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THE STUDY OF ANTIMICROBIAL ACTION OF COLLOIDAL SILVER AND 
NANOCOMPOSITE FILTERS: EFFECTS, MEMBRANE MECHANISMS AND 

APPLICATION 
SUMMARY 
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     The aim of our research was the investigation of the antibacterial activity of 
colloidal Ag on various test cultures, as well as on microbes which have resistance to 
antibiotics and determination of the Minimal inhibitory concentration (MIC) in relation 
to these bacteria. The aim of the study was also to explore the antimicrobial activity of 
Ag nanoparticles (NP) in composition of various matrices and to clarify the molecular 
cellular mechanisms of antibacterial action. 
     The antibacterial and antifungal activity of various concentrations of colloidal 
Ag were investigated in relation to Gr-  bacteria (E. coli ATCC 25922, P. aeruginosa 
ATCC 9027) and on Gr + bacteria (S. aureus ATCC 25923, E. faecalis ATCC 29212), 
also in relation to microscopic yeast (C. albicans ). The MICs of colloidal Ag were 
determined in relation to microorganisms listed above. It has been found that colloidal 
Ag inhibited the growth of microorganisms in varying degrees, which depend on both 
the concentration of colloidal Ag, as well as the type of microorganisms. 

 The results showed that colloidal Ag retains the antibacterial activity against E. 
coli strains which have resistance to antibiotics, in particular E. coli pARG-25 
strain which are resistant to kanamycin and E. coli DH5a-pUC18 strain which are 
resistant to ampicillin, and they causes a more pronounced growth inhibition 
compared with the E. coli ATCC 25922, which has no resistance to any of the 
antibiotics.  
     The studies of the molecular and cellular mechanisms of the antibacterial effects 
of colloidal Ag have shown that Ag NP cause the inhibition of the membrane-
associated ATPase activity of the Gr+ (E. faecalis ATCC29212) and Gr- (E. coli 
ATCC25922) bacterial cytoplasmic membrane, moreover, Ag NP cause the more 
significant inhibition of the ATPase activity together with dicyclohexylcarbodiimide 
(DCCD). DCCD is known to be an inhibitor of proton ATPase, also they are known the 
mechanisms of its action. In the combined effect, with the increase of Ag NP 
concentration, there is an increase in the suppression of ATPase activity, in which the 
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part coming from DCCD, on the contrary, decreases. We can surmise that in the 
molecular and cellular mechanisms of antibacterial effects of Ag NP, possibility the 
same functional subunits of the FoF1-ATPase complex are involved, which are involved 
in the case of DCCD impact and lead to conformational changes of the "c" subunit of 
FO complex, resulting in the decrease of the ATPase activity. 
     Ag NPs in composition of different matrices keep their antibacterial activity. 
The inhibitory effect of colloidal Ag on yeasts Saccharomycetes and on molds, which 
cause the spoilage of sour cream dairy product, has been shown. This will make it 
possible to extend the shelf life of perishable food products, and from this point of 
view, colloidal Ag can be considered as a preservative.  
     The technology of introducing of Ag NP into the household filter matrix has 
been developed. The filtration of water contaminated by microorganisms has 
demonstrated the antimicrobial activity of the nanocomposite filter in relative to 
the pure cultures of microorganisms, in relative to E. coli ATCC 25922 it was 
97,09% and in relative to E. faecalis ATCC 29212 – 33,34%. By tripling the amount of 
Ag NP in the filter, it became possible to increase the antibacterial activity of the 
nanocomposite filter in relative to E. faecalis to 92.18%. The antimicrobial activity of 
the nanocomposite filter during filtration of large volumes of water 
contaminated by mixed culture of microorganisms was 48.52%. Summarizing the 
results, we can conclude that the antimicrobial activity of the nanocomposite filter 
depends on both, the quantity of Ag NP and the type and amount of bacteria present 
in the filterable water.  Antibacterial activity of the nanocomposite filter will also 
prevent the growth of microorganisms inside the filter cartridges; hence the filter 
itself will not become a source of secondary water pollution. 
     The results obtained allow considering Ag NPs as an antibacterial and antifungal 
agent against pathogenic bacteria, also against the bacteria that have resistance to 
antibiotics, and Ag NP can be considered as an alternative agent to antibiotics. Ag NP 
retain antibacterial activity in the composition of various matrices, which allows to 
expand the range of its application and use it as an agent to giving antimicrobial 
properties to different materials. Our studies of the cellular and molecular 
mechanisms of the antibacterial activity of Ag NPs have shown that the antimicrobial 
action of Ag NP begins already from the cell membrane, before it penetrates the cell. 
A full explanation of these mechanisms will allow the more targeted use of Ag NPs, 
which will increase the efficiency of use and reduce the harmful effects on the 
environment. 




