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Abstract: This study focused on the partial purification and characterization of endoglucanase produced by Bacillus cereus 
ARA-12, with the special emphasis on its anti-biofilm potential against pathogenic bacteria. Partial purification was 
achieved through ammonium sulfate precipitation, resulting in a 6.97 purification fold with a specific activity of 91.519 
U/mg. The optimum temperature and pH of the enzyme were found to be 50°C and 8.0 respectively. The enzyme retained 
over 80% of its residual activity after 30 minutes of incubation at high temperatures. The kinetic studies revealed a Km of 
3.25 mg/mL and a Vmax of 2500 μmol/min, indicating high substrate affinity and catalytic efficiency. The enhanced enzyme 
activity was observed with metal ions and the enzyme also demonstrated stability in the presence of detergents as well. 
The partially purified endoglucanase showed significant anti-biofilm potential. Inhibition studies revealed a maximum 
biofilm reduction of 72% for Pseudomonas aeruginosa after 36 hours of incubation. Eradication studies demonstrated 
biofilm detachment rates of 87% for Pseudomonas aeruginosa, 72% for Staphylococcus aureus, and 56% for Escherichia 

coli after 36 hours. Scanning electron microscopy confirmed structural degradation of biofilms. These findings underscore 
the enzyme's dual potential for industrial biocatalysis and therapeutic applications, particularly in combating biofilm-
associated infections. 
 

Keywords: Anti-biofilm, Bacillus cereus, biocatalyst, endoglucanase, pathogenic microorganisms 
 

Submitted on 03-01-2025 – Revised on 28-01-2025 – Accepted on 27-02-2025 
 

INTRODUCTION 
 

Endoglucanases (EC 3.2.1.4), a class of cellulase enzymes, 
play a critical role in the biotechnological transformation 
of cellulose, a renewable and abundant natural polymer. 
Their ability to hydrolyze internal β-1,4-glycosidic bonds 
in cellulose makes them indispensable in industries 
focused on sustainable production. The complete 
hydrolysis of cellulose into glucose requires the action of 
two more enzymes: exoglucanase (EC 3.2.1.91), and β-
glucosidase (EC 3.2.1.21). Endoglucanases initiate random 
cleavage at internal sites within the cellulose structure, 
exposing the polymer to further hydrolysis by other 
cellohydrolases (Sherief et al., 2010). Endoglucanases are 
produced by a wide variety of microorganisms growing on 
cellulolytic substrates. Microbial enzymes are preferred 
over those derived from animal or plant sources due to their 
lower cost and the well-characterized systems for enzyme 
production and secretion (Riaz et al., 2023). Bacterial 
endoglucanases, in particular, have garnered significant 
interest for their biodiversity, ease of product recovery, and 
the ability to produce enzymes that withstand extreme 
environmental conditions (Ladeira et al., 2015). Among 
bacterial species, Bacillus cereus remains a notable 

workhorse due to its high secretion of cellulolytic enzymes 
and exceptional adaptability to fluctuating environmental 
conditions (Nema et al., 2015; Ugras et al., 2024). 
 
Endoglucanases are versatile enzymes with extensive 
industrial applications including cellulosic biomass 
conversion to biofuels, pulp and paper manufacturing, 
textile bio-polishing, food processing and pharmaceutical 
industries (Pal and Chakraborty, 2021).In the food 
industry; they improve product quality and extraction 
processes, such as enhancing juice clarity and reducing 
bitterness in citrus foods. In pulp and paper manufacturing, 
they enhance fiber properties, drainage, and brightness 
while lowering energy consumption. The textile sector 
utilizes them for bio-stoning denim, refining fabric texture, 
and improving garment appearance (Grata, 2020).In the 
conversion of cellulose into simple sugar, maintaining 
precise control of pH and temperature is crucial, as even 
minor environmental fluctuations can lead to enzyme 
denaturation and a consequent loss of enzymatic activity. 
The stability of endoglucanase under extreme conditions, 
such as high temperatures and alkaline pH, makes 
endoglucanases particularly valuable in industries 
(Yennamalli et al., 2013; Nagl et al., 2021). 
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Apart from industrial applications, the endoglucanase 
gains wide importance in the inhibition of biofilms 
produced by pathogenic microorganisms. Endoglucanase 
enzymes have emerged as promising agents for disrupting 
bacterial biofilms, particularly those formed by highly 
pathogenic microorganisms such as Escherichia coli, 
Staphylococcus aureus and Pseudomonas aeruginosa. 
Biofilms, protected by an extracellular polymeric 
substance (EPS) matrix, provide these bacteria with 
resilience against environmental stressors and 
antimicrobial agents, often leading to chronic infections 
and increased resistance. P. aeruginosa biofilms, for 
instance, are major contributors to persistent infections in 
burn wounds and other clinical settings, significantly 
delaying healing and increasing morbidity (Kalia et al., 
2023). Endoglucanase specifically targets the 
polysaccharide component of the EPS, breaking it down 
and reducing the molecular weight while increasing 
reducing sugar production.  
 
This enzymatic action promotes biofilm detachment and 
inhibits biomass formation. Studies have shown that 
endoglucanase effectively disrupts biofilms on abiotic 
surfaces, such as glass, and significantly reduces biofilm 
formation by these pathogenic cultures. Its targeted activity 
and environmentally friendly nature make endoglucanase a 
valuable tool in biofilm control, offering a novel approach 
to combating biofilm-associated infections and enhancing 
clinical treatment strategies (Ibrahim et al., 2021). 
 
Despite the increasing demand for cellulases, including 
endoglucanases, Pakistan remains heavily reliant on 
imports to fulfill industrial requirements. The reliance on 
foreign sources not only escalates production costs but also 
imposes a significant burden on the national economy. To 
address this issue, it is imperative to develop indigenous 
solutions by exploring local microbial strains capable of 
producing thermostable and alkaline-active as well as 
pathogenic biofilm degrading endoglucanases. This 
approach will not only reduce dependence on imports but 
also promote research and development, fostering growth 
in Pakistan's biotechnology and industrial sectors (Riaz et 

al., 2014). 
 
In the previous study, endoglucanase producing Bacillus 

cereus ARA-12 was isolated, the conditions for the 
production of enzyme were optimized and the potential of 
endoglucanse in the production of second generation 
biofuel was evaluated (Siddiqui et al., 2024). The present 
study addresses the need for locally produced 
endoglucanases by investigating the production and partial 
purification of a thermostable and alkaline-active 
endoglucanase from Bacillus cereus ARA-12. This study 
aimed to produce and characterize endoglucanase from a 
novel Bacillus cereus strain ARA-12 and evaluate its 
potential application in disrupting bacterial biofilms. The 
investigation focused on determining the kinetic properties 

of the enzyme, and assessing its potential against biofilms, 
which are the major challenges in clinical and industrial 
settings due to their resistance to conventional treatments. 
 
MATERIALS AND METHODS 
 

Materials 

Bacterial cultures of Escherichia coli, Pseudomonas 

aeruginosa and Staphylococcus aureus were collected 
from Dr. Essa Laboratory, Karachi, Pakistan. All 
chemicals, reagents and media used in the study were of 
analytical grade. 
 

Partial purification of endoglucanase 

The isolated Bacillus cereus ARA-12 was cultivated in 
optimized culture media and batch fermentation was done 
as described previously (Siddiqui et al., 2024). After 
fermentation, the broth was centrifuged at 10,000 rpm for 
20 minutes at 4°C to separate the biomass.  The crude 
enzyme was precipitated with 60% ammonium sulfate 
using salt fractionation method and the precipitates were 
dialyzed for 24 hours against Tris-HCl buffer of 1mM ionic 
strength at 4°C to remove salt molecules from the 
precipitated enzyme (Zumstein, 1976).The total protein 
content of the precipitates was determined using the 
Bradford dye-binding method (Bradford, 1976). The 
endoglucanase units in the partially purified samples were 
quantified by spectrophotometric analysis of substrate 
hydrolysis. One unit of enzyme activity was defined as “the 
amount of endoglucanase enzyme liberates one µmol of 
reducing sugar per minute from 1% substrate 
(carboxymethyl cellulose) at 50 ̊C and pH 8” (Rahman et 

al., 2018). 
 
Characterization of partially purified enzyme 

Following parameters were analyzed for the applications of 
partially purified endoglucanase enzyme. In all steps of the 
endoglucanseenzyme assay was performed as described in 
the previous isolation studies of Bacillus cereus ARA-12. 
(Siddiqui et al., 2024). 
 
Effect of Substrate Concentration 
The enzyme activity was assessed by incubating the 
enzyme with carboxymethyl cellulose at concentrations 
ranging from 1–20 mg/mL.Kinetic parameters, including 
the Michaelis-Menten constant (Km) and maximum 
velocity (Vmax), were determined using the Lineweaver-
Burk plot (Lineweaver and Burk, 1934). 
 
Effect of Temperature and Thermostability 

Enzyme activity was measured at temperatures ranging 
from 30–100°C by endoglucanase assay to determine the 
optimal temperature. Thermostability was evaluated by 
pre-incubating the enzyme at 50, 60, and 70°C for varying 
time intervals (0, 0.5, 1, 1.5, and 2 hours). Residual activity 
was measured with 0-hour incubation as the control. 
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Effect of pH 
The effect of pH on enzyme activity was examined using 
buffers with pH ranges: Acetate buffer for pH 3–5, 
phosphate buffer for pH 6–7, Tris-HCl buffer for pH 8–9, 
and glycine-NaOH buffer for pH 10–12 were used. 
Endoglucanase assay protocol was followed to determine 
catalytic activity. 
 
Effect of Reaction Time 
The reaction time for enzymatic activity was optimized. 
The partially purified endoglucanase was incubated with 
carboxymethyl cellulose for 5, 10, 15, 30, 45, and 60 
minutes. Activity was measured by endoglucanase assay. 
 

Effect of Metal Ions 
The influence of metal ions (Ca²⁺, Mg²⁺, Na⁺, K⁺, Cu²⁺, 
Fe²⁺, Hg²⁺, Cr³⁺, and Pb²⁺) on enzyme activity was 
assessed by pre-incubating the enzyme with each ion at 
concentrations of 1 mM and 5 mM for 30 minutes. Residual 
activity was determined by endoglucanse assay.   
 

Effect of Inhibitors 
The effect of inhibitors, including 
ethylenediaminetetraacetic acid (EDTA), indole-3-acetic 
acid (IAA), and urea, was evaluated by pre-incubating the 
enzyme with each inhibitor at a 1 mM concentration for 30 
minutes. Residual activity was calculated, with untreated 
enzyme activity set as 100%. 
 

Effect of Detergents 

The enzyme activity in the presence of detergents (SDS, 
Tween 80, and Triton X-100) was determined by pre-
incubating the enzyme with each detergent separately. 
Enzyme activity was measured using endoglucanase assay, 
with untreated enzyme activity considered as the control 
(100%). 
 

Anti-biofim efficacy of partially purified endoglucanase 

Biofilm formation assay 

Biofilm formation assay was performed by the colorimetric 
microtiter plate assay. The overnight cultures of 1 x 106 
CFU/200 µl of Escherichia coli, Pseudomonas aeruginosa 
and Staphylococcus aureus grown in nutrient broth was 
added to each well separately and incubated for 12, 24 and 
36 hours. After incubation, the supernatant were aspired 
from the wells followed by washing with 200 µl of 
phosphate-buffered saline pH 7.3. To fix the formed 
biofilm, 99% methanol was added for 15 minutes in each 
well. The methanol was removed and wells were stained 
by 200 µl 0.1% crystal violet for 5 minutes followed by 
rinsing with distilled deionized water. The OD was 

recorded at 595 nm in a microtiter plate reader (Kamali et 

al., 2021).  
 

Inhibition of biofilm by endoglucanase enzyme 

The inhibition of Biofilm by endoglucanase was performed 
with a slight modification. 100 µl of each culture was 
mixed with 100 µl of partially purified endoglucanase and 
incubated for 12, 24 and 36 hours in the microtiter plate. 
The same procedure was followed as describe above and 
the biofilm percentage of inhibition was calculated as 
described by Li et al. (2022). The samples without the 
addition of enzyme were considered as control for each 
strain separately. The inhibition rate of control is 
considered as 0% (Kamali et al., 2021). 
 
Eradication of biofilm by endoglucanase enzyme 

The biofilm eradication efficacy of endoglucanase enzyme 
was also performed. The 100 µl of selected strains were 
allowed to form biofilm as described above. After the 
fixation of biofilm, the 100 µl of endoglucanase enzyme 
was added in each well except control and incubated for 
12, 24 and 36 hours. The further process was carried out as 
per standard procedure and the percentage of biofilm 
eradication was calculated (Li et al., 2024). In the 
colorimetric microtiter plate assay for biofilm inhibition 
and eradiction, samples without the addition of the enzyme 
were used as the negative control for each strain. The 
inhibition and eradication rate for the control samples was 
set at 0%, following the method described by Kamali et al. 
(2021). The absorbance values of the test samples were 
determined by calculating the difference between the 
absorbance of the control and the test samples, with the 
control serving as the baseline for comparison. The 
scanning electron microscopy of control and test was 
performed with the sample showed best eradication 
efficiency.  
 
STATISTICAL ANALYSIS 
 

All experiments were conducted in triplicate, and the 
results are presented as mean values with standard error 
(SE). Error bars on the bar graphs represent the standard 
error of the mean, illustrating the variability among 
replicates. 
 
RESULTS 
 

Partial Purification of Endoglucanase 

The endoglucanase enzyme was produced and partially 
purified from Bacillus cereus ARA-12 under batch 

Table 1: Purification profile of endoglucanase produced by Bacillus cereus ARA-12 
 

Steps of Purification Total Activity (U) Total Protein (mg) 
Specific Activity 

(U/mg) 
Purification 

fold 
Yield (%) 

Crude extract 1873.81 120 13.115 1 100 
(NH4)2SO4 precipitates 1272.55 18 70.697 5.39 67.91 
Desalted precipitates 1098.23 12 91.519 6.97 58.60 
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fermentation conditions. The enzyme was partially 
purified, with a yield of 58.6% and a 6.97 purification fold. 
This purification process significantly enhanced the 
enzyme's catalytic efficiency, increasing its specific 
activity from 13.115 U/mg to 91.519 U/mg (table 1). 

 

Fig. 1: Enzyme kinetics of endoglucanase (Lineweaver-
Burk plot and Michaelis-Menten constant) 

Fig. 2: Optimum temperature for enzyme activity 

 
Fig. 3: Thermostability of enzyme at various temperatures 
 

Characterization of Partially Purified Endoglucanase 

Following characteristics were analyzed to characterize the 
partially purified endoglucanase, 
 
Effect of Substrates and Enzyme Kinetics 

In this study, values of Vmax and Km were determined by 
Lineweaver-Burk plot. Results indicated that the partially 
purified endoglucanase exhibited a Km of 3.25 mg/ml, 
indicating its affinity for the substrate, and a Vmax of 2500 

μmol/min, showing its catalytic potential under optimal 
conditions (fig. 1). 
 

Effect of Temperature and Thermostability 

To determine the optimum temperature for endoglucanase 
produced by Bacillus cereus ARA-12, enzyme activity was 
assessed across a temperature range of 30–80ºC. Maximum 
activity was observed at 50ºC, with over 80% activity 
retained at 60ºC. However, enzyme activity began to 
decline above 60ºC (fig. 2). Thermostability was tested by 
pre-incubating the enzyme at 50ºC, 60ºC, and 70ºC for 0-
120 minutes, followed by activity analysis. The enzyme 
showed remarkable thermostability, retaining over 80% 
activity at 50ºC after 120 minutes of incubation (fig. 3). 
The enzyme maintained high stability at all tested 
temperatures up to 30 minutes. 

 
Fig. 4: Optimum pH for enzyme activity 

 

Fig. 5: Effect of reaction time on enzyme activity 
 
Effect of pH on enzyme activity 

In this study, endoglucanase activity was assessed in 
buffers with pH ranging from 3 to 12. The enzyme 
exhibited the highest activity at pH 8, with substantial 
activity maintained between pH 7 and pH 10 (fig. 4). 
Endoglucanase activity decreased at acidic pH but retained 
about 80% activity at pH 7 and 10. 
 
Effect of reaction time on enzyme activity 

Enzyme-substrate reaction time was analyzed by 
incubating the enzyme with the substrate for various time 
intervals. The results showed that enzyme activity 
increased up to 15 minutes, after which it declined with 
longer incubation times (fig. 5). 
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Fig. 6: Effect of metal ions on enzyme activity 

 

Fig. 7: Effect of inhibitors on enzyme activity 

 

Fig. 8: Effect of detergents on enzyme activity 
 
Impact of Metal Ions on enzyme activity 

The impact of different metal ions on endoglucanase 
activity was investigated. The enzyme activity was 
enhanced in the presence of 1 mM concentrations of 
calcium, magnesium, potassium, and iron. Moreover, the 
enzyme's activity remained consistent with 1 mM sodium 
ions, although higher concentrations did not result in a 
notable increase (fig. 6). Conversely, mercury, chromium, 
and lead inhibited the enzyme's activity, with mercury 
causing more than 70% inhibition, while chromium and 
lead resulted in approximately 50% inhibition at 1 mM 
concentrations. 

 

Impact of Inhibitors and detergents on Enzyme Activity 

The influence of inhibitors on the enzyme was evaluated 
by incubating it with EDTA, urea, and indole-3-acetic acid 
(IAA) and measuring the remaining activity. At a 
concentration of 1 mM, all three inhibitors significantly 
reduced the activity of endoglucanase (fig. 7). To examine 
the effect of detergents, the enzyme was pre-incubated with 
commonly used detergents such as Tween 80, Triton X-
100, and SDS. The enzyme maintained full activity in the 
presence of 1 mM Tween 80 and Triton X-100, while 
retaining approximately 80% of its activity with 1 mM 
SDS (fig. 8). 

Fig. 9: Production of biofilm by pathogenic strains 

Fig. 10: Inhibition percentage of bacterial biofilm 
production by endoglucanase 

 

Fig. 11: Eradication of bacterial biofilm by endoglucanase 
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Anti-biofilm potential of endoglucanase  

The anti-biofilm potential of the partially purified 
endoglucanase was determined by the inhibition and 
eradication studies of biofilms produced by Escherichia 

coli, Pseudomonas aeruginosa and Staphylococcus aureus. 
 

Biofilm formation by pathogenic strains 

All three pathogenic strains of Escherichia coli, 
Pseudomonas aeruginosa and Staphylococcus aureus 

showed strong biofilm production under the given 
conditions. Maximum biofilm production was observed in 
the sample of 36 hours of incubation with Pseudomonas 

aeruginosa (fig. 9). 
 
Inhibition of Biofilm by endoglucanase enzyme 

The potential of the partially purified endoglucanase 
enzyme to inhibit biofilm was investigated. Results showed 
the decreased biofilm production by the addition of 
endoglucanase enzyme along with Escherichia coli, 
Pseudomonas aeruginosa and Staphylococcus aureus. 
Maximum anti-biofilm efficiency of endoglucanse enzyme 
was observed with Pseudomonas aeruginosa with 72% 
inhibition after 36 hours of incubation (fig. 10). 
 

Eradication of Biofilm by endoglucanase enzyme 

The biofilm detachment by endoglucanase enzyme was 
observed at various intervals of 12, 24 and 36 hours. 
Results showed that endoglucanase showed high 
detachment activity of 72 and 87% for Pseudomonas 

aeruginosa and Staphylococcus aureus at 36 hours 
respectively. The biofilm produced by Escherichia coli 
was also detached up to 56% after 36 hours of incubation 
by the partially purified endoglucanase enzyme (fig. 11). 
Scanning electron microscopy showed distinct difference 
in the eradication of biofilm produced by Pseudomonas 

aeruginosa by the action of endoglucanase (fig. 12). All 
experiments assessing biofilm eradication and inhibition 
were conducted in triplicate to ensure reproducibility and 
reliability of the data. The results are presented as mean 
values accompanied by their standard error (SE), providing 
a clear representation of the data's variability. The error 

bars displayed on the bar graphs indicate the standard error 
of the mean, illustrating the consistency among replicates 
and the precision of the measurements. 
 

DISCUSSION 
 

The potential of enzymes in addressing industrial and 
clinical challenges continues to expand, with 
endoglucanases gaining recognition for their multifaceted 
applications. This study highlights the partially purified 
endoglucanase from Bacillus cereus ARA-12 as a 
promising candidate for both industrial biocatalysis and 
biofilm inhibition.  
 
The partial purification of endoglucanase is crucial for 
industrial applications, as crude enzymes often contain 
impurities that can negatively affect stability and 
specificity. In contrast, partially purified enzymes 
demonstrate increased efficiency, stability, and selectivity, 
making them more desirable for commercial use in various 
biotechnological applications such as bioconversion of 
lignocellulosic biomass, biofuel production and the 
inhibition of biofilms produced by pathogenic bacterial 
strains (Zahariev, 2024). 
 
Partial purification is a cost-effective approach that retains 
sufficient enzyme activity while minimizing time, cost, and 
yield losses associated with complete purification. Studies 
have shown that partially purified enzymes often exhibit 
comparable stability and functionality to fully purified 
ones. For instance, Pseudomonas aeruginosa biofilms 
were effectively inhibited by partially purified 
endoglucanase (Ibrahim et al., 2021), and similar findings 
were reported for cellulase applications in biofilm 
degradation (Kamali et al., 2021). From an economic 
perspective, partial purification aligns with industrial 
biotechnology’s emphasis on cost reduction and 
sustainability, maintaining efficiency while minimizing 
environmental and financial costs (Patel and Shah, 2021). 
In the present study, purification fold of 6.97, though lower 
than highly purified enzymes, remains sufficient for many 

  

Fig. 12: Scanning electron microscopy (A) Biofilm formed by Pseudomonas aeruginosa (B) Eradication of biofilm by 
endoglucanase enzyme 
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practical applications. Contaminants in partially purified 
preparations can influence enzyme performance either 
positively, by stabilizing the enzyme under harsh 
conditions, or negatively, by inhibiting activity through 
competitive binding (Salehi and Asoodeh, 2022). 
However, the observed activity of Bacillus cereus ARA-12 
endoglucanase suggests minimal interference from 
contaminants. The effectiveness of enzyme in biofilm 
inhibition further supports its applicability without 
requiring extensive purification. Additional purification 
steps often increase costs without necessarily enhancing 
performance, the current purification level is a practical 
balance between functionality and economic feasibility for 
industrial and therapeutic applications (Grata, 2020). 
 

The kinetics studies of the enzymes, including the Km and 
Vmax, are critical for assessing enzyme efficiency and 
substrate affinity. In this study, Km of 3.25 mg/ml, 
indicating its high affinity for the substrate, and a Vmax of 
2500 μmol/min that reflects the maximum reaction rate 
when the substrate concentration reached to the maximum 
(Choi et al., 2017). The kinetic parameters of the 
endoglucanase from Bacillus cereus ARA-12 
demonstrated superior performance compared to several 
previously reported endoglucanases. The enzyme's lower 
Km value indicates a higher substrate affinity, surpassing 
those reported for other endoglucanases, such as Km values 
of 9.3 mg/mL (Alnoch et al., 2023) and 12 mg/mL (Patel 
and Shah, 2021). In terms of Vmax, the endoglucanase 
from Bacillus cereus ARA-12 exhibited notably higher 
catalytic efficiency. For instance, the Vmax of 
endoglucanase from Bacillus safensis CF99 was reported 
as 53.88 μmol/min (Salehi and Asoodeh, 2022), while 
another study documented a Vmax of 556.5 μmol/min for 
endoglucanase produced by Fomitopsismeliae CFA2 
(Patel and Shah, 2021). These findings underscore the 
exceptional catalytic potential of the Bacillus cereus ARA-
12 endoglucanase. These findings differ from previous 
studies, where higher Km values of 7.2 mg/ml (Rawat et 

al., 2012) was reported. However, the thermostable 
cellulase from Bacillus licheniformis PANG Lexhibited a 
Km of 1.8 mg/ml and a Vmax of 10.92 μg/ml/min (Shyaula 
et al., 2023). Therefore the findings emphasize the 
importance of partially purified endoglucanase of Bacillus 

cereus ARA-12 for rapid carboxymethyl cellulose 
hydrolysis in industrial applications (Patel and Shah, 
2021). 
 

The optimum temperature is crucial in enzyme-catalyzed 
reactions, influencing reaction rates and enzyme stability. 
Our results demonstrated that the partially purified 
endoglucanase is thermostable, retaining over 80% activity 
at 50°C for 120 minutes, making it suitable for industrial 
applications (Kabir et al., 2023). Thermostable enzymes 
enhance substrate solubility and minimize denaturation 
risks, benefiting industries like textiles, food processing, 
and paper manufacturing (Liu et al., 2021). Notably, the 
thermostability of Bacillus cereus ARA-12 endoglucanase 

compares well with other reported enzymes, such as 
Talaromycesemersonii Egl5A, which retains full activity at 
70°C for 1 hour, and Stegonsporiumopalus Cel5, which 
loses over 80% activity within 10 minutes at the same 
temperature (Zheng et al., 2019). Similarly, an Aspergillus 

niger endoglucanase exhibited enhanced thermostability in 
high salt conditions (Cai et al., 2022). While some 
endoglucanases show superior stability at higher 
temperatures, Bacillus cereus ARA-12 endoglucanase 
maintains substantial activity at moderate temperatures, 
making it ideal for applications requiring prolonged 
enzymatic function. 
 
The enzyme also exhibited high activity at neutral and 
alkaline pH, which is advantageous for industrial processes 
such as detergent formulation, textile treatment, biofuel 
production, and paper deinking (Yakubu and Vyas, 2023). 
The combined thermostability and alkaline stability of 
Bacillus cereus ARA-12 endoglucanase underscore its 
potential for diverse industrial applications, eliminating the 
need for extensive protein modifications (Hussain and 
Leong, 2023). 
 

Metal ions play a significant role in enzyme catalysis by 
either enhancing or inhibiting enzyme activity, and by 
maintaining enzyme structure. In contrast to the results of 
the present study, where Mg+2 found as an activator, 
Sulyman et al. (2022) reported Mg2+ as competitive 
inhibitor of cellulase while Zn2+, Cu2+, Ca2+ and Fe2+ were 
found as noncompetitive inhibitors of cellulase. In addition 
to ionic charge, the ion radius significantly affects enzyme 
activity and stability. Studies have shown that ions with 
larger radii exert less influence on catalytic amino acids, 
whereas smaller radii can more strongly attract charged 
amino acids. This intense interaction may alter the 
enzyme’s overall conformation, potentially causing 
damage to the catalytic site and impairing its functionality. 
These ions can influence enzymatic activity by either 
activating or inhibiting it through interactions with the 
amino acid residues; specifically the amine or carboxylic 
acid groups (De Cassia et al., 2017).Studies have also 
suggested that conserved glutamate residues at the catalytic 
site may influence the enzyme’s activity upon metal ion 
binding (Adab et al., 2024). 
 

Endoglucanase from Bacillus cereus ARA-12 was 
inhibited by various inhibitors, including EDTA, which 
likely interfered with enzyme activity by chelating 
essential metal ions. As the enzyme is activated by divalent 
cations, this finding aligns with previous studies on metal-
dependent enzymes (Sreedharan, 2023). The enzyme 
remained stable in the presence of detergents such as SDS, 
Tween 80, and Triton X-100, indicating its potential for the 
detergent and textile industries (Jefferson and Copeland, 
2024). The reduction in enzyme activity upon exposure to 
EDTA, urea, and indole acetic acid (IAA) resulted from 
their interactions with the enzyme's structure and function. 
The inhibition of endoglucanase by these inhibitors has 
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been reported, as they disrupt the enzyme’s secondary and 
tertiary structures, leading to the loss of activity (Almarza 
et al., 2013; Lopata et al., 2019). 
 

Beyond its industrial potential, partially purified 
endoglucanase exhibited significant anti-biofilm 
properties. It has been observed that Escherichia coli, 

Pseudomonas aeruginosa, and Staphylococcus aureus 
formed biofilms that matured between 24-36 hours and 
started dispersing by 36-48 hours. When endoglucanase 
was introduced along with bacterial suspensions, biofilm 
formation significantly decreased. Additionally, biofilm 
eradication was assessed using a colorimetric microtiter 
plate assay, with untreated samples serving as controls. The 
test samples showed notable inhibition, as indicated by 
lower absorbance values. The enzyme effectively 
eradicated biofilms after 24 and 36 hours, beyond which 
eradication rates showed no significant difference. Since 
biofilm biomass naturally declined after 36 hours, results 
from both inhibition and eradication assays emphasized 
endoglucanase’s potential as a biofilm inhibitor (Li et al., 
2022). 
 

Enzyme-substrate specificity is a critical aspect of 
endoglucanase activity, particularly in its ability to target 
and degrade the polysaccharide components of the 
extracellular polymeric substance (EPS) matrix in 
biofilms. The endoglucanase from Bacillus cereus ARA-
12 demonstrated specificity towards β-1,4-glycosidic 
bonds present in polysaccharides such as cellulose and its 
derivatives, which are major constituents of the EPS matrix 
in bacterial biofilms. The EPS matrix is a heterogeneous 
structure composed of polysaccharides, proteins, nucleic 
acids, and lipids, with polysaccharides often forming the 
dominant structural scaffold. The observed variation in 
endoglucanase efficacy against biofilms of Staphylococcus 

aureus, Pseudomonas aeruginosa, and Escherichia coli 
can be attributed to differences in their extracellular 
polymeric substance (EPS) compositions. S. aureus 
biofilms are primarily composed of polysaccharides, 
proteins, and extracellular DNA (eDNA). Notably, the 
exopolysaccharide poly-N-acetylglucosamine (PNAG) is a 
significant component, providing structural integrity to the 
biofilm. Endoglucanases, which hydrolyze β-1,4-
glycosidic bonds in polysaccharides, can effectively 
degrade PNAG, leading to substantial biofilm detachment. 
This aligns with findings where enzymatic treatments 
targeting polysaccharides demonstrated significant 
disruption of S. aureus biofilms (Quan et al., 2024). In P. 

aeruginosa, the biofilm matrix is rich in 
exopolysaccharides such as alginate, Pel, and Psl. These 
components are crucial for biofilm formation and 
architecture. The Pel polysaccharide, in particular, is a 
cationic exopolysaccharide that cross-links with eDNA, 
contributing to the biofilm's structural stability. 
Endoglucanases can target these polysaccharides, resulting 
in effective biofilm disruption (Hou et al., 2018). 
Conversely, E. coli biofilms exhibit a more complex EPS 

composition, including proteins, lipids, and nucleic acids. 
The reduced polysaccharide content limits the substrates 
available for endoglucanase action, resulting in lower 
detachment efficacy compared to S. aureus and P. 

aeruginosa. This complexity contributes to the resilience 
of E. coli biofilms against enzymatic degradation (Martino, 
2018). 
 

In this study, the enzyme was particularly effective against 
biofilms produced by Pseudomonas aeruginosa, 
Staphylococcus aureus and Escherichia coli. The results 
suggest that the enzyme hydrolyzes the cellulose-like 
polysaccharides in the EPS matrix, disrupting the integrity 
of the biofilm. The high catalytic efficiency, as indicated 
by its low Km and high Vmax, further supports its strong 
substrate affinity and robust activity in targeting these 
components. Comparatively, other endoglucanases, such 
as those reported by Salehi and Asoodeh (2022), also 
exhibit similar specificity for cellulose and related 
polysaccharides. However, their activity often depends on 
the structural complexity of the EPS matrix. For instance, 
endoglucanases from Fomitopsismeliae CFA2 and 
Bacillus safensis CF99 have been shown to degrade 
cellulose effectively but may have limited activity against 
more complex or highly substituted polysaccharides within 
the EPS (Patel and Shah, 2021). The enzyme from Bacillus 

cereus ARA-12 appears to compare favorably, as its 
activity results in significant biofilm inhibition and 
eradication, suggesting it can efficiently target the critical 
polysaccharide backbones within the EPS matrix. This 
broad substrate specificity is consistent with its 
demonstrated effectiveness in degrading biofilms from 
diverse bacterial strains. Additionally, synergistic 
interactions with other enzymes present in the partially 
purified preparation may enhance substrate degradation, 
particularly for biofilms containing mixed polysaccharide 
types. Previous studies have highlighted how such 
synergistic effects can increase the effectiveness of 
enzymes in breaking down EPS (Ibrahim et al., 2021). 
Overall, the enzyme-substrate specificity of Bacillus 

cereus ARA-12 endoglucanase aligns well with its targeted 
application in biofilm control and compares favorably with 
other reported endoglucanases, particularly in its ability to 
act on the polysaccharides critical for biofilm structure. 
These findings highlight its potential for both therapeutic 
and industrial applications where robust biofilm 
degradation is required. 
 

While the partially purified endoglucanase from Bacillus 

cereus ARA-12 demonstrated exceptional thermostability, 
pH stability, and biofilm inhibition potential, addressing 
practical considerations enhances its industrial relevance. 
The cost-efficient partial purification process aligns with 
industrial demands, offering a balance between economic 
feasibility and functional activity. Although large-scale 
production may require stabilizers to maintain activity 
during storage and transport, these adjustments are 
standard in enzyme formulations and do not diminish the 
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enzyme's inherent efficiency (Jefferson and Copeland, 
2024). Enzymatic processes are generally considered 
environmentally friendly; however, ensuring sustainable 
practices, such as recycling enzyme formulations and using 
biodegradable buffers, can further reduce any potential 
environmental footprint (Sulyman et al., 2022). Long-term 
storage stability is another important consideration. The 
inclusion of cryoprotectants or stabilizers, such as glycerol 
or sugars, could extend the enzyme's shelf life, ensuring 
consistent performance over time (Sreedharan, 2023). 
Similarly, testing the enzyme's activity across repeated 
cycles or immobilization strategies could unlock its 
potential for cost-effective and continuous industrial 
applications (Adab et al., 2024). 
 

CONCLUSION 
 

This study establishes a strong foundation for the industrial 
and therapeutic applications of the partially purified 
endoglucanase from Bacillus cereus ARA-12. Its 
remarkable thermostability, alkaline activity, and 
significant anti-biofilm potential highlight its suitability for 
diverse industrial processes, including biofuel production, 
textile processing, and biofilm inhibition. Future research 
should focus on engineering the enzyme to enhance its 
catalytic efficiency and broaden its substrate specificity, 
potentially expanding its applicability to more complex 
polysaccharides found in industrial and clinical settings. 
Additionally, strategies such as immobilization could be 
explored to improve the enzyme's reusability and stability, 
particularly under extreme operational conditions. Long-
term storage stability, including the development of 
formulations with cryoprotectants or stabilizers, should be 
assessed to ensure the enzyme's performance in 
commercial applications. Pilot-scale studies to evaluate the 
enzyme's performance under real-world conditions will be 
critical for its commercialization. Moreover, integrating 
this enzyme into existing industrial workflows and 
exploring its synergistic effects with other enzymes or 
antimicrobial agents could unlock its full potential for 
therapeutic applications, such as combating biofilm-
associated infections. These forward-looking steps will 
bridge the gap between laboratory findings and practical 
implementation, paving the way for the enzyme’s 
widespread adoption in sustainable industrial processes 
and innovative therapeutic strategies. 
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