media, wheat straw 1% (w/v), NaCl (5%) and whey (1%). 
Cellulase activity was noted after 96hr, 68.72 IU/gm followed by 52.65 IU/gm at 120 hours. However, β-
glucosidase showed 74.72 IU/gm of activity after 96 hr and 70.02 IU/gram of activity after 120 hr (Figure 8). 
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Zymogram Analysis showed (Figure 9) diffused clear zone indicating enzyme production. The clear zone was due to 
hydrolysis of CMC by cellulase enzyme present in the gel as native PAGE was run using 0.5% CMC copolymerised 
with 12% acrylamide/bis-acrylamide. The gel was incubated with Tris-HCl followed by staining with congo-red and 
destaining with 1M NaCl. Lane L1 and L3 were showing CMCase produced under non sterile solid state 
fermentation using rice straw, while Lane L2 and L4 were showing CMCase produced under Sterile Solid state 
fermentation rice Straw. 
 

 
 

Figure 9: Zymogram analysis of CMCase produced by solid state fermentation in rice straw L1 and L3 CMCase produced under non 
sterile solid state fermentation; L2 and L4 were CMCase produced under Sterile Solid state fermentation 

 
CONCLUSION 

 
Present effort was done to produce cellulolytic enzymes in nonsterile conditions using Paenibacillus LPUANSHUL 
strain LPU001 as a novel strain and also agriwaste as carbon source. The study concluded that production of 
considerably active CMCase with stability at various physico - chemical conditions was done as a preliminary study. 
Further recommendation is to explore nonsterile fermentation techniques in order to make the enzyme production 
commercially viable. 
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