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Abstract  

Biofilms are frequently associated with many diseases including urinary tract infections. Structural organization and 

chemical properties of these assorted growths of microorganisms confer them the ability to resist antimicrobial therapy and 

thus infections caused by these microorganisms are becoming increasingly difficult to contain. Urinary catheters are 

typically involved in urinary tract infections due to their susceptibility to biofilm formation. Therefore, inhibition and/ o

reduction of biofilms is critical to reduce catheter

produced by Lactobacillus coryniformis and Lactobacillus casei

bacteria that are frequently associated with urinary tract infections. We isolated and identified eleven biofilm

bacterial isolates from urinary catheters collected from hospitalized patients: five Pseudomonas aeruginosa, three Klebsiella

pneumoniae, and three Proteus vulgaris.

method and three isolates showing the 

determine the effects of bacteriocin like substances, culture free sup

and Lactobacillus coryniformis and partially purified to remove non

purified substances (PPPs) were examined against biofilms formed by the bacterial iso

biofilms formed by the isolates tested in our study. Our results indicate that biofilms formed by the P. aeruginosa, K. 

pneumoniae, and P. vulgaris isolates were significantly reduced upon treatment with bacteriocin lik

lactobacilli species used in our study. 

 

Keywords: Bacteriocin, lactobacillus coryniformis, lactobacillus casei, pseudomonas 

catheter. 
 

Introduction 

Biofilms play vital roles to cause infections as the structural 

organization and chemical properties of the biofilms provide 

them selective advantages to survive, spread, and resist 

antimicrobial therapy
1
. Although biofilms are formed on a 

variety of surfaces including cooling towers, ship hulls, paper 

mills, tabletops, dishcloths, computer keyboards, faucet handles 

etc., biofilms on medical devices (MDs) have attracted special 

attention as they have been linked to many infectious diseases. 

Many medical devices are prone to biofilm formation and 

significant numbers of morbidity and mortality have been 

attributed to chronic persistent infections resulting from biofilm

associated infections. Urinary catheter associated urinary tract 

infection (UTI) has been attributed to be responsible for 

majority of the nosocomial infections and these infections are 

mainly caused by persistent infections due to pathogens in the 

biofilms formed on urinary catheters.  

 

Therefore, therapeutics targeting biofilm-associated infections 

are important to reduce biofilm-associated infections. Owing to 

their phenotypic and biochemical characteristics, 

microorganisms in biofilms often develop resistance to 
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are frequently associated with many diseases including urinary tract infections. Structural organization and 

chemical properties of these assorted growths of microorganisms confer them the ability to resist antimicrobial therapy and 

by these microorganisms are becoming increasingly difficult to contain. Urinary catheters are 

typically involved in urinary tract infections due to their susceptibility to biofilm formation. Therefore, inhibition and/ o

to reduce catheter-associated infections. In this study, we used bacteriocin like substances 

Lactobacillus coryniformis and Lactobacillus casei to reduce and/ inhibit biofilms formed by several pathogenic 

with urinary tract infections. We isolated and identified eleven biofilm

bacterial isolates from urinary catheters collected from hospitalized patients: five Pseudomonas aeruginosa, three Klebsiella

pneumoniae, and three Proteus vulgaris. Biofilm-forming capacity of the isolates was examined using microtitre plate 

method and three isolates showing the strongest biofilm forming capacity were selected for further investigation. To 

determine the effects of bacteriocin like substances, culture free supernatants (CSF) were prepared from Lactobacillus casei 

and Lactobacillus coryniformis and partially purified to remove non-proteinaceous substances. The CFS and partially 

purified substances (PPPs) were examined against biofilms formed by the bacterial isolates. Both the CFS and PPPs reduced 

biofilms formed by the isolates tested in our study. Our results indicate that biofilms formed by the P. aeruginosa, K. 

pneumoniae, and P. vulgaris isolates were significantly reduced upon treatment with bacteriocin lik

coryniformis, lactobacillus casei, pseudomonas sp., urinary tract infection, urinary 

play vital roles to cause infections as the structural 

organization and chemical properties of the biofilms provide 

them selective advantages to survive, spread, and resist 

. Although biofilms are formed on a 

uding cooling towers, ship hulls, paper 

mills, tabletops, dishcloths, computer keyboards, faucet handles 

etc., biofilms on medical devices (MDs) have attracted special 

attention as they have been linked to many infectious diseases. 

prone to biofilm formation and 

significant numbers of morbidity and mortality have been 

attributed to chronic persistent infections resulting from biofilm-

associated infections. Urinary catheter associated urinary tract 

to be responsible for 

majority of the nosocomial infections and these infections are 

mainly caused by persistent infections due to pathogens in the 

associated infections 

associated infections. Owing to 

their phenotypic and biochemical characteristics, 

microorganisms in biofilms often develop resistance to 

antimicrobial therapy. Urinary catheters are frequently 

associated with urinary tract infections (UTIs). Microorganisms 

form biofilms on the inner and outer surfaces of urinary 

catheters and planktonic cells from these biofilms enter into 

bladder causing UTIs. Studies have indicated that 

nosocomial infections are caused by

all nosocomial UTIs are associated with urinary catheters

Therefore, catheter associated biofilms are a major source and 

reason for UTIs. However, catheter associated urinary tract 

infections are difficult to treat as the microorganisms

biofilms are usually resistant to antimicrobial therapy. 

 

The predominant pathogens associated with catheter associated 

urinary tract (CAUTs) infections include 

Enterococci, Pseudomonas aeruginosa

Candida albicans, Enterobacter

coagulase-negative Staphylococci

introduced either systemically or directly into the catheter are 

not effective in preventing bacterial colonization

many bacteria have become resistant to antibiotics commonly 

used to treat UTIs
7
. Thus, antimicrobial drug therapy is not an 

effective treatment for UTIs. Lactic acid bacteria (LAB) are 

potential repertoires of antibacterial compounds
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biofilms formed by the isolates tested in our study. Our results indicate that biofilms formed by the P. aeruginosa, K. 

pneumoniae, and P. vulgaris isolates were significantly reduced upon treatment with bacteriocin like substances from the 

urinary tract infection, urinary 

antimicrobial therapy. Urinary catheters are frequently 

ctions (UTIs). Microorganisms 

form biofilms on the inner and outer surfaces of urinary 

catheters and planktonic cells from these biofilms enter into 

bladder causing UTIs. Studies have indicated that ~30% of all 

nosocomial infections are caused by (UTIs) and around 75% of 

associated with urinary catheters
2-4

. 

Therefore, catheter associated biofilms are a major source and 

reason for UTIs. However, catheter associated urinary tract 

infections are difficult to treat as the microorganisms in these 

biofilms are usually resistant to antimicrobial therapy.  

The predominant pathogens associated with catheter associated 

urinary tract (CAUTs) infections include Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Enterobacter, Proteus mirabilis and 

Staphylococci
5
. Antimicrobial agents 

introduced either systemically or directly into the catheter are 

not effective in preventing bacterial colonization
6
. Moreover, 

become resistant to antibiotics commonly 

. Thus, antimicrobial drug therapy is not an 

effective treatment for UTIs. Lactic acid bacteria (LAB) are 

potential repertoires of antibacterial compounds
8
. Antimicrobial 
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compounds from LAB have been reported to delay the onset of 

biofilm on catheters
9
. We postulated that LAB harbor potent 

antibacterial substances that are effective against biofilm-

forming bacteria. We report here that bacteriocin like substances 

produced by two lab, Lactobacillus casei and L. coryniformis, 

reduce and / or remove preformed biofilms and these 

proteinaceous substances have significant potential to reduce 

biofilm-associated infections. 

 

Materials and methods 

Collection of samples: To collect biofilm-forming bacteria, 

urinary catheters were withdrawn from patients presented with 

urinary tract infections at Chittagong Medical College Hospital 

and University of Science and Technology Hospital, 

Bangladesh. Each catheter was inserted into individual sterile 

polybag and transported to the laboratory at 4°C within 6 hours 

of collection. The catheters were cut into pieces of ~1 cm in 

length, rinsed with sterile phosphate buffered saline (PBS, pH 

7.4), and  1 ml of the PBS was transferred to 5 ml of sterile 

Brain Heart Infusion broth (BHIB) medium. The medium was 

incubated at 37°C for 24 hours. 

 

Isolation and identification of bacteria: One loop-full 

suspension from BHIB was streaked on Cetrimide agar to select 

P. aeruginosa, Casein Enzyme Hydrolysate (CLED) agar to 

select urinary pathogen, MacConkey agar and Eosin Methylene 

Blue (EMB) to select gram negative organisms. The plates were 

incubated at 37°C for 24hr.  Bacterial isolates were selected on 

the basis of colony characteristics. The bacterial isolates were 

identified using standard morphological, cultural, and 

biochemical tests according to the standard description of 

“Bergey’s Manual of Determinative Bacteriology”. 

 

Quantitative detection of biofilm formation: For quantitative 

analysis of biofilm formation, each bacterial isolate was 

inoculated into 10 mL of trypticase soy broth with 1% glucose 

and incubated at 37� for 24hours. Then each culture was 

diluted 100 times in fresh trypticase soy broth medium at room 

temperature.  and 125 µL from each diluted culture was 

transferred to individual wells of sterile 96-well flat bottom 

polystyrene tissue culture treated plates (Sigma Aldrich, Costar, 

USA).After incubation at 37
o
 for 24 hours, contents of each well 

were removed by gentle tapping.  

 

Each well was washed four times with 0.2 mL of phosphate 

buffer saline (pH 7.2) to remove the free floating bacteria from 

the well. The wells were treated with sodium acetate (2%) and 

stained by crystal violet (0.1%). The wells were rinsed with 

deionized water and allowed to dry at room temperature. Optical 

density (OD630) of the stained adherent biofilm was determined 

by using micro ELISA autoreader (model 680, Biorad, UK) and 

analyzed for calculating biofilm-forming capacity of the 

bacterial isolates. The experiment was performed three times in 

triplicates and the results were interpreted according to the 

criteria as described by Stepanovic et al.
10

. 

Preparation of cell free supernatant (CFS): L. coryniformis 

and L. Casei used in this study were donated by the Bangladesh 

Council of Scientific and Industrial research (BCSIR), 

Chittagong. The bacteria were grown in 50 ml MRS (DE MAN, 

ROGOSA, SHARPE) at 30
0
C with shaking for 24 h. Then 25 

ml of actively growing culture was inoculated in 225 ml fresh 

medium containing 500 ml conical flask at 30
0
C with shaking 

for 48 h. Then the cultured broth was centrifuged at 10,000 rpm 

for 15 minutes at 4°C.  

 

The supernatant was then filtered through Whatman No. 1 filter 

paper to remove residual cells
11

. Thereafter, the culture free 

supernatant (CFS) was stored at 4°C until the assay. Partial 

purification of the CFS was done by solvent (chloroform) 

extraction method
12

. Briefly, equal amounts of chloroform and 

CFS were mixed and stirred vigorously using a magnetic stirrer 

for 20 min. The aqueous layer, organic layer and the layer 

between (interfacial layer) the aqueous and organic phase were 

harvested separately.  The interfacial layer was centrifuged at 

13,000 rpm for 20 min and sediments were separated from the 

remaining chloroform and medium. The sediments were air 

dried and dissolved in 100 µl of 20 mM PBS and stored at 4°C 

until use. Inhibitory activity was assayed by agar well diffusion 

method (50 µl in each well)
13

.  

 

Determination of biofilm susceptibility: To determine the 

susceptibility of cell free supernatant (CFS) and partially 

purified substances (PPPS) to remove pre-formed biofilms, 

individual isolates were added to wells in microtiter plates 

containing growth medium and incubated at 37°C for 24 hours. 

After incubation, planktonic cells were discarded and the wells 

were washed again with PBS to remove the weakly adherent 

cells. The biofilms formed on the wells were then treated 

separately with CFS (200 µl) and PPS (200 µl). The residual 

biofilm on each well was estimated using crystal violate assay
14

. 

All experiments were carried out three times independently. The 

data obtained from three replicates were analyzed by a one-way 

ANOVA. In all cases, the level of statistical significance was P 

< 0.05. 

 

Results and discussion 

Isolation and identification of biofilm-forming Pseudomonas 

aeruginosa, Klebsiella pneumoniae and Proteus vulgaris from 

urinary catheters: To isolate biofilm-forming Pseudomonas 

aeruginosa, Klebsiella pneumoniae, and Proteus vulgaris from 

urinary catheters, we collected urinary catheters from 

hospitalized patients. Then bacterial colonies attached to the 

urinary catheters were isolated using selective media. The 

identity of the isolates was confirmed on the basis of their 

morphological, cultural, biochemical, and microscopic 

characteristics. Subsequently, the biofilm forming capacity of 

the isolates was examined using microtiter plate method. We 

found that nine of the eleven isolates exhibited biofilm 

formation (Table-1). Although majority of the isolates exhibited 

biofilm formation, variability in biofilm formation existed 
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among the isolates. We categorized the biofilm-forming 

capacity of the isolates according the criteria as described by 

Stepanovic et al.
10

. Our analysis revealed that varying degree of 

biofilm forming capacity existed among the isolates. The 

biofilm-forming capacity of these bacteria are similar to that of 

previous studies
15-17

. Three isolates (PA3, KP2, and PV3), one 

from each species that exhibited strongest biofilm formation, 

were selected for further study.  

 

Susceptibility of bacteriocin like substances against 

preformed biofilms: Microorganisms in biofilms are generally 

resistant to antimicrobial compounds due to the structure and 

behavior of microorganisms in these environments. Moreover, 

inappropriate and indiscriminate use of antimicrobial 

compounds have contributed to the increase of resistance to 

these compounds. This necessitates the development of 

alternative agents and methods to contain antibiotic resistance. 

As microorganisms in biofilm environment are equipped with 

additional strategies to resist antimicrobial compounds, they are 

more cumbersome to control. However, recent studies showed 

that lactic acid bacteria can defer the commencement of biofilm 

formation on urinary catheters
9
.  

 

This led us to postulate that LAB produces substances that can 

reduce or inhibit the formation of biofilms on urinary catheters. 

To examine the effects of substances produced by Lactobacillus 

coryniformis and Lactobacillus casei, against biofilms formed 

by our isolates, we obtained culture free supernatant (CFS) from 

the overnight growth of the lactobacilli and tested against 

preformed biofilms using microtiter plate method. We found 

that the CFS produced by both lactobacilli significantly reduced 

biofilm formation of all the isolates (Figure-1).  

 

Table-1: Screening of biofilm forming isolates. 

Isolates
a
 OD630

b
 Remarks

c
 

PA1 0.03±0.04 - 

PA2 0.08±0.03 + 

PA3 0.30±0.01 +++ 

PA4 0.24±0.01 ++ 

PA5 0.23±0.01 ++ 

KP1 0.07±0.03 + 

KP2 0.23±0.01 ++ 

KP3 0.06±0.02 - 

PV1 0.12±0.04 + 

PV2 0.10±0.03 + 

PV3 0.21±0.01 ++ 

PA 0.30±0.01 +++ 

a
bacterial isolates: P. aeruginosa(PA), K. pneumonie(KP), P. 

vulgaris(PV); 
b
OD630 obtained for each isolate; 

c
Interpretation of 

the results according to the method as described by  Stepanovic 

et al.
10

. The symbols “+”, “++” “+++” and “-” represent weak, 

moderate, strong and no biofilm formation, respectively.  

  
Figure-1: Susceptibility of preformed biofilms to CFS of L. coryniformis (a) and L. casei (b). Preformed biofilms were treated with 

CFS, incubated at 37°C for 24 hours, rinsed with PBS and the residual biofilms were quantified at 630 nm using the crystal violet 

assay
14

. The reduction of biofilm was expressed as a percentage of negative control. 
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Figure-2: Susceptibility of preformed biofilms to PPPS of L. coryniformis (a) and L. casei (b). Preformed biofilms were treated 

with PPPs, incubated at 37°C for 24 hours, rinsed with PBS and. the residual biofilms were quantified at 630 nm using the crystal 

violet assay
14

. The reduction of biofilm was expressed as a percentage of negative control. 
 

Because CFS contains non-proteinaceous substances, we 

partially purified the CFS to concentrate proteinaceous 

bacteriocin-like substance(s) using solvent (chloroform) 

extraction method
12

. We also examined the susceptibility of 

preformed biofilms to the partially purified proteinaceious 

substances (PPPs). Treatment of the preformed biofilms with 

PPPs led to significant removal of preformed biofilms (Figure-

2). These results indicate that biofilms formed on biomedical 

devices can be reduced and / or removed by treatment with 

bacteriocin like substances produced by the two lactobacilli 

used in our study. This is consistent with a previous study in 

which biofilms formed by Pseudomonas aeruginosa were 

shown to be inhibited by proteins from B. licheniformis
11

. 

Similarly, bacteriocin from L. coryniformis and L. casei was 

previously used to inhibit foodborne pathogens
18,19

. 
 

Conclusion 

Our results indicate that bacteriocin like substances from L. 

Coryniformis and L. casei can reduce and/or remove biofilms 

formed by Pseudomonas aeruginosa, Klebsiella pneumoniae 

and Proteus vulgaris. We conclude that biofilms formed on 

artificial surfaces can be reduced upon treatment with 

bacteriocin like substances from the two lactobacilli used in our 

study. Further investigation might reveal the mechanism of 

biofilm reduction and potential application of these substances 

to reduced / inhibit biofilm formation in medical devices and 

thereby reduce biofilm-associated infections. 
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