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Abstract 

Nosocomial bacteria's ability to produce biofilms helps them survive in a variety of environments, such as hospitals, 
wounds, and medical devices. Cellulases can destroy cellulose, one of the major structural components of biofilms, 
representing an important part of the bacterial biofilm matrix. 

Bacterial strains were obtained from diabetic foot hospital patients and tested for their ability to produce biofilms in 
vitro. Isolates were identified as Staphylococcus aureus, Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and Escherichia coli using a standard set of biochemical assays commonly used at hospital laboratory. 
Biofilm degradation by CMCase enzyme was evaluated through in vitro tube method, microscopic observation and 
crystal violet assay. 

CMCase had a high effectiveness in eliminating P. aeruginosa biofilms and a modest capacity to remove biofilms of other 
strains used in this study. Light microscopy demonstrated fully disseminated cells of P. aeruginosa biofilm 
exposed to CMCase. Besides, Using CMCase dramatically eliminated 87.5% of the carbohydrate content of its biofilm 
matrix. 
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1. Introduction

Biofilms are microbial aggregates in which cells are encased in a self-produced extracellular polymeric substance (EPS) 
attached to a surface [1]. After bacteria colonize a biotic surface or a medical implant, it instantly switches from motile to 
adherent or biofilm mode of growth [2].  

The polysaccharide matrix is composed of up to 97% water, soluble components such as polysaccharides, proteins and 
extracellular DNA [3] along with insoluble components such as lipids, cellulose [4], pili, fimbriae, and flagella [5]. 
According to Makabenta et al. [6], the extracellular polymeric compounds form a protective shield against the passage 
of antimicrobials, or other destructive compounds produced by the host. Biofilms also protect bacteria from extreme 
environmental conditions, including ultraviolet light, pH fluctuations, salinity, nutrient depletion and desiccation [7]. 

Biofilms account for up to 80% of all bacterial human infectious diseases, such as endocarditis, wound infections, 
meningitis, and infections related to indwelling devices [8]. Biofilms can cause chronic wound infections, particularly 
when a prosthetic device is implanted [9]. Biofilms can potentially lead to an aggressive infection, assisting resistance 
to antibiotics and posing a threat of toxicity to tissues because of the topical agents used in treatment [10]. According 
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to Elgharably et al. [11], Biofilm formation by a specific organism is a critical factor in the invasion and stability of 
infections, as it insulates pathogens from phagocytes and creates a physical shield which promotes antibiotic resistance 
[12]. Being confined within a biofilm protective substance, pathogens can hide their antigens, weaken antibiotic efficacy, 
and attenuate the protective immunity, stimulating persistence infections such as endocarditis, chronic renal stones, 
and cystic fibrosis while sacrificing free movement throughout the body [13,14]. 

A wide range of microbes release cellulases while living on cellulolytic materials [15]. Cellulase-producing bacteria and 
fungi were isolated from multiple sources such as agricultural wastes, soil, sediments, seawater, animal excreta and so 
on [16]. Cellulases degrade cellulose, one of the major components of biofilms, representing an important part of the 
biofilm matrix [3,17]. Few studies have applied bacterial cellulose degrading enzymes mostly produced by Bacillus 
species as biofilm degrading formulas to clean medical implants [18], prosthetic devices [19] and curing hospital 
acquired infections [20]. Such biofilm removal approaches, are critical alternates to antibiotics in the fight against major 
bacterial infections [21]. Effective microbial treatment demands the development of new biofilm degrading approaches. 

In the current study, CMCase enzyme isolated form a novel strain of Bacillus subtilis was evaluated at different 
concentrations for its ability to degrade biofilms of some hospital-acquired pathogens via tube method, microscopic 
observation, crystal violet assay and measuring the biofilm's carbohydrate content.  

2. Material and methods 

2.1. Carboxymethyl cellulase producing strain and enzyme production 

Carboxymethyl cellulase producing strain used in this study was identified as Bacillus subtilis and submitted 
to GenBank with the accession number LC535007.1. 

The strain was grown on fresh liquid medium (containing: (g/l): Carboxymethylcellulose (CMC), 18; yeast extract,9; 
K2HPO4,2; peptone, 2; MgSO4·7H2O, 0.05; MnCl2.4H2O, 0.01; FeSO4·7H2O, 0.05; and pH adjusted to 7.0) at 180 rpm and 
37˚C for 24 hrs. To expel vegetative cells and excess media, the inoculated medium was centrifuged at 14,000 × g for 
15 minutes. The pellet was discarded, and the remaining liquid was recovered and used as a crude CMCase. 

2.2. Enzyme assay  

The activity of CMCase was determined by employing CMC (1% w/v) as a substrate. CMC was solubilized in 0.05 M Na-
citrate buffer (pH 5.0) by swirling continuously for 1 hour at 60°C, followed by sedimentation at 10,000 g for 10 minutes 
to achieve a homogeneous liquid. Then,100 μL of crude enzyme specimen was mixed with 900 μL of the substrate and 
maintained for 10 minutes at 50°C. The reaction was halted via supplementing the mixture with 1.5 mL of 
dinitrosalicylic acid (DNS reagent) which was then boiled for 5 minutes. The amount of reducing sugars was estimated 
at 540 nm against sample blank. One unit (1U) of CMCase activity was described as the quantity of the enzyme needed 
to create 1μmol of reducing sugar per minute at test conditions [22]. 

2.3. Isolation and identification of biofilm- forming strains 

Swab samples obtained from diabetic foot hospital patients were used to collect pathogenic microorganisms. 
MacConkey agar was used to culture Gram negative bacterial pathogens whereas Gram positive strains were grown on 
Mannitol salt agar. Pure strain cultures were maintained in 20% glycerol and stored at -18°C. A standard set of 
biochemical assays commonly used at hospital laboratory were used to identify different clinical isolates. 

2.4. Biofilm development by different clinical isolates 

Aliquots of 200 μL of brain heart infusion broth (BHI) were delivered into microtubes (1.5 mL) under aseptic conditions. 
Each pathogenic bacterial strain (1×106 CFU/mL) was cultured in 10 µL of broth media and then transferred 
individually into the microtubes and aerobically grown at 37°C for 24 hrs. Tubes were then examined for their ability 
to develop biofilms. 
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2.5. Tube method for identification of biofilm producing bacteria 

For identification of biofilm producer microorganisms, the method of Christensen et al. [23] was used with little 
modification. Isolates are inoculated into tubes of BHI liquid media and incubated at 37°C for 24 hrs. The tubes were 
supplied with CMCase enzyme (12 U/mL) and allowed to sit for an hour. Tubes with no CMCase were used as control. 
The biofilm formed on the tube walls were dyed with safranine and left for 1 hour. The dye was then removed by double 
rinsing the tubes using phosphate-buffered saline (PBS). Tubes were dried in inverted position, and biofilm degradation 
capacity of CMCase was assessed depending on color intensity of the ring formed. The test was performed in triplicate. 

2.6. Crystal violet assay of different species biofilms treated with CMCase 

The efficacy of the CMCase in the degrading the biofilms of different strains was investigated using the technique of 

Trivedi et al. [24] on polystyrene plates. CMCase at different activities (4, 8 and 12 U/mL) was supplied to overnight 
bacterial culture (106 CFU/mL) of each pathogenic strain grown in brain heart infusion broth. After incubation for 24 
hrs at 37° C, the polystyrene plates were washed with deionized water to discard dispersed cells and medium. Plates 
were allowed to dry before adding crystal violet. 

The wells were dyed using 400 μl of 0.1% (w/v) CV solution for 10 min. After that, CV was disposed, and the wells were 
double washed with saline. The wells were left to air dry prior to applying 1 ml of 95% ethanol to dissolve CV stain. The 
color intensities of the biofilms were then determined by reading OD600 in RayBiotech microplate reader. The test was 
performed in triplicate. 

2.7. Microscopic examination of biofilms of different strains 

Each strain's biofilm was cultivated at 37°C on glass pieces (1 cm3) fixed on microtiter plate containing culture medium. 
After 24 hrs of growth, CMCase was applied.  Glass pieces containing intact or degraded biofilms were then mounted on 
glass slides and stained using Gram staining method. Control specimens containing biofilms without treatment were 
also stained and examined. Light microscopy was used to examine stained glass pieces which were then photographed 
using mobile camera. 

2.8. Bactericidal effect of CMCase on different planktonic cells 

The impact of CMCase at varied activities (4,8 and12 U/mL) on the growth or different bacterial strains used in this 
study was evaluated via Kirby-Bauer test on plates containing Mueller Hinton agar. 

2.9. Determination of the biofilm's carbohydrate content 

The formaldehyde-NaOH technique of [25] was used to extract the exo-polymeric matrix of biofilms of different control 
strains or specimens treated with CMCase (12 U/mL). Each well was supplied with 10% formaldehyde solution and the 
plate was maintained under shaking conditions for 1 hr at 4˚C. The reagent was then disposed and 1 mL of 1M NaOH 
solution was applied. The plate was maintained at shaker adjusted at 4°C for 2 hrs. Each treatment's solution was 
recovered from wells and filtered using a 0.2µm filter.  

The product was then dialyzed against double dis.H2O. The pellet was used to quantify the amount of total carbohydrate 
present in EPSs of treated and untreated bacterial biofilms using the phenol-sulfuric technique of Masuko et al. [26].  

3. Results and discussion 

3.1. Identification of bacterial pathogens 

Isolates were identified as Staphylococcus aureus (Sa), Acinetobacter baumannii (Ap), Klebsiella pneumoniae (Kp), 
Pseudomonas aeruginosa (Pa), and Escherichia coli (Ec). E. coli strain was identified as lactose fermenting, indole 
positive, and oxidase negative rods., while K. pneumoniae were indole negative, ornithine positive, urea and citrate 
positive rod. P. aeruginosa were identified as non-lactose fermenter, gram negative, oxidase positive rods. Non-lactose 
fermenter, gram negative, oxidase negative cocci were identified as A. baumannii. S. aureus appeared as golden yellow 
colonies on Mannitol salt agar, coagulase, and catalase positive cocci.  
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Figure 1 Assessment of biofilm degradation capacity of CMCase depending on pigment intensity of the formed safranin 
ring (A) control of different biofilms of P. aeruginosa (Pa), K. pneumoniae (Kp), S. aureus (Sa), A. baumannii (Ap) and E. 
coli (Ec) (B) biofilms of P. aeruginosa (Pa), K. pneumoniae (Kp), S. aureus (Sa), A. baumannii (Ap) and E. coli (Ec) treated 
with CMCase 

4. Tube method 

 

Figure 2 Light microscopy images (40×) showing biofilm dispersal of various pathogenic bacteria before and after 24 
hrs of enzymatic treatment using CMCase 
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The ability of CMCase to degrade the biofilm of different strains was assessed by tube method as illustrated in Figure 1. 
The least color intensity was obtained after treating the biofilm of Pseudomonas aeruginosa with CMCase. Treating the 
biofilm of Klebsiella pneumoniae (Kp) with CMCase also resulted in a mean reduction in color intensity of the stain which 
means that CMCase efficiently degraded the previously formed biofilm. Reduction in color intensity was also achieved 
with other strains but to a lesser degree. The best result was obtained with Pseudomonas aeruginosa followed by 
Klebsiella pneumoniae (Kp), Staphylococcus aureus (Sa), Acinetobacter baumannii (Ap) and Escherichia coli (Ec), 
respectively. Thus, CMCase revealed high potency in eliminating P. aeruginosa biofilms and medium capacity in 
degrading the EPS of other strains used in this study. 

4.1. Examination of biofilms via light microscopy 

The anti-biofilm effect of CMCase was assayed through light microscopic images displayed at Figure 2. Glass pieces 
containing the biofilm either control or enzymatic treated were stained by Gram stain and placed on slides that were 
checked for biofilm formation or dissemination using light microscopy. 

Specimens of Klebsiella pneumoniae (Kp), Staphylococcus aureus (Sa), Acinetobacter baumannii (Ap) and Escherichia coli 
(Ec) biofilms treated with CMCase exhibited relatively moderate dissemination of the biofilm substance whereas 
specimens of P. aeruginosa biofilms treated with CMCase exhibited completely disseminated cells as shown in Figure 2. 
CMCase alone revealed promising anti-biofilm effect against the biofilms of P. aeruginosa. Other enzymes or formulas 
may be required to assist CMCase for complete dispersion of the biofilms of Klebsiella pneumoniae (Kp), Staphylococcus 
aureus (Sa), Acinetobacter baumannii (Ap) and Escherichia coli (Ec). 

 

Figure 3 Crystal violet assay showing biofilm dispersal of various pathogenic bacteria after 24 hrs of CMCase 
treatment 

4.2. Crystal violet assay of different species biofilms treated with CMCase 

CMCase's potential to degrade biofilms produced by bacterial pathogens in BHI was evaluated. P. aeruginosa biofilms 
were considerably diminished when exposed to varied doses of CMCase enzyme with 85% of the biofilm being degraded 
using CMCase at 12U/mL, however S. aureus biofilms were more tolerant to CMCase at concentrations of (4 and 8 U/mL) 
showing a notable decrease (35%) in biofilm at 12 U/mL CMCase (Figure 3). 

Biofilms of K. pneumoniae, A. baumannii and E. coli were clearly degraded using different concentrations of CMCase with 
12 U/mL exhibiting the highest degradation rate of 50, 44.7 and 43.24% respectively as revealed in Figure 3. 

4.3. Antimicrobial action of CMCase on vegetative cells 

CMCase enzyme revealed no antibacterial effect on tested pathogens. No inhibition zones surrounding any disc filled 
with CMCase at different activities. Trizna et al. [27] observed the same results during his work on P. aeruginosa. 
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4.4. Determination of carbohydrate concentrations in the biofilm EPS 

The overall amount of carbohydrate in extracted EPs was determined pre and post hydrolytic treatments with CMCase. 
The carbohydrate concentration in the EPS matrix of biofilms were significantly reduced after treatment with 
CMCase as seen in Table 1. This demonstrates the importance of the CMCase enzyme in eradication of biofilms of 
different strains. 

Table 1 The net carbohydrate constituent of biofilms from different isolates were compared pre and post enzymatic 
treatment with CMCase 

Microorganism Pre- enzymatic 
treatment 

Post- enzymatic 
treatment 

Carbohydrate(μg) Carbohydrate(μg) 

E. coli (Ec) 82.4±0.09 69.8±0.45 

S. aureus (Sa) 127.8±0.46 67.4±0.09 

K. Pneumoniae (Kp) 93±0.65 54.8±0.5 

P. aeruginosa (Pa) 87.47±0.4 10.9±0.07 

A. baumannii (Ap) 57.3±0.4 38.65±0.4 

 

The CMCase enzyme significantly eliminated 87.5 % of the carbohydrate content of P. aeruginosa 's biofilm structure 
although eradicated about 47.26% of S. aureus's biofilm matrix. About 41 % of the carbohydrate content of the EPS of 
K. Pneumoniae (Kp) was eliminated. However, 67.45% and 84.7 % of the carbohydrate matrix of A. baumannii (Ap) and 
E. coli (Ec) respectively remained after the treatment. This suggests the high content of cellulose and related substances 
present in the biofilm of P. aeruginosa.  

The nature and constituents of the biofilm matrix determines what appropriate biofilm decomposing substances should 
be used [28]. Depending on the main components of the biofilm, certain enzyme or a combination of enzymes would be 
effective [29]. 

It has been claimed that releasing cells from the biofilm's insulating layer makes them highly vulnerable to 
antibiotics and the defensive reaction of the host [30]. Numerous studies have documented the efficient destruction of 
extracellular domains by the cellulases [18,31]. Biological enzymes are generally produced and employed by microbes 
for the degradation and dissemination of biofilms, therefore their utilization is a natural process [30]. 

P. aeruginosa generates at least three polysaccharides (alginate, Pel, and Psl) that impact the integrity of its biofilm 
structure [32]. Pel is an exopolysaccharide made up of 1-4 glycosidic bonds connecting N-acetylgalactosamine and N-
acetylglucosamine [33]. CMCase could be useful as an antibiofilm agent since it can cleave internal -(1–4) or -(1–3) 
bonds of the polysaccharide chains of the biofilm. 

Pseudomonas aeruginosa is a well-known human pathogen that causes a variety of illnesses, especially in 
immunodeficient patients as it releases multiple virulence factors [32]. Furthermore, P. aeruginosa's exceptional ability 
to develop biofilms in a variety of conditions makes antibiotic treatments ineffective thus, promoting chronic infectious 
illnesses [34]. Since enzyme-based detergents have been used safely for many years, cellulase can be used safely on 
human skin without any risk [35]. It follows from the above that CMCase provides a promising agent for complete 
dispersion or removal of P. aeruginosa's biofilm. 

5. Conclusion 

CMCase enzyme isolated from the novel bacterial strain showed a promising ability to degrade the biofilm produced by 
the nosocomial pathogen Pseudomonas aeruginosa via degradation of the cellulose which is a major content of its 
biofilm. CMCase also showed a great reduction in the biofilm`s carbohydrate content. CMCase can be used effectively in 
treating infections due to P. aeruginosa along with cleaning medical implants and prosthetic devices after in vivo studies. 
CMCase partially degraded the biofilms of Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii and 
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Staphylococcus aureus. Thus, more studies are required to investigate the contents of their biofilms to use the suitable 
enzyme or a mixture of enzymes. 
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