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VII.

 

 (ZUM) 

. Proteus mirabilis to  

moczowych  

dochodzi do adhezji pat

moczowych. N

go enzymu- 

dochodzi do agregacji a

 wykorzystanie naturalnej 

ch 

. Lactobacillus spp. 

o charakterze przeciwbakteryjnym jak kwasy organiczne, bakteriocyny czy nadtlenek 

 

 Lactobacillus, 

P. mirabilis oraz 

Lactobacillus  

P. mirabilis 

Lactobacillus

 

Drobnoustroje z rodzaju Lactobacillus zosta

zdrowych ludzi, natomiast szczepy P. mirabilis 

 Lactobacillus 
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P. mirabilis poprzez  L. crispatus, L. gasseri, L. saerimneri

oraz L. jensenii 

P. mirabilis  

organiczne odpow Kwas mlekowy, kwas bursztynowy oraz 

kwas cytrynowy oznaczone jako kwasy produkowane przez badane szczepy 

Lactobacillus ham  wzrost oraz tworzenie biofilmu P. mirabilis

P. mirabilis co prowadzi 

tych Lactobacillus

P. mirabilis 

 

W wykazano, 

nych  oraz substancje 

 

szczepami P. mirabilis, cz

kamieni moczowych

wytwarzany przez Lactobacillus, kwas L- w na kluczowy czynnik 

wirulencji P. mirabilis- 

kwasu L-mlekowego z centrum aktywnym tego enzymu.  

Agregacja kryszta

kamieni moczowych. 

Lactobacillus

proces cukry L. jensenii wz

. 

Lactobacillus oraz wytwarzany przez nie kwas L-

nie ZUM oraz infekcyjnych kamicy moczowej 
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VIII.

 

Urinary tract infections (UTIs) are one of the most frequent infectious diseases 

occurring in humans. Proteus mirabilis is a common pathogen of the urinary tract, 

especially infections associated with long-term catheterization. Infections with these 

microorganisms can lead to many complications, including the formation of infectious 

urinary stones. Their formation can be divided into several main stages. The first stage 

is the adhesion of pathogens to the urinary tract epithelium. Subsequently, due to the 

activity of the urease enzyme which hydrolyzes urea into ammonia and carbon dioxide, 

crystallization of urine mineral components occurs. In the next stage, crystals aggregate 

which causes the formation of urinary stones and their retention in the urinary tract. Due 

to the ineffective methods of treatment and prevention of diseases related to UTI, an 

interesting aspect may be the use of the natural microbiota of the urinary tract to support 

the treatment of UTI, and understanding the mechanisms of their action against 

uropathogens. Lactobacillus spp. are bacteria belonging to this habitat. They ensure 

homeostasis by secreting many antibacterial substances, such as organic acids, 

bacteriocins, and hydrogen peroxide. Moreover, they exhibit many antagonistic 

properties against pathogens, such as competition with pathogens for nutrients and 

inhibition of pathogens adhesion to epithelial cells.  

The aim of the study was to assess the influence of microorganisms of the 

Lactobacillus genus, belonging to the natural microbiota of the urinary tract, on the 

pathogenicity of P. mirabilis and the formation of infectious urinary stones. During the

research, the impact of Lactobacillus strains at each stage of their development was 

analyzed. Their influence on the adhesion of P. mirabilis to the epithelium, the sensitivity 

of these pathogens to substances produced by Lactobacillus, the crystallization of urine 

mineral components, and the aggregation of crystals were examined.  

Microorganisms of the Lactobacillus genus were isolated from the urinary tract 

of healthy people, while P. mirabilis strains were collected from the urine of individuals 

with diagnosed infectious urolithiasis and from urinary stones. Studies have shown that 

extracellular substances of Lactobacillus inhibit the pathogenicity of P. mirabilis strains 

through multidirectional action. L. crispatus, L. gasseri, L. saerimneri, and L. jensenii

showed strong antibacterial activity against the tested strains of P. mirabilis. 
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Chromatographic analyses showed that organic acids are mainly responsible for these 

properties. Lactic acid, succinic acid, and citric acid produced by the tested Lactobacillus

strains inhibited the growth and formation of P. mirabilis biofilm. It was also determined 

that this occurs by destroying the cell membrane of P. mirabilis, which leads to the death 

of these cells. Moreover, extracellular substances of Lactobacillus inhibited the adhesion 

of P. mirabilis to the urinary tract epithelium and the cytotoxicity of bladder cells 

induced by these uropathogens.  

Furthermore, the next stages of research showed that isolated strains belonging 

to the commensal microbiota of the urinary tract and the produced extracellular 

substances inhibit the crystallization of urine mineral components induced by 

P. mirabilis strains, which is one of the first stages of the formation of infectious urinary 

stones. It was indicated that this is related to their antibacterial properties. Moreover, it 

was proven, which is the first such report, that L-lactic acid produced by Lactobacillus, 

suppresses the activity of urease, the main virulence factor of P. mirabilis. This was made 

possible by analyses of the kinetics of the enzymatic reaction and molecular docking 

studies, which showed competitive interaction of L-lactic acid with the active center of 

this enzyme.  

Aggregation of struvite and apatite crystals is the next stage in the formation of

infectious urinary stones. The results of this study suggest that extracellular substances 

of Lactobacillus, mainly polysaccharides, also influence this process. It turned out that 

the extracellular polysaccharides of L. jensenii enhance this process by creating larger 

aggregates of struvite crystals. 

In conclusion, Lactobacillus strains and the L-lactic acid produced by them can 

be considered as a potential agent that may support the treatment of UTI and infectious 

urolithiasis in the future, or be an effective agent for preventing these diseases. 

 

 

 

 

 

 

 


