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Subject and Achievements of Past and Present Research

Interaction of DNA with antimicrobal and anticancer drugs

     DNA complexes with anticancer drugs (anthracycline antibiotics aclacinomycin A, adriamycin), anti-microbial drugs (quinacrine) and other ligands (ethidium bromide, actinomycin D) were studied by UV-VIS spectroscopy and thermal denaturation. New experimental method for evaluation of ligand AT- or GC- specificity interaction with DNA has been developed. It was based on the melting of ligand complex with pAO3 plasmid DNA (with length of 1683 bp) which was characterized by sharp AT- and GC-rich peaks on the melting curve with fine structure (differential melting curve). Anthracycline antibiotics aclacinomycin A and adriamycin has been shown to be AT-specific ligands.

Development of PCR-based assays for detection and differentiation of microbial pathogens

     Strategy of primer sets design for PCR detection and typing of human and animal infectious agents has been developed. Primer sets for number of pathogens were designed on the basis of multiple alignment for all known sequences of microbial isolates in DDBJ/EMBL/GenBank databases as well as thermodynamical analysis both as primers as amplicons. For instance, primer set for detection of bovine immunodeficiency virus (BIV) proviral DNA, retrovirus of unknown pathology, by standard polymerase chain reaction has been developed. Amplicon of expected size was detected for SV-40 transformed bovine testicle cell line with Florida112 BIV isolate and for plasmid with inserted proviral BIV DNA from R-29 BIV isolate.

  Bovine leukemia virus, another member of Retroviridae family, circulated in Ukraine, was characterized by subtype determination. BLV provirus DNA was isolated from peripheral blood mononuclear cells of cattle (Black-and-White breed), naturally infected with BLV. Fragment of provirus DNA env gene was amplificated by PCR, sequenced and analyzed after amplicon digestion by restriction endonucleases BamHI, BclI and PvuII. Restriction fragment length polymorphism (RFLP) analysis showed that Ukrai-nian BLV isolate could be identified and determined as Australian subtype, one of three known BLV subtypes. Phylogenetic analysis and multiple alignment of env gene fragment of BLV isolates from DDBJ/EMBL/GenBank databases demonstrated that Ukrainian isolate was far related from isolate clusters of Belgium, Australian and Japanese subtypes and it had more number of mismatched nucleotides (four) for analyzed high conservative loci of BLV env gene with 444bp length. Advantages and imperfections of available BLV subtyping have been demonstrated. It was shown that imperfect primers (i.e. primers with mis-matched, or unpaired, nucleotides for primer-single stranded amplicon for some isolates) could result to false-negative PCR results. Approaches for improvement of BLV subtyping have been proposed. For instanse, because 10% of BLV isolates couldn't be identified by RFLP analysis, increasing of analysed amplicon length to 1000-1500bp was proposed for higher reliability of results.  

Characterization of modified probes and substrates by force measurements

     Atomic force microscopy (AFM) has been used to measure adhesion forces between modified and unmodified probes and substrates in aqueous solutions at different ionic strength (I) and pH. Modified AFM probes and substrates were characterized by force distance measurements. Adhesive forces between four pairs of surfaces were measured: unmodified tip – freshly cleaved mica, aminomodified silicon nitride tip (AP- tip) - mica, aminomodified mica ( AP- mica) - Si3N4 tip, AP-mica-AP-tip at different ionic conditions in aqueous solutions and in air. AFM tips and mica were modified in amino silane vapour and functionalized with amino groups. Absolute values of adhesion force were varied from 0.7 - 3.4 nN at pH 7.6, I = 10 mM  to 0.2 - 1.1 nN at pH 11.2 for interaction surface pair aminomodified (AP) mica - Si3N4 tip and from 0.4 - 1.7 at pH 7.6, I = 10 mM to 0 - 0.4 nN at pH 11.2 for AP tip - mica. Distinction of adhesion forces between different AP probe - mica and AP mica - probe derivatizations was attributed to different radii commercially available probes and different amine surface densities. Electrostatic nature of interaction forces between amino modified and unmodified surfaces was demonstrated by elimination of adhesion forces at increasing of solution ionic strength, pH and by AP tip interaction with DNA and glutaraldehyde. Possibility of functionalization of aminomodified tips by non-covalent binding with DNA was demonstrated. Present results show that aminomodified tips can be characterized by force measurements and can be used for futrher functionalization. 

Imaging linear and supercoiled DNA by AFM

     Stability of AP mica as template for biomolecular tethering was estimated by imaging of DNA immo-bilized on AP mica. It has been shown that number of binding sites for DNA molecules on AP mica surface decreased in 5-6 times after 2 weeks AP mica storage under Ar atmosphere. Best images of DNA were taken onAP1 mica and AP30' silicone, but DNA molecules were not adsorbed on AP1 silicone surface. Linear molecule of phage ( DNA and cruciform structure in supercoiled plasmid pUC8 DNA immobilized on aminomodified mica were imaged. New experimental method of DNA stretching is pro-posed with using of aminomodified mica with decreased surface density of active aminogroups. Stretched phage ( DNA molecules were imaged. Characteristic linear size of cruciform structure in pUC8 DNA was shown to be 18 nm. Cruciform structure was formed by two hairpins of 15 nucleotides inverted repe-ats as shown from AFM images of DNA. Computer modeling have (has) revealed that 11bp stem and 4 bases loop have formed hairpin of cruciform structure. Free energy of hairpin was determined (-17.8 kcal/mol).

DNA compaction and AFM probe functionalization

    Experimental results are presented on the design and characterization of the modified and functionali-zed by biopolymers probes and substrates for atomic force microscopy (AFM) and results on the intramo-lecular compaction of single DNA molecules under influence of surface properties after their immobiliza-tion onto substrate. Amino mica (substrate for immobilization of biopolymers) with regulated hydropho-bicity and surface charge density and amino modified and functionalized by biopolymers (DNA, bovine serum albumine) AFM probes were obtained and characterized by force measurements mode of AFM. Based on the AFM images obtained, DNA is proved to be an molecular spring that can be stretched and compressed as well. Stretched phage ( linear DNAs and pGEMEX supercoiled DNAs (which were cha-racterrized by helical rise per base pair ranged from 4,87 to 5,36 Å), as well as single molecules with an extremely high compaction level (i.e. molecules with a significantly higher superhelix density compared to those previously observed experimentally and estimated theoretically) have been visualized. The dis-tance between nucleotides along the duplex axis for these supercoiled DNA molecules was varied from 1,94 to 2,19 Å. These compressed supercoiled DNA molecules are considered to be a new form of DNA, S-DNA. It was determined that DNA molecules were compacting into spheroids by three stages of subsequent folding in half with decreasing a length of superhelix axis, i.e. by the formation of superhelix axis of the second and third orders. 
     Functionalized by bovine serum albumin (BSA) AFM probes which may be used for molecular recog-nition studies were obtained. Modification and functionalization procedure of AFM probe includes three stages. First, amino probes were obtained by modification in vapors of amino silane derivative. Then sur-face amino groups of the amino probe interacted with homobifunctional amino reactive crosslinker. And finally, probe with covalently attached crosslinker was functionalized by BSA molecules. Obtained AFM probes were characterized on the different stages of the modification by force measurements: adhesion force and work of adhesion force were determined from histograms. Process of the modification was con-firmed by visualization of BSA and supercoiled pGEMEX DNA molecules immobilized on the amino mi-ca and amino mica modified by crosslinker.   
Search of hairpin-loop structures and new potential RNA thermometers in genome of pathogens

Search of structure functional markers and targets for molecular detection and typing of socially significant pathogens was performed. Maps of localization of perfect and imperfect hairpin-loop structures and trip-lexes in the bovine leukemia virus (BLV), bovine immunodeficiency virus (BIV) and a number of coronaviral genomes were obtained. Retroviruses BLV and BIV with length of near 8,5 kbp are shown to characterize by different quantitative and qualitative composition of hairpin-loop structures. In the BLV and BIV genome 7 hairpins and 18 hairpins with energy  (- ∆ G) more 10 kcal/mol a were found, respectively. Besides that, in the BIV genome three thermodynamically stable (i.e. detected on model systems in vitro) hairpins (with loop up to 6 nucleotides) are localized and two of them are perfect. But in the BLV genome thermodynamically stable hairpins are not found.
Based on the computer and thermodynamical analysis of 25 isolates of Salmonella enterica with complete genome, algorithm and criteria of search of potential RNA thermometers were developed. It will permit to perform the search of potential riboswitchers in genome of socially significant pathogens in the future. For S. enterica, in addition to well-known 4U RNA thermometer, 4 hairpin-loop structures which can be new RNA thermometers were determined. They correspond to necessary and sufficient conditions of RNA thermometer formation as far as they are highly conservative structures and present in genome of all 25 S. enterica isolates. Hairpins forming cruciform structure in supercoiled pUC8 DNA were visualized by atomic force microscopy.

An important biological function of hairpin-loop structures is the defense of RNA transcripts from

degradation by different factors as well as the transcription regulation due to their formation in

transcription terminators. The patterns of thermodynamically stable perfect and imperfect inverted repeats

were determined for pXO1 and pXO2 plasmids of pathogenic Bacillus anthracis strains. A sequence

analysis of these plasmids has shown the plasmid pXO1 contains 176 inverted repeats, the energy of which varies from –30.6 kcal/mol to –10.0 kcal/mol, and the plasmid pXO2 of B. anthracis contains 57 inverted sequences with energy from –27.2 kcal/mol to –10.0 kcal/mol. Physical maps of the pXO1 and pXO2 plasmids with located hairpins were obtained. These hairpin-loop structures are shown to be localized in the sites of regulatory genes, elements encoding proteins of unknown function or inside temperature sensitive motif in which they can be RNA thermometer.

Thermodynamically stable matched and mismatched inverted repeats forming hairpin structures that can appear in genomic RNA of the human and animal coronaviruses (severe acute respiratory syndrome virus, murine hepatitis virus, porcine epidemic diarrhea virus, transmissible gastroenteritis virus, and bovine coronavirus) are determined. The maps of hairpin localization (which are a part of the genome signaling mechanisms) are obtained for the genome of coronaviruses. The genes encoding replicase and spike glycoproteins of coronaviruses are the main sites of the localization of potential conservative structural motives. The hairpins are shown to be conservative structural elements inside the set of coronavirus isolates of one species. 






















