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Abstract 

Aims: Bacteria in biofilms are generally more resistant to environmental stress than their free-living counterparts. In this 

study, we demonstrated that while bacterial strains Enterococcus faecalis, Escherichia coli and P. aeruginosa displays 

biofilm formation.  

Methods and Results: Cells attached to the wells were then fixed with ethanol (%99) for 15 min room temperature and 

stained with 1% crystal violet. In general, the presence of KCl affects biofilm formation negatively. As temperature 

increases, biofilm kinetics increases in the presence of KCl. As temperature increases, biofilm kinetics increases in the 

presence of KCl. 

Conclusions: We should first mention that studies similar to those we were less common in the literature. We did not 

find any similar studies with E. coli, E. faecalis and P. aeruginosa in our studies. The work done differs from what we do. 

Significance and Impact of the Study: The presence of KCl has been shown to influence biofilm formation. 
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Abbreviations: EPS: Extracellular Polymeric 
Substances; UPEC: Escherichia Coli Strains; IBC: 
Intracellular Bac¬terial Community; LB: Luria-Bertani 
Broth; PBS: Phosphate Buffered Saline. 
 

Introduction 

Biofilms are increasingly recognized as the 
predominant form of growth in the environmental life 
cycle of bacteria. Most of bacteria usually live in a biofilm 
in their natural environment. Van Leeuwenhoek, using his 
simple microscopes, first observed microorganisms on 

tooth surfaces and can be credited with the discovery of 
microbial biofilms. Most bacteria in natural environments 
are organized in biofilms. Biofilms can be defined as a 
community of microbes embedded in an organic polymer 
matrix, adhering to a surface. Bacteria in biofilms are 
generally more resistant to environmental stress than 
their free-living counterparts [1-6]. 

 
A biofilm is an assemblage of a single or multiple 

species that are encapsulated in self-produced 
extracellular polymeric substances (EPS). Biofilms in the 
industrial settings (e.g. ship hulls, water pipes, and 
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membrane filters) cause loss of performance and 
increased cost for maintenance and quality control. 
Biofilm cells are known to be 10-1,000 fold more resistant 
to antimicrobial agents than planktonic cells [7]. 

 
Biofilm-forming microorganisms, that P. aeruginosa; B. 

megaterium, Burkholderia cenocepacia, Citrobacter 
werkmanii, E. coli, E. faecalis, K. pnemoniae, Listeria 
monocytogenes, Mycobacterium colombiense, Salmonella 
typhinurium, Shwanella putrefaciens, S. aureus, S. 
epidermidis, S. mutans and V. cholera [8-11]. 

  
When bacteria attach to a surface and grow as a 

biofilm they are protected from killing by antibiotics, 
biocides, and other chemical or physical challenges. 
Biofilms are the most common mode of bacterial growth 
in nature. P. aeruginosa is a model organism for the study 
of quorum-sensing extracellular virulence factors and 
biofilm formation [12,13]. 

 
Pseudomonas aeruginosa is a gram-negative bacterium 

found in almost every ecological niche, including soil, 
water, and plants. Pseudomonas aeruginosa is the 
preferred microorganism for the production of 
rhamnolipid type of biosurfactant using glycerol, 
mannitol, fructose, glucose, and vegetable oils. While 
biofilms of the common opportunistic pathogens 
Staphylococcus epidermidis and Pseudomonas aeruginosa 
are well known for their antibiotic resistance, diverse 
other microorganisms form biofilms which confer 
protection against many antibiotics. In many bacteria 
protective responses may be deployed in biofilms. Stress 
responses may be induced in biofilm bacteria by 
environmental challenge, just as they are in suspended 
bacteria [12,14,15]. 

 
Escherichia coli strains (UPEC) can create a specific 

biofilm a complex intracellular bacterial community (IBC) 
within the superficial umbrella cells of the bladder, unlike 
intestinal strains. Biofilm formation on solid surfaces is a 
very common phenomenon among bacteria with 
important economic and medical consequences. A strain 
of Escherichia coli K-12 able to form a thick biofilm on 
inert surfaces such as glass or polystyrene has previously 
been isolated from a continuous culture in minimal media 
[16,17].  

 
Enterococcus faecalis is a saprophytic commensally 

that inhabits the oral cavity and gastrointestinal flora of 
humans and animals, although it can behave as an 
opportunistic pathogen causing severe urinary tract 
infections, surgical wound infections, bacteremia, and 

bacterial endocarditis. Biofilm formation in E. faecalis is 
presumed to play an important role in a number of 
enterococcal infections [18,19]. 

 
In this study, we demonstrated that while bacterial 

strains Enterococcus faecalis, Escherichia coli and P. 
aeruginosa displays biofilm formation using LB medium 
or LB medium with 100 mM KCl and temperature and 
shaker, respectively.  
 

Materials and Methods 

Chemicals 

KCl, KH2PO4 was purchased from Carlo-Erba. NaCl, 
Na2HPO4, crystal violet were purchased from Merck. Yeast 
and peptone were purchased from Mast Diagnostics. 
Acetic acid was purchased from Acros. Ethanol was 
purchased from Riedel de Haen. All chemicals used were 
of analytical grade. 
 

Bacterial Strains  

Bacterial strains Enterococcus faecalis (ATCC 25539), 
Escherichia coli (ATCC 20715) and Pseudomonas 
aeruginosa (ATCC 27853) were used in this study. Cells 
were routinely grown in Luria-Bertani broth (LB) at 37°C. 
 

Growth Conditions  

Cells were maintained on agar plates at 4 ºC with 
transfers at monthly intervals. The liquid media used 
throughout the study was Luria- Bertani (LB) broth 
medium (g l-1); peptone (10), NaCl (10), and yeast extract 
(5). The final pH values of broth media was adjusted to 
7.0. 100 μl of overnight cultures grown in 20 ml LB in 125 
ml Erlenmeyer flasks was inoculated into 50 ml of the 
same medium in 150 ml volume flasks and incubated for 
different periods of time. Shake flasks were incubated at 
37°C in a 200 rpm gyratory water-bath, drawing the 
samples at certain intervals. The value (OD600) was 
increased from 0,5 and diluted to obtain an average of 0,3 
- 0,4. A 100 µl culture were inoculums LB medium 10 
ml/100 ml Erlenmeyer flasks. 30 or 37°C, 0, 100 rpm or 
200 rpm shaker and 100 mM KCl, respectively. 
  

Biofilm Formation 

To determine the biomass of static biofilms grown 
under aerobic conditions, cells were grown on in LB 
medium 24 h 0, 100 and 200 rpm at 37°C (Figure 1). After 
the incubation period, the culture supernatant was 
removed, and both kinds of biofilm tubes were washed 
four times with 1x phosphate buffered saline (PBS) to  
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eliminate any remaining planktonic cells. Cells attached to 
the wells were then fixed with ethanol (%99) for 15 min 
room temperature and stained with 1% crystal violet. 
After staining, excess crystal violet was eliminated with 

water, and 33% acetic acid was used to dissolve the 
remaining dye (Figure 2). Biofilm mass was finally 
determined as a function of the concentration of this dye 
based on the absorbance at 570 nm [17,20-22]. 

 
 

 

Figure 1: Biofilm formation on the surface in LB (from left to right). P. aeruginosa, E. coli and E. faecalis, respectively. 
 

 
 

 

Figure 2: Biofilm formation of P. aeruginosa on glass surfaces in LB and structure of P. aeruginosa with 1% crystal 
violet stained biofilm. 

 

Results 

All of the following results are OD570 values. 
 

Biofilm Formation of Bacterial at Static 30°C  

The highest biofilm formation value in the 30°C static 

environment was in P. aeruginosa; 0,96 and the lowest 
value in E. coli; it was found to be 0,07. The highest 
biofilm formation in LB medium containing 30°C KCl was 
found to be in P. aeruginosa 0,29 and in E. coli and E. 
faecalis 0,15 (Figure 3). 
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Figure 3: Biofilm levels of P. aeruginosa, E. coli and E. faecalis, grown in LB medium under static conditions at 30°C 
normal (○) and 100 mM KCl (●), respectively. Each value is the average of at least three independent experiments.  

 

 

Biofilm Formation of Bacterial at Static 37 °C  

The highest biofilm formation value in 37°C static 
medium was found to be in P. aeruginosa 1,86 and in E. 
coli 0,23 (Figures 3 & 4), respectively. The highest biofilm 

formation in LB medium containing 37°C KCl was found 
to be in P. aeruginosa 0,78 and in E. coli and E. faecalis 
0,20, respectively (Figure 4). 

 
 

 

Figure 4: Biofilm levels of P. aeruginosa, E. coli and E. faecalis, grown in LB medium under static conditions at 37°C 
normal (○) and 100 mM KCl (●), respectively. Each value is the average of at least three independent experiments.  

 
 

Biofilm Formation of Bacterial at 30°C at 100 
rpm 

In this study; the highest value at 30°C 100 rpm is in P. 
aeruginosa 1,21 and the lowest value is in E. coli 0,12 was 

found. The highest value for biofilm formation at 30°C KCl 
100 rpm was in P. aeruginosa 0,77 and in E. coli 0,27 
(Figure 5).  
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Figure 5: Biofilm levels of P. aeruginosa, E. coli and E. faecalis, grown in LB medium under 100 rpm agitation 
conditions at 30°C normal (○) and 100 mM KCl (●), respectively. Each value is the average of at least three 
independent experiments.  

 

 

Biofilm Formation of Bacterial at 37°C at 100 
rpm 

At 37°C 100 rpm, the highest biofilm formation value 
was in P. aeruginosa 1,77 and the lowest value in E. coli; 

0,15 was found (Figure 6), respectively. The highest 
biofilm formation in LB medium containing 37°C 100 rpm 
KCl was found to be in E. faecalis 1,12 and in E. coli 0,32 
(Figure 6), respectively. 

 
 

 

Figure 6: Biofilm levels of P. aeruginosa, E. coli and E. faecalis, grown in LB medium under 100 rpm agitation 
conditions at 37°C normal (○) and 100 mM KCl (●), respectively. Each value is the average of at least three 
independent experiments.  
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Biofilm Formation of Bacterial at 30°C at 200 
rpm  

The highest value at 30°C 200 rpm was found to be in 
P. aeruginosa 0,45 and the lowest value were found to be 

in E. coli 0,14. The highest biofilm formation at 30°C 200 
rpm KCl in LB containing KCl was found to be in P. 
aeruginosa 0,43 and in E. coli 0,12 (Figure 7). 

 
 

 

Figure 7: Biofilm levels of P. aeruginosa, E. coli and E. faecalis, grown in LB medium under 200 rpm agitation 
conditions at 30 °C normal (○) and 100 mM KCl (●), respectively. Each value is the average of at least three 
independent experiments.  

 

 

Biofilm Formation of Bacterial at 37°C at 200 
rpm 

At 37°C 200 rpm, biofilm formation was the highest at 
P. aeruginosa 3,40 and in E. faecalis 0,25, respectively. The 

highest biofilm formation in LB medium containing 37 °C 
200 rpm KCl was found to be in P. aeruginosa 1,25 and in 
E. faecalis 0,17 (Figure 8), respectively. 

 
 

 

Figure 8: Biofilm levels of P. aeruginosa, E. coli and E. faecalis, grown in LB medium under 200 rpm agitation 
conditions at 37°C normal (○) and 100 mM KCl (●), respectively. Each value is the average of at least three 
independent experiments.  
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Discussion 

In general, the presence of KCl affects biofilm 
formation negatively. As temperature increases, biofilm 
kinetics increases in the presence of KCl. The highest 
biofilm production occurred in E. coli (0.07 A) (Figure 1) 
at the lowest temperatures of 30°C and 0 rpm at 37°C and 
200 rpm in P. aeruginosa (3.40 A) (Figure 6) under 
normal conditions. Likewise, the highest biofilm 
production in the presence of 100 mM KCl was found in E. 
coli (0.12 A (Figure 5) at the lowest 30°C and 200 rpm 
while the highest biofilm production was at 37°C and 200 
rpm in P. aeruginosa (1.25 A) (Figure 8). There is a 49-
fold difference between the highest and lowest values 
(Figures 3 & 8) in the absence of KCl; In the presence of 
KCl, this difference is 10- fold (Figures 5 & 6). 
 

A similar study to our study was performed with 
Citrobacter werkmanii and 0.3 Abs values in the presence 
of 0,6 Abs and 100 mM KCl in 100 mM glucose were 
obtained [23]. In general, the presence of KCl affects 
biofilm formation negatively. As temperature increases, 
biofilm kinetics increases in the presence of KCl. We 
should first mention that studies similar to those we were 
less common in the literature. We did not find any similar 
studies with E. coli, E. faecalis and P. aeruginosa in our 
studies. The work done differs from what we do. 
 

Conclusion  

In this study E. coli and E. faecalis were used to control 
purposes. In other studies, NaCl was used as stress 
source. In our study, we used KCl, an unnatural salt, as a 
source of stress. As a result, biofilm formation increases 
with increasing temperature and ventilation. However, 
the biofilm formation, especially in P. aeruginosa, has led 
decline in the way we expect KCl to exist. P. aeruginosa, 
which has the ability to form a blend, has the highest 
biofilm formation under all experimental conditions. 
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