
ABSTRACT 

 

One of the most challenging issues in dynamically growing nanobio- and bionano- 

technology are interactions at biointerfaces. This work referred to these scientific subjects 

and focused on nanoparticles-bacteria-solids interactions. The investigated objects were 

thoroughly characterized by a wide range of experimental microscopic (OM, NTA, FM, 

SEM, TEM), spectroscopic (AAS, XPS, RS, EDS), and surface-sensitive methods (CA, 

ζ-potential measurements, work function determination).     

It was revealed that zeta potential governs the attachment efficiency of nanoparticles 

to the bacterial cell wall, which was described in terms of DLVO theory (sphere-sphere 

geometrical model). ζ-potential was proposed as a key descriptor of interactions between 

bacteria and nanoparticles. 

By application of oxygen plasma, graphenic materials were modified to obtain surfaces 

with different electrodonor properties which were investigated towards bacterial 

colonization (the more surface oxygen groups, the higher the work function and 

colonization rate). The obtained results were rationalized in terms of DLVO theory 

(sphere-plate geometrical model) and allowed to consider the work function as a key 

descriptor of interaction at the bacteria-surface interface. Lowering of the work function 

was proposed as a strategy for the prevention of bacterial infections of graphenic 

biomaterials.   

As a nanobiotechnological approach against bacterial infection, the functionalization 

of graphenic material with the use of metallic nanoparticles was performed. It was found 

that Ag and Au nanoparticles have the opposite effect on bacterial colonization: AuNPs 

stimulate bacterial adhesion, and AgNPs limit the colonization. The AgNP-functionalized 

graphenic surfaces have antibacterial properties resulted from facilitated electron transfer 

from the surface to oxygen species which directly damage bacterial cells.   

Additionally, the novel bionanotechnological strategy of structural catalysts preparation 

with the use of non-pathogenic bacteria was proposed. Such an approach utilizes the 

microbial ability for surface colonization, and electrostatic interactions at bacteria-surface, 

and bacteria-nanoparticles interfaces.    

The conducted research and obtained findings provide new fundamental knowledge 

on the role of an electronic factor in nanoparticle-bacteria-solids interactions. The 

presented studies allows to fill the knowledge gap in nanobio- and bionano- technology 

research and develop the general models of interactions at the above-mentioned 

biointerfaces. The established scientific basis gives the background for future research 

into the design and development of functional materials for catalysis and biomedicine. 

 


