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Abstract 

Interest in cellulase enzymes for biofuel production has grown steadily since lignocellulosic ethanol 

was first proposed as a petroleum alternative - yet finding enzymes that perform well under industrial 

conditions remains a bottleneck. This research cloned and expressed a cellulase gene (cel48A, 1,482 

bp) from a thermotolerant Bacillus sp. strain isolated from composting agricultural waste in Uttar 

Pradesh, India. The gene was amplified by PCR, ligated into pET-28a (+) vector, and transformed into 

E. coli BL21 (DE3). SDS-PAGE confirmed expression of a ~54 kDa recombinant protein after IPTG 

induction. Maximum cellulase activity of 61.4 U/mL was achieved at 0.6 mM IPTG concentration, 30 

°C induction temperature, and 12 h incubation time. The recombinant enzyme showed optimal activity 

at pH 5.5 and 55 °C, retaining 78.3% activity after 2 h at 60 °C. Substrate specificity testing showed 

preference for carboxymethyl cellulose (CMC) over microcrystalline cellulose and filter paper, 

classifying it as an endoglucanase. 
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Introduction 

The global push toward second-generation biofuels has turned cellulase enzymes from a 

niche industrial product into a commodity under intense development pressure [1]. Breaking 

cellulose into fermentable sugars requires a cocktail of endoglucanases, exoglucanases, and 

β-glucosidases working together, and the cost of this enzyme cocktail still accounts for 20-

40% of total cellulosic ethanol production expenses [2]. Finding cheaper sources or 

engineering more active variants could tip the economics in biofuel’s favor. 
Wild-type cellulase producers - mainly Trichoderma and Aspergillus fungi - grow slowly and 

are difficult to manipulate genetically. Bacterial cellulases from Bacillus species offer an 

alternative: they’re naturally thermotolerant, expressed at high levels during log phase 
growth, and the organisms are genetically tractable [3]. Cloning bacterial cellulase genes into 

E. coli expression systems allows rapid production of single enzyme components for 

characterization, directed evolution, or cocktail formulation [4]. 

This research isolated a cellulase-producing Bacillus from composting waste, cloned its main 

endoglucanase gene into E. coli, optimized expression conditions, and characterized the 

recombinant enzyme’s biochemical properties to assess its potential for biomass 
saccharification [5]. 

 

Study area description 

The source organism was isolated from decomposing rice straw compost at Barabanki 

Agricultural Research Farm, located 28 km northeast of Lucknow in the Indo-Gangetic plain. 

This region produces approximately 8 million tonnes of rice straw annually, most of which is 

either burned in open fields or composted in windrows reaching internal temperatures of 55-

70 °C [6]. Compost samples were collected from three windrows at 30-45 cm depth where 

temperatures exceeded 60 °C, providing a selective environment for thermotolerant cellulose 

degraders. 
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Materials and Methods 

Materials 

Research was performed at Bharat Ratna Bhimrao 

Ambedkar University, Lucknow, Uttar Pradesh, India, from 

January 2023 to September 2023. Institutional Biosafety 

Committee approval was obtained (Protocol 

BRBAU/IBSC/2023-005, December 2022). E. coli DH5α 
(cloning host) and BL21 (DE3) (expression host) came from 

Novagen. The pET-28a (+) vector was from Merck. 

Restriction enzymes (NdeI, XhoI), T4 DNA ligase, and 

Phusion High-Fidelity DNA polymerase were from New 

England Biolabs. IPTG, kanamycin, and CMC were from 

HiMedia (Mumbai). Ni-NTA agarose was from Qiagen [7]. 

 

Methods 

The Bacillus sp. isolate was grown on CMC agar and 

confirmed as a cellulase producer by Congo red staining. 

Genomic DNA was extracted using the Qiagen DNeasy kit. 

The cel48A gene was amplified with primers incorporating 

NdeI (forward) and XhoI (reverse) sites, designed from 

conserved regions of Bacillus subtilis cellulase sequences in 

GenBank. PCR conditions: 98 °C 30 s, then 30 cycles of 98 

°C 10 s, 58 °C 20 s, 72 °C 45 s. The amplicon (1,482 bp) 

was digested, ligated into pET-28a (+), and transformed into 

DH5α for sequence verification by Sanger sequencing 
(Eurofins Genomics, Bangalore) [8]. Confirmed constructs 

were transformed into BL21 (DE3). Expression was induced 

at OD₆₀₀ 0.6 with IPTG at concentrations from 0.1 to 1.5 
mM. Cells were harvested by centrifugation, lysed by 

sonication, and soluble fractions assayed for cellulase 

activity by the DNS method using CMC as substrate [9]. 

Purification used Ni-NTA affinity chromatography (the 

construct included a C-terminal His₆ tag). Enzyme 
characterization tested pH (3.5-8.5), temperature (30-80 °C), 

thermal stability (pre-incubation at 50-70 °C for 2 h), and 

substrate specificity [10]. 

 

Soil/Water analysis 

Compost samples from the collection site were analyzed for 

moisture content (68.4 ± 3.2%), pH (7.8 ± 0.3) and total 

organic carbon (34.7%), and C/N ratio (18.3). Cellulose 

content in the rice straw substrate was 38.1%, with 

hemicellulose at 21.4% and lignin at 14.7%, measured by 

the Van Soest fiber analysis method. These parameters 

confirmed active cellulose decomposition and a microbial 

environment enriched for cellulolytic organisms [11]. 

 

Results 
Table 1: Optimization of IPTG concentration and induction temperature for recombinant cellulase expression. 

 

IPTG (mM) Temp (°C) Activity (U/mL) Soluble (%) 

0.2 37 21.6 34.2 

0.4 30 42.1 58.7 

0.6 30 61.4 72.8 

0.8 30 54.8 64.3 

1.0 25 47.3 56.1 

 

Expression optimization showed a sharp dependence on 

IPTG concentration. Activity climbed from 18.7 U/mL at 

0.1 mM to a peak of 61.4 U/mL at 0.6 mM, then declined at 

higher concentrations. Lowering induction temperature from 

37 °C to 30 °C roughly doubled soluble protein fraction - 

from 34.2% to 72.8% at 0.6 mM IPTG - by reducing 

inclusion body formation. SDS-PAGE of the soluble 

fraction showed a prominent band at ~54 kDa that matched 

the predicted molecular weight [12]. 

The purified enzyme showed highest activity at pH 5.5 and 

55 °C. It retained 78.3% activity after 2 h pre-incubation at 

60 °C, but dropped to 41.7% at 70 °C. Substrate specificity 

was clear: CMC gave the highest activity (61.4 U/mL), 

followed by barley β-glucan (38.7 U/mL), while 

microcrystalline cellulose Avicel (8.3 U/mL) and filter 

paper (4.1 U/mL) were poor substrates. This pattern 

classifies cel48A as an endoglucanase that attacks 

amorphous regions preferentially [13].

 

 
 

Fig 1: Effect of IPTG concentration on recombinant cellulase activity in E. coli BL21 (DE3) at 30 °C. 
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Fig 2: Time course of soluble and insoluble (inclusion body) cellulase protein accumulation during IPTG induction. 
 

Discussion 

The 61.4 U/mL activity from unoptimized shake-flask 

culture compares favorably with published Bacillus 

cellulase clones, which typically range from 20-80 U/mL 

depending on construct design and host strain [3]. The 

dramatic improvement when lowering induction 

temperature from 37 °C to 30 °C is a well-known 

phenomenon in E. coli expression - slower protein synthesis 

at lower temperatures allows the chaperone machinery to 

fold incoming polypeptides correctly instead of letting them 

aggregate into inclusion bodies [14]. 

The IPTG optimum at 0.6 mM rather than the commonly 

used 1.0 mM is also instructive. Higher inducer 

concentrations drive transcription so aggressively that the 

translation and folding apparatus becomes overwhelmed, 

shunting more protein into the insoluble fraction [15]. This 

diminishing returns pattern appeared clearly in both the 

activity data and the solubility measurements, and it means 

laboratories could save on IPTG costs by using lower 

concentrations. 

Thermostability at 60 °C (78.3% retention after 2 h) is 

encouraging for industrial saccharification, which typically 

operates at 50-60 °C to prevent microbial contamination and 

improve cellulose swelling [16]. The enzyme’s 
endoglucanase character means it would need to be 

combined with exoglucanases and β-glucosidases for 

complete cellulose hydrolysis, but as a single component it 

could replace or supplement existing commercial 

endoglucanase preparations [17]. 

 

Conclusion 

A 1,482 bp cellulase gene from a thermotolerant Bacillus sp. 

was successfully cloned and expressed in E. coli 

BL21(DE3), producing an active endoglucanase at 61.4 

U/mL under optimized conditions. The enzyme’s 
temperature and pH profiles match industrial 

saccharification requirements, and its thermostability at 60 

°C exceeds many reported Bacillus cellulases. Lower IPTG 

concentrations (0.6 mM) and reduced induction temperature 

(30 °C) were the key factors for maximizing soluble, active 

enzyme. Future work should explore fed-batch fermentation 

and directed evolution to further boost activity for 

commercial biomass processing. 
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