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Tumor therapy, especially in the case of multidrug resistant 
cancers, could be significantly enhanced by using siRNA 

down-regulating the production of proteins, which are involved 
in cancer cell resistance, such as Pgp or survivin. Even better 
response could be achieved is such siRNA could be delivered 
to tumors together with chemotherapeutic agent. This task is 
complicated by low stability of siRNA in biological surrounding. 
Thus, the delivery system should simultaneously protect 
siRNA from degradation. We have developed several types 
of lipid-core polymeric micelles based on PEG-phospholipid 
or PEI-phospholipid conjugates, which are biologically inert, 
demonstrate prolonged circulation in the blood and can firmly 
bind non-modified or reversibly-modified siRNA. Additionally, 
these nanopreparations can be loaded into their lipidic core 
with poorly water soluble chemotherapeutic agents, such 
as paclitaxel or camptothecin. In experiments with cancer 
cell monolayers, cancer cell 3D spheroids, and in animals 
with implanted tumors, it was shown that such co-loaded 
preparations can significantly down-regulate target proteins 
in cancer cells, enhance drug activity, and reverse multidrug 
resistance. In order to specifically unload such nanopreparations 

inside tumors, we made them sensitive to local tumor-specific 
stimuli, such as lowered pH, hypoxia, or overexpressed certain 
enzymes, such as matrix metalloproteases. Using pH-, hypoxia-, 
or MMP2-sensitive bonds between different components of 
nanopreparations co-loaded with siRNA and drugs, we were 
able to make the systems specifically delivering biologically 
active agents in tumors, which resulted in significantly improved 
therapeutic response.
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Modern vibrational spectroscopy techniques (Fourier 
transform infrared (FTIR) and Raman spectroscopies) have 

long found wide-scope applications in virtually all branches 
of materials science. Their applications have been rapidly 
developing in biological and nanobiotechnological fields as well; 
however, there are a large number of methodological difficulties, 
especially in FTIR biospectroscopy, related to performing proper 
sampling of biomaterials, adequate measurements and, last 
but not least, with a correct interpretation of the spectroscopic 
data. In this keynote talk, examples will be presented of 
using vibrational spectroscopy techniques for characterizing 
selenium (Se) nanostructures of microbial origin obtained by 
microbial reduction of selenium oxoanions to elementary Se0 

nanoparticles (NPs). While Raman spectroscopy is sensitive 
to the structure of crystalline Se0 NPs of different allotropic 
modifications and also allows amorphous Se (or S-containing) 
NPs to be distinguished, FTIR spectroscopy is highly informative 
in characterizing thin biomolecular coating layers of biogenic 
nanostructures
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Hydrogen storage is one of the enabling technologies, which 
may be combined with hydrogen production and fuel 

cell ones and provide one of the future ultimate carbon-free 
energy storage solutions, for portable, onboard and stationary 
applications. Researchers have done studies on Mg-based 
materials for on board hydrogen storage (for fuel cell vehicles) 
for decades. From the study of downsizing effect on kinetics 
and thermodynamics, the author found that hydrogen storage 
kinetics can be significantly enhanced by nanosize and catalysts, 
however, desorption thermodynamics (enthalpy and entropy) 
in nanostructured system does not change with downsizing 
and catalysis in the size range of 5-300 nm. This means that 
nanostructured MgH2-Mg system is not suitable for onboard 
hydrogen storage in which case a working temperature of below 
100 degrees is needed. Nevertheless, Mg-based materials show 
promising properties for stationary energy storage due to the 
advantages of low cost, high energy density and no need for 
low working temperature. Some recent results from the author 
on Mg-based materials focusing on kinetics enhancement, 
thermodynamics tailor and capacity improvement will be 
discussed in this work.
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