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Antimicrobial and immunomodulatory activity of some 

probiotic fractions with potential clinical application
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ABSTRACT

The aim of this work was the identification of a new pathway for the 

attenuation of bacterial pathogenicity and virulence using antagonist molecules 

secreted by probiotic bacterial strains as an ecological alternative to the 

misemployment of antibiotics in farm animals. In this purpose the virulence 

patterns of pathogenic bacteria [Staphylococcus (S.) aureus and Pseudomonas 

(Ps.) aeruginosa] treated with cell free cultures of lactic bacteria with probiotic 

potential, their influence on adherence capacity and also the immunomodulatory 

effect of these strains by “in vitro” model was assessed. All tested cell free 

cultures of lactic bacteria with probiotic potential inhibited the expression of 

some soluble bacterial virulence factors and also decreased their adherence 

capacity to the cellular substrate represented by HeLa cells. Cell free cultures of 

lactic bacteria tested exhibited an immunomodulatory effect, triggering a 

proinflammatory type response.
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INTRODUCTION

The use of probiotics (defined as selected, viable microbial dietary 

supplements that, when introduced in sufficient quantities, beneficially affect 

human organism through their effects in the intestinal tract (Grajek et all., 

2005)) in the treatment of specific diseases has evolved into an extremely 

valuable option yet to be optimally used in clinical medicine. Probiotics have 

been shown to have immunomodulating properties and enhance the mucosal 

barrier (Jenkins, B., 2005). An expert panel commissioned by FAO and WHO 

defined probiotics as “Live microorganisms which when administered in 

adequate amounts confer a health benefit on the host.” Studies on some 
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probiotic Lactobacillus strains have shown that these strains present inhibitory 

activity on the multiplication of pathogenic bacteria such as some species of 

Salmonella (Smarandache and al., 2005), Shigella, Escherichia coli, 

Enterobacter (Lazar et al., 2004). This work is due to lactic bacteria capacity to 

produce bioactive soluble molecules (organic acids, fatty acids, hydrogen 

peroxide, bacteriocine and bacteriocin-like substances). Research conducted in 

recent years on bacteriocines secreted by lactic bacteria proved that the 

expression of these proteins is correlated and interfering with the mechanism of 

Quorum-Sensing (QS). For example, in cell free culture of Lactobacillus 

plantarum there were identified and characterized cycle dipeptides (L-Phe-Pro-

L and L-Phe-trans-4-OH-L-Pro) with antimycotic action. At the same time it is 

shown that cycle dipeptide L-Phe-L-Pro interferes with the QS mechanism of 

the Gram negative bacteria Pseudomonas fluorescens and Pseudomonas 

alcaligenes (Hentzer et al., 2003, David et al., 2004). Biochemical analyses on 

organic acids profiles of strains of Lactobacillus have proved that these strains 

produce phenyl lactic acid (PLA) in significant quantities (Dimer C, Gibson 

G.R. 1998).

The aim of this study was to investigate the role of cell free cultures of 

lactic bacteria with probiotic potential on the virulence factor expressions and 

the adherence capacity of the pathogenic strains and also to determine the 

immunomodulatory activity of these lactic bacteria.

MATERIAL AND METHODS

Bacterial strains and growth conditions. In this study  there were used 13 

pathogenic strains of Ps. aeruginosa and  S. aureus isolated from different 

sources (table 1) and 11 lactic acid bacterial strains isolated in the Laboratory of 

Microbial Genetics, Faculty of Biology (table 2). Cell free cultures of lactic 

bacteria were obtained by passing the 24 hours cultures through filter with 

diameter of 22 microns.

Cell culture. The HeLa cell line was cultured at 37

Dulbecco’s Modified Eagle's Medium (DMEM) containing 10% heat 

inactivated fetal calf serum (FCS), 2 mM L-

10 cm culture dishes as follows. The cells were washed twice in prewarmed 

PBS. 1 ml PBS containing 0.25% (w/v) Trypsin was added to the dishes and 

placed at 37 -10 minutes. After the cells were detached from the dishes, 

1 ml prewarmed culture medium was added and the cells transferred to a 50 ml 

falcon tube. Cells were spun down at 150 g and plated in new multi-well plastic 

plates with fresh culture medium.

Lymphocytes were separated from fresh heparinized blood by 

centrifugation over Ficoll. The final preparations contained 80 to 95% 

lymphocytes. Lymphocyte viability counts ranged from 98 to 100% as 
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determined by trypan blue exclusion method; final concentrations were adjusted 

to 7.5 x 10

5

 lymphoid cells/ml DMEM.

Table 1. Pathogen bacteria strains used

No. Code of the strains Sources of isolation

1 Ps. aeruginosa 247/1464
Tracheobronchic secretion

2 Ps. aeruginosa 1841
Tracheobronchic secretion

3 Ps. aeruginosa 1489
central venous catheter

4 Ps. aeruginosa 37 Urine

5 Ps. aeruginosa 492 Sputum

6 Ps. aeruginosa ATCC 27853

7 S. aureus 3/2006 Blood cultures

8 S. aureus 5/2006 Blood cultures

9 S. aureus 9/2006 Blood cultures

10 S. aureus 11/2006 Blood cultures

11 S. aureus 1829 Blood cultures

12 S. aureus ATCC 25923

13. beta-haemolytic, sfingomielinase producing S. 

aureus ATCC 

Table 2. Lactic bacteria strains used

No. The code of lactic bacteria strain Species

1 GM1 Lactobacillus plantarum

2 GM2 Lactobacillus plantarum

3 GM3 Lactobacillus plantarum

4 GM6 Enterococcus faecium

5 GM8 Enterococcus faecium

6 GM10 Enterococcus faecium

7 VL21 Lactobacillus plantarum

8 VL43 Enterococcus faecium

9 VL47 Enterococcus faecium

10 Y Lactobacillus casei subsp. paracasei

11 LC Lactobacillus casei 

Evaluation of virulence factors expression. Bacteria strains was grown 

for 24 hours in nutrient broth in the presence of cell free cultures of lactic 

bacteria, in subinhibitory concentrations (previously established by nutrient 

broth dilution method), and the virulence factors expression was compared with 

control cultures: haemolysins, other pore forming toxins (lecithinases, lipases), 

proteases (caseinases, gelatinasse), DNA-ses, mucinases and   growth on 

manitol (for S. aureus). Detecting haemolysine production  was realized by 

spotted the strains in agar medium,  divided into petri plates with the addition of 

5% sheep blood or rabbit blood. After incubation  at 37

0

C for 24h the 

transparent area around the colony reveal  full hemolysis and green area reveal 

incomplete hemolysis (characteristic for alpha-haemolitic strains). The CAMP-



F. Iordache et al.44

like factor was evidenced by streaking the tested strains at 8 mm distance from 

the beta-haemolysis producing Staphylococcus aureus (ATTC 25923) on 5% 

sheep blood agar plates and incubated aerobically at 37

0

 C for 24 h. The 

synergistic clear haemolysis noticed at the junction of the two spots areas, often 

with an arrow-like appearance, indicated the production of CAMP-like factor; 

for the investigation of lipase production the strains were spotted on Tween 80 

agar as a substrate at a final concentration of 1 % and were incubated at 37

0

 C 

until 7 days. An opaque (precipitation) zone around the spot was registered as 

positive reaction; for lecithinase production, the cultures were spotted into 

2.5% yolk agar and incubated at 37

0

 C for 7 days. An opaque (precipitation) 

zone around the spot indicated the lecithinase production; the DN-ase 

production was studied on DNA supplemented medium. The strains were 

spotted and after incubation at 37

0

 C for 24 h, a drop of HCl 1N solution was 

added upon the spotted cultures; a clearing zone around the culture was 

interpreted as positive reaction; the caseinase activity was determined using 

15% soluble casein agar as substrate. The strains were spotted and after 

incubation at 37

0

 C for 24 h, a clearing zone surrounding the growth indicated 

casein proteolysis; the mucinase production was determined using pig stomach 

mucine (final concentration of 1%) incorporated in brain heart agar with 2% 

NaCl. The strains were spotted and incubated at 35

0

 C for 48 h; the enzyme 

activity was noticed by the presence of a clear area around the culture spot; the 

clear area became more evident when some Lugol drops were poured upon. For 

production of gelatinasse the strains were spotted in the solid medium and 

incubated with gelatin 24h at 37

o

C. The presence of an area of precipitation 

around the area of growth indicated proteolysis of gelatine (presence of 

gelatinasse).

Adherence assay. For the adherence assay, Cravioto’s adapted method

was used: the HeLa cell monolayers were washed 3 times with PBS; 1 ml of 

fresh Eagle MEM without antibiotics was added to each well. Bacterial mid-

logarithmic phase cultures of Ps. aeruginosa and S. aureus strains grown in 

nutrient broth in the presence of cell free culture of probiotic strains were 

centrifuged at 4000 rpm for 10 minutes, and then the pellet was washed three 

times in phosphate buffered saline (PBS) and resuspended in Eagle's minimum 

essential medium (MEM). Bacterial suspension density was adjusted at 10

7

CFU/ml and and 1 ml was used for the inoculation of each well. The inoculated 

plates were incubated for 2 hours at 37ºC. After incubation, the monolayers 

were washed 3 times with PBS, briefly fixed in cold ethanol (3 min), stained 

with Giemsa stain solution (1:20) (Merck, Darmstadt, Germany) and left to 

incubate for 30 min. The plates were washed, dried at room temperature 

overnight, and examined microscopically (magnification, ×2500) with 

immersion and photographed with a Contax camera adapted for Zeiss 

microscope. The adherence index was calculated as fallows: number of HeLa 

cells witch present adhereted bacteria / total number of HeLa cells from 100 

microscopic fields.
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ELISA sandwich method. In order to determine the immunomodulating 

effect of probiotic cell free culture, it was determined extracellular level of IL-1, 

IL-2, IL-4, IL-6, IL-8, IL-10, produced by  human peripherals lymphocytes and 

HeLa cells in the presence of  11 cell free cultures of lactic bacteria as well as 

soluble antigens of Ps. aeruginosa and S. aureus using ELISA kit (Pierce 

Endogen sandwich-kit).

All of the experiments were done in triplicate. The results presented in 

graphics are the average of the values obtained in 3 tests.

RESULTS AND DISCUSSION

Results have shown that, regardless of pathogenic strains of bacteria 

investigated, filtered cell free culture of lactic bacteria strains have inhibited the 

adherence ability to the cellular substrate (Fig.1, 2, 3). Our results demonstrated 

the interference of soluble products secreted by probiotic strains and 

accumulated in cell free cultures of lactic bacteria with the expression of 

bacterial adhesins involved in the colonization of various substrates.

Fig. 1. Graphic representation of the adherence index of S. aureus strains in the 

presence of cell free cultures of lactic bacteria

The decline of adherence index of  pathogen strains in the presence of  cell 

free culture of probiotics is not exclusively due by reducing  the number of 

viable cells because of  accumulation of metabolic products from lactic bacteria 

(e.g lactic acid, fatty acids with short chain carbon atoms, hydrogen peroxide 

and bacteriocins), but also because of interaction with  mechanisms regulating 

the adhesins expression and conversion from the stage at planctonic bacteria to 

adherent, sesil form,  cell density-dependent ( Rial D. Rolfe, 2000).
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Fig. 2. Graphic representation of the adherence index of Ps. aeruginosa strains in the 

presence of cell free cultures of lactic bacteria

Fig. 3.(a.) control - HeLa cells; (b.) HeLa cells infected with S. aureus, with an 

aggregative adherence pattern; (c.) infected HeLa cell treated with cell free culture of 

lactic bacteria, it observe the drastic reduction of the bacterial cell adherence 

(magnification, ×2500).
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It is already known that cell free cultures of Lactobacillus contain 

antimicrobial compounds with activity against Gram-positive bacteria (Valerio, 

2004). Our results also proved that lactic bacteria secrete soluble factors that 

interfere with expression of virulence factors of S. aureus, blocking the

-haemolysins and CAMP- haemolysins. Instead, the tested cell 

free cultures induced synthesis of lecithinases, also involved in the pathogenesis 

of S. aureus, as toxin-forming pores and as a colonization factor in areas with 

skin glands (Fig. 4).

Fig. 4. Graphic representation of the expression level of S. aureus various virulence 

factors in the presence cell free cultures of lactic bacteria

The effect of lactic bacteria cell free cultures on the expression of soluble 

virulence factors in Ps. aeruginosa strains was less evident compared to that 

observed on S. aureus strains, aspect demonstrating the specificity of the 

interaction of these soluble probiotic products with the signaling ways involved 

in the expression of  bacterial pathogenicity and virulence. 

All tested cell free cultures have severely inhibited the production of 

Kanagawa haemolysins (associated in vivo with the enterotoxic potential of 

producing strains), caseinases and amylases and cell free cultures coded GM1, 

GM2 and GM8 have inhibited the production of beta-haemolysins. Unlike the 

effect obtained on S. aureus strains, in Ps. aeruginosa strains the lecithinase and 

lipase expression was only slightly stimulated or unchanged. 

Cell free cultures exhibited variable, either inhibitory (VL21, VL 43), or 

stimulatory effects on the production of gelatinase. It is worthy to mention that 

Ps. aeruginosa strains showed an increased mobility on gelatinase medium in 
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the presence of lactic bacteria cell free cultures exhibited an invasion pattern 

visually similar to that observed in Proteus strains (Fig.5).

Fig. 5. Graphic representation of the expression level of Ps.aeruginosa various 

virulence factors in the presence of cell free cultures of lactic bacteria

Recent evidence suggests that stimulation of specific and nonspecific 

immunity may be another mechanism by which probiotics can protect against 

intestinal disease. For example, peroral administration of Lactobacillus GG 

during acute rotavirus diarrhea is associated with an enhanced immune response 

to rotavirus (Rial D. Rolfe, 2000).

The in vitro study of the immunomodulatory effect of cell free probiotic 

cultures and pathogenic strains was demonstrated by the modulation of pro-

/antiinflamatory mediators on normal and tumoral cell using ELISA method. On 

HeLa cells, the most cell free culture of lactic bacteria  induced an intensive 

proinflammatory effect, stimulating the synthesis of  IL-6 and IL-8; the 

proinflamatory effect was increased also, in the case of some probiotics, by the 

inhibition of the antiinflamatory citokine IL-10 synthesis (Fig. 6).

Concerning the lymphocites immune response, the proinflamatory effect 

was expressed by the stimulation of IL-1 synthesis, whereas the level of IL-2, 

IL-6 and IL-8 was reduced or similar with the level of controls and some of 

them induced also an increased level of IL-10, which demonstrates the dual 

effect of these cell free probiotic cultures and the induction of a dual response, 

either pro-  or antiinflamatory (Fig. 7).
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Fig. 6. The level of interleukines produced by HeLa cells in the presence of cell free 

cultures of lactic bacteria and the pathogenic strains
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CONCLUSIONS

There are many mechanisms by which probiotics enhance intestinal health, 

including stimulation of immunity, competition for limited nutrients, inhibition 

of epithelial and mucosal adherence, inhibition of epithelial invasion and 

production of antimicrobial substances. Probiotics represent an exciting 

prophylactic and therapeutic advance, although additional investigations must 

be undertaken before their role in intestinal health can be delineated clearly 

(Rial D. Rolfe, 2000). 

This study demonstrated that in the presence of soluble molecules produce 

by lactic bacteria with probiotic potential the expression of virulence factors of 

oportunistic bacterial strains was reduced. The use of these soluble molecules 

produced by cell free cultures of probiotic strains could represent a new and 

ecological alternative, with very important therapeutic value, in the treatment of 

bacterial infections (especially the chronic infections produced by multiresistant 

bacteria), but also prophylactic value due to the interference of soluble 

molecules with the mechanisms of virulence factors expression and also to their 

immunomodulatory effect. 
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