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Abstract: In this study, two Lactobacillus (LAB) strains namely, Lactobacillus rhamnosus EMCC 1105 (L. rhamnosus) 
and Lactobacillus gasseri EMCC 1930 (L. gasseri) were tested for their antagonistic activities against Pseudomonas 
aeruginosa (P. aeruginosa), Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) which are known to be 
frequently implicated in biofilm infections. The acidic cell free culture supernatant (CFS) of 24 h and 48 h cultures of both 
LAB stains showed antimicrobial effects against the three pathogens in radial diffusion assay. These effects were 
abolished upon neutralization of CFS indicating that this effect was due to acids only. Both LAB strains could effectively 
inhibit the biofilm formation of the three test pathogens and largely replaced them on polystyrene surfaces as 
demonstrated by crystal violet staining, viable count and scanning electron microscopy. Both of the tested LAB strains 
could inhibit the protease productivity of S. aureus in 24 h and 48 h dual species-biofilms. The supernatant of 24 h-dual 
biofilms of P. aeruginosa with L. gasseri also showed a significantly lower protease activity compared to that of P. 
aeruginosa individual biofilm. Neither LAB strains affected phospholipase C production by the test pathogens when they 
co-exist during biofilm formation. The different preparations of LAB strains caused no significant change in the levels of 
gamma interferon expressed by peripheral blood mononuclear cells in response to stimulation by the test pathogens in 
vitro. In conclusion, L. gasseri and L. rhamnosus can be considered as promising tools for combating biofilm infections. 
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1. INTRODUCTION 

The role of probiotics in achieving health benefits is 
being intensely studied nowadays in different fields, 
with many species of bacteria and yeasts being 
investigated for their potential for various applications. 
One of the most important genera employed in this field 
is lactic acid bacteria LAB [1].  

LAB have being studied for their nutritional effects 
and their protective effects against cardiovascular 
diseases, autoimmune diseases and cancer. Yet, their 
most promising application seems to be due to their 
anti-infective potential. This is of special importance 
particularly that the prevalence of antibiotic resistance 
is rapidly rising worldwide and the development of new 
antibiotics is not keeping in pace [2]. This brings us to 
the cusp of a “post-antibiotic era” and constitutes an 
urge to find suitable alternatives for combating 
infectious diseases other than the traditionally used 
antimicrobial agents [3-5].  

Lactobacilli (LAB) have shown promising effects in 
prevention and treatment of antibiotic associated  
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diarrhea, traveler’s diarrhea and other forms of diarrhea 
[6]. They have also shown a possible effect in 
treatment and prophylaxis against vaginal, urinary tract, 
wound and skin infections [1, 7-10]. 

These effects may be attributed to different factors 
such as the production of metabolites of direct 
antimicrobial activity, competition with the pathogenic 
organisms for nutrients, interfering with them for their 
adherence sites on epithelial cells, suppressing their 
production of cytotoxins or they may exert their 
protective action via an immunomodulatory effect 
[11,12].  

Another important role that is being investigated is 
their ability to interfere with biofilm formation which is 
known to be implicated in more than 80% of infections 
[13,14]. Bacteria in biofilms are characterized by 
extreme resistance to antimicrobial agents compared to 
their planktonic counterparts. This develops as a result 
of several mechanisms that act synergistically 
providing protection to the bacteria within the biofilm 
[15]. In addition, bacterial cells in biofilms can 
effectively evade the host immune system possibly via 
inhibition of engulfment of biofilm cells by phagocytes. 
This may be due to biofilm matrix polymers which are 
of low immunogenicity and that have the ability to 
mechanically shield the surface-exposed epitopes of 
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bacterial cells in biofilms from being recognized by the 
host immune system [16].  

LAB have been studied as a promising tool to 
prevent or disperse the biofilm formation of growing 
pathogenic bacteria [17]. However, the conflicting 
results obtained from various studies suggest that 
these effects are just strain specific and should not be 
extrapolated from one strain to another even among 
the same species [14]. This implies that more studies 
are still needed to clarify the efficacy and the 
underlying mechanisms of the different LAB probiotic 
candidates and to evaluate the reliability of the 
probiotic products presented to the public.  

In this study, two Lactobacillus strains, Lactobacillus 
rhamnosus EMCC 1105 and Lactobacillus gasseri 
EMCC 1930 were evaluated for their antimicrobial, 
antibiofilm activities and immunomodulatory activities. 
They were tested against Pseudomonas aeruginosa, 
Escherichia coli and Staphylococcus aureus, three 
bacterial pathogens that are commonly implicated in 
biofilm related infections [13].  

These two strains proved to have antimicrobial, 
antibiofilm as well as an inhibitory effect against the 
proteolytic activity of P. aeruginosa, E. coli and S. 
aureus, three bacterial pathogens commonly implicated 
in biofilm infections. 

2. MATERIALS AND METHODS 

2.1. Microorganisms and Culture Conditions 

Two probiotics Lactobacillus strains were used in 
this study, Lactobacillus rhamnosus EMCC 1105 and 
Lactobacillus gasseri EMCC 1930. Both strains were 
purchased from Cairo Microbiological Resources 
Centre (MIRCEN), Ain Shams University, Cairo, Egypt. 
They were cultivated in deMan, Rogosa and Sharpe 
(MRS) broth (Difco Laboratories, Detroit, Michigan, 
USA) at 37°C for the specified time periods. 

The test pathogens used were Pseudomonas 
aeruginosa (P. aeruginosa), Escherichia coli (E. coli) 
and Staphylococcus aureus (S. aureus). P. aeruginosa 
and S. aureus were recovered from clinical specimens 
and are available at Microbiology and Immunology 
Department, Faculty of pharmacy, Ain Shams 
University, Cairo, Egypt. E. coli was a reference strain 
(E. coli NCTC 10959) that was kindly provided as a gift 
by Dr. Omneya Helmy, Department of Microbiology and 
Immunology, Faculty of pharmacy, Cairo University, 
Cairo, Egypt. All organisms were cultivated in brain 

heart infusion (BHI) broth (Difco Laboratories, Detroit, 
Michigan, USA) at 37°C for 18 h unless otherwise is 
indicated. 

2.2. Determination of the Antimicrobial Activity of 
LAB Strains Against Tested Bacterial Pathogens 

The antimicrobial activity of both cell free 
supernatant (CFS) and neutralized cell free 
supernatant (NCFS) of the tested LAB strains was 
determined according to a method described by 
Coconnier et al. using radial diffusion assay [18]. LAB 
were grown in MRS broth at 37°C. Supernatants of 24 
h or 48 h cultures were then collected and filtered 
through 0.22-µM-pore-size cellulose membrane filters 
(CHMLAB, Barcelona, spain) either before or after 
being neutralized using 1N sodium hydroxide (NaOH) 
(El-Nasr Chemicals Co., Qalyubiah, Egypt) solution to 
get CFS or NCFS, respectively. 

The tested pathogens were grown in BHI broth for 
18 hours at 37°C. The culture was then centrifuged at 
12000 rpm for 5 min. The pellets were subsequently 
washed once with then resuspended in phosphate 
buffered saline (PBS). A volume containing 106 colony 
forming units (CFU) was used to inoculate 10 mL of 
sterile warm Mueller-Hinton (MH) agar (Difco 
Laboratories, Detroit, Michigan, USA). The seeded MH 
agar was then poured over a solidified basal layer of 
plain MH agar in a 10-cm-diameter Petri dish. Wells 
were then punched into the agar and each was filled 
with 150 µL of either CFS or NCFS of the tested LAB 
strains. Plates were incubated overnight at 37°C. The 
diameter of the clear zone around each well if any was 
measured in mm.  

2.3. Testing the Effect of LAB as Antibiofilm Agents 

Interaction of LAB strains with biofilm formation of 
the tested pathogens was studied according to Zago et 
al. [19]. The biofilm formation of the test pathogens was 
assessed in single-species biofilms and in dual-species 
biofilms with the tested LAB strains.  

Biofilms were evaluated by counting colony-forming 
units (CFU/mL), crystal violet (CV) staining and 
scanning electron microscopy (SEM). The effect of LAB 
on certain hydrolytic enzymes produced during biofilm 
formation of the test pathogens was also evaluated.  

2.3.1. Biofilm Formation 

Biofilm assays were carried out on 96-well flat 
bottom microtiter plates (CellStar®, Germany) except 
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for SEM, 6-well plates were used instead. Briefly, the 
tested organisms were cultured in BHI broth for 
pathogenic strains or MRS broth for LAB strains and 
incubated at 37 °C overnight. After incubation, 1 mL of 
the culture produced for each test organism was 
centrifuged at 12,000 rpm for 5 min. The pellets 
obtained for the different test organisms were washed 
once with PBS, resuspended in their corresponding 
fresh culture medium and standardized to contain 
2×106 CFU/mL. 

In the assays in which 96-well plates were used, 
wells of test pathogens in single-species biofilms 
contained 100 µL of the standardized suspension of 
the test organism prepared before and 100 µL of fresh 
MRS medium. Similarly, single-species biofilms of LAB 
contained 100 µL of the standardized suspension of 
the test LAB strain and 100 µL of fresh BHI medium. 
Those of dual-species biofilms contained 100 µL of the 
standardized suspension of each of the tested 
pathogen and the tested LAB strain. For SEM in which 
6-well plates were used, wells of single-species 
biofilms contained 1 mL of the test pathogen 
suspension and 1 mL of fresh MRS medium. Those of 
dual-species biofilms contained 1 mL of suspensions of 
each of the test pathogen and the test LAB strain. 
Plates were incubated at 37°C for 24 or 48.  

2.3.2. Quantification of Total Biofilm Biomass 

Total biofilm biomass was measured using a crystal 
violet (CV) staining method as described by Zago et al. 
and O’Toole et al. with minor modifications [19,20]. 
Briefly, after 24 h and 48 h of biofilm formation, the 
medium was totally aspirated and the non-adherent 
cells were removed by washing the wells twice with 
150 µL of PBS. The single-species biofilms of the test 
pathogens and their dual-species biofilms with LAB 
were then fixed by incubation with methanol (El-Nasr 
Chemicals Co, Qalyubiah, Egypt) (200 µL/ well) for 15 
min at room temperature. After methanol removal, the 
culture plates were allowed to dry at room temperature 
followed by the addition of 1% CV solution (200 µL / 
well) and incubation for 5 min. after decantation of CV 
solution, the wells were gently washed twice with PBS 
(150 µL / well) followed by the addition of 33% acetic 
acid (El-Nasr Chemicals Co, Qalyubiah, Egypt) (200 µL 
/ well) to release and dissolve the stain. The solution is 
then transferred to a new flat bottom microtiter plate to 
quantify absorbance in a microtiter plate reader 
(Chromate 4300, Awareness technology, Palm city, 
Florida, USA) at 570 nm. 

2.3.3. Quantification of Biofilm Cells 

The count of cells (colony forming units, CFU) in 
biofilms was determined by viable count technique. The 
wells were gently washed twice with PBS to remove 
loosely attached cells. Next, 100 µL of PBS were 
added to each well and the adhered biofilm was 
carefully scraped off the wells with a sterile pipette tip 
for 1 min. The content of each well was aspirated into 
an Eppendorf tube and vigorously vortexed to separate 
any possible aggregation among the cells. Serial 
dilutions in PBS were made and the count of the 
pathogenic bacterial strains was determined by plating 
replicate aliquots of the suspensions on appropriate 
selective medium (MacConkey agar for P. aeruginosa 
and E. coli and mannitol salt agar for S. aureus. Both 
culture media are products of Lab M, Topley house, 
England). The plates were incubated for 24 h at 37°C 
and the count of the resultant colonies was expressed 
as CFU/mL. 

2.3.4. Quantification of Extracellular Hydrolytic 
Enzymes 

The culture broth in wells of 24 h and 48 h single-
species biofilms of test pathogens and of their dual-
species biofilms with LAB was aspirated and 
centrifuged for 5 min at 5,000 rpm to get the CFS. Both 
protease and phospholipase C (PLC) activities were 
determined for the test pathogens in the resultant CFS. 

2.3.4.1. Protease Assay 

This was carried according to Zhang et al. with 
some modifications [21,22]. A 125 µL aliquot of 2 % 
azocasein solution (Sigma Aldrich Co., Taufkirchen, 
Germany) in phosphate buffer was incubated with 75 
µL of the tested CFS at 37°C for 45 min. The reaction 
was stopped by adding 600 µL of 10 % trichloroacetic 
acid (OXFORD LAB CHEM, Maharashtra, India) for 10 
min at room temperature. After that, the mixture was 
centrifuged for 5 min at 12,500 rpm in a centrifuge, and 
600 µL of the supernatant obtained were transferred to 
a tube containing 500 µL of 1 M NaOH. The 
absorbance of the resulting solution was measured 
spectrophotometrically at 440 nm. A control experiment 
was carried out in a similar manner except that the test 
CFS was replaced with fresh culture medium. The 
proteolytic activity was determined using a calibration 
curve constructed by Hafez 2005[23] and expressed in 
units/ml. 

2.3.4.2. Phospholipase C Assay 

This was carried out using a chromogenic assay 
described by Elleboudy et al. in 96-well microtiter 
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plates [24]. Each well contained 90 µL of p-
nitrophenylphosphorylcholine (NPPC) reagent of the 
following composition: 250 mM Tris (hydroxymethyl)-
aminomethane-hydrochloride (Oxoid) buffer (pH 7.2), 
60% sorbitol (wt/wt), 1.0 µM ZnCl2, and 10 mM NPPC 
(Sigma Aldrich) plus 10 µL of the tested CFS [24]. 
Plates were then incubated at 37 ◦C for 17 h before the 
absorbance of the solution contained in wells at 405 
nm was measured using a microtiter plate reader. 
Control wells, each containing 10 µL fresh culture 
medium and 90 µL NPPC reagent were treated 
similarly. Phospholipase C (PLC) activity was 
determined using a calibration curve constructed by 
Elleboudy et al. [24] and expressed in units/µL. 

2.3.5. Scanning Electron Microscopy 

Scanning electron microscopy (SEM) was used to 
examine the changes in biofilm structures caused by 
interactions between LAB and test pathogens. For this 
assay, biofilms were allowed to form in 6-well 
polystyrene microtiter plates. After 48 h of incubation, 
the medium was aspirated and the non-adherent cells 
were removed by washing twice with PBS. The biofilms 
were then fixed according to Fischer et al. [25] by 
adding a solution of glutaraldehyde (El-Nasr Chemicals 
Co., Qalyubiah, Egypt) in 0.1 M phosphate buffer at a 
final concentration of 2.5% to the wells and storing the 
plate overnight at 4° C. The films were then dehydrated 
using an ethanol series (25, 50, 75 then 100% each for 
15 min) and air dried for 20 min. The bottoms of the 
wells were then cut and kept in a desiccator before 
analysis. For examination, the discs were mounted 
onto aluminum stubs, sputter-coated with gold and 
imaged using a Scanning Electron Microscope (JEOL®, 
Tokyo, Japan). 
2.4. Testing the Effect of LAB as an 
Immunomodulatory Agent 

Production of gamma interferon (IFN-γ) from 
peripheral blood mononuclear cells (PMBC) was used 
as a marker for testing the immunomodulatory effect of 
LAB and was measured using ELISA kit (Biolegend®, 
San Diego, USA). This was carried out by monitoring 
IFN-γ level expressed by PBMC in response to 
exposure to test pathogens in presence and absence 
of LAB. The experiment was done according to 
Panagiota Xaplanteri et al. [26]. PBMC were isolated 
from healthy donors on Ficoll Histopaque® (Sigma 
Aldrich Co., Taufkirchen, Germany) by density gradient 
centrifugation. The cells were then washed and 
resuspended in RPMI-1640 medium (Lonza group Ltd., 
Basil, Switzerland) supplemented with 10% fetal bovine 

serum (Lonza) and antibiotics (Lonza). PMBC were 
then seeded in 96-well microtiter plates at a density of 
105 cells/ well and incubated overnight at 37°C in a 5% 
CO2 atmosphere. PBMC were either left untreated 
(addition of fresh RPMI-1640) or treated with LAB or 
NCFS for 1 h. This was conducted as follows: 

(i) Treatment with viable LAB cells at a multiplicity 
of infection (MOI) 10:1 

(ii) Treatment with killed LAB cells at a density 
equivalent to MOI of 10:1 

(iii) Treatment with NCFS of LAB 

After the treatment period, the test pathogens were 
added at a MOI 10:1 and incubation was continued 
under the same conditions for 6 h. Control wells were 
exposed to the same conditions except that they were 
incubated only with fresh RPMI-1640. Supernatants 
were assayed for the produced IFN-γ. 

2.5. Statistical Analysis 

The results of all biofilm experiments were 
statistically analyzed using two-way ANOVA followed 
by the Bonferroni post-hoc test at a 95% confidence 
level.  

ELISA results were analyzed using one-way 
ANOVA followed by the Tukey post-hoc test at a 95% 
confidence level.  

All tests were performed using GraphPad Prism 
Version 5.0. 

3. RESULTS 

3.1. Antimicrobial Activity Against the Target 
Pathogenic Strains 

The cell free culture supernatants (CFS) of 24 h and 
48  h cultures of Lactobacillus strains were examined for 
their antimicrobial activity against P. aeruginosa, E. coli 
and S. aureus, by radial agar diffusion method; the 
antimicrobial activity was recorded as the diameter 
(measured in mm) of the inhibition zone (I.Z) showing 
no growth around the wells. The results are shown in 
Table 1. 

Although the CFS of the tested LAB showed 
antimicrobial activity, these preparations were devoid of 
antimicrobial activity when neutralized with sodium 
hydroxide indicating that this activity was due to acid 
production only. 
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3.2. Testing the Effect of LAB as Antibiofilm Agents 

3.2.1. Quantification of Total Biofilm Biomass as 
Determined by CV Staining 

The results in Figure 1 show that the values of 
crystal violet (CV) absorbance for 24 h single-species 
biofilms of test pathogens showed nearly similar values 
to their corresponding dual-species biofilms with LAB 
except for E. coli where the CV absorbance value of its 
dual-species biofilm with L. rhamnosus was 
significantly higher than that of its corresponding 
single-species biofilm (p < 0.05).  

Also depending on CV absorbance, the total 
biomasses of 48 h dual-species biofilms of all test 
pathogens with the tested LAB strains highly increased 
to an extremely significant level (p < 0.001) compared 
to the corresponding single-species biofilms of the test 
pathogens.  

Overall changing the growth condition from single-
species biofilms to dual-species biofilms and the time 
of incubation had an extremely significant effect on the 
total biofilm biomass (p ≤ 0.0001) except for E. coli 
where the time effect had a relatively lower significance 
(p = 0.0097). Also the interaction between the growth 
condition and time affected the total biomass 
significantly (p = 0.0001-0.0003). 

3.2.2. Quantification of Biofilm Cells as Determined 
by Viable Count Technique 

The tested pathogens were allowed to form biofilms 
either single-species biofilms or dual-species biofilms 
with the test LAB strains for 24 h or 48 h. As shown in 
Figure 2, growing the pathogens in dual-species 
biofilms with either L. gasseri or L. rhamnosus caused 
an extremely significant reduction on the log CFU mL-1 
values of all the tested pathogens compared to the 
values obtained with their single-species biofilms at 
both time intervals (p < 0.001 each). According to the 
statistical analysis, both variables (addition of LAB and 
increasing contact time) affect the biofilm formation of 
the tested pathogens to an extremely significant level 
(p < 0.0001).  

3.2.3. Effect of LAB on Extracellular Enzymes 
Production 

Both protease and phospholipase C (PLC) of the 
test pathogens were measured in CFS collected after 
biofilm formation experiments. 

3.2.3.1. Protease Assay 

The proteolytic activities of S. aureus showed a very 
significant reduction upon co-culturing with LAB (p < 
0.01) with post-hoc tests showing an extremely 
significant reduction of S. aureus protease activity with 

Table 1: Antimicrobial Activity of 24 h and 48 h Cell Free Culture Supernatants of Tested Lactobacilli Against some 
Bacterial Pathogens 

Antimicrobial activity (I.Z. in mm) against Antimicrobial activity (I.Z. in mm)  against LAB strain 
(24 h CFS) P. aeruginosa E. coli S. aureus 

LAB strain 
(48 h CFS) P. aeruginosa E. coli S. aureus 

L. gasseri 13 15 13 L. gasseri 22 18 16 

L. rhamnosus 16 15 16 L. rhamnosus 22 17 16 

 
Figure 1: Antibiofilm activities of L. gasseri and L. rhamnosus against P. aeruginosa, E. coli and S. aureus after 24 h (A) and 48 
h (B) culture periods as determined by crystal violet staining. 
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both LAB strains at both points of time (p < 0.001). P. 
aeruginosa also showed a significant reduction of its 
proteolytic activity (p < 0.05) however post-hoc tests 
revealed a significant effect only with L. gasseri 24 h 
dual-species biofilm (p < 0.001). Although the 
interaction p-value was not significant during 
assessment of LAB and time effects on E. coli protease 
activity, the proteolytic activities of the CFS obtained 
from 24 h E. coli- L. rhamnosus dual-species biofilm 
and that from 48 h E. coli- L. gasseri dual-species 
biofilm were significantly lower than that of E. coli 
single-species biofilm at the same points of time (p < 
0.05). The results of protease assay are shown in 
Figure 3. 

3.2.3.2. Phospholipase C Assay 

The PLC activities of the supernatants of both 
single- and dual-species biofilms were nearly the same 
and did not change with time (p > 0.05). 

The PLC activities of CFS prepared from 24 h and 
48 h biofilms of either single-species biofilms of test 
pathogens or their corresponding dual-species biofilms 
with the tested LAB were nearly the same and did not 
change with time (p > 0.05) as shown in Figure 4. 

3.2.4. Scanning Electron Microscopy 

The test pathogens in single-species biofilms and in 
the corresponding dual-species biofilms with LAB were 
examined using scanning electron microscopy (SEM) 
to detect the effect of LAB on the pathogen biofilm 
formation upon co-culturing. The SEM images showed 
that LAB could largely replace the pathogens in their 
biofilms upon co-culturing as shown in Figure 5.  

3.3. Immunomodulatory Effect of LAB when Added 
to Co-Cultures of Test Pathogens with PBMC 

The expression of IFN-γ by PBMC in vitro in 
response to stimulation by pathogens in absence or 

 
Figure 2: Antibiofilm activities of L. gasseri and L. rhamnosus against P. aeruginosa, E. coli and S. aureus after 24 h (A) and 48 
h (B) culture periods as determined by viable count technique. 

 
Figure 3: Protease activities of cell free culture supernatants obtained from 24 h (A) and 48 h (B) single-species biofilms of test 
pathogens and their corresponding dual-species biofilms with LAB. 
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presence of LAB was recorded. The effect of LAB on 
this response was recorded as percentage increase or 
decrease from the corresponding response to the 
tested pathogen in the absence of LAB. The results are 
shown in Table 2.  

Both P. aeruginosa and S. aureus increased the 
expression of gamma interferon (IFN-γ) by PBMC by 
16.21% and 21.59%, respectively compared to the 
control experiment. While only 12.42% reduction of 
IFN-γ expression was observed with E. coli.  

Although L. gasseri preparations increased IFN-γ 
production by ≥ 20% when added to a culture of PBMC 

stimulated with P. aeruginosa (Table 2), these 
differences together with the differences obtained with 
other pathogens in presence of different LAB 
preparations were statistically non-significant (p > 
0.05). 

4. DISCUSSION 

Bacterial biofilm infections are often very difficult to 
treat thanks to the biofilm mechanisms that act 
synergistically to protect the bacteria rendering them 
more resistant to the antimicrobial agents and to the 
host immune defense mechanisms compared to their 
planktonic counterparts [15,16]. Moreover, the 

 
Figure 4: Phospholipase C (PLC) activities of cell free culture supernatants obtained from 24 h (A) and 48 h (B) single-species 
biofilms of test pathogens and their corresponding dual-species biofilms with LAB. 

 

 
Figure 5: Scanning electron micrographs of 48 h single-species biofilms of test pathogens and their corresponding dual-species 
biofilms with LAB. (A) E. coli alone, (B) E. coli + L. gasseri, (C) E. coli + L. rhamnosus, (D) S. aureus alone, (E) S. aureus + L. 
gasseri. 
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prevalence of antibiotic resistance is rapidly rising 
accompanied with seriously declining rates of new 
antibiotics discovery [27]. This strongly boosts the need 
for finding alternative agents with anti-infective 
properties. 

The current trend of promoting health by natural 
means led to a special interest in natural anti-biofilm 
agents including bacterial derived anti-biofilm agents. 
Recently, probiotics defined as ‘Live microorganisms 
which when administered in adequate amounts confer 
a health benefit on the host’ [28] have gained much 
attention due to their promising antagonistic activities 
against a wide range of microbial pathogens [17]. They, 
particularly lactobacilli are also being investigated for 
their potential to be used as a tool to prevent biofilm 
formation or even to disperse preformed ones and 
have shown promising effects in management of oral, 
wound and vaginal infections in vitro and in clinical 
trials [14]. LAB may exert their antibiofilm activity 
through a variety of mechanisms. For example, they 
may inhibit the bacterial growth via secretion of 
antimicrobial peptides or lactic acid [29]. Some LAB 
produce biosurfactants which can act effectively to 
prevent the first step in biofilm formation by modifying 
the cell surface properties or by being adsorbed to solid 
surfaces thus impairing the bacterial adherence [30]. 
They may also alter the biofilm integrity via interference 
with cell-to-cell aggregation and surface attachment 
processes. This effect may be mediated by the 
exopolysaccharides release by some LAB or by the 
physicochemical properties of their cells surface 
[31,32]. However, these effects seem to be highly 
strain specific [14]. 

The present study investigated some of the anti-
infective properties of two Lactobacillus (LAB) strains, 
Lactobacillus rhamnosus EMCC 1105 and 
Lactobacillus gasseri EMCC 1930 against 

Pseudomonas aeruginosa, Escherichia coli and 
Staphylococcus aureus (S. aureus) which are known to 
be the bacterial pathogens most commonly implicated 
in biofilm infections [13] .  

The antimicrobial activity of the 24 h- and 48 h- cell 
free culture supernatants (CFS) of both LAB strains 
was measured using radial diffusion assay and could 
inhibit the growth of the tested pathogens forming a 
clear inhibition zone (IZ). However, the shown activity 
is most probably due to the produced acids only as no 
IZ were observed upon testing neutralized cell free 
culture supernatant (NCFS) instead of the acidic CFS.  

The total biomass of dual-species biofilms of test 
pathogens with LAB as determined by crystal violet 
(CV) staining was significantly higher than that of their 
corresponding single-species biofilms after 48 h (p < 
0.001) while no significant change was observed after 
24 h (p > 0.05) except for the dual-species biofilm of E. 
coli with L. rhamnosus whose biomass significantly 
increased (p < 0.05) compared to its corresponding 
single-species biofilm. Since single-species biofilms of 
LAB showed a high absorbance indicating their ability 
to form biofilms successfully, it was assumed that the 
increase in the total biomass of dual-species biofilms 
was probably due to the contribution of LAB rather than 
the test pathogens. 

In order to elucidate the effect of LAB on the 
pathogens in biofilms, the count of the test pathogens 
in single-species biofilms and in their corresponding 
dual-species biofilms with LAB was quantified using 
viable count technique and calculated as log CFU.mL-1. 
The biofilms were also examined using scanning 
electron microscopy (SEM). 

After 24 h, L. gasseri and L. rhamnosus were able 
to reduce the counts of both P. aeruginosa and E. coli 

Table 2: Gamma Interferon (IFN-γ) Production in Peripheral Blood Mononuclear Cells (PBMC) Stimulated with Test 
Pathogens with or without Added Lactobacilli (LAB) Preparations 

% Increase or decrease of IFN-γ production by PBMC in response to test pathogens in presence of 
different LAB preparations 

L. gasseri preparations L. rhamnosus preparations  

Viable cells 
(MOI 10:1)* Killed cells** 48 h NCFS*** Viable cells 

(MOI 10:1)* Killed cells** 48 h NCFS*** 

P. aeruginosa +24.93% +22.61% +20.10% +12.84% +13.62% -0.097% 

E. coli -3.49% -2.807% +3.57% -5.047% -6.143% -15.06% 

S. aureus +5.86% +2.93% -0.46% +8.07% -2.7% +6.267% 

*MOI: multiplicity of infection. 
**Used at a count corresponding to MOI 10:1. 
***NCFS: neutralized cell free culture supernatant. Well diameter=8 mm. 
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(p < 0.001). L. rhamnosus could also cause a decrease 
in the viable count of S. aureus (p < 0.001), however 
the count slightly increased with L. gasseri. After 48 h, 
the three test pathogens showed an extremely 
significant reduction of count with both L. gasseri and 
L. rhamnosus (p < 0.001). This data confirmed the 
potential of LAB to compete successfully with the test 
pathogens in biofilms. This was further substantiated 
by SEM images which showed that LAB were able to 
replace the test pathogens in their biofilms. 

Since bacterial extracellular hydrolytic enzymes, 
protease and phospholipase C (PLC) were shown to 
play a pivotal role in infection establishment and 
spreading in addition to their direct damaging effects on 
host cells, the effect of LAB on production of these 
enzymes by test pathogens in biofilms was evaluated 
[33,34]. Both strains of LAB could significantly reduce 
the proteolytic activity of S. aureus at both points of 
time (p < 0.01). Also, L. gasseri caused an extremely 
significant reduction in P. aeruginosa proteolytic activity 
in 24 h biofilms (p < 0.001). The proteolytic activity of 
E. coli showed a slight reduction in its 24 h dual-
species biofilm with L. rhamnosus and its 48 h dual-
species biofilm with L. gasseri (p < 0.05). 

However, growing the test pathogens in dual-
species biofilms with L. gasseri or L. rhamnosus did not 
affect the PLC activity of any of the three test 
pathogens at both points of time. This may be due to 
low basal level of PLC activity of the test pathogens 
which may be strain related or may be a consequence 
of the growth conditions used in the experiment. 
Changing the growth conditions in further experiments 
may reveal a more pronounced effect of LAB on the 
pathogens PLC activity. 

The immunomodulatory effect of the two test LAB 
strains in this study was investigated. Gamma 
interferon (IFN-γ) was chosen as a marker due to its 
important role in developing an effective innate host 
response against microbial infections [35]. The 
pretreatment of peripheral blood mononuclear cells 
(PBMC) with different LAB preparations before 
stimulation with the test pathogens did not cause a 
significant change in the amounts of gamma interferon 
expressed by the PBMC (p > 0.05). However, this 
cannot be used as a conclusive evidence for the 
inefficiency of these LAB probiotics as 
immunomodulatory agents as only one marker was 
used to assess the immunomodulatory effect. 
Additionally, the in vivo studies may show a different 

result. Thus monitoring the expressed levels of other 
cytokines and assessing these effects in vivo can 
reveal the whole picture of the immune responses 
affected by these two LAB strains.  

In conclusion, the highly significant antibiofilm 
activity observed for the LAB strains used in this study 
augmented with their inhibitory effect on proteolytic 
activities of the tested pathogens in biofilm in addition 
to the antimicrobial effect of their produced acids reflect 
their potential antagonistic activities against pathogens. 
They may be used effectively as antibiofilm and anti-
infective agents for controlling P. aeruginosa, E. coli 
and S. aureus infections.  

REFERENCES 

[1] Williams NT. Probiotics. Am J Health-Syst Pharm AJHP Off J 
Am Soc Health-Syst Pharm 2010; 67(6): 449-58.  
http://dx.doi.org/10.2146%2Fajhp090168 

[2] Turpin W, Humblot C, Thomas M, Guyot J-P. Lactobacilli as 
multifaceted probiotics with poorly disclosed molecular 
mechanisms. Int J Food Microbiol 2010; 143(3): 87-102.  
http://dx.doi.org/10.1016%2Fj.ijfoodmicro.2010.07.032 

[3] Czaplewski L, Bax R, Clokie M, Dawson M, Fairhead H, 
Fischetti VA, et al. Alternatives to antibiotics—a pipeline 
portfolio review. Lancet Infect Dis 2016; 16(2): 239-51.  
http://dx.doi.org/10.1016%2FS1473-3099(15)00466-1  

[4] Hume ME. Historic perspective: Prebiotics, probiotics, and 
other alternatives to antibiotics. Poult Sci 2011; 90(11): 2663-
9.  
http://dx.doi.org/10.3382%2Fps.2010-01030 

[5] WHO | Antimicrobial resistance [Internet]. WHO. [cited 2016 
Aug 28]. Available from: http://www.who.int/mediacentre/ 
factsheets/fs194/en/ 

[6] Culligan EP, Hill C, Sleator RD. Probiotics and 
gastrointestinal disease: successes, problems and future 
prospects. Gut Pathog 2009; 1: 19.  
http://dx.doi.org/10.1186%2F1757-4749-1-19 

[7] Al-Ghazzewi FH, Tester RF. Effect of konjac glucomannan 
hydrolysates and probiotics on the growth of the skin 
bacterium Propionibacterium acnes in vitro. Int J Cosmet Sci 
2010; 32(2): 139-42.  
http://dx.doi.org/10.1111%2Fj.1468-2494.2009.00555.x 

[8] Bowe WP, Logan AC. Acne vulgaris, probiotics and the gut-
brain-skin axis - back to the future? Gut Pathog 2011 Jan 31; 
3: 1.  
http://dx.doi.org/10.1186%2F1757-4749-3-1 

[9] Cribby S, Taylor M, Reid G. Vaginal Microbiota and the Use 
of Probiotics. Interdiscip Perspect Infect Dis [Internet]. 2008 
[cited 2016 Aug 28]; 2008.  
http://dx.doi.org/10.1155%2F2008%2F256490 

[10] Valdéz JC, Peral MC, Rachid M, Santana M, Perdigón G. 
Interference of Lactobacillus plantarum with Pseudomonas 
aeruginosa in vitro and in infected burns: the potential use of 
probiotics in wound treatment. Clin Microbiol Infect Off Publ 
Eur Soc Clin Microbiol Infect Dis 2005; 11(6): 472-9.  
http://dx.doi.org/10.1111%2Fj.1469-0691.2005.01142.x 

[11] Oelschlaeger TA. Mechanisms of probiotic actions – A 
review. Int J Med Microbiol 2010; 300(1): 57-62.  
http://dx.doi.org/10.1016%2Fj.ijmm.2009.08.005 

[12] Lebeer S, Vanderleyden J, De Keersmaecker SCJ. Genes 
and molecules of lactobacilli supporting probiotic action. 
Microbiol Mol Biol Rev MMBR 2008; 72(4): 728-764.  
http://dx.doi.org/10.1128%2FMMBR.00017-08 



Antimicrobial, Antibiofilm and Immunomodulatory Activities International Journal of Biotechnology for Wellness Industries, 2017, Vol. 6, No. 1     21 

[13] Römling U, Balsalobre C. Biofilm infections, their resilience to 
therapy and innovative treatment strategies. J Intern Med 
2012; 272(6): 541-61. 
http://dx.doi.org/10.1111%2Fjoim.12004 

[14] Vuotto C, Longo F, Donelli G. Probiotics to counteract 
biofilm-associated infections: promising and conflicting data. 
Int J Oral Sci 2014; 6(4): 189-94.  
http://dx.doi.org/10.1038%2Fijos.2014.52 

[15] Wu H, Moser C, Wang H-Z, Høiby N, Song Z-J. Strategies 
for combating bacterial biofilm infections. Int J Oral Sci 2015; 
7(1): 1-7.  
http://dx.doi.org/10.1038%2Fijos.2014.65 

[16] Rumbaugh KP, Ahmad I. Antibiofilm Agents: From Diagnosis 
to Treatment and Prevention. Springer Science & Business 
Media 2014; p. 495.  

[17] Miquel S, Lagrafeuille R, Souweine B, Forestier C. Anti-
biofilm Activity as a Health Issue. Front Microbiol [Internet]. 
2016 Apr 26 [cited 2016 Oct 27]; 7.  
http://dx.doi.org/10.3389%2Ffmicb.2016.00592 

[18] Coconnier MH, Liévin V, Bernet-Camard MF, Hudault S, 
Servin AL. Antibacterial effect of the adhering human 
Lactobacillus acidophilus strain LB. Antimicrob Agents 
Chemother 1997; 41(5): 1046-52. Available from: 
https://ncbi.nlm.nih.gov/labs/articles/9145867/ 

[19] Zago CE, Silva S, Sanitá PV, Barbugli PA, Dias CMI, 
Lordello VB, et al. Dynamics of Biofilm Formation and the 
Interaction between Candida albicans and Methicillin-
Susceptible (MSSA) and -Resistant Staphylococcus aureus 
(MRSA). PLOS One 2015; 10(4): e0123206.  
http://dx.doi.org/10.1371%2Fjournal.pone.0123206 

[20] O’Toole GA. Microtiter Dish Biofilm Formation Assay. J Vis 
Exp [Internet]. 2011 Jan 30 [cited 2016 Mar 29]; (47). 
Available from: http://www.jove.com/index/Details.stp? 
ID=2437. http://dx.doi.org/10.3791%2F2437 

[21] Zhang S, Maddox CW. Cytotoxic Activity of Coagulase-
Negative Staphylococci in Bovine Mastitis. Infect Immun. 
2000; 68(3): 1102-8. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC97254/ 

[22] Nicodème M, Grill J-P, Humbert G, Gaillard J-L. Extracellular 
protease activity of different Pseudomonas strains: 
dependence of proteolytic activity on culture conditions. J 
Appl Microbiol 2005; 99(3): 641-8.  
http://dx.doi.org/10.1111%2Fj.1365-2672.2005.02634.x 

[23] Hafez MM. Studies Concerning Microbial Adherence To 
Mammalian Cells. Microbiology and Immunology 
Department. Cairo, Egypt, Ain Shams University. PhD: 419. 
Department of Microbiology & Immunology, Ain Shams 
University, Cairo, Egypt 2005.  

[24] Elleboudy NS, Aboulwafa MM, Hassouna NA-H. 
Phospholipase C from Pseudomonas aeruginosa and 
Bacillus cereus; characterization of catalytic activity. Asian 
Pac J Trop Med 2014; 7(11): 860-6.  
http://dx.doi.org/10.1016%2FS1995-7645(14)60150-4 

[25] Fischer ER, Hansen BT, Nair V, Hoyt FH, Dorward DW. 
Scanning Electron Microscopy. In: Coico R, Kowalik T, 
Quarles J, Stevenson B, Taylor R, editors. Current Protocols 
in Microbiology [Internet]. Hoboken, NJ, USA: John Wiley & 
Sons, Inc.; 2012 [cited 2016 Oct 27]. Available from: 
http://doi.wiley.com/10.1002/9780471729259.mc02b02s25 

[26] Xaplanteri P, Lagoumintzis G, Dimitracopoulos G, 
Paliogianni F. Synergistic regulation of Pseudomonas 
aeruginosa-induced cytokine production in human 
monocytes by mannose receptor and TLR2. Eur J Immunol 
2009; 39(3): 730-40.  
http://dx.doi.org/10.1002%2Feji.200838872 

[27] Ventola CL. The Antibiotic Resistance Crisis. Pharm Ther 
2015; 40(4): 277-83. Available from: http://www.ncbi.nlm.nih. 
gov/pmc/articles/PMC4378521/ 

[28] Guidelines for the Evaluation of Probiotics in Food Report of 
a Joint FAO/WHO Working Group on Drafting Guidelines for 
the Evaluation of Probiotics in Food [Internet]. [cited 2016 
Sep 1]. Available from: ftp://ftp.fao.org/docrep/fao/009/ 
a0512e/a0512e00.pdf 

[29] Lin X, Chen X, Chen Y, Jiang W, Chen H. The effect of five 
probiotic lactobacilli strains on the growth and biofilm 
formation of Streptococcus mutans. Oral Dis 2015; 21(1): 
e128-34.  
http://dx.doi.org/10.1111%2Fodi.12257 

[30] Sharma D, Saharan BS. Functional characterization of 
biomedical potential of biosurfactant produced by 
Lactobacillus helveticus. Biotechnol Rep 2016; 11: 27-35.  
http://dx.doi.org/10.1016%2Fj.btre.2016.05.001 

[31] Bernal P, Llamas MA. Promising biotechnological 
applications of antibiofilm exopolysaccharides. Microb 
Biotechnol 2012; 5(6): 670-3.  
http://dx.doi.org/10.1111%2Fj.1751-7915.2012.00359.x 

[32] Ren D, Li C, Qin Y, Yin R, Li X, Tian M, et al. Inhibition of 
Staphylococcus aureus adherence to Caco-2 cells by 
lactobacilli and cell surface properties that influence 
attachment. Anaerobe 2012; 18(5): 508-15.  
http://dx.doi.org/10.1016%2Fj.anaerobe.2012.08.001 

[33] Dubin G, Koziel J, Pyrc K, Wladyka B, Potempa J. Bacterial 
proteases in disease - role in intracellular survival, evasion of 
coagulation/ fibrinolysis innate defenses, toxicoses and viral 
infections. Curr Pharm Des 2013; 19(6): 1090-113. Available 
from: http://www.eurekaselect.com/105743/article# 

[34] Titball RW. Bacterial phospholipases C. Microbiol Rev 1993; 
57(2): 347-66. Available from: https://www.ncbi.nlm.nih.gov/ 
pmc/articles/PMC372913/ 

[35] Shtrichman R, Samuel CE. The role of gamma interferon in 
antimicrobial immunity. Curr Opin Microbiol 2001; 4(3): 251-
9.  
http://dx.doi.org/10.1016%2FS1369-5274(00)00199-5 

 
 

 
Received on 14-11-2016 Accepted on 03-01-2017 Published on 24-04-2016 
	  
DOI: https://doi.org/10.6000/1927-3037.2017.06.01.2	  
 
© 2017 Osama et al.; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 

 


