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Abstract

This research is aimed to eradicate the biofilm formed by bacteria causing wound infection through 
using proteinase K enzyme. For this purpose six different concentrations of proteinase K were used 
for the degradation of biofilm produced by Staphylococcus aureus and Pseudomonas areuginosa. 
These two species are the most common abundant bacteria causing infection by biofilm. Each of the 
concentrations was kept in contact with the pathogenic bacteria for 1, 2 and three hours. After 3 hours 
of incubation period the concentration (4 µg /ml) resulted in the highest eradication ability against S. 
aureus biofilm, while the same concentration was no significant in the eradication of Pseudomonas 
aeruginosa biofilm.         
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Introduction 

There are different causative-agents of chronic 
wound infection caused by bacteria, biofilm one 
of the most agent that is difficult to eradicate by 
treatment with antibiotics. Regardless of living-
style of bacteria as free-living (planktonic) or as 
biofilms for causing infection to wounds, presence 
of biofilms in wound cause chronic infection due to 
delaying in healing of wounds, biofilms are more 
than 1000 times difficult to treat by antibiotics than 
free-living bacterial cells, so biofilm need to new and 
special ways in order to eradicate biofilm (1)(2). The 
difficulty of eradication by using antibiotics due to 
resistance, for example, Staphylococcus aureus are 
microorganisms which acquire resistance rapidly, 
on the other hand Streptococcus pyogenes are less 
resistance. Prevalence of bacteria that resist antibiotics 
is a big trouble in antibiotics-therapy (3). Degradation 

of biofilms by enzymes is consider effectively way 
for eradication, by degradation of biofilm contents, 
which consider potential way to degrade biofilm, for 
example, the degradation of extracellular polymeric 
substances (EPS) one of biofilm contents. The effects 
of antibiotics on cells which embedded in the biofilm 
enhanced by protease-treatment, lead to disruption of 
biofilm-matrix, due to releasing of components and 
planktonic-cells which then cleared by the immune 
system (4). Proteases are a large-class of enzymatic-
molecules that catalyze the cleavage of peptide bonds, 
all living organisms have these enzymes, proteases 
enzymes have important physiological functions 
ranging from generalized-protein-degradation to 
very specific-regulatory-activity. In nature, proteases 
divided to intracellular and extracellular. Although, 
substrate-recognition of extracellular enzymes is little 
and cleave in equal efficiency both of self- and non-
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self-molecules, extracellular enzymes are essential 
enzymes and consider as zymogens, or in their 
inactive form, to prevent premature of proteolytic 
activity which hurt the producer cell itself (5). 

According to researches findings, it is believed 
that biofilm matrix consists of polysaccharides, 
in addition to surface and secreted proteins and 
extracellular-DNA (eDNA) are also important factors 
in the formation, the stability and the regulation of 
biofilm. Interestingly, according to recent researches, 
proteases role becomes very clear, that the application 
of different proteases on the bacterial-cultures result in 
reduction of formation of biofilm and in the dispersal 
of established biofilms (6). 

The aim of the research was eradication and 
degradation of biofilm produced by wound infection 
bacteria using different concentrations of proteinase 
K enzyme.  

Materials and Methods

Specimen’s Collection

Swabs samples were taken from 90 surgical 
wounds of patients attending Medical City Hospital in 
Baghdad for the period from July to September 2018.
The samples were taken by the attending physician 
of the hospital through using sterile applicator stick 
with cotton swabs moistened in test tubes were used 
to collect them.

Isolation and Identification of Staphylococcus 
aureus and Pseudomonas areuginosa

All collected-swabs were transported to the 
laboratory in an appropriate medium. Bacteria were 
isolated by using the routine laboratory techniques. 
Each specimen was streaking on the surface of nutrient 
Agar, mannitol salt agar & blood agar. Thereafter, all 
plates incubated for 24 hours at 37°C. The isolates 
were identified depending on the microscopic 
characterization, colony morphological features, 

Gram staining, the biochemical tests including the 
catalase test, coagulase test, and others were perform 
according to Bergey ’s Manual (7). 

Detection of the bacterial ability to produce 
slime layer and Biofilm formation 

The tissue culture plate assay described by 
Mathur and et al. (8) is the most widely used and 
was considered as standard test for the detection 
of biofilm formation. This method was applied on 
isolates of Staphylococcus aureus and Pseudomonas 
aeruginosa the bacterial cells were grown in Nutrient 
broth overnight at 37°C under aerobic conditions. A 
suspension of bacterial isolate that equivalent to the 
McFarland No.0.5 turbidity standard were inoculated 
in nutrient broth and incubated for 18- 24 hours at 37°C 
in individual wells of sterile, polystyrene, 96-well, 
flat bottomed tissue culture plate stationary condition. 
Nutrient broth supplemented with 1% glucose. After 
that, 200 μl of the inoculum were transferred to the 
assay wells of a sterile 96-well assay plate, which 
corresponds to an inoculum of approximately 5 × 106 
cells/well. Each plate was covered with the lid supplied 
by the manufacturer. Subsequently, inoculated assay 
plates were transferred to an incubator set at 37°C 
for 18–24 hrs. without shaking. Negative control 
wells contained sterile Nutrient broth only; while, 
positive control wells contained nutrient broth with 
bacterial cells without glucose. After incubation, 
assay plates were uncovered. The optical density 
(OD) was measured at 630 nm of each well using a 
multi-well plate reader to quantify overall growth of 
biofilm. This step is achieved to identify strains that 
are defective in overall growth or conditions that 
inhibit overall growth, resulting in decreased biofilm 
growth. Liquid culture was removed from each well, 
and non-adherent bacteria were removed by washing 
each well 3-4 times with phosphate-buffered saline 
(PBS; pH 7.4). To staining fix adherent cells prior, 
washed plates were incubated at 60ºC for at least 60 
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min. This step reduces variability caused by loss of 
biofilm during the staining process. Biofilms can be 
detected and quantified using various stains. Biofilms 
were stained by adding 200 μl of 0.1% crystal violet 
dissolved in distilled water to each well and allow 
at least 15 minutes for staining. After the staining 
reaction has been completed, excess stain was removed 
by repeated washing (3-4 washes) with phosphate-
buffered saline (PBS). As described above. The wash 
solution should be clear after final last washing step 

and dried. Afterwards, 200 μl of 95% ethanol was 
added to each well for 10 minutes. All assays were 
done in triplicates. The amount of crystal violet 
extracted by the ethanol in each well can be directly 
quantified spectrophotometrically by measuring the 
OD 630 using an appropriate microplate reader (9). As 
shown in (table 1) Classification based on OD values 
obtained for individual strains of Staphylococcus spp. 
were used for the purpose of data simplification and 
calculation.

(Table 1): Classification of bacterial adherence by tissue culture plate method

Mean OD 630 nm Biofilm Construction Adherence

OD ≤ ODc Non–adherent

ODc < OD & OD ≤ 2ODc Weakly 

2ODc < OD & OD ≤ 4ODc Moderately 

4 ODc < OD Strongly 

Biofilm dispersal by different concentrations 
of proteinase K 4

 Biofilm stability was investigated against 
proteinase K treatment was tested as described by 
Rohde et al. (10), with the following modifications. 
Bacteria were grown at 37°C overnight in nutrient 
broth supplemented with 1 % (w/v) glucose in 96-well 
microtitre plates as descripted in Tissue culture plate 
method. Supernatants were carefully removed and 
each well was washed with 200μl phosphate-buffered 
saline (PBS). Biofilms were treated with different 
concentrations of proteinase K (2, 4, 8, 16, 32, 64μg/
ml) in distilled water Afterward, plates were incubated 
at 37°C for 1, 2, 3hrs.the control wells contained 
media with bacteria only. Following incubation, each 
well was carefully washed with 200 μl (PBS), and 
dried for 30 second at 60°C prior to staining with 

0.1% (w/v) crystal violet solution. The A630 of the 
adhered, stained biofilms were measured using ELISA 
reader. Each strain was tested at least three times and 
means results are presented. After staining, the plates 
were again washed three times with PBS. After that, 
the micro titer plate was thoroughly air dried at room 
temperature, the dye bound to the cells should be re-
solubilized, i.e. eluted from attached cells with 200 
μl of 95% ethanol per well. Ethanol should be gently 
added and thereafter the microtiter plate covered with 
the lid (to minimize evaporation) should be left at 
room temperature for at least 10 min without shaking 
and measured as above (11).

Results and Discussion

Bacterial isolation and identification

From a total of 90 samples were collected, only 30 
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isolates (33%) had the ability to grow on the Mannitol 
salt agar which considered selective and differential 
media for genus Staphylococcus (12). On culture 
media, appearance of colonies was round, smooth, 
raised, mucoid and glistening. Consequently, these 
isolates were belonging to the genus Staphylococcus. 
Colonies of bacteria on mannitol salt agar appeared 
large golden colonies with luxuriant growth and 
medium-color turned from pink to yellow, because 
some isolates able to ferment mannitol (7)(13) reported 
that the carotenoid pigment (Staphyloxanthin) is 
responsible for S. aureus characteristic golden color 
and plays a role in the environmental fitness of S. 
aureus. Golden-pigment is a trait of human-pathogen 
S. aureus, which protect the bacterial cell from 
clearance by oxidation (14). Microscopic examination 

was applied to all 30 isolates after staining by Gram 
stain to detect their response to stain, the cells 
appeared as Gram positive cocci mostly arranged 
in grape-like irregular clusters. All 30 isolates gave 
negative result to the oxidase test, which preformed to 
differentiate Staphylococcus from genus Micrococcus 
that usually gives positive result. Moreover, all 
isolates gave positive catalase test, which was done 
in order to differentiate Staphylococcus species from 
Streptococcus species that normally gave a negative 
result (15). Noticeably, all mannitol fermenters were 
coagulase and DNase positive; Moreover, all MRSA 
isolates were able to give positive results for DNase 
and developed beta hemolysis behavior on blood agar 
as shown in table 2.

(Table2): The characterization of Staphylococcus aureus

Staphylococcus aureusTest

Gram-positiveGram stain

β-hemolysisBlood agar medium

Yellow colonyMannitol salt agar

PositiveCatalase

NegativeOxidase

PositiveCoagulase

ResistanceBacitracin susceptibility

PositiveDeoxyribonuclease (DNase agar)

 A total of 25 isolates were able to grow on 
cetrimide agar plates, which may be suspected to be 
Pseudomonas sp., where further, identified according 
to morphological characteristics and biochemical 
tests. Colonies of each isolate were plate on nutrient 
agar showed different morphological characteristics 
of Pseudomonas sp. Such as mucoidal growth, smooth 

in shape with flat edges and elevated center, whitish 
or creamy in color and has fruity odor and most of 
them were produce pyocyanin. While colonies of 
Pseudomonas areuginosa grown on MacConky agar 
medium appeared pale in color, with irregular edge, 
oval and large. On blood agar Pseudomonas areuginosa 
was able to hemolyse blood agar completely, these 
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results are reasonable with the results demonstrated 
by Collee et al., (16). Microscopical examination of 
Pseudomonas sp. showed that the cells were gram 
negative, bacilli, appeared single, pairs or short chain 
and non-spore forming. These results are comparable 
to the reported morphological characteristics of 

Pseudomonas aeruginosa. These results were agreed 
with Holt et al., (17) who certify the identification. 
Biochemical tests for Pseudomonas sp. were made 
also. Results indicated in (table 3) showed that 
these isolates gave a positive result for oxidase and 
catalase which indicate that these isolate belongs to 
Pseudomonas aeruginosa.     

(Table 3): Morphological and biochemical characteristics of the isolated Pseudomonas aeruginosa.

ResultTest

GreenColony color

Rod or BacilliCell shape

NegativeGram stain 

PositiveCatalase

PositiveOxidase

PositiveGrowth on King A

PositiveGrowth on King B

PositiveGrowth on cetrimide

PositiveCitrate utilization

NegativeGrowth at 4ºC

PositiveGrowth at 42ºC

Detection of the bacterial ability to produce 
slime layer and Biofilm formation 

For detection formation of biofilm, microtiter palte 
assay (MtP) is the most common way and consider 
as standard test for detection (18). As reported, MtP-
method is most sensitive, accurate and reproducible 
screening method in the determination of biofilm-
production by clinical isolates of Staphylococci 
and Pseudomonas in addition to MtP advantage 
as a quantitative tool which used in comparing the 
adherence of different strains (8). Using MtP-method 
for the detection of biofilm formation by S. aureus and 

P. aeruginosa isolates. When grown in nutrient broth 
without any supplementation, 100% S. aureus isolates 
were able to form weak biofilm. In the presence 1% 
glucose lead to enhanced biofilm forming capacity 
in for 66% of S. aureus isolates moderate producers. 
While P. aeruginosa isolates were able to form 
moderate biofilm in presence1% glucose.

Eradication of biofilm by Proteinase K enzyme

To investigate the factors that contribute to 
biofilm degradation, we performed an enzyme 
treatment on the formed biofilm. Enzymatic solutions 
with concentrations (2, 4, 8, 16, 32,64μg/ml) of 
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proteinase K. Proteinase K treatment hampered the 
biofilm development of S. aureus isolates. All isolates, 
(weak biofilm-producing strain), showed significant 
inhibition in biofilm growth when treated with 2 μg/ml 
proteinase K after 2hr. as shown in (Fig. 1). Proteinase 
K enhances dispersal in S. aureus biofilms: To 
investigate the biofilm dispersal activity of proteinase 
K against S. aureus biofilms, proteinase K treatment 
was given to 1, 2, 3, hrs. Proteinase K treatment of 
S. aureus biofilms caused a significant disruption of 
all S. aureus biofilm. The proteinase K can be used 
in biofilm dispersion. Interestingly, significant; 
but not 100%; removal of biofilm was achieved by 
treatment with the proteinase K which has a wide 
specificity as other proteases enzymes in biofilm 
degradation (19). The proteinase K have frequently 
been used as efficient biofilm removal agents that 
hinder bacterial adherence and biofilm formation in 
S. aureus presumably through degradation of surface 
structures, also reported that proteinaceous-biofilms 
formed by S. aureus with the help of Bap proteins 
were susceptible to proteinase K mediated detachment 
and dispersal. Our findings showed that (4 μg/ml) the 
best concentration of enzyme have a degrading effect 

against S. aureus biofilm. Among various surface 
proteins in S. aureus, has been reported to have a 
major role in early adhesion, as well as in the biofilm 
development (20). After proteinase K treatment, a 
significant decrease in the protein and extracellular 
DNA (eDNA) but not in the carbohydrate content in 
extracellular polymeric substance (EPS). Extracellular 
DNA (eDNA) is also known to play very important 
role in S. aureus biofilm stability (21). This enzyme 
targeting peptide bonds adjacent to the carboxylic 
group of aliphatic and aromatic amino acids (22). It is 
proved that proteinase K degrade effectively the EPS 
of P. aeruginosa biofilms, by binding and hydrolysis 
of the protein molecules due to converting them into 
smaller units and been transported to through cell 
membranes, the metabolized. In most cases proteins 
seem to be the main constituents of the biofilms 
EPS and are found mostly at the outer layer of the 
P. aeruginosa biofilms (23). So that, breaking of EPS 
in addition to proteins of outer layer by proteinase 
K, will make proteinase K better than other enzymes 
like amylase which only degrade the proteins of EPS, 
these enzymes are less efficient than proteinase K in 
degradation of P. aeruginosa biofilms (24). 

Figure (1): Effect of different concentration of proteinase K on the formation of Staphylococcus aureus 
biofilms after 1hour of treatment.
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Figure (2): Effect of different concentration of proteinase K on the formation of Staphylococcus aureus 
biofilms after 2hours of treatment.

Figure (1): Effect of different concentration of 
proteinase K on the formation of Staphylococcus 
aureus biofilms, (A) show degradation activity of 
proteinase K after one hour of treatment (B and C) are 
the influence of proteinase K after two and three hours 
of treatment respectively.

Figure (2): Effect of different concentration 
of proteinase K on the formation of Pseudomonas 
aeruginosa biofilms, (A) show degradation activity of 
proteinase K after one hour of treatment (B and C) are 
the influence of proteinase K after two and three hours 
of treatment respectively.
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