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PL01 
 

BIOGENESIS OF MITOCHONDRIA: PATHWAYS AND MACHINERIES 
INVOLVED IN THE IMPORT OF PROTEINS 

 
Walter Neupert* 

 
Institute of Physiological Chemistry, University of Munich, Butenandtstr. 5, Bldg. B, D-81377 
Munich, Germany 

 

* E-mail: neupert@bio.med.uni-muenchen.de 
 
The vast majority of mitochondrial proteins are encoded by nuclear genes and synthesized 

by ribosomes in the cytosol. They are imported into the mitochondria and sorted to the various 
mitochondrial subcompartments. So far, four protein translocases were identified which 
mediate these reactions: The TOM complex of the outer membrane is the entry gate for 
virtually all mitochondrial proteins. The TIM23 complex facilitates the translocation of proteins 
across the inner membrane into the matrix and in the insertion of the majority of inner 
membrane proteins. The TIM22 complex mediates insertion of certain subclasses of polytopic 
inner membrane proteins. The OXA1 complex facilitates the insertion of inner membrane 
proteins from the matrix side; mitochondrially encoded proteins are substrates for this 
translocase (or "insertase") as well as nuclear encoded proteins which are first imported across 
both mitochondrial membranes. In addition, we recently identified a protein complex in the 
outer membrane, the TOB complex, which is essential for the biogenesis of beta-barrel 
proteins. 

Two of the molecular machines will be discussed in some detail, TIM23 and the newly 
discovered TOB complex.  

The TIM23 preprotein translocase consists of a protein conducting channel in the inner 
membrane and of a protein import motor. This motor is associated with the import channel at 
the matrix face. It drives the vectorial movement of unfolded polypeptide chains and is 
powered by ATP hydrolysis. Three components of this motor have been identified during the 
past years, mitochondrial Hsp70, Tim44 which links mtHsp70 to the channel and Mge1, a 
nucleotide exchange factor. We have recently identified two new components, Tim14 and 
Tim16, which are integral parts of the motor. Tim14 represents a J-domain protein and 
stimulates the ATPase activity of mtHsp70. Tim16 is also a J-domain related protein but lacks 
the classical HPD motif. The interaction of these new components with Tim44 and mtHsp70 
has been analyzed. The results provide novel insights into the function of the import motor. 

The TOB complex of the outer membrane of mitochondria functions in the insertion of 
beta-barrel proteins into this membrane. The TOB complex interacts with precursors of e.g. 
porin and Tom40 after they have been recognized by the TOM complex. The TOB complex 
functions in the insertion of the precursors, most likely from the intermembrane space side. The 
main and essential constituent of the TOB complex is Tob55, itself a beta-barrel membrane 
protein. Tob55 forms an oligomeric assembly which has pore-like structure. In 
electrophysiological measurements Tob55 shows discrete high conductance upon insertion into 
lipid bilayers. In yeast two further proteins are present in the TOB complex, Mas37 and Tob38. 
Both proteins are required for the function of the TOB complex, in particular Tob38. In the 
absence of Tob38 mitochondria are greatly defective in the import of beta-barrel membrane 
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proteins. Tob55 is related in amino acid sequence to the Omp85 protein of Gram-negative 
bacteria which was proposed to have a function in the insertion of β-barrel proteins into the 
outer membrane. We propose that the biogenesis of beta-barrel membrane proteins follows a 
pathway conserved during evolution of mitochondria from α-proteobacterial ancestors. 
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PL02 
 

PROTEOMICS: CLINICAL PERSPECTIVES 
 

Jean-Daniel Tissot* and Philippe Schneider 
 

Service régional vaudois de transfusion sanguine, Rue du Bugnon 27, 1005 Lausanne, 
Switzerland 
 

* E-mail: Jean-Daniel.Tissot@chiv.hospvd.ch 
 

The main progresses in proteomics have been made possible through the developments of 
mass spectrometry (MS). Thanks to bioinformatics, a number of proteomic databases 
containing plasma as well as normal and/or pathological cell proteins are now available on the 
Internet (http://www.expasy.org). In our laboratory, we have used a combination of high-
resolution two-dimensional gel electrophoresis (2-DE), image analysis and MS to study 
different biological samples. 

We have characterized various cryoproteins from plasma/serum samples, and have 
identified a new protein associated with IgM, CD5L (Spα). This protein is a member of the 
scavenger receptor cysteine-rich superfamily of proteins. This finding may have implications in 
the understanding of the homeostasis of IgM antibodies. 

Using purified populations of human lymphocytes we have identified a novel protein that 
we named swiprosin 1, which appears to be preferentially associated with CD8+ lymphocytes. 
Swiprosin 1 contains two EF-hand domains, and therefore may have a role in calcium 
signalling. 

We have found that the treatment of plasma with methylene blue and light (an approach 
used in transfusion medicine for virus inactivation) induced biochemical modifications of a 
restricted number of plasmatic proteins such as fibrinogen, apolipoprotein A-I or transthyretin. 
Removal of methylene blue by filtration after irradiation was not responsible for additional 
protein alterations. 

Human cutaneous cell cultures in vitro have been developed for the treatment of 
dermatological lesions and burns. Fetal skin cells open new horizons for therapeutic usage 
because no frank rejection occurs, and grafts on large surfaces are possible due to the rapid 
expansion properties of these cells. Using liquid chromatography-tandem MS analyses, we 
have observed post-translational modifications of various proteins such as triosephosphate 
isomerase or cyclophilin A occurring after cell culture. These were due to modifications of 
cysteine residues to cysteic acid, probably reflecting either an oxidative stress related to cell 
culture, or, alternatively, maturation, differentiation and aging of the cells. 

Finally, in order to try to identify new potential markers of premature rupture of the 
membranes (PROM), responsible for many pre-term deliveries, we have done proteomic 
studies on samples collected from women at terms (pairs of maternal serum and amniotic fluid) 
as well as on samples of amniotic fluid collected at the 17th week of gestation. Two protein 
fragments, agrin and perlecan, were identified as being new potential biological markers for 
PROM diagnosis. 

Taken together, our experience of combining 2-DE, image analysis, and MS, clearly 
shows that proteomics can be used successfully in laboratories oriented to clinical 
investigations. 
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PL03 – Josef V. Koštíř Award Lecture 
 
PRIMARY CULTURES OF HUMAN HEPATOCYTES AS A MODEL FOR THE 

STUDY OF BIOLOGICAL ACTIVITY OF NATURAL COMPOUNDS 
 

Zdeněk Dvořák* 
 

Institute of Medical Chemistry and Biochemistry, Faculty of Medicine, Palacký 
University, Hněvotínská 3, 77515 Olomouc, Czech Republic 
 

* E-mail: moulin@email.cz 
 

The biological effects of natural substances are the object of multidisciplinary 
interest from time immemorial. Following the boom of synthesis of new compounds, 
drugs in particular, the attention is drawn again to substances of natural origin. These 
substances are nowadays used in both prevention and therapy for variety of diseases. 
The knowledge on biotransformation of a particular compound is an indispensable pre-
requisite for the approval of the drug in human therapy, with regard to drug absorption, 
organ distribution, metabolism and elimination (ADME) but also with regard to adverse 
effects of the drug such as interaction with biomacromolecules, intrinsic toxicity etc. 
Primary cultures of human hepatocytes are considered to be one of the most suitable 
models for the studies mentioned above. 

This presentation demonstrates the use of primary cultures of human hepatocytes 
(PCHH) as a model for the study of biological activity of natural substances. As the first 
group of studied compounds, we selected flavonolignans from silymarin, a fraction from 
Silybum marianum seeds. The cytotoxicity of studied flavonolignans together with their 
cytoprotectivity against the cellular damage by model toxins were evaluated using the 
PCHH model. All compounds tested exhibited dose-dependent cytoprotectivity against 
oxidative damage to the cells by carbon tetrachloride and allyl alcohol, while they were 
ineffective against drug-induced damage by paracetamol and metabolic damage by D-
galactosamine. The feasible mechanism of the protection observed could be free radicals 
quenching by tested flavonolignans. Furthermore, the effects of tested flavonolignans on 
specific activities of cytochrome P450 were studied in isolated human liver microsomes, 
a subcellular fraction, which consists of endoplasmatic reticulum fragments where P450 
enzymes are anchored. The inhibition of cytochrome P450 isoforms CYP2D6, 2E1 and 
3A4 by silybine, silychristine and silydianine was observed, where IC50 values were in 
micromolar range. In the second group of natural substances, tropolone alkaloids from 
Colchicum autumnale, the effect on drug metabolizing enzymes was investigated. The 
effect of colchicine and its derivatives on the expression, regulation and activity of 
cytochrome P450 was tested in the PCHH model. Tropolone alkaloids showing no 
antimitotic activity (colchicein) did not affect CYP1A2, 2C9, 2C19, 2E1, and 3A4 
enzymes expression and activity in the PCHH model. On the contrary, potent antimitotic 
agent colchicine strongly inhibited both basal and inducible expression of CYP2B6, 
2C8/9 and 3A4 enzymes at the level of protein and mRNA contents. Additionally, it was 
demonstrated that the suppression of particular CYPs was due to the disruption of the 
regulatory cascade cytochrome P450 – pregnane X receptor/constitutive androstane 
receptor – glucocorticoid receptor (GR). The transcriptional inhibition of GR activity 
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and consequently the down-regulation of receptors PXR and CAR and the target P450s 
suppression were observed as the result of microtubules depolymeration in PCHH. In 
two distinct models i.e. PCHH and human embryonic kidney cells (HEK293) transiently 
transfected with a green fluorescent protein – GR chimera construct, the inhibition of 
hormone-dependent nucleo-cytoplasmic trafficking of GR by microtubules disarray was 
confirmed. The results reached further suggest, that GR inactivation by microtubule 
disrupting compounds is mediated by c-Jun N-terminal kinase, which is concomitantly 
activated by these compounds. 

In conclusion, the experimental model of primary cultures of human hepatocytes 
proved its worth in studies of cytotoxicity, cytoprotectivity, enzyme kinetics, cell 
signalization, and interactions in biological systems when investigating activity of 
substances of plant origin. 
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1L01 
 

FOURIER TRANSFORM ION CYCLOTRON RESONANCE MASS 
SPECTROMETRY (FTICR): NEW POSSIBILITIES FOR PROTEOMICS 

 
Vladimír Havlíček* 

 
Laboratory of Molecular Structure Characterization, Institute of Microbiology, 
Academy of Sciences, Vídeňská 1083, 14220 Praha 4, Czech Republic 
 

* E-mail: vlhavlic@biomed.cas.cz 
 

Mass spectrometry is one of the most widely used technologies applied for solving 
proteomics tasks. The general versatility and power of this analytical technique is 
documented by an extreme sensitivity, specificity, speed and ability to handle 
complicated sample mixtures. In proteomics nowadays, the two major peptide and 
protein characterization strategies based on mass spectrometry are the bottom-up and 
top-down approaches. The first one is based on tandem mass spectral analysis of 
peptides derived from enzymatic digestion of large proteins, the latter one on the 
analysis of intact protein ions. The top-down methodology has been possible mostly due 
to the specific features of FTICR and advantages of its combination with electrospray 
ionization (ESI).  

Mass analyzing principle of FTICR is based on precise measuring the frequency of 
the signal of macromolecular ions rotating in high magnetic field. The technique has an 
ultrahigh resolving power (> 1 000 000 at m/z 1000), high precision (about 0.1-1 ppm) 
and high sensitivity (attomoles on peptides ionized by ESI). The analytical armory is 
supported by large arsenal of external ionization techniques (EI, CI, SIMS, FAB, 
MALDI, ESI, ICP, glow discharge) and ion fragmentation techniques such as electron 
capture dissociation (ECD), sustained off-resonance irradiation (SORI), infrared 
multiphoton dissociation (IRMPD), etc.  

Quite low number of installations by 2004 (only about 450 worldwide) is caused by 
significant necessary initial investment and expensive subsequent cost of operation. 
Despite this fact, the first installation in the Czech Republic underwent in summer 2004 
at Prague Institute of Microbiology. During the talk, basic principles of FTICR will be 
outlined and evaluated and applications of this technology in proteomics will be 
reported.  
 
Acknowledgement 
 

Grant Agency of the Czech Republic (203/02/1417). 
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1L02 
 

MASS SPECTROMETRY-BASED STRATEGIES FOR PROTEIN 
IDENTIFICATION AND CHARACTERIZATION 

 
Petr Haladaa,*, Petr Mana, Jindřich Volcb and Vladimír Havlíčeka 

 
aLaboratory of Molecular Structure Characterization and bLaboratory of Fungal 
Biology, Institute of Microbiology, Academy of Sciences, Vídeňská 1083, 14220 Praha 4, 
Czech Republic 
 

* E-mail: halada@biomed.cas.cz 
 

In the late 80’s the introduction of two new ionization techniques – matrix-assisted 
laser desorption/ionization (MALDI) and electrospray ionization (ESI) moved mass 
spectrometry (MS) from an analytical method applicable only to small volatile 
compounds to the field of large biomolecules. Both ionization techniques allow the 
recording of mass spectra of biological samples with superior accuracy, sensitivity, 
speed, and mass range. After this breakthrough mass spectrometry has become an 
indispensable tool in protein studies on all levels, ranging from proteome analysis to 
studies of protein higher order structure and protein interaction. 

The talk will describe the basic principles of ionization and mass analysis of 
peptides and proteins as well as MS-based methodologies used in protein 
characterization including peptide mass mapping and peptide sequencing. Database 
searching approaches employed for protein identification using mass spectrometric data 
will be briefly mentioned. Examples on molecular weight determination, protein 
identification, and characterization of post-translational and chemical modifications will 
be shown. 
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1L03 
 

THERMOSTABLE TRYPSIN DERIVATIVES FOR ENHANCED IN-GEL 
DIGESTION IN HIGH THROUGHPUT PROTEOMICS 

 
Marek Šebelaa,*, Jan Havlišb, Taťána Drhlíkováa, Henrik Thomasc, Natalie Schmalzc  

and Andrej Shevchenkoc 
 
aDepartment of Biochemistry, Faculty of Science, Palacký University, Šlechtitelů 11, 
CZ-783 71 Olomouc, Czech Republic 
bDepartment of Analytical Chemistry, Faculty of Science, Masaryk University, CZ-611 
37 Brno, Czech Republic 
cMass Spectrometry Group, Max Planck Institute of Molecular Cell Biology and 
Genetics, Pfotenhauerstrasse 108, D-01307 Dresden, Germany 
\ 

* E-mail: sebela@prfholnt.upol.cz 
 

Proteomics is the emerging scientific discipline focused on understanding of 
molecular processes in the cell through a large-scale study of proteins existing in a 
specific biological context (proteome). Identification of proteins after electrophoretic 
separations in polyacrylamide gels is typically achieved by their enzymatic in-gel 
digestion and analyzing the recovered peptides by mass spectrometry. However, a poor 
yield of the digestion products has been recognized as a serious bottleneck in further 
progress in high throughput proteomics. Hence accelerated digestion of protein would 
represent a major advance towards the cost-effective “real-time” flexible 
characterization of proteomes.  

Here we report a study on development of autolysis-resistant bovine trypsin (BT) 
conjugates showing high catalytic activity at elevated temperatures. BT was modified by 
coupling of various sugars or sugar-moiety-containing compounds to primary amino 
groups (lysine residues) in the enzyme molecule. For doing that, an established protocol 
based on the sugar activation by periodate oxidation before coupling was used. The 
following BT conjugates were prepared: ATP-modified BT (ATP-BT), β-cyclodextrin-
modified BT (BCD-BT), raffinose-modified BT (RAF-BT), raffinose-modified BT with 
additionally modified arginine residues (by the reaction with 2,3-butanedione, RAFR-
BT) and stachyose-modified BT (STA-BT). These conjugates were characterized by the 
determination of molecular mass, sugar content and the amount of reacted primary 
amino groups. For RAF-BT and RAFR-BT, amino acid analysis was also performed. 
The catalytic activity and thermostability of the studied conjugates were evaluated by 
measurements with an artificial trypsin substrate (Nα-benzoyl-DL-arginine-4-
nitroanilide). All the prepared BT conjugates were tested in the proteomic procedure of 
peptide mass fingerprinting by MALDI TOF mass spectrometry using various proteins 
as substrates for in-gel digestion. Temperatures for the digestions were set between 37 
and 65 oC, incubation times were between 0.5 – 12 h. Autolysis was evaluated by simple 
incubating of the conjugates in the digestion buffer (ammonium bicarbonate) at 55 oC 
followed with MALDI TOF mass spectrometry. The obtained results were compared 
with those provided by unmodified BT and a commercially available methylated porcine 
trypsin (MET-PT). Each of the studied trypsin conjugates showed an increased 
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thermostability in comparison with those of unmodified BT or MET-PT, and provided 
legible peptide mass fingerprint spectra. Moreover, BCD-BT, RAF-BT, RAFR-BT and 
STA-BT showed enhanced resistance to autolysis in the mass spectrometry experiments. 
Instead, ATP-BT provided a strong autolytic background. The digestion power of the 
conjugates expressed as a yield of registered peptide peaks was 5 to 10 fold lower in 
comparison with that of MET-PT, probably due to hindered binding of protein substrates 
at the active site. From the conjugates resistant to autolysis, RAF-BT was found to be the 
best choice for the ongoing research. 
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1L04 
 

THE USE OF 2-D ELECTROPHORESIS AND 2-D LIQUID PHASE 
SEPARATION FOR INTERLYSATE COMPARISON OF  CANCER CELLS 

TREATED BY CYCLIN-DEPENDENT KINASE INHIBITOR 
 

Zdeňka Ellederováa, Helena Skalníkováa, Petr Haladab, Petr Manb, Petr Džubákc, Marian 
Hajdúchc, Michal Kubelkaa, Jiří Moosd and Hana Kovářováa,* 

 
aLaboratory of Reproduction Physiology, Institute of Animal Physiology and Genetics, 
Academy of Science, Rumburská 89, 27721 Liběchov, Czech Republic 
bLaboratory of Molecular Structure Characterization, Institute of Microbiology, 
Academy of Sciences, Vídeňská 1083, 14220 Praha 4, Czech Republic 
cLaboratory of Experimental Medicine, Clinic of Pediatrics, Faculty of Medicine, 
Palacký University, Puškinova 6, 775 20 Olomouc, Czech Republic 
dImmunotech, Radiová 1, 10227 Praha 10, Czech Republic 
 

* E-mail: kovarova@iapg.cas.cz 
 

The methods for analyzing biological samples alternative to the classical proteomics 
approach, e.g. 2-D electrophoresis coupled to mass spectrometry have been developed 
recently. The new PF 2D protein fractionation system represents 2-D liquid phase 
separation technique that resolves the proteins by isoelectric point in the 1st dimension 
and by hydrophobicity in the 2nd dimension. All components are collected into 96-well 
plate and in liquid phase are ideal for identification by mass spectrometry. 

In the present work, the 2-D gel electrophoresis/mass spectrometry as well as 2-D 
liquid separation PF 2D/mass spectrometry were used for interlysate comparison 
between cultured T-lymphoblastic leukemia CEM cells and the same cell line treated by 
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cyclin-dependent kinase inhibitor, bohemine. Several unique proteins were identified 
and shown to be up- or down-regulated between treated and non-treated malignant cells. 
The 2-D liquid separation PF 2D approach and corresponding protein identification is 
valuable for proteomic analyses and provides the results complementary to classical 2-D 
gel based methods. 
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NEW APPROACH IN PROTEOMICS OF GLUTEN: USING CHYMOTRYPSIN 

AND MALDI HYBRID MULTISTAGE MASS SPECTROMETER 
 

Jiří Šalplachtaa,b,*, Josef Chmelíka and Günter Allmaierc 

 
aInstitute of Analytical Chemistry of the Academy of Sciences, Veveří 97, 61142 Brno, 
Czech Republic 
bInstitute of Chemistry and Biochemistry, Faculty of Agronomy, Mendel University of 
Forestry and Agronomy, Brno, Czech Republic 
cInstitute of Chemical Technologies and Analysis, Vienna University of Technology, 
Vienna, Austria 
 

* E-mail: salplachta@iach.cz 
 

The knowledge of protein composition of the cereals is helpful for characterization 
of cereal varieties that is of importance to food industry. Furthermore, these cereal 
proteins, which are frequently present in common diet, are toxic to patients with coeliac 
disease (gluten-sensitive enteropathy). Gluten is alcohol-soluble fraction of wheat 
proteins classically subdivided into the monomeric gliadins (wheat prolamins) and the 
polymeric glutenins consisting of low- and high-molecular-weight subunits. Gliadins are 
monomeric proteins with intra-chain disulfide bonds, while the low- and high-molecular-
weight glutenin subunits form polymers stabilized by inter-chain disulfide bonds. Gluten 
proteins are main storage proteins of wheat grains. Both gliadins and glutenins play a 
key role in dought formation and viscoelastic properties of the gluten. Gliadins have a 
great importance in grain germination as a source of nitrogen.  

In recent years, proteomics has become a powerful method for characterization, 
identification and determination of peptide sequence of gluten proteins. Mass spectra of 
gliadins and low-molecular-weight glutenin subunits show characteristic pattern of 
proteins in the 30-40 kDa range while the high-molecular-weight glutenin subunits range 
in molecular mass from 65-90 kDa. As the mass spectrometric analyses of intact proteins 
are not enough sensitive the proteomic identification of gluten proteins in ethanolic 
extract from wheat flour is described in this study. Proteins in ethanolic extract were 
separated via 1-D gel electrophoresis and subjected to in-gel digestion with the 
chymotrypsin which was found as proper proteolytic enzyme for this purpose. 
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Identification based on peptide mass fingerprinting is not sufficient due to extensive 
homology of these proteins, therefore, collision-induced dissociation of selected peptides 
using a MALDI hybrid multistage mass spectrometer was used for unambiguous 
identification of some gluten proteins. 
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DETERMINATION OF THE THREE-DIMENSIONAL STRUCTURE OF 
PROTEINS USING CHEMICAL CROSS-LINKING AND HIGH RESOLUTION 

MASS SPECTROMETRY 
 

Petr Nováka,b*, Malin M. Youngb, Joseph S. Schoenigerb and Gary H. Kruppab 
 
aLaboratory of Molecular Structure Characterization, Institute of Microbiology, 
Academy of Sciences, Vídeňská 1083, 14220 Praha 4, Czech Republic 
bSandia National Laboratories, Livermore, CA-94550, USA 
 

* E-mail: halada@biomed.cas.cz 
 

Modern structural methods have been successful in elucidating a wide range of 
protein structures, and have yielded invaluable insight into biological mechanisms, the 
classification of protein folds, and the dynamics of proteins. However, structural 
genomics efforts and individual structure determination efforts share the same modest 
net success rates (10-20% starting from selected clones)1. Furthermore, proteins that can 
be successfully solved by X-ray and NMR methods tend to have few domains, low 
molecular weight, and are shorn of flexible regions and post-translational modifications. 
Certain classes of proteins are poorly represented in the PDB, because of their 
insolubility and difficulty to crystallize (http://blanco.biomol.uci.edu/ 
Membrane_Proteins_ xtal.html). From this point of view, there is a clear need for new 
structural methods that can be applied to larger proteins/complexes, can tolerate 
heterogeneity, and yield both structural measurements and information on 
conformational changes occurring on physiological time scales. Recently, a method 
combining the use of chemical cross-linking and mass spectrometry to identify the inter-
residue cross-links, and the use of these cross-links to constrain structural models of 
proteins, referred to as MS3-D, has been reported2. Subsequent studies indicate that this 
approach appears to have promise for defining large sets of inter-atomic distance 
constraints in proteins and a structural model for a protein could be determined based on 
these constraints using threading and homology methods 2-4.  
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Despite the initial report indicating the potential of MS3-D, the number of distance 
constraints using this method has been limited. Several publications have indicated that 
the cross-linking chemistry itself may be difficult to optimize.  The method is further 
complicated by the difficulty of using proteolytic digestion and HPLC-MS to localize 
the cross-links. We have developed a whole protein approach (top down) using Fourier 
Transform Mass Spectrometry to localize the cross-links using tandem mass 
spectrometry rather than proteolytic digestions. This method also facilitates optimization 
of the cross-linking chemistries. Our initial results have elucidated the complexity of 
cross-linking chemistry and enabled us to find optimal conditions for several types of 
reagents. We have clearly shown for small proteins that the top-down method can be 
used to localize the cross-links without the need for proteolytic digestion and HPLC. 
Furthermore MS3-D efforts have been hampered by the limited diversity of 
commercially available crosslinkers; previous studies have employed crosslinking of 
lysine residues. Our improved ability to analyze the results of crosslinking has enabled 
us to demonstrate crosslinking with a wider set of reagents, allowing access to an 
increased number of distance constraints. 
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1L07 
 

BIOCHEMISTRY AND PHYSIOLOGICAL FUNCTION OF CYTOKININ 
DEHYDROGENASE IN PLANTS 

 
Ivo Fréborta,*, Petr Galuszkaa, Jitka Frébortováb, Hana Popelkováa  

and Jiří Drábeka 
 
aDivision of Molecular Biology, Department of Biochemistry, Faculty of Science, 
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bLaboratory of Growth Regulators, Palacký University/Institute of Experimental Botany, 
Academy of Science, Šlechtitelů 11, CZ-78371 Olomouc, Czech Republic 
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Degradation of growth hormones cytokinins in plants is controlled by flavoprotein 
cytokinin dehydrogenase (EC 1.5.99.12)1. This enzyme is encoded in individual species 
by multiple genes that show mutual evolutionary relations. Best studied gene family of 
Arabidopsis thaliana contains seven genes that appear to have different cellular and 
tissue targeting, thus achieving distinct functions during the development 1,2. 

The enzyme is a typical flavoprotein with covalently bound FAD in the catalytic 
centre that is buried in the hydrophobic pocket of the protein. Results of site-directed 
mutagenesis reveal C-terminus as an important domain for functional conformation of 
the enzyme. The cytokinin cleavage proceeds by “concerted covalent catalysis” via a 
ternary complex involving covalently bound FAD cofactor and a quinonic electron 
acceptor3. The enzyme is capable of using DCPIP and some p-quinones as electron 
acceptors, while oxygen is almost ineffective. Natural electron acceptor of the enzyme is 
not yet known. Experimental data support the theory that the electron acceptor is 
generated in vivo from plant phenolics by other enzymatic systems such as peroxidase 
and laccase/catechol oxidase. Histochemical localizations in maize show co-staining of 
cytokinin dehydrogenase and laccase, suggesting possible cooperation of these enzymes 
in cytokinin degradation. 

Structure-function relationships of the cytokinin cleavage by cytokinin 
dehydrogenase and its possible link to the metabolism of plant phenolics will be 
discussed. 
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The plant hormone cytokinin plays a crucial role in plant development from 
germination to senescence. Nevertheless, the exact mechanisms of its influence on these 
several developmental processes remain unexplained. We report an attempt to reveal 
more information about the mode of action of cytokinin in the model plant – Arabidopsis 
thaliana. For this purpose a classical proteome-based approach using two-dimensional 
electrophoretic separation followed by protein digestion and identification by mass 
spectrometry was established. 

Total proteins were extracted from whole Arabidopsis plantlets of following 
genotypes: wild-type ColO, amp1 mutant accumulating six-fold higher level of 
endogenous cytokinin1 and pOp-ipt::LhGR transgenic line in which the production of 
endogenous cytokinin is inducible by dexamethasone2. All plants were grown for 15 
days under long-day conditions (16 h light/8 h dark) on MS media, in parallel with and 
without 2.5 µM dexamethasone. 

 Image analysis of two-dimensional gels in triplicates using Progenesis Workstation 
software and subsequent statistical evaluation revealed both qualitative and quantitative 
changes in protein expression between plants with elevated cytokinin levels and 
controls. Out of these differently expressed protein spots so far 21 significant ones were 
in-gel digested with trypsine and the resulting peptides were subjected to MALDI-TOF 
MS analysis. Proteins corresponding to the acquired mass spectra were identified in 17 
of the analysed spots. 

Elucidating the relationship of the identified proteins to cytokinin metabolism and 
action will be a longer-term task. A study of the kinetics of the proteome changes after 
dexamethasone treatment in pOp-ipt::LhGR plants represents the immediate challenge. 
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Haloalkane dehalogenases (EC 3.8.1.5) make up important class of enzymes that are 
able to cleave carbon-halogen bonds in halogenated aliphatic compounds. There is a 
growing interest in these enzymes due to their potential use in bioremediation, as 
industrial biocatalysts, or as biosensors. Structurally, haloalkane dehalogenases belong 
to the alfa/beta-hydrolase fold superfamily1. A central beta-sheet, flanked on both sides 
by alfa-helices, forms the hydrophobic core of the main domain that carries the catalytic 
triad Asp-His-Asp/Glu. The second domain, consisting solely of alfa-helices, lies like a 
cap on a top of the main domain. Residues on the interface of the two domains form the 
active site. A reaction mechanism of haloalkane dehalogenase has been proposed on 
basis of X-ray crystallography2, and kinetic3,4 studies with haloalkane dehalogenase of 
Xantobacter autotrophicus GJ10 (DhlA). Catalysis proceeds by the nucleophilic attack 
of the carboxylate oxygen of an aspartate group on the carbon atom of the substrate, 
yielding a covalent alkyl-enzyme intermediate. The alkyl-enzyme intermediate is 
subsequently hydrolyzed by a water molecule that is activated by a histidine, catalytic 
acid (Asp or Glu) stabilises the charge developed on the imidazole ring of the histidine. 
To obtain insight in the kinetic mechanism of another haloalkane dehalogenase5 from 
Sphingomonas paucimobilis UT26 (LinB), we studied the steady-state and pre-steady-
state kinetics of the conversion of the substrates 1-chlorohexane, chlorocyclohexane and 
bromocyclohexane. Proposed minimal kinetic mechanism of LinB consisted of three 
main steps: (i) substrate binding, (ii) cleavage of a carbon-halogen bond with 
simultaneous formation of an alkyl-enzyme intermediate and (iii) hydrolysis of the alkyl-
enzyme intermediate6. Release of products, halide and alcohol, is a fast process that was 
not included in reaction mechanism as a distinct step. Comparison of the kinetic 
mechanism of LinB with that of DhlA and DhaA from Rhodococcus rhodochrous 
NCIMB 13064 shows considerable similarity in the overall mechanisms. The binding of 
substrate and the following cleavage of the carbon-halogen bond were found to be the 
fastest step in the catalytic cycle of haloalkane dehalogenases. The main difference is in 
the rate-limiting step, which is hydrolysis of the alkyl-enzyme intermediate in LinB, 
halide release in DhlA, and liberation of an alcohol in DhaA. Our study indicates that 



 
 

 26

extrapolation of rate-limiting steps from one family member to another can be 
misleading even for evolutionary closely related proteins. 
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Halogenated organic compounds constitute one of the largest groups of 
environmental pollutants as a result of their widespread use in industry and agriculture. 
Haloalkane dehalogenases are bacterial enzymes capable of carbon-halogen bond 
cleavage in halogenated compounds using a hydrolytic mechanism. The enzymes act on 
a broad range of halogenated aliphatic compounds. Haloalkane dehalogenases have been 
isolated especially from bacteria colonizing environments contaminated with 
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halogenated compounds. Genome sequencing project indicated the presence of the genes 
rv2296 and rv2579 sequentially similar to haloalkane dehalogenases in the genome of 
human parasite Mycobacterium tuberculosis H37Rv1. Genetically closely related 
Mycobacterium bovis 5032/66 izolated from the cattle was used to clone the genes of 
these putative mycobacterial dehalogenases.  

Gene rv2296 was amplified by PCR reaction using specific primers and inserted in-
frame to Escherichia coli expression plasmid pCR T7/NT- TOPO. The resulting 
recombinant plasmid was transformed into E. coli OneShot TOP10F competent cells. 
Transformant carrying a vector with gene rv2296 in correct orientation was used to 
express Rv2296 protein. Expression was performed in bacterial cells E. coli 
BL21(DE3)LysS. Analysis of the E. coli induced with isopropyl-β-D-
thiogalactopyranoside revealed that the protein is accumulated in the insoluble inclusion 
bodies. Solubility of the protein was enhanced by modification of cells growth 
conditions (lower temperature and lower concentration of the inducer) and using 
different conditions for preparation of the crude extract. Rv2296 was obtained in pure 
form and its CD spectrum was compared to those of other haloalkane dehalogenases. 
Purified protein did not show any dehalogenating activity using GC-MS analysis. 

 Gene rv2579 was amplified by PCR reaction with specific primers based on the N- 
and C-terminal dehalogenase sequence with introduced hexahistidyl tail to C-terminus of 
the protein. PCR amplicon of the gene rv2579 was cloned in the pUC18 vector and 
sequenced. The gene was cloned to the expression vector pAQN for the production of an 
active haloalkane dehalogenase in E. coli BL21. Expressed protein was purified to 
homogeneity by metal affinity chromatography and tested for its biochemical properties. 
The highest activity of protein Rv2579 was observed at 45°C. Interestingly, protein 
displayed two pH optima at pH 5.5 and pH 8.5. The effect of storage temperature and the 
effect of stabilizing additives on the protein were also studied. The presence of 10% 
glycerol positively influenced long-term stability of enzyme at -60 oC, whereas 1 mM 
EDTA showed the positive effect at 4 oC. Steady-state kinetic parameters towards 31 
selected halogenated substrates were determined and compared to haloalkane 
dehalogenase LinB showing 82% of sequence identity with Rv2579.  
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Paracoccus denitrificans is a non-fermentative, facultatively autotrophic soil 
bacterium often studied in the field of bioenergetics, particularly due to resemblance of 
its aerobic respiratory chain to that of mitochondria. Also an aspect of a great nutritional 
adaptability was discovered, related to the ability of exploiting various electron donors 
and electron acceptors for maintenance and growth. To discuss mechanisms underlying 
regulation of gene expression by growth conditions, a high-throughput proteome 
mapping is one of the most effective tools to-date. 

For 2-D electrophoretic analysis of whole-cell extract and its membrane fraction, 
isoelectric focusation with immobilized pH gradients in the first dimension and SDS-
PAGE in the second dimension were used. Using this approach, more than 800 protein 
spots of total cell extract and membrane fraction were detected in the range pI 3-10 and 
Mr 15-100 kDa.  

We compared complex protein composition of whole cells of P. denitrificans 
cultivated under aerobic and various anaerobic conditions (with nitrate, nitrite and 
nitrous oxide). We also investigated the effect of respiratory inhibitor azide on proteomic 
profiles of the cells grown aerobically and anaerobically with NO2

-. The similar 
approach was applied also on membrane fractions of cells (grown on O2, O2+N3

-, NO3
-).  

The most distinct proteomic profile matches the growth on nitrous oxide; the 
probable reasons are discussed. The significant changes in protein composition of total 
cell lysates were caused also by azide.  

About 50 protein spots have been submitted to the analysis by peptide mass 
fingerprinting using MALDI-TOF MS. However, the genome of P. denitrificans has not 
been completely sequenced yet and, currently information about only 98+126 proteins is 
available from SwissProt/TrEMBL database. Due to this fact, we were able to identify 
only 8 proteins up to-date. Among them, nitrite reductase and succinate dehydrogenase 
are key enzymes in P. denitrificans metabolism. Nitrite reductase is the second of four 
enzymes catalyzing the denitrification pathway in P. denitrificans, where NO3

- is 
reduced via NO2

-, NO, N2O to molecular nitrogen under anaerobic conditions. Succinate 
dehydrogenase, fumarate-producing enzyme in citrate cycle, was previously found to be 
very close to the bovine heart mitochondrial enzyme, having four subunits (64.9, 28.9, 
13.4 and 12.5 kDa). Our ID corresponds with the 28.9 kDa FeS subunit. 

We also compared expression data of nitrite reductase obtained by proteome 
analysis with the measurement of nitrite reductase enzyme activity. These data were in a 
good agreement. 
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The quantitative data and protein maps are kept in a database in PDQUEST format. 
The web-accessible proteome 2-D database has been established at http://www.mpiib-
berlin.mpg.de/2D-PAGE. 
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Phenol and its derivatives are an important class of environmental pollutants 
introduced to the environment as a result of their industrial applications (i.e. petroleum, 
pharmaceutical, pulp and paper industry); some of them exhibit fairly high acute 
toxicity. Multienzymatic biosensors represent a promising tool for simple 
characterisation and rapid analysis of many compounds, which can function directly as 
substrates for enzymes selected for the sensing array. 

The screen-printed four-electrode sensor based on immobilisation of tyrosinase 
(mushroom), laccase (Coriolus hirsutus) and peroxidase (horseradish) in the same array 
were developed for monitoring of phenols. The enzymes were immobilised onto self-
assembled monolayer (4-mercapto-1-butanol) formed surface on the gold via covalent 
attachment by epichlorohydrin coupling. The amperometric detection of several 
substituted phenolic compounds was carried out using a single line flow-injection 
system. Hydrogen peroxide served as co-substrate for peroxidase to measure phenols. 

The limits of detection for phenols in aqueous solutions were in the micromolar 
range. One assay was completed in less than 5 min. The compatibility of the above 
mentioned enzyme array enabled to apply the developed multichannel biosensors for 
evaluation in real samples; industrial wastewaters and surface waters. 
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Ornithine aminotransferase (OAT) catalyzes the transfer of the amino group from L-
ornithine to α-ketoglutarate, forming L-glutamate and glutamate-5-semialdehyde. It is 
found in bacteria, fungi, plants and higher animals including man. The structure of the 
human enzyme, both free1 and with irreversibly-bound substrate analogues2, has been 
solved by X-ray crystallography. There are many similarities in structure, particularly at 
the active site, with other members of the alpha family of pyridoxal-5’-phosphate-
dependent enzymes. This is especially true for GABA-aminotransferase, the active site 
of which contains only two significant differences from that of OAT3,4. Unlike majority 
of aminotransferases, both OAT and GABA-AT catalyze the transfer of amino group 
from carbon atom that does not bear carboxyl group. However, both enzymes are using 
α-ketoglutarate to complete the transamination cycle and they are able to transfer of the 
amino group from glutamate. 

To explain the part played by the amino acid residues from active site, we used 
mutation analysis. Two sets of mutants were prepared, the first one based on comparison 
of active sites of GABA-AT and OAT and the second based on comparison of OAT and 
aminotransferases catalyzing transfer of amino group exclusively from carbon bearing 
carboxyl group.The specific activity towards L-ornithine and GABA and rate constants 
for single steps of the reactions of mutants were compared with those of the wild type 
OAT. 
 
References 
 

1. Shen B. W., Hennig M., Hohenester E., Jansonius J. N. and Schirmer T.: J. Mol. 
Biol. 277, 81 (1999)  

2.  Shah S. A., Shen B. W. and Brünger A. T.: Structure 5, 1067 (1997) 
3.  Storici P., Capitani G., Schirmer T. and Jansonius J. N.: J. Mol. Biol. 285, 297 

(1999) 
4.  Storici P., Capitani G., De Biase D., Moser M., John R. A., Jansonius J. N. and 

Schirmer T.: Biochemistry 38, 8628 (1999) 
 
Acknowledgement 
 

This work was performed as part of project 204/02/0843 supported by the Grant Agency 
of the Czech Republic and research grant MSM 223300006 from the Ministry of 
Education, Youth and Sports, Czech Republic. 
 



 
 

 31

1P02 
 

EXPRESSION, PURIFICATION AND STRUCTURAL ANALYSIS OF 
CALEOSIN FROM ARABIDOPSIS THALIANA 

 
Zita Purkrtováa,*, Sabine d’Andreaa, Blanka Králováb and Thierry Chardota 

 
aLaboratoire de Chimie Biologique, CNRS-INRA-INAPG UMR 2585, 78850 Thiverval-
Grignon, France 
bDepartment of Biochemistry and Microbiology, Institute of Chemical Technology, 
Technická 3, 166 28 Praha 6, Czech Republic 
 

* E-mail: zipur@seznam.cz 
 

Caleosins are a recently described class of plant EF-hand proteins that are embedded 
in seed oil bodies. These small proteins are composed of three regions, hydrophilic N-
terminal region, central hydrophobic domain and C-terminal hydrophilic region, which 
make them amphiphatic. Up to date, caleosins from 5 higher plants were described. 
According to sequence alignment, one caleosin gene was found in genome of rice, 
sesame and Theobrama cacao; 2 caleosin genes were found in Brassica napus genome. 
Analysis of Arabidopsis thaliana genome shows seven caleosin genes, one being 
expressed in seed oil bodies. 

The function of caleosin remains mysterious but it is supposed that caleosin are 
involved in lipid trafficking process during biogenesis, maturation and mobilization of 
lipid bodies. The conserved structural features of caleosin, calcium binding and 
phosphorylation domains indicate that caleosin function is presumably modulated by 
calcium binding and phosphorylation. The presence of a 36 residues hydrophobic 
sequence, along with a proline knot motif is typical of seeds oil bodies’ integral proteins. 

Caleosin (At4g26740) from A. thaliana was expressed as N-terminal histidine 
tagged protein in E. coli BL21(DE3) and purified to almost electrophoretic homogeneity 
using IMAC chromatography. In order to better understand its emulsifying properties, its 
interfacial behavior (water/oil interface) was studied using pendant drop method. Study 
of solution structure and size of caleosin was carried out using laser dynamic light 
scattering. Effect of calcium on these properties was investigated.  
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During the last period enormous progress in protein conformation studies has been 
made thanks to the methods of X-ray crystalography as well as of NMR spectroscopy. 
These two methods are able to provide information about localization of individual 
atoms in three-dimensional structure of the protein. In addition to these “absolute” 
methods, different quicker, cheaper and technically less demanding methods (circular 
dichroism, fluorimetry etc.) are available; they usually give sensitive information about 
changes in protein conformation and facilitate to compare structures of functionally 
analogical proteins. 

Chemical modifications of proteins have already been successfully performed in 
order to obtain information about localization of certain amino acid residues in protein 
globule. These methods work on a simple principle: 1) To a native protein of known 
covalent structure a specific agent, which modifies a single (or limited number) amino 
acid side chain, is added. 2) The excess of the reagent and low-molecular-weight by-
products are removed. 3) The protein is specifically cleaved (usually by trypsin or 
chymotrypsin) and the peptides produced are characterized by mass spectrometry. 4) As 
for each modification the characteristic shift of molecular mass is well defined (e.g. 45 
Da for nitro-group, 151 Da for Koshland reagent), it is possible to detect those peptides 
that have been modified; they contain amino acids that are localized on the surface of the 
native protein globule. 

All the methods mentioned above can give reasonable results only if the protein is 
pure and native; in the case of crystalographic and spectroscopical methods, they must 
be prepared in amounts of milligrams. We have developed a method which allows 
getting certain information about conformation of a protein which is still in a complex 
mixture, in its natural environment in its native state and is available in microgram or 
even nanogram amount. The method is based on the chemical modifications and mass 
spectrometry described in previous paragraph. The modification itself (items 1 and 2) is 
carried out in the protein mixture, then the protein of interest is separated by SDS-
PAGE; in this stage of the procedure, denaturation caused by sodium dodecylsulphate 
does not affect the results of conformational analysis.  The following step, enzymatic 
cleavage, can be performed in gel (standard “in-gel digest” known from proteomic 
procedures) and the surface localized amino acids are detected as described. 

A model mixture of soluble proteins was modified by tetranitromethane (specific for 
tyrosine) and by 2-hydroxy-5-nitrobenzyl bromide (Koshland reagent, specific for 
tryptophan). The proteins were separated by SDS-PAGE and cleaved in-gel by trypsin. 
The following MALDI-TOF mass spectrometry analysis gave the same results as the 



 
 

 33

analogical procedure applied on pure proteins in solution. We consider the presented 
method highly promising because it opens new possibilities for studying conformation of 
small amounts of proteins in their native environment.    
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Residue specific reactivity is of great current interest in structural biology as it 
provides information about the solvent accessibility and/or reactivity of a residue that 
can be used to probe protein structure and interactions. Although NMR and X-ray 
crystallography can give very detailed information about the solvent accesibility and 
environment of a specific residue, both methods are time-consuming and require 
miligrams of proteins. The development of mass spectrometry in protein science 
provides a sensitive and quick methodology for the measurement of molecular weights 
of peptide fragments, which allows one to identify the modified sites in the protein using 
micrograms of protein. 

In presented work tyrosine residues of three model proteins with known spatial 
structure (horse heart cytochrome c, chicken egg white lysozyme and human serum 
albumin) were modified with two reagents specific for tyrosine: tetranitromethane and 
iodine. Modified proteins were specifically digested with proteases and mass of resulting 
peptide fragments determined using MALDI-TOF (Matrix Assisted Laser 
Desorption/Ionisation Time Of Flight) mass spectrometer. For modified peptide 
identification, Bruker Biotools software was used to match the molecular mass of 
peptides against the protein amino acid sequences. 

Our results show that there are only small differences in the extent of tyrosine 
residues modification by tetranitromethane and iodine. However, data about solvent 
accessibility obtained by chemical modifications of reactive residues are not identical 
with those obtained by NMR and X-ray crystallography. These interesting discrepancies 
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can be caused by local molecular dynamics and/or by specific chemical structure of the 
residue´s surrounding. 
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Side chains of surface accessible amino acids play very important role in biological 
activities of proteins. They can act as a part of enzyme‘s active center or participate on 
many intermolecular interactions. Information about the surface accessibility of selected 
amino acids can contribute to understanding the protein structure and function. The main 
interest of this work is to find out whether a specific chemical modification of 
tryptophan side chain in a molecule of a native protein could reflect some relevant 
information about the accessibility and subsequently, information about the protein 
conformation. The reaction with 2-hydroxy-5-nitrobenzyl bromide (HNB) as a common 
and highly specific covalent modification of tryptophan seems to be very useful for this 
purposes1,2. 

This method is based on the side chain modification followed by the analysis of the 
tryptic digest by MALDI-TOF (matrix-assisted laser desorption/ionization time-of-
flight) mass spectrometry. The procedure was tested on model proteins with known 
spatial structure. Our experiments indicate that reactivity of tryptophan side chain is very 
complex and is not affected by its surface accessibility only, but also by its 
microenvironment formed by other side chains. Reagent concentration also plays 
significant role since the modification seems to influence a fine protein structure and its 
molecular dynamics; lower concentrations give more reliable conformational 
information. For all above mentioned factors positive reaction only can be interpreted as 
surface accessible amino acid. 
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Pathogen infection as well as action of other stress inductors are followed by excess 
production of  active oxygen species (AOS) in host plants1. Plants employ several 
defence mechanisms which operate either by preventing the formation of AOS or by 
scavenging them once they are formed. Plants have evolved non-enzymatic and 
enzymatic protection mechanisms that efficiently scavenge AOS. Enzymatic antioxidant 
system includes superoxide dismutase, peroxidases, catalase, monodehydroascorbate 
reductase, glutathion reductase, etc. Mechanisms of plant resistance to oomycete 
pathogens (including race-specificity but even non-host and field resistance) are mostly 
associated with hypersensitive reaction (HR)2. This form of programmed cell death 
follows perception of pathogen Avr genes products and is conditioned by oxidative burst 
in limited number of cells at the site of attempted infection3. AOS are discussed to 
operate both in signalling during the phase of recognition and irreversible membrane 
damage initiating HR (peroxidation of lipids), destruction of proteins and DNA, enzyme 
inhibition4. 

Six genotypes of Lactuca spp. as follows: L. sativa (UCDM2, Mariska), L. serriola 
(LSE/18, PIVT 1309), L. saligna (CGN 05271) and L. virosa (NVRS 10.001602) 
inoculated by Bremia lactucae race NL16 were subjected to AOS histochemical 
detection and time-course studies (6 to 96 hours after inoculation) of antioxidant 
enzymes such as catalase, peroxidase (POX) and superoxide dismutase (SOD). 
Genotypes UCDM2 (L. sativa) and LSE/18 (L. serriola) are susceptible to B. lactucae 



 
 

 36

race NL16, others express resistance differing in defence mechanisms5. Differences were 
found among and within studied Lactuca spp. genotypes in timing and extent of 
oxidative changes after challenge by B. lactucae. A dark blue insoluble precipitate of 
NBT6 caused by production of O2

.- (supposed signaling role) was not observed at any 
studied model interaction of Lactuca spp. - B. lactucae. H2O2 was visualized by reaction 
with 3,3´-diaminobenzidine (DAB), control experiments were performed in the presence 
of ascorbate (scavenger of H2O2)7. Visualisation of POX activity was performed by 
vacuum infiltration of DAB and H2O2 solution into leaves8. Steady weak signal of POX 
and H2O2 was characteristic for all L. sativa and L. serriola genotypes. Only in resistant 
genotypes stronger accumulation of H2O2 occurred at 48-96 hai (hours-after-
inoculation). Biochemical assays of POX9 revealed weak activities with enhancement at 
6 hai and slight steady increase from 36 hai and almost no changes of catalase activity10 
in both L. sativa genotypes and compatible LSE/18 (L. serriola). In resistant PIVT 1309 
the activity of POX culminated at 24-36 hai (correlation with histological data) and 
catalase culminated at 6 hai. In L. saligna an intensive signal for H2O2 was detected 
early after inoculation (6-12 hai), POX signal in infected leaves increased only at 18 hai 
with gradation from 24 to 48 hai, when the activity of enzyme was the highest. Catalase 
activity slightly increased until 18 hai. Prompt formation and extensive spread of 
hydrogen peroxide characterize resistance of L. virosa (consistent with phenotypic 
expression by HR). Timing of H2O2 accumulation and POX activation correlated, being 
enhanced early after contact with pathogen (6-12 hai), decreased at 18 hai to rise slightly 
again at 30-36 hai (attending pathogen growth retardation by HR) and subside at 48 hai. 
Catalase showed tendency to increase until 36 hai and to decrease later on. 

In general, incompatible interactions proved biphasic oxidative burst, whereas 
monophasic was found in compatible ones. The absolute values of enzyme activities in 
resistant wild Lactuca spp. were approximately twice higher when compared to others. 
Superoxide was not assessed histochemically in none of the studied genotypes of 
Lactuca spp. Failure to detect its accumulation might indicate that either O2

·- is not an 
intermediate or it is rapidly dismutated.  
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All bacteria are known to harbor restriction-modification systems as a defensive 
mechanism against inappropriate invasion of foreign DNA. Methylases typically alter 
specific nucleotides by addition of a methyl group, while restriction enzymes cut DNA 
that does not have correct methylation pattern of the species.   

Rhodobacter capsulatus belongs to the group of purple nonsulfur bacteria and is 
broadly used model organism in studies of fotosynthesis and nitrogen fixation. Three 
different clusters of genes encoding type I (RcpSBI, RcpSBII) and type III (RcpSBIII) 
DNA restriction - modification systems were found in complete nucleotide sequence of 
this bacteria. Here we describe genetic and biochemical analysis of restriction-
modification system RcpSBI. This cluster comprises of three genes for: DNA sequence 
specificity subunit (HsdS), modification subunit (HsdM) and restriction subunit (HsdR). 

Expression vectors carrying hsdS, hsdM, hsdR genes and their combinations were 
constructed. The hsdS and hsdM genes were expressed together in E. coli BL21 (DE3) 
and produce active RcpSBI methylase complex (MTase) which consist of one HsdS 
subunit (44.2 kDa) and two HsdM subunits (54.3 kDa). Proteins were isolated and 
purified by using ammonium sulphate precipitation, affinity chromatography on 
heparine and cibacron sepharose. The isoelectric point was determined to be 5.9. The 
HsdS:HsdM stoichiometry of MTase complex was verified as 1:2. By using radioactive 
substrate SAM and different DNA templates the recognition sequence was determined as 
AGAN7RTAG. New software developed specifically for the sequence determination 
from measured data, was used. Based on the knowledge of the recognition sequence 
preliminary kinetic data for DNA methylation was measured. The results were compared 
with the data known for MTases from other organisms. Endonuclease activity of RcpSBI 
restrictase (ENase) was not measured due to insolubility of HsdR subunit after cell lysis. 
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Cytokinin dehydrogenase (CKX, EC 1.5.99.12) controls cytokinin levels in plants 
by oxidative cleavage of their side chain. The amount of cytokinin dehydrogenase in 
plants is generally very low and its isolation and purification is thus challenging. The 
cloning of CKX gene from maize1,2 opened a new opportunity for study of CKX and 
cytokinin function in plants. In Arabidopsis thaliana, seven distinct genes coding for 
seven proteins (AtCKX1 to AtCKX7) were found. In present study we aim to prepare 
yeast strains for production of recombinant AtCKX2 and to characterize CKX enzymes 
in tobacco plants overexpressing individual enzymes from Arabidopsis thaliana. 

AtCKX2 gene was cloned into pYES2 and pDR197 yeast expression plasmids or 
integrated into yeast genome using vectors YIplac211 and pYESX. The Saccharomyces 
cerevisiae strain 23344c (MATα ura3) was used. CKX was secreted into the media in all 
tested yeast systems, the constitutive and inducible promoter driven expression showed 
comparable enzymatic activity. SDS-PAGE electrophoresis of concentrated yeast media 
did not show major differences in protein composition produced by individual yeast 
strains, though some differences in relative amount of proteins could be observed. The 
highest specific CKX activity was obtained with pYESX system. 

For characterization of individual CKXs, leaf extracts of wild-type and transgenic 
Nicotiana tabaccum L. cv. Samsun NN overexpressing Arabidopsis CKX genes 
AtCKX1 to AtCKX43, AtCKX6 and AtCKX7 genes, were used. The adult transgenic 
tobacco plants were tested for activity using various electron acceptors and substrates at 
various pH. Only AtCKX2 and AtCKX4 were found to be highly active proteins using 
N6-(2-isopentenyl)adenine and its riboside as substrates and 2,6-dichlorophenol 
indophenol (DCPIP) or 2,3-dimethoxy-5-methyl-1,4-benzoquinone (Q0) as electron 
acceptors, while activities of other CKXs were low. Furthermore, with these proteins no 
activity was observed without any artificial electron acceptor. The results indicate that 
the AtCKX1, AtCKX3, AtCKX6, and AtCKX7 enzymes probably use electron 
acceptors other than oxygen, DCPIP and Q0. The AtCKX2 and AtCKX4 proteins were 
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further characterized with respect to the organ distribution of activity, pH optima and 
substrate specificity. 
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Laccases (p-diphenol:O2 oxidoreductases) are multicopper enzymes catalysing the 
oxidation of p-diphenols with the concomitant reduction of molecular oxygen to water. 
Laccases are glycoproteins, usually monomeric, heterogeneous in their biochemical 
properties and molecular structures1. 

Soluble laccase was already used for the degradation of azodyes immediately after 
dyeing process. This way of degradation is not convenient in the textile industry due to 
the contamination and low stability of free form of enzyme molecules in the wastewater. 
The immobilization of laccase molecules on the appropriate supports is one of possible 
solution how to eliminate this disadvantage. Enzyme immobilization provides many 
advantages as: controlled product formation, enhanced enzyme activity, simplified and 
efficient processing, enzyme reusability2 and high storage stability.  

The choice of the matrix (chemical and magnetic properties, particle size and 
distribution, porosity) is a key factor influencing quality of the affinity reactor and the 
scope of final applications and/or process automation. The binding activity of reactors 
and economic feasibility of this process depends upon a combination of the 
immobilization efficiency and activity of the immobilized enzyme. Recently, magnetic 
spherical particles are gaining an increasing attention for highly efficient and gentle 
separation during the immobilization procedure.  
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Laccase was immobilized on various types of nonmagnetic and magnetic supports. 
Appropriate method of immobilization was chosen with regards to the operational and 
storage stability of immobilized enzyme, long-term efficiency and the economic 
availability of prepared reactor. Our aim is to optimise conditions of immobilization 
process on biopolymer cellulose, which is gaining an increasing attention in large-scale 
application not only due to cost. The main advantages of this support are the no toxicity, 
biodegradability and the price availability. Major objective of this research was to 
prepare stable and highly active laccase reactor even under extreme conditions as high 
concentration of salts, detergents, extreme level of pH, temperature.  
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Soybean proteins (Glycine max) are widely used in animal and human nutrition. 
They have found many applications in many different food products. The use of soybean 
proteins as meat extenders has spread significantly due to their good nutritional and 
functional properties. Together with these, health and economical reasons are the major 
causes for the addition of soybean proteins to meat products. Despite the good 
technological and nutrition properties of soybean proteins, there are many countries in 
which the addition of these proteins is forbidden or in which the addition of soybean 
proteins is allowed up to a certain extent. 
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Electrophoretic, immunologic, and chromatographic methods are the most widely 
used for detection of soybean proteins in meat products. Soy isoflavonoids as markers of 
soybean addition can be analysed by using capillary zone electrophoresis. It is also 
possible to use PCR for detection of soy DNA in meat products. Soybean proteins in 
meat products can be detected and quantified by polyacrylamide gel electrophoresis 
(PAGE-SDS).  

Proteomics is a powerful tool for identification of proteins separated by one or two-
dimensional gel electrophoresis. We chose 1D polyacrylamide gel electrophoresis 
(PAGE-SDS) as a separation method with Coomassie blue staining. 

Standard mixtures (beef meat, pork meat and soy isolate/concentrate) were 
prepared. Proteins extracted from these mixtures were separated by PAGE-SDS at the 
same time with meat protein extract and soy isolate/concentrate. Proteins from the 
molecular mass range between 31 – 35 kDa, 52 – 56 kDa and 68 kDa were selected for 
peptide mass mapping, because they correspond to molecular masses of soybean storage 
proteins (glycinin and conglycinin).  

Selected protein spots from the lanes of both meat samples and soy 
isolate/concentrate were excised from the gel, digested by trypsin, and peptides were 
analysed by MALDI-TOF mass spectrometry. Alpha and alpha´-subunit of conglycinine 
was identified in the soy isolate. Several proteins (bovine albumin, porcine albumin and 
transferrin and bovine L-lactate dehydrogenase) were identified in the meat samples. 
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This work deals with the combination of separation methods with matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) for the 
characterization of the barley proteins. Barley (Hordeum vulgare) proteins were 
extracted from the flour with plain deionized water and the obtained total aqueous 
extract was subjected to separation on the affinity column with immobilized 
Concanavalin A. In this way the fraction of the glycoproteins (high-mannose and hybrid 
types N-glycoproteins) that have affinity for this kind of lectin were enriched. The 
individual proteins (glycoproteins) contained in the non-bounded fraction as well as 
bounded fraction were then separated by using gel electrophoreses (SDS-PAGE; Bis-
TRIS gels; Coommasie staining). In the non-bounded fraction two proteins were selected 
and identified on the basis of peptide mass fingerprinting. AXIMA LNR (Kratos 
Analytical Shimadzu Biotech, Manchester, UK) was employed as the mass spectrometer 
and ProFound and MASCOT were used as the tools for peptide search. The first non-
bounded protein was identified as “Protein z-type serpin“ (P40076). It is a protein with 
400 AA length and molecular mass of 43220 Da. The second protein was determined as 
the β-amylase. In the bound fraction several intensive bands were detected and a lot of 
minor bands with molecular masses between 10-100 kDa.  
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Plant copper-containing amine oxidases (EC 1.4.3.6) catalyze the oxidative 
deamination of biogenic amines, which are known as cellular regulators, to form the 
corresponding aldehydes, ammonia and hydrogen peroxide. The enzymes are dimeric 
proteins containing both cupric ion and topaquinone as cofactors in each of the two 
subunits. They have been localized in the cell wall. Thus their physiological role, except 
for that in the catabolism of amines, may be seen in connection with the production of 
hydrogen peroxide that is utilized in peroxidase-mediated reactions in this cell 
compartment1. Here we report a study on the reaction of grass pea (Lathyrus sativus, 
GPAO) and sainfoin (Onobrychis viciifolia, OVAO) amine oxidases with pent-2-yne-
1,5-diamine (DAPY). DAPY reacted with the topaquinone cofactor and was only weakly 
oxidized. Prolonged incubations, however, resulted in irreversible inhibition of the 
enzymes. For GPAO and OVAO, the rates of inactivation of 0.1-0.3 min-1 were 
determined, the apparent KI values (half-maximal inactivation) were of 10-5 M. DAPY 
was found to be a mechanism-based inhibitor of the enzymes, since the substrate 
cadaverine significantly prevented from the irreversible inhibition by primary DAPY 
oxidation product – an unsaturated aldehyde. When GPAO or OVAO solutions were 
incubated with DAPY for a longer time, they turned yellow-brown (λmax = 310-325 nm 
depending on the working buffer). After dialysis, the color intensity was substantially 
decreased indicating the formation of a low-molecular-weight secondary product. To 
find its chemical structure, several analytical methods were involved. The compound 
provided positive reactions with ninhydrin, 2-aminobenzaldehyde and Kovac´s reagents 
suggesting a nitrogen-containing heterocyclic structure. When excited at 310 nm, it 
emitted fluorescence with a maximum at 445 nm similarly to pyrrole- and 
dihydropyridine-derived models. The secondary product was finally isolated using 
chromatographic methods. The compound did not irreversibly inhibit GPAO and its 
exact molecular weight was found to be 177.1377 by ESI Q TOF MS. Mass 
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spectrometry analyses (ESI Q TOF MS, MALDI PSD TOF MS) yielded fragment mass 
patterns consistent with the structure of a dihydropyridine derivative of DAPY and this 
was also confirmed by NMR experiments revealing N-(2,3-dihydropyridinyl)-pent-2-
yne-1,5-diamine. 
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Plant copper-containing amine oxidases (CAOs, EC 1.4.3.6) catalyze the oxidation 
of various amines. Once there was a hypothesis that the enzymes could oxidize 
cytokinins - plant hormones derived from adenine1, however, it has been shown that they 
rather cause inhibition2. Here we report a study on the reactions of three plant CAOs 
from grass pea (Lathyrus sativus), lentil (Lens esculenta) and a Mediterranean shrub 
(Euphorbia characias) with synthetic N6-aminoalkyl derivatives of adenine representing 
combined analogues of cytokinins and polyamines. The following compounds were 
prepared using an established method: N6-(3-aminopropyl)adenine, APAD; N6-(4-
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aminobutyl)adenine, ABAD; N6-(4-amino-trans-but-2-enyl)adenine, ATBAD; N6-(4-
amino-cis-but-2-enyl)adenine, ACBAD and N6-(4-aminobut-2-ynyl)adenine, ABYAD. 
First, reaction rates of enzymatic oxidation were measured to decide between substrate 
and inhibitory properties. Two of the studied adenine derivatives were found to be 
substrates (ABAD, ATBAD) and the corresponding Km values and reaction 
stoichiometry were measured. Surprisingly, ATBAD oxidation product caused inhibition 
of the enzymes and this was reflected in an unusual stoichiometry obtained 0.3 mol 
oxygen consumed in oxidation of 1 mol substrate. Absorption spectra recorded after the 
additions of ABAD or ATBAD to the enzymes clearly confirmed the interaction of the 
compounds with the cofactor topaquinone. Anaerobic absorption spectra of APAD, 
ACBAD and ABYAD reactions revealed a similar kind of initial interaction, although 
the compounds finally inhibited the enzymes. Kinetic measurements allowed 
determining both type and strength of those inhibitions. APAD and ACBAD seem to be 
reversible competitive inhibitors of all three enzymes. Instead, ABYAD fulfils criteria of 
a mechanism based inactivator. 
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Structures of the enzyme-inhibitor complexes have been extensively studied in the 
aim to understand protein-protein interaction and recognition. The structure of the 
complex formed by RNase Sa from Streptomyces aureofaciens strain BMK and wild-
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type inhibitor barstar from Bacillus amyloliquefaciens strain H2 was solved in our 
laboratory1. Barstar (Mr ~ 10,212), specific inhibitor of barnase, a ribonuclease from B. 
amyloliquefaciens H2, contains two cysteines at position 40 and 82, which do not form 
disulfide bond2. Barstar forms tight one-to-one non-covalent complex with RNase Sa 
(KD ~ 10-10 M) and sterically blocks its active site. The complex is stabilized by 
electrostatic interactions, hydrogen bonds and van der Waals contacts. 

Streptomyces aureofaciens strain R8/26 produces two intracellular polypeptide 
inhibitors of a ribonuclease3. The function of inhibitors is to prevent ribonuclease from 
being active prior its secretion. In spite of low identity of amino-acid sequences of 
barstar, SaI14 and SaI20 which is only about 13 %, streptomycete inhibitors inhibit also 
barnase with KD ~ 10-10 M. The genes of both ribonuclease inhibitors SaI14 and SaI20 
were cloned into pET 28a vector and expressed in E. coli B834. Wild-type inhibitor 
SaI14 (Mr ~ 14,034) contains two cysteines at position 41 and 70 and in solution forms 
polymers via intermolecular disulfide bonds. The SaI20 (Mr ~ 11,815) contains only one 
cysteine at position 29. It was shown, that in solution it forms dimers via intermolecular 
disulfide bond. The dimers of SaI20 inhibitor are inactive. To prevent dimerization of 
SaI20, Cys29Ala mutant was prepared. The modified gene of SaI20 was cloned and 
expressed in the same system as the gene of the wild-type SaI20. Production of mutated 
inhibitor during 20 hours at 24°C was induced by adding IPTG to the concentration of 
0.1 mM. The protein was purified using precipitations by streptomycin sulfate and 
ammonium sulfate followed by gel filtration on Sephadex G50 and ion-exchange 
chromatography on Mono Q column, yielding approximately 30 mg of purified protein 
from 9.0 g of cells. SDS-polyacrylamide and native gel electrophoresis confirmed purity 
of the inhibitor. Crystallization of modified SaI20 inhibitor, as well as its complex with 
RNase Sa is under way. 
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Oidium neolycopersici L. Kiss (tomato powdery mildew) is a biotrophic parasitic 
fungus occurring on greenhouse tomato crops in Europe and in the New World1. 
Extensive investigations have failed to detect resistance among existing tomato 
(Lycopersicon esculentum L.) cultivars1 and this has led to the search for resistance 
among wild Lycopersicon species2. However, very little information exists on resistance 
mechanisms in Lycopersicon spp. where some physiological and biochemical aspects 
play an important role3. For example production of reactive oxygen species (ROS: H2O2, 
O2

.-, OH.) and low molecular antimicrobial compounds (phenols, chinones, alkaloids) 
was followed by hypersensitive reaction of challenged plant cells4. The role of catalase 
(EC 1.11.1.6.) in the protection of plant cells against toxic H2O2 and the participation of 
various peroxidases (EC 1.11.1.7.) in stress-related physiological processes has been 
demonstrated5. 

In this study, we report on some aspects of defence responses of three Lycopersicon 
spp. (L. esculentum cv. Amateur – susceptible control, L. hirsutum (LA 2128) – resistant, 
and L. chmielewskii (LA 2663) – moderately resistant) to O. neolycopersici from the 
viewpoint of ROS production and function of antioxidant enzymes. Experiments were 
focused to quantification of H2O2 and phenolic compounds, lignification, extent of cell 
death (hypersensitive response) and changes in activity of various antioxidant enzymes 
(peroxidases, catalase) during O. neolycopersici infection. Modified method using KI 
demonstrated intensive H2O2 production in resistant Lycopersicon accessions in two 
phases, early after inoculation (4-8 hpi) and again 24-120 hpi, suggesting its signalling 
role in plant-pathogen recognition and HR. In susceptible L. esculentum cv. Amateur, 
very low concentrations of H2O2 were detected. These results well correspond with 
previous histochemical experiments6. Cytosolic, membrane- and ionic-bound peroxidase 
activity was measured by a modified method with guaiacol and syringaldazine. There 
was a relationship between production of H2O2 and the activity of guaiacol peroxidase 
(in resistant accessions increased at 8-12 hpi and again at 48-120 hpi). The activity of 
cytosolic enzymes was two folds higher than the activity of membrane- and ionic-bound 
enzymes. In late phases of infection, substantial increase of membrane-bound guaiacol 
peroxidase activity was recorded. Syringaldazine peroxidase increased at 48-120 hpi and 
its activity was half compared with the activity of guaiacol peroxidase. Considerable 
increase in ascorbate peroxidase activity, measured using modified method with 
ascorbate, was observed at 48 hpi in both resistant accessions. The assay of lipid 
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peroxidase activity, according modified method using thiobarbituric acid, revealed 
increase in enzyme activity in all investigated Lycopersicon accessions. However, the 
activity of this enzyme was lower in susceptible control than in resistant accessions. 
Catalase was detected by assay of H2O2 based on the formation of its stable complex 
with ammonium molybdenate. The increase in catalase activity during pathogenesis was 
characteristic for resistant accessions (L. hirsutum - 3 times, L. chmielewskii - 10 times 
increase at 120 hpi). The substantial increase in peroxidase and catalase activity at 120 
hpi is probably linked to intensive H2O2 production and the cell death observed at this 
time in the tissue of L. chmielewskii and L. hirsutum. Production of phenolic compounds 
was quantified using Folin-Ciocalteau assay and no changes in accumulation of cell wall 
bound phenols were observed during 120 hpi. On the opposite, the level of free cytosolic 
phenols increased at 4-8 hpi and again at 24-120 hpi in all studied Lycopersicon spp.  

The results of this study indicate to reciprocal relation among intensity of H2O2 and 
phenolic compounds formation, cell death, changes of activities of antioxidant enzymes, 
their timing and resistance level of studied Lycopersicon accessions.  
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Degradation of cytokinins in plants is controlled by flavoprotein cytokinin 
dehydrogenase (CKX, EC 1.5.99.12). Cleavage of the cytokinin substrate proceeds via a 
ternary complex involving covalently bound FAD cofactor and a quinonic electron 
acceptor 1,2. Maize kernels 3 weeks after pollination and 2-week-old maize seedlings 
were examined. CKX activity was monitored using a spectrophotometric assay of the 
product aldehyde with 4-aminophenol3. Histochemical localization of CKX activity was 
done with PMS/NBT redox-dye system. Activity of laccase was stained with 3,3’-
diaminobenzidine. Immunochemical detection of CKX protein was done using specific 
antibody against the enzyme from maize 4. CKX from maize showed the capability of 
using oxidation products of guaiacol, catechol, caffeic acid, acetosyringone, some 
flavonoids and several other compounds as electron acceptors. Further experiments 
revealed that the electron acceptors may be generated in vivo from plant phenolics by 
other enzymatic systems, e.g. peroxidase or laccase/catechol oxidase. Histochemical 
localizations of CKX by activity staining and immunochemistry using optical and 
confocal microscopy showed that CKX is most abundant in aleurone layer of maize 
kernels and in phloem cells of the seedling shoots. Co-staining of laccase/catechol 
oxidase activities in those tissues suggests possible cooperation of the enzymes in 
cytokinin degradation. Presence of unknown low molecular electron acceptors of CKX 
was detected in phloem exudates collected from maize seedlings. 
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The studied enzyme - aminoaldehyde dehydrogenase (AMADH, EC 1.2.1.19) from 
pea (Pisum sativum) - belongs to the group of NAD+-dependent dehydrogenases1. It 
catalyzes the oxidation of aminoaldehydes to the corresponding amino acids. It is 
involved in catabolic pathways of polyamines, which have been studied due to their 
regulatory properties in living organisms. Polyamines are oxidatively degraded by amine 
oxidases. There are two types of these enzymes: Cu-amine oxidases specific for 
diamines (DAO, EC 1.4.3.6.) and FAD-polyamine oxidases (PAO, EC 1.5.3.-.)2,3. 
Spermidine and spermine oxidation by PAO brings about the formation of 4-
aminobutyraldehyde (ABAL) and N-(3-aminopropyl)-4-aminobutyraldehyde (APBAL), 
respectively, with the additional formation of 1,3-diaminopropane and H2O2. The 
diamines 1,3-diaminopropane and putrescine are converted to 3-aminopropionaldehyde 
(APAL) and ABAL, respectively. DAO participate in putrescine oxidation, however, the 
enzymatic system metabolising 1,3-diaminopropane in plants have not been thoroughly 
studied up to date. APAL and ABAL are further metabolised by AMADH to β-alanine 
and γ-butyric acid - GABA1. Plant AMADH has been found in many representatives of 
Fabaceae and Poaceae. Properties of the pea enzyme has recently been characterised and 
its role in polyamine metabolism discussed4.  

AMADH localisation was studied in pea seedlings. An antiserum raised against 
purified pea AMADH protein was used to study the tissue distribution of this enzyme 
using immunocytochemical methods. The specificity of the polyclonal anti-AMADH 
rabbit antibody was verified by both immunoblotting and Ouchterlony immunodiffusion 
method. As a result, the antiserum could be used for immunocytochemical detections 
without any prior purification. Immunocytochemical localisation of AMADH under light 
microscope was carried out by an immunogold technique. The analysis confirmed 
previously published results obtained by a histochemical method, where the enzyme was 
visualised in tissues with the help of a nitroblue tetrazolium-based staining system5. Pea 
AMADH was localised in the roots, hypocotyls and epicotyls of etiolated pea seedlings. 
The enzyme was particularly seen in cells belonging to the pericycle, vascular cambium 
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and endodermis. A weak signal of gold particles was also found in the epidermis and 
rhizodermis. 

At the cellular level, the distribution of AMADH was studied by transmission 
electron microscopy. Gold particles were observed in the intracellular space, particularly 
in the cytoplasm and vacuoles. No signal was observed in the nucleus, endoplasmic 
reticulum, Golgi apparatus, mitochondria, peroxisome, chloroplast and the other plastids. 
AMADH protein was also localised in the cell wall. Our results indicate that AMADH 
may participate in the reactions of GABA production in the cytoplasm. In the cell wall, 
the enzyme probably functions in polyamine degaradation pathway initiated by the 
reaction of amine oxidase.  
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Polyamine catabolism in plants is mediated by amine oxidases. There are two types 
of these enzymes: copper-containing (Cu-AOs, EC 1.4.3.6) and FAD-containing 
(polyamine oxidases, PAOs, EC 1.5.3.-). Besides hydrogen peroxide, aminoaldehydes 
are formed in the reactions of Cu-AOs and PAOs1. These aminoaldehydes are further 
metabolised by NAD+-dependent aminoaldehyde dehydrogenases (AMADHs, EC 
1.2.1.19) to the corresponding amino acids2. Pea seedling AMADH has recently been 
purified to homogeneity and characterised in detail3. Plant Cu-AOs and PAOs are 
associated with the cell wall. A coupled function has been suggested for these enzymes 
and peroxidase (POD) localised in the apoplast. Both Cu-AOs and PAOs could represent 
sources of H2O2 for cross-linking reactions mediated by the peroxidase and thus may 
play an important physiologic role. A close relationship between the ligno-suberisation 
process and response to pathogen invasion catalysed by POD and AOs, which occur 
during wound healing of injured plants, has been reported4. AMADH activity has been 
localised in cells belonging to the pericycle, endodermis and vascular cambium in 
different organs of pea seedlings5.  

The influence of mechanical stress on the activity of the mentioned enzymes in 
plants was investigated. First we studied the distribution of Cu-AO, POD and AMADH 
activities in intact pea seedlings. A gradual decrease in Cu-AO and POD activities was 
observed from the first to the fourth internode. Interestingly, AMADH activity was 
similar in all the internodes. A significant increase in Cu-AO and POD activities 
appeared after a mechanical injury of the fourth internode. In the same plants, AMADH 
activity increased until the fourth day after the healing processes had started and then it 
decreased. In control plants, AMADH activity could not be detected in the epidermis by 
histochemical methods. However, a violet colour that appeared at the place of the 
mechanical injury signalised an increased activity of this enzyme in wounded plants. 
This clearly showed that this enzyme also participates in plant response against stress. 
We further focused on the production of polyamines and γ-aminobutyric acid (GABA) 
in the wounded plants. A major part of GABA production in plant is covered by the 
reaction of glutamate decarboxylase. However, there is another minor pathway, which 
originates from putrescine oxidation to 4-aminobutyraldehyde6. Polyamine concentration 
reached a maximum on the second and third day after the injury. During healing of the 
wounded pea plants, a large accumulation of GABA was observed, namely in the first 
three days after the mechanical injury. In conclusion, the results obtained with 
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polyamines and GABA correlated well with the observed time distribution of activity 
changes of Cu-AO, POD and AMADH. 
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Polyamines are regulatory substances involved in key developmental processes1,2. 
The catabolic regulation of polyamines is mediated by quinoprotein Cu-amine oxidases 
(Cu-AOs; EC1.4.3.6) and flavoprotein FAD-polyamine oxidases (PAOs; EC 1.5.3.-)2,3. 
In plants, these enzymes produce aminoaldehydes, which are further metabolised by 
NAD+-dependent aminoaldehyde dehydrogenases (AMADHs, EC 1.2.1.19 or 1.2.1.54). 
AMADHs have been found in legumes and grasses4, the enzymes from pea and oats 
were purified to homogeneity and characterised5,6. Pea AMADH has been localised in 
tissues of etiolated seedlings using histochemistry7. 

Here we report a screening study directed to the occurrence of AMADH in various 
plant species belonging to legumes (Fabaceae) and grasses (Poaceae). Fenugreek was 
chosen as a legume, the cereals barley, maize, oats, rye, triticale and wheat were 
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representatives of grasses. 3-Aminopropionaldehyde (APAL) served as a substrate for 
AMADH assay. Activity level of the enzyme was significantly higher in fenugreek then 
in the rest of the listed plants. As regards to activity distribution, significant differences 
were demonstrated. In the studied grasses, highest AMADH activity was measured in 
the roots. An inverse trend was found for fenugreek, where the activity appeared 
particularly in the above-ground parts of seedlings. AMADH activity changes during 
early development stages of the studied plants (2-14 days after germination of seeds) 
were similar in both roots and above-ground parts. The highest activity was detected in 
2-day-old seedlings, and then a slow decrease followed until the day 5. A new flat 
activity maximum was observed between the days 6 and 9. 

Using a nitroblue tetrazolium-based staining system, AMADH activity in all the 
studied cereals was histochemically detected in the central cylinder of the root, 
coleoptile and primary leaf. With the exception of wheat, AMADH activity was also 
localised in the root endodermis. Wheat, barley and oat additionally provided a positive 
staining in the leaf epidermis. In triticale, interestingly, the activity was further 
visualised in the rhisodermis. The histochemical localisation of AMADH in the legume 
fenugreek corresponded well to previously published results obtained with pea seedlings, 
where the enzyme was visualised in cells belonging to the pericycle, vascular cambium 
and endodermis7. However, a weak colour signal was additionally found in the 
epidermis and rhizodermis.  

An anti-pea AMADH rabbit antiserum was raised by immunisation and examined 
for possible application in immunohistochemical localisations of AMADH proteins in 
plants. The antiserum was subjected to both immunoblotting and Ouchterlony 
immunodiffusion tests to evaluate its specificity and cross-reactivity. Positive 
precipitation results were achieved with extracts of all the studied plants indicating the 
presence of AMADH proteins. The anti-pea AMADH polyclonal antibody was specific 
and the antiserum could be used without any further purification. There appeared 
identity lines in the Ouchterlony tests performed with legumes (pea and fenugreek) only 
and also within the studied cereals. Instead, in comparison between legumes and cereals 
the results showed non-identical antigenic epitopes in the corresponding AMADHs. The 
prepared anti-pea AMADH antibody was finally utilised as a primary antibody in 
immunohistochemical localisation experiments using light microscope. A commercial 
goat anti-rabbit IgG conjugate with colloidal gold particles (10 nm) was used as a 
secondary antibody. The immunogold patterns observed resembled the mentioned results 
of histochemistry. 
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The integral membrane protein CD36 is a hydrophobic protein on mammary 
epithelial cells, platelets, capillary endothelial cells and other cell types. Protein CD36 - 
platelet glycoprotein IV is recently best known also as a receptor for thrombospondin-1 
and collagen and as such may have an important role in platelet activation and thrombus 
formation. CD36 also functions as a signal transduction molecule. Spontaneously 
Hypertensive Rat (SHR) displays many of the features of human metabolic disease 
syndroms, thus SHR can be used as a model of mutation in CD36 and study of its CD36 
protein. 

CD36 from heart muscle has been isolated from both SHR and the WKY (Wistar 
Kyoto) as a control by six step isolation with subsequent HPLC ion exchange 
chromatography.  

CD36 has been isolated from purified platelet membranes of SHR, WKY as a 
control and also transgenic rat platelets. 

Analysis of purified platelet CD36 by two-dimensional electrophoresis has revealed 
formation of multimeric CD36. There have been differences between preparations from 
SHR and control WKY platelet CD36. Immunoblotting also identified CD36 on whole 
platelet and on the surface of U937. Platelest of different strain also differ in number of 
receptors per cell. Results with transgenic line of rat SHR 10 and SHR 19 were studied. 
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Indirect fluorescence technique has been used for detecting CD36 proteins on the surface 
of cells. There have been significant differences in the expression of CD36 protein on 
the surface of blood platelets of SHR and WK rat strains and substantial higher number 
of CD36 positive platelets in control strain of rats. 

Preparation of raw CD36 from rat platelet was subsequently purified on protein G-
agarose using specific interaction with monoclonal antibodies anti human CD36. 
Posttranslation modifications phosphorylation and mainly glycosylation of CD36 from 
rat platelet has been studied. Monoclonal anti-human thrombospondin receptor by 
Biodesign Int. US has been used for monitoring of rat CD36. Rabbit polyclonal 
antibodies raised against purified rat muscle CD36 gave a strong band on immunoblot 
and on immunoprecipitation with solubilized human and rat platelet membranes. 

RNA interference (iRNA) is a highly conserved gene silencing mechanism that uses 
double-stranded RNA (dsRNA) as a signal to degradation of homologous mRNA in 
sequence to the dsRNA. The method is useful for reverse genetic analysis of mammalian 
gene function in any aspect of cell biology such as gene expression, metabolic pathways 
or cell cycle. The techniques make possible analysis of gene function, provided that 
transfectable cell lines are used and that single cell-based assays (e.g 
immunofluorescence) are used for phenotypic screening. The high sequence-specificity 
of siRNA and relative simplicity of administering dsRNA to organism whose genomes 
have been sequenced is promising candidate for biomedical application. 

One way of detecting CD36 gene knockdown is to use a specific antibody by 
immunofluorescence techniques (e.g. rhodamine, fluorescein isothiocyanate) or by 
Western blotting of cell extract.  

Real time reverse transcription polymerase chain reaction (RT PCR) is widely used 
to quantify mRNA. Being a very powerful and sensitive method it will be used to 
quantify mRNA expression level during knockdown of CD36 mRNA.  

In our preliminary results we have found significant differences between transfected 
and control nontransfected 3T3 fibroblast cell culture. 72 hours of cell cultivation seems 
to be optimal for transfection observation. Dose dependent transfection, optimal 
transfection media and work with cell culture has been already thoroughly tested.   
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The principle of lectin affinity chromatography is suitable for study and isolation of 
various glycoforms of signature peptides of highly heterogeneous biomolecules. This 
type of chromatography combines simplicity with high resolution for peptide mapping 
technique.  

Lectins are defined as a sugar-binding multivalent proteins or glycoproteins of non-
immune origin which are devoid of enzymatic activity towards sugars to which they bind 
and do not require free glycosidic hydroxyl groups on these sugars for their binding. 
They agglutine cells and/or precipitate glycoconjugates1,2. Lectins when immobilized 
and employed as the affinity ligands for the purification of glycoconjugates offer an 
advantage since only mild conditions need be applied to elute the protein of interest. The 
metal ions Ca2+ and Mn2+ are essential constituents of the sugar binding sites and are also 
essential for the tertiary structure of lectins.  

Selected biotinylated lectins (Vector Laboratories, USA): Concanavalin A with 
affinity to α-D-mannose and α-D-glucose residues, Griffonia simplicifolia I with affinity 
to N-acetyl-α-D-galactosamine and α-D-galactose residues, Griffonia simplicifolia II 
with affinity to α- or β-N-acetylglucosamine residues have been immobilized using high 
affinity interaction streptavidin - biotin on magnetic microparticles functionalized by 
carboxyl group (IMCh, CAS) using EDAC and S-NHS technique. 

As a model glycoprotein for study of post-translation modification – conserved N-
glycosylation - we have selected highly heterogeneous molecule of IgG. IgG conserved 
oligosaccharide moiety on asparagine 297 is the complex biantennary type and exhibits 
heterogeneity with respect to the terminal sugars attached. The minimal structure 
observed for normal human IgG is a heptasaccharide having terminal N-
acetylglucosamine residues, the possible addition of galactose and subsequently sialic 
acid contributes to the generation of multiple glycoforms of IgG. 

Newly developed enzyme microreactors (IMERs) with immobilized neuraminidase 
(sialidase) and β-D-galactosidase have been used for modification of oligosaccharide 
chains of IgG. Neuraminidase (sialidase) from Clostridium perfringens is 
exoglycosidase, which removes α-linked N-acetylneuramine acid from glycoside chain. 
β-D-galactosidase from bovine liver catalyzes the hydrolysis of lactose and many β-D-
galactopyranosides.  

Lectin affinity chromatography using immobilized lectins affinity reactors (IMARs) 
have been used to select various glycoforms of signature peptides from TPCK-tryptic 
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digest of IgG. After lectin affinity selection of these various glycoforms elution fraction 
have been identified by MALDI-TOF-MS. 
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Bacteria generally need to express only part of their genome to become structural 
and functional units of an environment. Continual changes in environmental conditions 
can then be accommodated by complex but efficient mechanisms that alter the pattern of 
gene expression. While the exhaustion of a building block may require the induction of a 
particular operon, severe stress conditions causing growth arrest are more complex, 
requiring global control systems for regulation above the operon level. Cadmium, an 
extremely toxic heavy metal with no known biological function, causes growth arrest of 
Escherichia coli cells accompanied by elevated expression of the entire set of genes, 
which together make up the cadmium stress stimulon1. Some of cadmium-induced 
proteins (CDPs) belong to global regulatory networks, which include the SOS, oxidative 
stress, heat-shock and stringent response networks1. However, only a limited number of 
the proteins in these regulons are induced during cadmium exposure and the synthesis of 
these CDPs constitutes a minor fraction of the overall cellular response. In addition, 
these general stress responses are only transiently activated during cadmium induced 
growth inhibition. When proliferation resumes, these regulons are down regulated and 
expression reaches a new steady-state level1. Other CDPs, however, are specific to 
cadmium stress. These CDPs retain an elevated production level even in accommodated 
cells. One of these proteins has been identified as the product of ORF o2161, later 
renamed yodA. The yodA ORF encodes 216 amino acid residues of the YodA protein 
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and the increased synthesis of YodA during cadmium stress was found probably to be a 
result of transcriptional activation from one single promoter upstream the structural 
yodA gene2. In addition, the YodA protein was crystallized in several crystal forms by in 
vitro experiments3, and its crystal structure has been determined4. The protein is 
composed of two domains: a main lipocalin/calycin-like domain and a helical domain. 
According to proposed three-dimensional model for this receptor, YodA may be a metal-
binding protein4. 

In the present work we have reported regulation of yodA gene, localization of YodA 
in cell and, to be ensuring that YodA is able to bind metal in vivo conditions as well, we 
have constructed a mutant of E. coli with an insertional inactivation of the yodA gene. 

The rate of YodA synthesis began to increase 15 min after cadmium addition. The 
increased synthesis of YodA during cadmium stress was found probably to be a result of 
yodA expression. Analysis of a transcriptional gene fusion, PyodA-lacZ, demonstrated 
that basal expression of yodA is low during exponential growth and expression is 
increased greater than 50-fold by addition of cadmium to growing cells. However, 
challenging cells with additional metals such as zinc, copper, cobalt and nickel did not 
increase the level of yodA expression. Hydrogen peroxide also increased yodA 
expression but after a time lag compared with the cadmium response, whereas the 
superoxide-generating agent paraquat failed to do so. Cadmium-induced transcription of 
yodA was shown to be dependent on soxS, fur, and relA/spoT of the stringent response 
but not on oxyR. Although primarily a cytoplasmic protein in nonstressed cells, YodA 
was shown to be exported to the periplasm upon exposure to cadmium. 

YodA mutants were isolated after insertional mutagenesis of yodA clone pAL11 
(kindly supported by T. Nyström laboratory) by use of the kanamycin resistance gene 
block from Pharmacia Biochemicals. The mutation was crossed into the chromosome of 
strain K4633 (recD) and subsequently introduced into strain MC4100 by standard P1 
transduction procedures. Kanamycin-resistant recombinants were then analyzed by 
Western blot to confirm their inability to synthesize protein YodA. One of these mutants, 
JH6503, devoid of YodA expression, was further tested for its growth ability in presence 
of cadmium and for ability to bind cadmium. γ-Labeled 109Cd experiments confirmed 
ability of wild type YodA to bind cadmium whereas the mutant failed to do so. In 
addition, yodA mutant cells have lagged in growth ability in presence of the metal, 
related to the degree of a growth level of wild type cells. Hydrogen peroxide also lagged 
growth rate of the mutant cells, but not significantly. However, challenging cells with 
additional metals such as nickel did not significantly affect on growth rate of the mutant. 
This growth phenotype was found to be the result of the loss of its ability to bind 
cadmium. 
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Exo-acting starch degrading enzymes called glucoamylases can be divided into two 
groups: enzymes capable to degrade exclusively soluble starch and enzymes capable to 
degrade also insoluble, raw starch. 

It has been known that an external domain, so called starch binding domain (SBD) 
is responsible for raw starch degradation. This domain is connected to the main 
glucoamylase chain through a short linker1.   

Three wild type strains of the dimorphous yeast S. fibuligera produce glucoamylases 
with a high degree of homology with different catalytic activity, ability to degrade raw 
starch, ability to renature after a thermal denaturation. These three strains: HUT 7212, 
KZ and IFO 0111 produce glucoamylases Glu, Gla and Glm, respectively. 

Glu glucoamylase is our model enzyme with RTG determined 3D structure2. The 
enzyme is capable to bind to raw starch but not capable to digest it. Among three tested 
glucoamylases has a highest catalytic activity. Its ability to renature after thermal 
denaturation is relatively good. 

Gla glucoamylase differs from Glu enzyme only in 6 aa residues. Its catalytic 
activity is about 50% lower in comparison to Glu enzyme. Serine 457 instead of glycin 
is responsible for the reduced specific activity3. Affinity of Gla towards raw starch is 
similar as at Glu enzyme. Gla enzyme is capable of an excellent renaturation after heat 
treatment at 100°C4. 

Glm is the only known yeast glucoamylase capable of raw starch digestion. Its 
catalytic activity is comparable with Glu enzyme. The enzyme represents a unique 
structure among a broad spectrum of amylolytic enzymes: although capable of raw 
starch degradation it does not contain a separate starch binding domain. Starch binding 
site of the enzyme is integrated within a catalytic domain5. The enzyme exposed to 70oC 
loses ability to renature. The 3D model of Glm was calculated on the base of its 
similarity to the Glu enzyme.   

The goal of the work was to prepare a series of chimerical glucoamylases of S. 
fibuligera from the wild type genes encoding the above mentioned enzymes with the aim 
to obtain glucoamylases with improved technological properties. The chimerical genes 
were constructed by exchanges of various lengths of N-, and C-termini of Glu, Gla and 
Glm,  in the identical restriction sites. After expression in Saccharomyces cerevisiae, the 
physico-chemical properties of the purified recombinant enzymes were compared. 
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Various strains of food-born yeast Saccharomycopsis fibuligera produce 
extracellular glucoamylases with a high degree of homology in primary and tertiary 
structures that differ in physico-chemical properties1,2. 

   Glucoamylase Glu produced by S. fibuligera HUT7212 strain is one of the best-
described glucoamylases. 3D structure of the enzyme has been determined in a complex 
with TRIS molecule bound in the active site3. Here we present the 3D structure of Glu in 
complex with the specific amylase inhibitor acarbose, having a structure similar to 
starch. It was found out that Glu binds two molecules of acarbose. One acarbose 
molecule, as expected, was bound in the active site of the enzyme and the other one 
interacted with four aa residues (R15, H447, D450, T462) localized in the region distinct 
from the catalytic site (unpublished results). 

During characterization of glucoamylase Glu we have found out that this enzyme, 
although unable of raw starch digestion, has a strong affinity towards this substrate.  

Glucoamylase Glm produced by S. fibuligera IFO 0111 strain is the only yeast 
amylolytic enzyme capable of raw starch digestion. Glm, highly homologous to Glu, has 
a unique structure because it does not contain a separate starch-binding domain (SBD) 
typical for all known raw starch degrading amylases. Our preliminary results show that 
the raw starch-binding site (SBS) is an integral part of the catalytic domain of Glm4.  

From comparison of Glu and Glm 3D structures we deduce that one acarbose 
molecule might be bound in the region of starch binding site. To prove this hypothesis, 
the double mutant of Glu, in aa residues interacting with acarbose (H447A, D450A) 
outside of the active site, was prepared. The recombinant protein, expressed in 
Saccharomyces cerevisiae was isolated, characterized and compared with the wild type 
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enzyme. The mutant retained, on soluble starch, the full catalytic activity of the wild 
type enzyme but lost the ability to adsorb on raw starch. It is evident that the mutation 
influenced the binding of enzyme on insoluble substrate and that we localized the region 
of the putative starch binding site.  
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Ferric iron reductases, which catalyze the reduction of various complexed forms of 
Fe(III), are widely spread within bacterial kingdom1. Conversion of Fe(III) to more 
soluble Fe(II) generally increases the bioavailability of iron. Some of these enzymes are 
associated with cytoplasmic membrane, some are present in soluble form in cytoplasm 
or periplasm2, and some are excreted into extracellular medium3. In our work, two 
soluble enzymes (FerA and FerB) catalyzing the reduction of a number of iron(III) 
complexes by NADH, were purified to homogeneity from the aerobically grown iron-
limited culture of Paracoccus denitrificans using a combination of anion-exchange 
chromatography, chromatofocusing and gel permeation chromatography and 
characterised with respect to kinetics of enzyme reaction. Fe(III)-nitrilotriacetate was 
chosen as the best artificial substrate for activity measurements. FerA (pI 6.9) is a 
monomer with a molecular mass of 19 kDa, whereas FerB (pI 5.5) exhibited a molecular 
mass of about 55 kDa and consists of probably two identical subunits. Both NADH and 
NADPH serve as electron donors for FerB whereas FerA uses NADH exclusively. FerA 
can be classified as an NADH:flavin oxidoreductase with a sequential reaction 
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mechanism. It requires the addition of FMN or riboflavin for activity on Fe(III) 
substrates. Observations on reducibility of Fe(III) chelated by vicinal dihydroxy ligands 
support the view that FerA takes part in releasing iron from the catechol type 
siderophores synthesized by P. denitrificans. Contrary to FerA, the purified FerB 
contains a noncovalently bound redox-active FAD coenzyme, does not reduce free FMN 
at an appreciable rate, and gives a ping-pong type kinetic pattern with NADH and 
Fe(III)-nitrilotriacetate as substrates. N-terminal sequences of FerA, FerB were 
determined and database searches revealed that the sequence of FerB is homologous to 
chromate reductase of Pseudomonas putida. Indeed, FerB has chromate reductase 
activity. Besides this, it also readily reduces quinones like ubiquinone-0 (Q0) or 
unsubstituted p-benzoquinone.  
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Streptomycetes are unique among bacteria in their mycelial, sporulating life cycle, 
which involves complex regulation of gene expression in space and time. These 
characteristics of members of the genus Streptomyces have generated considerable 
interest in their genetics and physiology. 

Malate dehydrogenase (MDH) is an integral enzyme in several metabolic processes. 
The reaction catalyzed is the reversible oxidation of L-malate to oxaloacetate using 
either NAD(H)+ or NADP(H)+ as a coenzyme. 
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Malate dehydrogenases from different sources have been characterized extensively, 
including crystal structure analyses of malate dehydrogenases from mesophilic, 
thermopholic, halophilic and psychrophilic organisms. 

We isolated the Streptomyces coelicolor A3(2) malate dehydrogenase from 
overexpression strain E. coli IB831 and the His-tag from the isolated malate 
dehydrogenase was cut by biotinylated thrombine. Isolated Streptomyces coelicolor 
A3(2) malate dehydrogenase without His-tag we used for estimation of pH optima, 
molecular mass determination of subunit, coenzyme specificity and for crystallisation 
screening. 
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Thioredoxin, thioredoxin reductase and coenzyme NADPH together form 
thioredoxin system, which is ubiquitous from Archae to man. Thioredoxins are 
ubiquitous small-molecular-mass heat-stable proteins containing a reducible disulfide 
bridge with the amino acid sequence Cys-X-X-Cys. Thioredoxin reductases, flavoprotein 
homodimeric enzymes, catalyse the NADPH-dependent reduction of thioredoxin 
disulfide1. Reduced thioredoxin acts as a major ubiquitous disulfide reductase 
responsible for maintaining proteins in their reduced state. Glutathion can act in 
preservation of thiol-disulfide status in the cells similar to thioredoxin. Interestingly, 
glutathione is not produced by actinomycetales, so Streptomyces are suitable model for 
study of thioredoxin system.  

Streptomyces are Gram-positive spore-forming soil bacteria with specific life cycle. 
Streptomyces strain S. coelicolor is geneticaly the best known representative of the 
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genus. The 8.667.507 base pair linear chromosome of this organism contains the largest 
number of genes so far discovered in a bacterium1. 

In presented work we over-expressed thioredoxin and thioredoxin reductase from S. 
coelicolor with His.Taq fusion on N-terminal end of proteins in E. coli. Proteins were 
purified by metal chelate affinity chromatography. Homogenous proteins were used for 
investigation of protein stability, their role in the redox control in the cell and study of 
protein-protein interaction. Thioredoxin was used for the crystallization trials and 
crystallization conditions for thioredoxin from S. coelicolor were determined. We have 
obtained the crystals suitable for X-ray diffraction analyses. The preliminary X-ray study 
has showed that protein crystallized in P222 space group with cell parameters 33.2, 43.5, 
143.9, 90.0, 90.0, 90.0.  
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Acidic extracellular pH (pHe) is a characteristic feature of tumor microenvironment 
that facilitates tumor progression via multiple effects including increased invasion and 
metastasis. It has been believed to result from aerobic and anaerobic glycolysis that 
generates excess of lactic acid, which is then poorly removed by inadequate tumor 
vasculature. This is especially important in hypoxic tumor cells that are largely 
dependent on glycolysis for energy production. However, lactic acid is not the only 
source of interstitial acidity, because tumors grown from glycolysis-deficient cells are 
also acidic. Recent physiological studies strongly support involvement of CO2 
metabolism driven by carbonic anhydrases (CA), which catalyze the reversible hydration 
of carbon dioxide to bicarbonate and proton. Mammalian CAs exist in 15 isoforms that 
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differ by domain composition, subcellular localization, enzyme activity and function. 
Transmembrane carbonic anhydrase IX (CA IX) is the only isoenzyme, which is tightly 
associated with human tumors and absent from the corresponding normal tissues. CA IX 
is a highly active enzyme and its level is strongly inducible by tumor hypoxia. Based on 
the extracellular localization of the enzyme active site, CA IX has been proposed to 
regulate pH across the plasma membrane. However, despite strong indirect arguments in 
favor of this concept, there was no real evidence for active participation of CA IX in the 
pH control. In order to bring such direct evidence, we focused on the capacity of CA IX 
to acidify extracellular medium in cell culture, using as a model MDCK epithelial cells 
transfected with the cDNA encoding the human CA IX (MDCK-CA IX) and control 
mock-transfected MDCK cells (MDCK-neo). MDCK-neo cells did not contain any 
endogenous CA IX protein, whereas MDCK-CA IX cells ectopically expressed CA IX 
from the constitutive promoter and the level of CA IX protein was therefore independent 
of oxygen supply as documented by Western blotting analysis. Incubation of the cells in 
normoxia versus hypoxia (2% O2) for 48 h resulted in marked differences in their pHe. 
MDCK-CA IX and MDCK-neo cells showed approximately the same pHe under 
normoxia. In both cell types, the values of pHe were more acidic in hypoxia than in 
normoxia due to increased production of lactate. However, pHe of hypoxic MDCK-CA 
IX cells was further decreased and became significantly lower (~ 0.4) than that of 
hypoxic MDCK-neo cells. Because there was no significant difference in lactate 
production from MDCK-CA IX compared to MDCK-neo cells under hypoxia, this 
finding clearly indicated direct contribution of CA IX. Moreover, the levels of CA IX 
protein were similar in normoxia and hypoxia, so this effect could be assigned to 
hypoxic stimulation of CA IX catalytic activity. Expression of the CA IX-DCA protein 
lacking the central CA domain with the active enzyme site did not lead to hypoxia-
related acidification of pHe, whereas CA IX-DPG variant with deletion of the N-
terminal region behaved similarly as the wild-type CA IX protein. This result confirmed 
the involvement of the catalytic activity of CA IX in the extracellular acidosis. In 
conclusion, our study brought the first evidence for the role of CA IX in the pH control. 
We showed that hypoxia activates the catalytic performance of CA IX leading to 
acidification of the extracellular pH, what may have important implications for tumor 
growth and progression. 
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Gram-positive high-GC soil bacterium Corynebacterium glutamicum has a long 
history of commercial use as producer of various amino acids, notably lysine and 
glutamic acid. C. glutamicum grows on a variety of carbohydrates and organic 
compounds as carbon and energy sources. 

 Nowadays, however, ethanol became energy source of interest for its potential as a 
fuel additive, matching features of petroleum, and as a starting material for manufacture 
of large number of chemicals, such as acetaldehyde, butanol and ethylene. This recent 
call brought about number of new ethanol-producing microorganisms. Among them, 
engineered C. glutamicum expressing recombinant NAD+/Zn-dependent alcohol 
dehydrogenase (ADH) from Zymomonas mobilis was reported which can efficiently 
produce ethanol. 

 Wild-type bacterium can not produce ethanol by using its own ADH that serves 
rather catabolic role. The work presented here describes isolation and genetic 
characterization of adhA gene encoding ADH from C. glutamicum R (CgADH). The 
deduced 36.9-kDa CgADH of 345 amino acids shares more than 45% identity with 
NAD+-cofactored Zn-dependent ADHs from Pseudomonas aeuginosa, Sinorhizobium 
melioti and Bacillus stearothermophilus. Chromosomal inactivation of the adhA gene 
and its complementation with extrachromosomal adhA in disruptant mutant 
demonstrated that adhA plays an essential role in utilization of ethanol and n-propanol. 
Although the same NAD+-dependent ADH activity was induced in wild-type cells, but 
not in adhA-null cells, also by methanol, 2-propanol and butanol, these alcohols did not 
support growth of C. glutamicum R. The RNA hybridization analysis revealed that adhA 
transcript is present in cells grown on ethanol and n-propanol, but not on glucose, 
thereby suggesting that this ADH is an inducible enzyme. Glucose repressed ADH 
activity in growing cells and its negative regulation was dominant over presence of 
inducer ethanol. The ADH activity was detected only after all glucose was consumed. 
Two DNA features located in the adhA promoter region were proposed possible 
regulatory elements, responsible for induction and/or repression of adhA transcription. 
Set of plasmids was constructed with various deletions of putative regulatory DNA 
elements. The biochemical properties of recombinant CgADH are present.   
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Investigation of the proteome of various species is a rather difficult task. In contrast 
to the static genome, the proteome is dynamic and reflexes the real state of life. The 
modern solution of this problem was enabled by the recent developments in molecular 
biology, bioinformatics and mass spectrometry. It brought the protein sequence 
databases and the sensitive mass spectrometry instruments suitable for investigation of 
proteins. The combination of suitable separation technique together with exact mass 
spectrometry measurements and the use of bioinformatics give new possibilities to study 
the proteome of various organisms. The proteomic approach to the characterisation of 
the metabolic and storage protein content in cereal grains may bring fundamental 
information on the relationships between protein composition and food quality (e.g. 
dough properties, malting, problems with celiac disease). 

A MALDI-TOF mass spectrum of an in-gel digest often contains not only expected 
peptide signals, but also peaks of different origin (autolysis peptides, post translationally 
modified peptides, peptides from nonspecific cleavages, contaminants in the sample 
etc.). Peptides originating from unexpected enzyme activity or as a product of the 
chemical treatment during protein cleavage and/or peptide extraction are termed as 
"nonspecific peptides". 

This work is focused on identification of low molecular mass proteins from aqueous 
extract of barley grain and high molecular mass proteins from ethanol extract of wheat 
grain by using peptide mass fingerprinting and post-source decay analysis of nonspecific 
peptides both for protein identification and for increasing of the protein sequence 
coverage by MALDI-TOF MS. Seamless post source decay analyses of tryptic and 
nonspecific peptides were used for the successful protein identification of low molecular 
mass proteins isolated from barley grains. The mixture of these proteins was located in a 
single band on the electrophoretic gel and it was not possible to identify the proteins just 
by peptide mass fingerprinting with considering only specific cleavage sites. Post source 
decay analysis of nonspecific peptides enabled both protein identification and increase of 
protein sequence coverage. Several prolamins were determined in wheat grains by 
fragmentation analysis by MALDI-QIT MS. 
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Advances in proteomics strongly encourage the scientific community to treat protein 
not only as a set of amino acids but to pay attention to all possible protein modifications 
and conformations. Apart from the protein phosphorylation, the glycosylation fulfils one 
of the key roles in protein recognition, interaction and stability. 
The talk will cover general approaches for detailed mapping of protein glycosylation, 
including the most recent techniques. Besides that, several examples how mass 
spectrometry was used in studies dealing with glycosylation will be shown. 
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Fungal β-N-acetylhexosaminidases (chitobiases, EC 3.2.1.30) are secreted enzymes 
that hydrolyze chitobiose into monosaccharides. The enzymes are physiologically 
important for the formation of septa in molds, germ tubes in yeast, and fruit bodies in 
fungi1. Moreover, they have found many applications in biotechnologies due to their 
unique abilities to synthesize new and unusual oligosaccharide structures2. 

We have cloned and sequenced β-N-acetylhexosaminidase from the collection strain 
of Aspergillus oryzae CCF10663. This enzyme is composed of four polypeptide 
segments. The N-terminal signal peptide is cleaved intracellularly. The zincin-like and 
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catalytical domains define the enzyme as a member of family 20 glycohydrolases. 
Homology modeling revealed significant similarity with the two crystallized bacterial β-
N-acetylhexosaminidases. 

Fungal β-N-acetylhexosaminidases contain a unique N-terminal propeptide that is 
processed intracellularly before the secretion of the enzyme. Detailed pulse-chase and 
inhibition studies revealed that the propeptide is processed very early during the 
biosynthesis, just after the addition of N-glycans. The propeptide must be processed in 
order to asssist in enzyme refolding, activation, and dimerization. Monomeric enzyme 
subunits devoid of the propeptide are inactive, cannot dimerize, and may not be secreted 
from the cell (unpublished results). Dimers containing a single propeptide are secreted at 
only half the rate of those containing both propeptides, and have lower specific activity.  

The unique propeptide properties are undoubtedly dictated by its unusual structural 
features. Therefore we turned our attention toward the characterization of its primary 
structure. The propeptide has a prolin rich C-terminal part with several potential O-
glycosylation sites. The glycosylation pattern is extremely difficult to solve as there are 
at least two or three glycans attached to serin or threonin. Moreover, the glycosylation 
appeared rather resistant to chemical cleavage and it also protected the C-terminal part of 
the propeptide from proteolysis. Partial primary structure including glycosylation was 
solved by tandem mass spectrometry, namely collision induced dissociation (CID). Final 
characterization using electron capture dissociation (ECD) combined with high 
resolution and high mass accuracy experiments on an FT-ICR mass spectrometer is 
under progress.  
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Enormous potential of sugar structures gives them a crucial importance in 
recognition and signalling events. Carbohydrate-mediated recognition plays an important 
role in the ability of parasitic organisms to adhere to the surface of the host cell in the 
first step of  their invasion and infectivity. For example, Pseudomonas aeruginosa 
galactose- and fucose-binding lectins (PA-IL and PA-IIL) contribute to the virulence of 
this pathogenic bacterium, which is a major cause of morbidity and mortality in cystic 
fibrosis patients1,2. Moreover, the PA-IIL lectin displays an affinity for fucose in 
micromolar range, unusually high for monosaccharide binding. This characteristics is 
correlated to the remarkable presence of two calcium ions in the binding site of the 
protein3. 

Database searching in newly sequenced bacterial genomes revealed the presence of 
PA-IIL like proteins within a limited number of other opportunistic pathogens. All of 
them are soil inhabitants, are phylogenetically related and in past were usually 
considered as Pseudomonas spp. At the present time, PA-IIL like gene have been 
identified in the genomes of  phytopathogen Ralstonia solanacearum and of human 
opportunistic pathogens Chromobacterium violaceum and Burholderia cenocepacia. The 
latter was found to cause life threatening pulmonary infections in cystic fibrosis patients 
at a mortality rate of 80%4.  

PA-IIL like proteins from R. solanacearum (RS-IIL) and C. violaceum (CV-IIL) 
have been fully characterized. RS-IIL has been purified from bacteria by affinity 
chromatography5 whereas CV-IIL has been obtained in the recombinant form. The three 
lectins have been compared for their specificity (enzyme amplification method), their 
affinity for monosaccharides (isothermal titration microcalorimetry experiments) and 
their crystal structures. Comparison of  the structures of the PA-IIL/fucose and RS-
IIL/mannose complexes allow us to rationalize the basis of the unusual high specificity 
of both proteins for monosaccharides and the importance of three amino acid motif for 
fine tuning of the lectin specificity. 
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An understanding of the carbohydrate biochemistry in biological processes has been 
reported in many papers with considerable interest to study in detail their composition 
and structures in various species. Recently a great amount of research deals with 
photosynthesis and growth of broad-leaved and coniferous species simulated by long-
term exposure to elevated CO2 concentration.  

The aim of this study was to investigate the possibility of producing fractions of 
starch with granule size distribution, using various separation techniques: size exclusion 
chromatography (SEC) equipped with multi-angle light scattering (MALS) and 
refractive index (RI) detectors, asymmetrical flow field flow fractionation (AsFlFFF) 
with MALS and RI detectors, by high performance liquid chromatography (HPLC) with 
RI detector, and matrix assisted laser desorption/ionisation time-of-flight mass 
spectrometry (MALDI-TOF MS). The study is focused on determination small (up to 
tetrasaccharides) and oligosaccharides from Norway spruce (Picea abies [L.] Karst) 
needles grown under different CO2 concentrations. Three different needle samples 
grown in shady site were studied. They were one-year old needles grown in control, 
ambient and elevated CO2 concentration, respectively.  

Starch degradation products were analysed by AsFlFFF-MALS-RI and SEC-
MALS-RI for determination of molar mass distribution and size distribution. Separation 
of low molecular weight fractions of carbohydrates using HPLC-RI led to the 
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identification of xylose, glucose, fructose, derivatives of pinitol, maltose, myo-inositol, 
sucrose and raffinose. MALDI-TOF MS spectra confirmed the presence from mono- to 
tetrasaccharides and also higher oligosaccharides. It was found that elevated CO2 
concentration in the atmosphere had significant effect on the carbohydrate composition. 
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Bacterium Chromobacterium violaceum, a Gram-negative saprophyte from soil and 
water, is usually considered non-pathogenic to human. However, infections in animals, 
including human, can be quite varied, ranging from mild diarrhoea to septicaemia 
leading to a rapid death. This bacterium has been found to be highly abundant in the 
water and borders of the Negro river, a major component of the Brazilian Amazon. It 
produces the violacein pigment, which exhibits an antimicrobial activity particularly 
against soil amoebae and trypanosomes. Because of its pharmaceutical interest, C. 
violaceum genome has been fully sequenced by the Brazilian National Genome Project 
Consortium1. The genome contains extensive but incomplete arrays of ORFs coding for 
proteins associated with mammalian pathogenicity, probably involved in the occasional 
but often fatal cases of human C. violaceum infection.  

Homology search in the C. violaceum genome revealed that gene cv1741 displays 
homology with gene lecB from human pathogen Pseudomonas aeruginosa. Product of 
the gene lecB is the fucose-binding lectin PA-IIL that can play a crucial role in adhesion 
and specific recognition of a host by the pathogen and contributes to its virulence2. 
Similar properties of chromobacterial protein CV-IIL, the gene product of cv1741, could 
be expected. 

The recombinant CV-IIL protein has been prepared for structural and biochemical 
characterisation. The cv1741 gene was cloned into pET25b vector, and the protein 
expressed in E. coli TUNER (DE3) cells has been purified by affinity chromatography 
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on mannose-agarose. Purification yielded 25 mg of pure protein CV-IIL per litre of 
cultivation media and MS analysis confirmed purity and molecular mass of the obtained 
product. Competitive binding assays using ELLA methodology showed that CV-IIL 
displays high affinity towards L-fucose and D-mannose. Crystals of CV-IIL/fucose and 
CV-IIL/mannose complexes have been grown using PEG precipitants. Diffraction data 
have been measured at ESRF and structures have been solved at 1.1 Å resolution. 
Analysis of the binding sites allows to rationalize the high affinity of the lectin for 
monosaccharides. 
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During species evolution, an arsenal of gene superfamilies has been set-up in order 
to cope with the constant risks presented by xenobiotics. This arsenal comprizes two 
main groups of genes. First, those encoding xenobiotic metabolizing and transporting 
systems (XMTS), including notably the superfamilies of cytochrome P450s (CYP1-
CYP3), conjugation enzymes and xenobiotic transporter proteins. Second, those 
encoding specific receptors capable of controlling the coordinated expression of XMTS 
in response to xenobiotics. Because these receptors are able to interact with and be 
activated by intracellular xenobiotics, they are often designated xenosensors. These 
include notably the aryl hydrocarbon receptor (AhR), a member of the PAS family of 
transcription factors, and the pregnane X receptor (PXR) and the constitutive androstane 
receptor (CAR), members of the nuclear receptor superfamily. Recent investigations on 
nuclear receptors and other transcription factors involved in the regulation of genes 
encoding XMTS reveal that the xenobiotic-dependent signaling pathways are embedded 
in, and establish functional interactions with, a tangle of regulatory networks involving 
the glucocorticoid, the vitamin D receptor and other nuclear receptors controlling 
cholesterol/bile salt homeostasis such as small heterodimerization partner (SHP), 
lanosterol X receptor (LXR) and farnesyl X receptor (FXR). An existence of functional 
cascade XMEs/PXR,CAR/GR was proposed and confirmed1. Notably, we investigated 
the role of microtubules (MT) on GR and thus on xenobiotics metabolism. We found 
that MT disruption in human hepatocytes leads to CYP-PXR/CAR-hGR cascade 
impairment with consequent CYPs 2B6, 2C8/9, 3A4, receptors PXR and CAR, and 
tyrosine aminotransferase mRNAs down-regulation. In the other hand, we observed that 
CAR, PXR and VDR share target genes, such as CYP3A4, CYP2B6 and CYP2C9 but 
also CYP24. Such functional interferences provide new views, first for understanding 
how physiopathological stimuli affect xenobiotic metabolism and second how xenobiotic 
might excert adverse effects by interfering with endocrine regulation pathways. The aim 
of this lecture is to focus on these interferences and cross-talks between xenosensors and 
transcription factors and/or nuclear receptors, and their physiological and toxicological 
consequences.  
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Human embryonic stem (HES) cells are pluripotent stem cells derived from 
blastocyst stage embryo, with capacity to form all adult cell types. Several groups have 
now shown that HES cells differentiate in vitro to specialized cells of great clinical 
interest. Thus, it seems likely that HES cells will rapidly become central to biomedical 
research. However, growth factor signaling pathways that modulate cell fate decision in 
human embryonic stem (HES) cells are largely unknown. 

We analyzed the expression pattern of fibroblast growth factor receptors (FGFR1, 2, 
4, and 4) and molecular isoforms of basic fibroblast growth factor (bFGF) in 
undifferentiated and differentiated HES cells. We show that undifferentiated HES cells 
that are cultured in low density express all four FGFRs in the following pattern: FGFR1 
is highly expressed and dominant; FGFR3 is also highly expressed, however at lower 
levels; FGFR4 shows even lower expression; and FGFR2 is only weakly expressed. This 
expression pattern is changed when undifferentiated HES cells are cultured in high 
density or have initiated differentiation. Several fold upregulation of FGFR1 and 
FGFR4, and downregulation of FGFR3 characterize such changed expression pattern. 
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Notably, undifferentiated HES cells synthesize both low (exportable) and high (nuclearly 
localized) molecular mass isoforms of bFGF and this expression pattern remains stable 
under conditions that allow differentiation. We next examined HES cell response to 
exogenous bFGF. Although extracellular signal-regulated kinases (ERK1/2) could be 
activated, bFGF does not significantly affect proliferation or differentiation of HES cells. 
Interestingly, increased concentration of exogenous bFGF led to reduced spreading of 
HES cells on feeder layer of mouse embryonal fibroblasts. 

Since soluble bFGF might has the potential to modulate cell attachment and 
spreading by the formation of a trimolecular complex between bFGF, FGFR1, and 
heparan sulfate expressed on fibroblasts, we suggest that such interaction has functional 
significance also in HES cells.  
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Proper establishment of differentiated cell phenotype during embryonal, fetal, and 
postnatal period of life is always the result of a concerted integration of a multitude of 
proliferation and differentiation cues.  In the complex processing of differentiation-
inducing signals, very important role is played by the components of cell cycle 
regulating machinery, including cyclin dependent kinases (CDKs), their cyclins, and 
inhibitors of cyclin dependent kinases (CKIs).  As the primary function of CDKs and 
their partners is to regulate the progression of cell cycle, withdrawal from cell cycle is 
their most obvious differentiation-associated function.  Still, there is an increasing body 
of evidence that cell cycle regulators may play a role in certain aspects of differentiation, 
other then differentiation-associated cell cycle exit.  In the past few years, we employed 
several cell and tissue types to address such cycling-independent role(s) of the selected 
cell cycle regulators.  We offered the model of how p27 CKI and cyclin D3 might 
participate in establishment and maintenance of luteinized phenotype1.  We 
demonstrated that the amounts of p27 and D-type cyclins themselves can not determine 
the presence or absence of the pluripotent phenotype of embryonal carcinoma (EC) cells, 
and that coregulation of their quantities may serve some specific differentiation-
associated function2.  The existence of such coregulation of D-type cyclins and p27 has 
been shown also in various tissues by experiments employing normal and p27-deficient 
mice3.  In mouse embryonic stem (ES) cells, p27 has been shown to protect the 
differentiating cells from dying by apoptosis4.  Finally, unexpected expression and 
modification of p27, D-type cyclins, CDK4, and CDK6 proteins was found in 
developing mouse oocytes5. 
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Combined treatment with retinoic acid and dibutyryl-cAMP induces differentiation 
of F9 embryonal carcinoma cells into cells with a phenotype resembling parietal 
endoderm. We show that the level of cyclin-dependent kinase inhibitor 
p21(WAF1/Cip1) (p21) is dramatically elevated during this differentiation via both the 
reduction of the proteasome-dependent degradation and accumulation of mRNA. The 
induction of differentiation markers could not be achieved by ectopic p21 alone and still 
required treatment with differentiation agents. A clone of F9 cells in which expression of 
p21 was reduced by a stable transfection of the p21-antisense construct transcribed lower 
level of mRNA for thrombomodulin, a parietal endoderm-specific marker. Conversely, a 
clone overexpressing p21, upon differentiation, revealed upregulated levels of 
thrombomodulin mRNA, without any effect on the cell cycle. Furthermore, p21 
activated the thrombomodulin promoter in transient reporter assays and the promoter 
activity in differentiated cells was reduced by cotransfecting p21-specific siRNA. The 
p21 mutant defective in binding to cyclin E activated the thrombomodulin promoter as 
efficiently as the wild type protein. As the differentiation of F9 cells into parietal 
endoderm-like cells requires the cAMP-PKA-CREB-p300 signaling axis, the results 
together suggest that the cyclin-dependent kinase inhibitor p21 may specifically promote 
the cAMP-dependent differentiation pathway in these cells, independently of its function 
in cell cycle regulation.  
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Hematopoiesis is a process in which a stem cell differentiates into multiple cell 

types. Multiple growth factors, receptors and transcription factors affecting this process 
are primary regulators of survival, proliferation and differentiation of hematopoietic 
progenitors. Many of the genes encoding these signaling factors are mutated in 
leukemia. We focus our research on two key signaling molecules implicated in 
leukemogenesis: tyrosine kinase Bcr/Abl and transcription factor MLL (Mixed Lineage 
Leukemia). 

A specific inhibitor STI571 (imatinib mesylate, IM) inhibits Bcr/Abl oncogenic 
tyrosine kinase activity1; however, resistance to this drug represents an important clinical 
problem.  We study cellular and molecular mechanisms of resistance of Bcr/Abl-positive 
chronic myeloid leukemia to IM. In the resistant KBM5STI571-R cells (created at M.D. 
Anderson Cancer Center, Houston, TX), the activity of the Bcr/Abl kinase (level of 
autophosphorylation) was incompletely inhibited by IM. We described occurrence of a 
single point mutation within a kinase ATP-binding pocket leading to a substitution of a 
threonine-to-isoleucine at position 315 of Abl (T315I) in a proportion of copies of the 
BCR/ABL gene in IM-resistant cells2. This mutation abolishes IM binding to Abl-ATP-
binding pocket, while ATP binding is not affected3. 

MLL protein is a transcription factor with histone methyltransferase activity that can 
be activated into an oncoprotein by diverse mutations in human acute leukemias4. The 
high diversity of MLL mutations and fusion proteins, as a consequence of chromosomal 
translocations with a variety of partner genes suggests multiple molecular mechanisms 
for leukemogenic conversion of MLL and cellular transformation. We use double-
replacement gene targeting in mouse embryonic stem cells to replace a mouse MLL gene 
with its inducible oncogenic form - a MLL-ENL fusion gene, which is one of the most 
common fusions in MLL - associated leukemias5. This animal model should be useful 
for studies of the early events in leukemogenic transformation. 
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The p53 is the well known tumour suppressor protein which is involved in control 
of the cell cycle, apoptosis and senescence. The realisation that p53 in fact belongs to a 
family of related genes came in 1997 when Kaghad et al.1 discovered cDNA encoding 
the p73 protein. The TP73 gene maps to the chromosome region 1p36.2-3 known for a 
long time as a part of the chromosome where some of tumour suppressor genes are 
localised. 

Although both genes are showing many similarities, substantial differences can be 
found between them. In contrast to the p53-deficient mice, which exhibit increased 
susceptibility to spontaneous tumorigenesis, mice functionally deficient for all p73 
isoforms exhibit profound defects, which indicated the role of p73 protein in 
neurogenesis, sensory pathways and homeostatic control2. The p73 protein is not a 
classic Knudson-type tumour suppressor gene like p53 and its role in tumorigenesis is 
still unclear. The p73 protein is an important component of the cellular response to DNA 
damage, and may play a critical role in tumour suppression and chemosensitivity.  

Different splicing of TP73 gene is responsible for formation of many p73 C- and N-
terminal isoforms. The C-terminal region of the p73 protein affects the binding ability of 
the protein to the DNA and seems to be important for many specific protein-protein 
interactions, which take part in different regulation processes. Detailed analysis of the 
p73 protein in tumour tissues has revealed that it is necessary to distinguish between the 
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N-terminal non-deleted TA-p73 isoforms and the N-terminally truncated, 
transactivation-deficient DN-p73 isoforms, which has been shown to possess oncogenic 
activity.  

Each of the p73 isoforms has different potential for protein–protein and DNA–
protein interactions. Together with p63 isoforms and through their oligomerisation 
domains they may also interact with each other and with the p53 protein, forming a 
complex network finely tuning the actual physiological cell state and its response to 
different stress stimuli. 

Our studies are focused on the comparison of p73 alfa, beta, gama and delta 
isoforms (i) in potential for in vitro DNA binding ability, (ii) on the comparison of their 
ex vivo transactivation abilities and (iii) on the comparison of different p73 isoforms in 
the ability to induce apoptosis.  
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The basic process of cell division is conceptually similar in eukaryotic and 
prokaryotic cells. This process is characterized by creating the division septum between 
the duplicated chromosomes. There are several advantages of studying cell division in 
prokaryotes. In general, it is still more simple process in bacteria than in eukaryotic cells 
and there are several outstanding model as Escherichia coli and Bacillus subtilis. The 
process of cell division is intensively studied on molecular level for decades but there 
are still many unanswered basic questions. Probably most is known about the 
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mechanism of cell division of rod shaped bacteria, mainly Gram-negative Escherichia 
coli and Gram-positive B. subtilis. There are known a lot of players in this process but 
mechanism of where, how and when cells form the division septum with high fidelity is 
often postulated in fully different models. Probably the most controversial question in 
cell division of rod shaped bacteria is where to divide, in other words, how the position 
of the division site is determined. At least two distinct mechanisms are involved in 
accurate placement of the division machinery: the Min system and nucleoid occlusion. 

Generally, the cell must coordinate the cell division with the faithful segregation of 
the newly duplicated chromosomes to each daughter cell. This is followed in 
vegetatively growing B. subtilis cell by complex mechanism. Strikingly, at the beginning 
of sporulation, instead of splitting two chromosomes, they form an elongated structure 
known as axial filament. The chromosomes in this predivisional sporangium are oriented 
with their replication origin regions to opposite poles of the cell. One protein candidate 
involved in recruiting the chromosomes to this sites is the DivIVA protein1, which forms 
an oligomer like structures2,3. The movement of two chromosomes is under the control 
of the phosphorelay system4. There are three known proteins involved in chromosome 
segregation during sporulation – Spo0J, RacA and Soj DNA-binding proteins. Soj has an 
ability to undergo co-operative relocation from nucleoid to nucleoid5 or pole to pole6 and 
this movement requires Spo0J protein, which binds to condensation regions at the 
chromosome near the oriC. RacA was shown that also binds at the chromosome and is a 
part of the mechanism that attaches the two chromosomes to the poles, likely by 
contacting DivIVA protein already localized at the cell pole7. 

Cell division as a fundamental cellular process still holds many secrets which are 
waiting to be unraveled. The major challenges now lie in understanding of assembly and 
disassembly of the protein complexes at the site of division. To understand the molecular 
mechanisms of these processes would require state of art experimental methods to solve 
the structure not only particular proteins but rather the protein complexes and their 
proper interpretation to explain such phenomena as asymmetry of protein localization, 
protein oscillation, protein spiral formation and other. 
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Protein kinase superfamily, constituting about 1.7% of all human genes, represents 
central information network in the cell1. Besides intra and intercellular signal 
transduction, kinases also control metabolism, transcription, cell cycle progression, 
apoptosis, differentiation, maintain cell shape and movement, ensure functioning of the 
nervous and immune systems. All of these diverse processes are provided by the transfer 
of γ-phosphate from ATP to the side-chain hydroxyls of serine/threonine or tyrosine in a 
substrate protein, a reaction referred to as phosphorylation. Small phosphate group then 
stimulates conformational changes of the protein, leading to de/activation of its 
functions, e.g. enzymatic, receptor or binding activity1,2.  

Mutations and deregulations of protein kinases play essential roles in many human 
diseases, and that makes them potential targets for pharmacological intervention. A 
number of inhibition mechanisms was already designed, but a great majority of 
described kinase inhibitors are ATP competitors. The development of an active 
compound requires several steps, including identification of a leading structure, either by 
in vitro assay or by virtual screening in silico, subsequent structure-activity relationships 
studies, culminating in the design and synthesis of an optimized pharmacological 
candidate and verification of its therapeutic properties. Examples of successful 
development of protein kinase inhibitors will be demonstrated on drugs that are already 
being evaluated clinically, including cyclin-dependent kinase inhibitor roscovitine and 
BCR/Abl inhibitor STI571. 
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Elicitins are secreted specifically by the fungi Oomycete genera Pythium and 
Phytophthora1,2. Biological function of elicitins is currently unknown. The response is 
induced by the interaction of elicitins with a putative receptor located on the cytoplasmic 
membrane. The transfer of signal through the receptor triggers phosphorylation-
dephosphorylation cascades in the tobacco resulting in alkalization of the extracellular 
medium, efflux of potassium and chloride ions, influx of calcium, production of the 
active species from oxygen3,4, changes in composition of the cell wall and the induction 
of acquired systemic resistance. Binding of sterols to the cavity of elicitins seems to be 
essential for consecutive association of the elicitin with a receptor and induction of a 
biological response in a plant5. We prepared a series of mutants of cryptogein, one of the 
most potent elicitors of this group, with altered capacity of binding sterols. We compared 
the physicochemical parameters of sterol-cryptogein binding, their ability to induce the 
synthesis of active oxygen species, their necrotic activity on tobacco suspension cells 
and the ability to induce the expression of pathogen related (PR) proteins in plants. The 
results showed that some of the early events are proportional to the affinity of cryptogein 
to bind sterols whereas the others (necrotic effect and the induction of PR protein 
synthesis) seemed to be dependent on the overall cryptogein structure.  
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Salmonella species are intracellular bacterial pathogens, which cause a spectrum of 
diseases in human and animals ranging from mild enteritidis to systematic infections. 
The extracytoplasmatic stress response sigma factor, RpoE, encoded by rpoE gene, has 
been shown to be critical to Salmonella typhimurium virulence and for resistance to 
oxidative stress, antimicrobial peptides, survival in stationary phase and the starvation 
stress response1. We analyzed expression of rpoE in bacteria grown in different 
condition by S1-nuclease mapping using RNA and in vivo reporter gene fusions. Three 
promoters, rpoEp1, rpoEp2 and rpoEp3, were located upstream of the rpoE gene in S. 
typhimurium. The promoters were differentially expressed during growth and under 
several stress conditions. Expression from the rpoEp3 promoter was absent in the rpoE 
mutant, demonstrating its dependence upon RpoE in S. typhimurium2. Using the RpoE-
dependent rpoEp3 promoter, we have optimized E. coli two-plasmid system for 
identification of RpoE-dependent genes. The method is based on the assumption that the 
E. coli RNA-polymerase core enzyme interacts with a particular heterologous sigma 
factor expressed from the first plasmid. The resulting holoenzyme would recognize a 
promoter present in a library of chromosomal fragments cloned in the second compatible 
plasmid, upstream of the lacZa reporter gene. After screening of 240,000 colonies of the 
S. typhimurium SL1344 library, 36 positive clones containing S. typhimurium RpoE-
dependent promoters were identified and the promoters located by S1-nuclease mapping. 
All the promoters contained sequences similar to the consensus sequence of RpoE-
dependent promoters in E. coli. Analyzing their sequences with database we identified 
genes governed by the RpoE-dependent promoters. They are important as transcriptional 
factors, regulatory genes, genes of primary metabolism functions, periplasmic folding 
factors, lipopolysaccharide biogenesis and genes of unknown functions. Expression of 
several genes has been verified in S. typhimurium. The RpoE-dependent promoters were 
induced at the transition into stationary phase and under cold shock. 
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Plant sterols are large group of natural products with wide spectrum of action. We 
sort them to brassinosteroids, ecdysteroids, steroid saponins, cardenolids etc. Nowadays 
we tested especially brassinosteroids (BRs), steroid phytohormones affecting 
differentiation of plants, formation of biomass, photomorphogenesis, but also senescence 
or stress tolerance1.  

The molecular mechanism of their action is still unclear. It is supposed that BRs act 
in plants after binding to a sterol-binding protein (SBP), which complexes with receptor 
in the membrane, but also binding of BR to the membrane receptor alone is not 
excluded2,3. 

We attempted to isolate and identify such proteins by bioaffinity chromatography. 
For our experiments we used various types of synthetic analogues of natural 
brassinosteroids (e.g. with carboxyl group introduced into the side chain, or on ring B of 
the steroid skeleton)4 immobilised on polymeric carriers. These bioaffinity matrices were 
tested for affinity to brassinosteroid-binding proteins or receptors5. 

 Here we report on the identification of one of these proteins isolated from tobacco 
callus during affinity chromatography on polymeric matrices and subsequent 
electrophoresis. One of the most abundant proteins recovered from the column was 
sequenced from N-terminal and exhibited a 100 % homology with osmotin-like protein 
precursor (OLPA)6, an already known pathogenesis-related (PR) protein from tobacco, 
which has connection with plant adaptation to abiotic and biotic stress caused by drying, 
wounding or other factors, pathogens like Candida albicans, Trichoderma reesei etc 7. 
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This is especially interesting in connection with the fact, that brassinosteroids can 
influence the stress response of higher plants, including stress caused by pathogens8. 

Recently the same experimental approach has been applied also to work with 
ecdysteroids, another group of plant steroids.  
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Coxiella burnetii is the only obligate intracellular parasite that is able to survive 
normally bactericidal phagolysosomal environment of the host cell. It undergoes 
biphasic live cycle with two distinct morphological forms, extremely resistant 
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extracellular cell variant able to transmit by aerosol and intracellular variant capable to 
abolish bactericidal influences of the host cell. Previous research of sigma factor RpoS 
indicates its important role in transition between cell variants and involvement in 
pathogenesis of C. burnetii1. 

In our study, based on the high level of homology between both Escherichia coli 
and C. burnetii RpoS, we showed complementation of E. coli RpoS deficiency with C. 
burnetii RpoS. We applied two-compatible vector system in E. coli to identify C. 
burnetii genes specifically regulated by RpoS. Using this two-vector system we 
identified 116 RpoS-dependent lacZα fusions from C. burnetii library. DNA sequence 
analysis revealed RpoS-recognized promoters and alignment of these promoter regions 
showed the high level of similarity in their putative –10 promoter regions2. The specific 
binding of C. burnetii RpoS onto selected promoters was checked by β-galactosidase 
assays of lacZα fusions of these promoters. Gel shift assay provided evidence of binding 
RpoS onto sodC promoter. To further investigate transcription profiles of C. burnetii 
genes after infection of the host cells, real time PCR assays were performed. These 
analyses showed first time the possibility to study transcription profiles of C. burnetii 
genes as early as 2 hours post-infection. 

Development of the gene disruption methods in C. burnetii requires improvement of 
DNA transformation procedure. There are at least three bottlenecks in this methodology. 
Firstly, the use of proper antiobiotic selection markers is crucial. Thus, we checked 
ampicillin and chloramphenicol as selection markers for their suitability for 
transformation procedure. Using foci forming unit assay, lower bacteriostatic 
concentrations of ampicillin (25 mg/ml) and chloramphenicol (10 mg/ml) were assessed. 
C. burnetii cells were checked by fluorescence and confocal microscopy for evaluation 
of influence of these antibiotics on C. burnetii cell cycle in the host cells. Secondly, the 
clonal isolation of transformed C. burnetii cells is important for subsequent genotypic 
and phenotypic characterization. We have used a newly developed technique which 
allows sterilely excise parasitophorous vacuoles harboring C. burnetii into eppendorf 
tube and re-infect them into freshly prepared monolayer of the host cell line. Finaly, it 
was important to find suitable plasmids to obtain integration into chromosome. For this 
purpose, we designed different vectors. We prepared shuttle vector with cat, gfp and 
internal fragment of C. burnetii gene to achieve integration into chromosome as a 
consequence of autonomous plasmid replication in bacterial cytoplasm after its 
successful introduction into C. burnetii. We also constructed the second, a low copy 
number vector, carrying the same selection markers. This vector should allow integration 
into chromosome without plasmid replication. Finally, we used previously published 
ColE1- plasmid pGFP-CB, which was supposed to integrate into chromosome and 
replicate in cytoplasm, respectively3. After construction of all these vectors and 
introduction of above mentioned methods, we are well prepared for successful genetic 
transformation of C. burnetii and to achieve homologous recombination. 
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The majority of yeast phospholipid structural genes contain in their promoters 
inositol-sensitive upstream activating sequence (UASINO) and are regulated in response 
to the availability of soluble precursors inositol and choline. The coordinately regulated 
genes are derepressed in the absence of inositol and repressed in the presence of inositol. 
The INO1 gene (encoding inositol 1-phosphate synthase) is the most regulated gene of 
the entire regulon and frequently serves as a reporter gene for the whole set of 
phospholipid biosynthetic genes. Transcription of the INO1 gene responds also to the 
changes of phospholipid metabolism. It was shown, that under some conditions, 
repression of the INO1 gene in the presence of inositol and choline depends on the 
functional Sec14p. Sec14p is an essential protein in Saccharomyces cerevisiae. Sec14p 
was originally identified as a phosphatidylinositol transfer protein (PITP) which 
catalyzes in vitro transport of phosphatidylinositol (PI) and PC between artificial and 
biological membranes. Sec14p is involved in protein secretion and regulation of lipid 
synthesis and turnover in vivo. Five sequence homologues to Sec14p (Sfh1-5 – sec 
fourteen homologues) were found in S. cerevisiae. Two of them, Sfh2p and Sfh4p, when 
overexpressed, complemented very well the otherwise essential Sec14p requirement in 
growth and secretion. Sfh2p and Sfh4p also regulated phospholipase D1 mediated PC 
turnover, however, in opposite way than Sec14p.  

In this study we were interested, which one of Sec14p homologues is able to correct 
the deregulation of INO1 caused by missing Sec14p. We also tested response of the 
INO1 gene expression to metabolic signal generated via phospholipase D1. Our results 
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show that none of the Sec14 homologues was able to substitute for Sec14p in its 
regulatory aspects toward phospholipid biosynthesis. We observed that the INO1 gene 
expression is deregulated in yeast cells with high PC turnover. Removal of 
phospholipase D1 activity (Pld1p) corrected the INO1 regulation in yeast strains with 
otherwise high PC turnover and resulting deregulation of the INO1 gene. Two products, 
phosphatidic acid (PA) and choline, are generated from every molecule of PC when PC 
turnover occurs via a PLD-mediated route. Overall cellular levels of PA were measured 
using steady-state 32P labelling. Results show that higher steady-state cellular levels of 
PA correspond with the deregulated levels of INO1 transcription in the presence of 
inositol. Overall, our data support the model that relative levels of PA act as a metabolic 
signal for INO1 derepression1. However, the mechanism, how changes in PA levels are 
transmitted to the transcriptional machinery remains to be elucidated. 
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Several years ago Carstea et al.1 identified gene responsible for the majority of cases 
of fatal neurodegenerative disorder Niemann Pick type C syndrome in humans. Intense 
studies are now in progress to understand the cellular and molecular function of this 
human Npc1 protein and its orthologues in other organisms suggested to be involved in 
transport and homeostasis of cholesterol in higher eukaryotes. Perturbation of Npc1 
function causes accumulation of cholesterol and other compounds in the 
endosomal/lysosomal compartment in mammalian cells. A gene with 60 % homology to 



 
 

 95

human NPC1 gene has been identified in the yeast S. cerevisiae2. No phenotype has been 
described for the deletion of this yeast NCR1 gene so far.  

 One of research objectives in our laboratory is the study of possible mechanisms of 
uptake and intracellular transport of sterols in S. cerevisiae. We established an assay for 
monitoring sterol uptake and intracellular fate of external sterols in non-growing yeast 
cells deprived of sterol in anaerobiosis-like conditions. This enabled us to describe sterol 
homeostasis/transport-related changes in S. cerevisiae strain lacking the NCR1 gene. We 
have also shown analogy in the dynamic intracellular distribution of the yeast Ncr1-GFP 
(non-functional) and GFP-Ncr1 (potentially functional) fusion proteins with the human 
Npc1 mutant and wild-type proteins suggesting functional homology of the two 
homologues. Our results show that yeast S. cerevisiae is an excellent model for study of 
the functions of Npc1/Ncr1 proteins and of the molecular mechanisms behind the 
cholesterol storage disease – Niemann Pick type C syndrome as well as for the general 
mechanisms involved in intracellular transport and homeostasis of sterols in eukaryotic 
cells.  
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Retroviruses are enveloped viruses, which are released from infected cells by 
budding through cellular membrane. During this process envelope glycoproteins (Env) 
are incorporated into the virus particle. Env complex consits of the surface (SU) and the 
transmembrane (TM) glycoproteins, which are noncovalently associated. The SU 
glycoprotein is responsible for cellular tropism of the virus, whereas the TM 
glycoprotein mediates virus-cell membrane fusion during viral entry. 

Incorporation of glycoproteins to budding virions is generally believed to be 
mediated by a specific interaction between cytoplasmic domain of TM and polyprotein 
precursor Gag, which is precursor of viral structural proteins. Some biochemical 
evidence for a stable interaction between Pr55Gag and cytoplasmic domain of gp41 in 
immature HIV-1 particles has been reported and some results suggest that particularly 
matrix protein (MA), which is localized under lipid envelope of the mature virion, is 
required for incorporation of glycoproteins1-3. 

Mason-Pfizer Monkey Virus (M-PMV) is characterized by the assembly of 
intracytoplasmic immature particles, which are afterwards transported to the plasma 
membrane and are released by budding. M-PMV is in this way different from HIV-1, 
which assembles directly at the plasma membrane at the same time with budding. We 
are interested in the interaction between cytoplasmic domain of TM (gp22) and MA, 
optionally with Pr78Gag . To determine whether interaction between gp22 and Pr78Gag is 
stable also in M-PMV immature virions, we use sedimentation of virions through 
detergent layer. 

We have prepared vectors for expression MA, Env and TM in tissue cultures for the 
study of their properties in vivo. We have expressed the proteins and they were 
confirmed to be localized in a membrane fraction by sedimentation flotation 
centrifugation. Preliminary results indicate that MA is associated with the plasma 
membrane in regions called „lipid rafts“ and that Env and TM are incorporated into 
these regions. The possibility that targeting of the MA to these regions is induced by 
specific interaction with glycoproteins is under current investigation. The experiments 
with Vaccinia virus overexpression system should show whether MA forms enveloped 
particles containing co-expressed glycoproteins4.  
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  The liver plays a primary role in both metabolic clearance and activation of 
chemical carcinogens, such as polycyclic aromatic hydrocarbons (PAHs). These 
compounds exert many toxic effects including genotoxicity, tumor promotion and 
apoptosis induction. The p53 tumor suppressor plays a major role in processes associated 
with cell death, cell cycle arrest and DNA repair. Phosphorylation of p53 at serine 15 in 
response on treatment with various genotoxic agents promotes both cellular 
accumulation and functional activation of p531. In the regulation of cell survival, there 
are essential signals transduced by three groups of mitogen-activated protein kinases 
(MAPKs) represented by extracellular signal regulated kinases (ERKs), Jun N-terminal 
kinases (JNKs) and p38 kinases. The regulation of apoptosis by MAPKs is a complex 
and often controversial process. The relevance of the original hypothesis that ERKs are 
important for cell survival whereas JNKs and p38s respond to stress and participate in 
apoptosis induction is not absolute, since ERKs might also control1-3. 

In our study we used a set of genotoxic PAHs - benzo[a]pyrene (BaP), 
dibenzo[a,l]pyrene (DBalP), 7H-dibenzo[c,g]carbazole (DBC) and its two derivatives, 
N-methyldibenzo[c,g]carbazole (MeDBC) and 5,9-dimethyldibenzo[c,g]carbazole 
(diMeDBC), in order to study induction of apoptosis, p53 phosphorylation at Ser 15 and 
activation of MAPKs in rat hepatic epithelial WB-F344 cells4. These cells represent a 
cellular model of liver epithelial „stem-like“ cells that could be a potential target for 
liver carcinogens5. We found that BaP, DBalP, DBC and diMeDBC induced apoptosis, 
which was preceded by S-phase cell cycle arrest, p53 phosphorylation and ERK1/2 
activation. These results suggested that induction of apoptosis was associated with the 
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genotoxic effects of PAHs. Contrary to that, MeDBC did not induce either apoptosis or 
p53 phosphorylation and ERK1/2 activation at concentrations up to 10 µM.  

We next used BaP and DBalP as model compounds to study the effects of PAHs in 
more detail. Inhibition of MEK1/2 kinases by U0126 inhibitor blocked ERK1/2 activity 
and prevented apoptosis induced by PAHs. Pifithrin-alpha, which is as an inhibitor of 
cell death associated with genotoxic damage, prevented ERK1/2 activation after either 
BaP or DBalP treatment. Inhibition of JNK pathway by SP 600125 as well as inhibition 
of p38 kinase by SB 203580 both diminished p53 phosphorylation and decreased the 
fraction of apoptotic cells in WB-F344 population. These data suggest interactions 
between p53 and MAPK pathways in apoptosis induction by genotoxic PAHs in rat liver 
epithelial cells are complex and that all three types of MAPKs might be involved in cell 
death control.  

 
References 
 

1. Kwon Y. W., Ueda S., Ueno M., Yodoi J. and Masutani H.: J. Biol. Chem. 277, 
1837 (2002) 

2. Wada T. and Penninger J. M.: Oncogene 23, 2838 (2004) 
3. Chen S., Nguyen N., Tamura K., Karin M. and Tukey R. H.: J. Biol. Chem. 278, 

19526 (2003) 
4. Chramostová K., Vondráček J., Šindlerová L., Vojtěšek B., Kozubík A. and 

Machala M.: Toxicol. Appl. Pharmacol. 196, 136 (2004) 
5. Teak M. S., Smith J. D., Nelson K. G. and Grisham J. W.: Exp. Cell Res. 154, 38 

(1984) 
 
Acknowledgement 
 

This work was supported by grants 525/01/D076 from the Grant Agency of the Czech 
Republic and KJB6004407 from the Grant Agency of the Academy of Sciences of the 
Czech Republic. 
 
 
 
 
 
 



 
 

 99

3P05 
 
MASON-PFIZER MONKEY VIRUS MATRIX PROTEIN – THE STRUCTURAL 

STUDY 
 

Jan Lipova,*, Jiří Vlachb, Václav Veverkab, Michaela Rumlovác, Richard Hrabalb  
and Tomáš Rumla 

 
aDepartment of Biochemistry and Microbiology and bNMR laboratory, Institute of 
Chemical Technology, Technická 5, 16628 Praha 6 
cDepartment of Biochemistry, Institute of Organic Chemistry and Biochemistry, Czech 
Academy of Sciences, Praha, Czech Republic 
 

* E-mail: jan.lipov@vscht.cz 
 

The Mason-Pfizer Monkey Virus (M-PMV) is a prototype of D-type retroviruses. 
Morphogenetic pathway of retroviral capsid formation represents the main difference 
between C- and D- type retroviruses. Unlike the immature capsid of D-type retroviruses 
is assembled from polyprotein precursors Gag in the specific place in cytoplasm and 
then transported to the plasma membrane of host cell, the C-type capsid is assembled at 
the plasma membrane. However, one of the crucial steps of the life cycle of both types 
of retroviruses is the targeting of polyprotein precursors Gag to the site of assembly. It is 
known that the matrix protein (MA), which forms the N-terminal part of polyprotein 
Gag, plays essential role during this process. MA protein plays also a role in other steps 
of retroviral life cycle – it probably serves as a transport signal of preintegration 
complex during its targeting to the host nucleus. 

It was shown that single point mutation in position 55 of the matrix protein of M-
PMV changes its morphogenesis from D- to C- type.  

The aim of this work is to obtain the structural data of mutant M-PMV matrix 
protein R55F. We could take assumption about structural domains of the MA and their 
importance for particular functions of this protein from comparison of obtained data with 
the structure of wild type MA . 

The affinity chromatography of histidine tagged fusion proteins was used for 
purification of bacterially expressed MA protein. It is very important for structural 
measurements to obtain non-modified protein, therefore specific M-PMV protease was 
used to liberate the histidine tag. Then the gel chromatography was performed followed 
by concentration of the pure matrix protein up to 1 mM.  

The NMR experiments showed dramatic changes in the orientation of MA protein 
helices I and II compared to the published structure of the wild type MA, which is 
consistent with our hypothesis on the possible large functional changes of the MA of M-
PMV caused by this point mutation.  
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The ATP-dependent Lon (La) protease is a multi-functional enzyme conserved from 
archea to mammalian mitochondria1-3. Mitochondrial Lon is a homo-oligomeric 
complex, in which each monomer carries separate site for the binding and hydrolysis of 
both ATP and protein substrate4,5. The binding the substrate polypeptide to Lon 
stimulates its ATPase activity6. ATP hydrolysis is required for the processive unfolding 
of a substrate that permits peptide bond cleavage. Lon belongs to a unique group of 
proteases that also binds DNA. In vivo studies show that Lon has role in DNA 
maintenance and expression. In Saccharomyces cerevisiae, strains lacking mitochondrial 
Lon suffer large deletion in mtDNA and do not process and express mitochondrial RNA 
transcripts that contained introns 7-9.  

We purified the recombinant mitochondrial human Lon (hLon) protease and using 
the crosslinking by glutaraldehyde we demonstrated, that the hLon complex composes of 
six or seven identical subunits similar to the yeast mitochondrial homologue4. To 
understand better the roles governing substrate selection, we have analyzed the 
degradation of the matrix processing peptidase (MPP) by the hLon. Both subunits of 
MPP are recognized and degraded by the hLon and stimulate its ATPase activity. Using 
the mass spectrometry we identified 42 yeast and 59 rat MPPα peptides produced by 
Lon, which covered 64% and 73% of each respective protein.  

We also demonstrate, that hLon binds to GT-rich DNA sequences found throughout 
the guanine-rich heavy strand of human mtDNA as well as to GU-rich RNA. ATP 
inhibits hLon binding to DNA and RNA, whereas protein substrate increases the affinity 
of the proteases for nucleic acid10. We propose that DNA and RNA binding by the 
human mitochondrial Lon protease is regulated by conformational changes within the 
holoenzyme that are induced differentially by nucleotide and protein substrate. 
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During our analyses of the HT29 colorectal carcinoma cell line we have obtained 
heterogenic differentiation response of these cells to butyrate. Therefore, we established 
several clones of HT29 cells differing in some morphological and molecular markers. 

Analyses of more than ten clones showed that besides the presence of different cell 
types, also other factors are involved in heterogenic response of HT 29 cells to butyrate. 
Yet untreated clones differ in the expression of several molecular markers, e.g. MUC 1 
and p53 expression, subcellular localization of β-catenin and of its phosphorylated form. 
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Great differences were observed in sensitivity of individual clones to sodium 
butyrate. Extremely different responses to butyrate measured by the activity of alkaline 
phosphatase were found in G 9 and H 8 clones that were analysed in detail; e.g. the 
effects of phosphoinositol 3-kinase (PI3K) overexpression on butyrate-induced 
differentiation were studied. 
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Phospholipase D (PLD), which was identified as an ubiquitous microbial, plant and 
animal enzyme, plays an important role in numerous cellular processes. In plants, PLD 
has been proposed to participate in cellular events such as abscisic acid signalling, 
response to various biotic and abiotic stress cues, including water stress, wounding and 
pathogen attack. Recently Gardiner et al.1 reported that the microtubule-associated 
protein in Arabidopsis is one of plasma membrane-localized PLD.  

Human PLD2 was found to interact directly with actin and the exact domain 
involved in this interaction was determined2. After sequence analysis of plant 
phospholipases the closer homolog coresponding to this domain was found in Nicotiana 
tabacum PLDβ. To elucidate the possible interaction, bacterially expressed glutathione 
S-transferase fusion proteins of NtPLDβ and NtPLDα fragments were prepared and 
immobilized on Sepharose for further experiments. Pull-down assays with animal actin 
and plant extracts were performed to investigate the actin-PLD binding. Additionaly was 
examined the role of phosphorylation on this interaction, because our previous 
experiments3 revealed that exactly the same fragment comprises residues which are 
phosphorylated in vitro and thus could modulate the possible binding of actin. 
Phosphatase inhibitors and protein kinase were used for supporting our hypothesis. To 
explore the influence of PLD activity by actin, tobacco plasma membrane was treated 
with different actin concentration and times used. To draw the complex and detailed 
scheme of cytoskeleton-related PLD function, further experimentation is required. 
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Posttranscriptional modification of p53 protein by phosphorylation has been 
proposed to be an important mechanism of p53 stabilisation and functional regulation. 
Phosphorylation of p53 at serine 392 in particular activates specific DNA binding 
functions by stabilising p53 tetramer formation. 

Phosphoprotein p53 binds sequence-specifically to DNA and is responsible for 
activation and/or inactivation of p53 target genes. It is well known that different 
functions of p53 protein are regulated by posttranscriptional modifications such as 
phosphorylation or acetylation. Phosphorylation of serine 15 is an important mechanism, 
by which interaction between p53 and MDM2 is disrupted, leading to (i) wild-type p53 
stabilisation, (ii) disruption of p53 transport from the nucleus and (iii) stimulation of 
transcriptional activity associated with increased interaction of p53 with coactivator 
p300. Second critical modification of p53 protein is phosphorylation of serine 392 in C- 
terminal domain. Oncogenic studies support the evidence that point mutations in gene 
encoding p53 protein are responsible for creation of conformationally different p53 
protein. In the DNA binding domain of p53, there are two functional classes of 
mutations: one affects the residues that directly contact DNA, while the other plays a 
critical role in stabilising the structural integrity of this domain. These mentioned 
phosphorylations might affect conformational changes of wild-type and mutated p53 as 
well as changes in its DNA binding activity. Real meaning of p53 phosphorylation on 
serine 15 and 392 and relation to tumorigenesis is still unknown. The role of different 
types of cellular stress on p53 posttranslational modifications is also unclear.  

Aim of our study was to find out the relation between p53 posttranscriptional 
modifications and p53 status in tumour-derived cell lines treated using different anti-
tumour drugs. Our results show that using different anti-tumour drugs we obtained 
variance in p53 phosphorylation at serine 15 and serine 392. We found that these 
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phosphorylations affect neither DNA-binding activity nor stability of mutant p53 protein 
compare to wild-type p53 protein.  
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The TP53 is well known tumour suppressor gene which encodes a nuclear 
transcription factor involved in the regulation of the cell cycle. Loss of normal p53 
function can lead to uncontrolled cell proliferation and neoplastic transformation. 
Mutation in tumour suppresor p53 appears in approximately 50% of human tumours and 
95 % of these tumorigenic mutations lie in the core DNA-binding domain1.  

The mutation in codon 285 belongs to so-called hot spot mutations which appear 
more frequently in tumours and significantly alter the DNA binding site of p53. The 
replacement of Glu 285 with Lys or Val is associated with bladder tumours (or other 
tumours of unspecified urinary organs) and breast cancer. Glu 285 is part of alpha helix 
forming loop-sheet-helix motif which stabilise the surrounding structure of DNA 
binding domain. According to the new results2 Glu 285 mutation is temperature sensitive 
hot-spot mutation. The transcriptional activity of this mutated protein is dependent on 
temperature as decrease of temperature to 32°C reactivate the protein. The mutant p53 
protein at 32°C behaves like wild-type p53 protein. 

To study the impact of temperature and amino acid substitution in 285 position on 
ability of p53 protein to bind DNA and transactivate the target genes we prepared a set 
of plasmids coding p53 proteins with Glu 285 replacement (Lys, Val, Ala). We purified 
bacterially expressed p53 proteins (wild-type and mutant p53 protein 285 Lys, 285 Val, 
285 Ala) using heparin chromatography and gel filtration. Using EMSA (electromobility 
shift assay) we studied temperature impact on DNA binding ability of these purified 
proteins in vitro. For in vivo studies we used a system of transient transfection of wt and 
mutated p53 proteins into p53-null cell line H1299-RGC (cell line carrying β-
galactosidase reporter gene under RGC promotor). 



 
 

 105

Our results from ex vivo experiments show, that replacement of Glu 285 with Lys or 
Val results to temperature sensitive behaviour in comparison to replacement Glu 285 
with Ala. 
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UV radiation forms a part of the electromagnetic spectrum with wavelengths 
between 200 nm and 400 nm. It is divided into three categories UVA (320–400 nm), 
UVB (280-320 nm), and UVC (200-280 nm)1-3. UVA is not absorbed by the ozone layer 
and more than 90% reaches us. It penetrates deep into the epidermis and dermis of the 
skin. Intense or extensive exposure to UVA can damage underlying structures in the 
corium and cause premature photoaging of the skin. UVA-induced responses in cells 
happen mainly because of oxidative processes initiated by endogenous 
photosensitization. After UVA exposure reactive oxygen species (ROS) such as singlet 
oxygen, H2O2, and hydroxyl free radicals are generated. ROS can cause damage to 
cellular proteins, lipids, nucleic acids, and saccharides. UVA injury tends to cause 
necrosis of endothelial cells, thus damaging the dermal blood vessels, impair the 
immune system, and lead to cancer3-6.  

In our study we investigated effects of various UVA doses (10, 20, 30 and 40 J/cm2) 
on human keratinocyte cell line HaCaT, extensively used as an in vitro model of 
epidermal skin to study the effect of UV. HaCaT (105 cells/cm2) were grown in 
Dulbecco’s modified Eagles’s medium supplemented with 7% fetal calf serum for 48 h, 
then washed and irradiated in PBS. After UVA exposure PBS was replaced with serum-
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free medium and cells were incubated for 4 h. The cytotoxic effect of UVA was 
evaluated using following parameters: neutral red retention, bromodeoxyuridine 
incorporation into cellular DNA, intracellular ATP and GSH levels. The Comet assay 
was employed to detect DNA single strand breakage. 

Our results showed that UVA exposure provokes decrease in cell viability, cell 
proliferation and intracellular ATP and GSH levels. UVA also causes DNA damage 
(single strand breakage). All studied cytotoxicity parameters were found dose-
dependent. These pilot results will serve for further studies of photoprotective effects of 
herbal compounds.  
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Sanguinarine (SA) and chelerythrine (CHE) are members of quaternary 
benzo[c]phenanthridine alkaloids of isoquinoline type and possess antimicrobial and 
anti-inflammatory properties. We previously showed that both SA and CHE inhibit 
phorbol myristate acetate (PMA)-induced oxidative burst in DMSO-differentiated HL-
60 cells with IC50 of 1.8 µM and 2.9 µM, respectively. Because PMA triggers assembly 
of NADPH oxidase, resulting in extracellular superoxide generation, via direct activation 
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of protein kinase C (PKC) and CHE is a known PKC inhibitor, we examined whether 
SA or CHE inhibition of oxidative burst is connected with PKC inhibition. Western blot 
analyses of the whole cell lysates obtained from differentiated HL-60 cells treated with 
alkaloids showed that the concentrations of SA and CHE necessary for efficient PKC 
activity inhibition are about ten-fold higher than those inhibiting superoxide generation. 
Furthermore, SA and CHE affect PKC activity in differentiated HL-60 cells differently 
from staurosporine, a potent PKC inhibitor. SA and CHE preferentially decrease 
phosphorylation of approx. 40 kDa protein while staurosporine, which inhibits both 
PMA-induced oxidative burst and PKC activity with comparable effectiveness, 
decreases phosphorylation of approx. 35 kDa protein first. Dihydrosanguinarine and 
dihydrochelerythrine, which lack positive charge in their structures, and berberine, 
another quaternary alkaloid from isoquinoline group, affected neither PMA-induced 
oxidative burst nor PKC activity. Comparison of effects of SA and CHE with 
structurally similar, but ineffective compounds accentuates the importance of unique 
C=N+ region with bonded methyl group in the molecules of SA and CHE. As low 
concentrations of SA or CHE do not affect the phosphorylating activity of PKC, which 
activates NADPH oxidase assembly via phosphorylation of its components, we conclude 
that SA and CHE inhibit oxidative burst in DMSO-differentiated HL-60 cells primarily 
by direct inhibition of NADPH oxidase.   
 
Acknowledgement 
 

This research was supported by grant MSM 151100003 from the Ministry of Education, 
Youth and Sports, Czech Republic. 
 
 
 
 
 
 
3P13 

 
FATE OF RIBOSOMAL GENE UNITS ASSOCIATED WITH NUCLEOLAR 

UPSTREAM BINDING FACTOR UBF IN LYMPHOBLASTS TREATED WITH 
ANTIPROLIFERATIVE AGENTS 

 
Ivan Kalousek* and Petra Otevřelová 

 
Department of Cell Biology, Institute of Hematology and Blood Transfusion, U 
nemocnice 1, 128 20 Praha 2, Czech Republic 
 

* E-mail: kal@uhkt.cz 
 

Phytohemagglutinin (PHA) induced transformation of quiescent T lymphocytes into 
proliferating cells is accompanied by extensive unwinding of multicopy rDNA gene 
resulting in fibrilar centers dispersion1. The transformation is supported by the strong 
promotion of transcription of rRNA and translation and phosphorylation of nucleolar 
transcription factor UBF2,3. To investigate the mechanism of ribosomal gene unwinding 
we examined cultures of peripheral blood T lymphocytes induced to the entry to the G1 
phase by PHA in the presence of various growth inhibitors, using the method of anti-
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UBF immunofluorescence microscopy. Briefly: Lymphocytes treated with PHA and 
inhibitor were harvested and cytocentrifuged on glass slides at 2000 rpm for 4 min, fixed 
and permeabilized with acetone / metanol 1:1 for 10 min at -20 oC. Then the cells were 
incubated with rabbit polyclonal anti-UBF antiserum diluted 1:100 in PBS for 45 min at 
37 °C. After washing in PBS, the cells were incubated with a fluorescein-conjugated 
GARIgG diluted 1:50 in PBS for 30 min at 37 oC. After repeated washing in PBS the 
cells were mounted in Vectashield medium. Samples were analyzed using Olympus 
IMT-2 apparatus supplemented with equipment for digital scanning. In cells arrested in 
G1 phase by the RNA polymerase I activity independent manner the structural 
mobilization of UBF positive ribosomal genes was independent of the presence of 
antiproliferative agent in the culture media. In cultures containing a histone deacetylase 
inhibitor n-butyric acid, an inhibitor of nucleotide incorporation and DNA synthesis 
azido-deoxythymidine AZT, G1/S transition blocking agents deferoxamine mesylate and 
thymidine, a specific DNA polymerases inhibitor aphidicolin or a selective inhibitor of 
cycline dependent kinases olomoucine the process started immediately after addition of 
PHA (and inhibitor) and culminated after 40 hrs of incubation. However, in the presence 
of olomoucine a small fraction of apoptotic cells and bodies containing fragments of 
UBF positive rDNA were detected. Many other antiproliferative inhibitors inactivated 
intra-nucleolar transformations in G1 phase. In the presence of camptothecine which 
stabilizes covalent intermediates of DNA by inhibition of topoisomerase I, bleomycin 
sulfate which causes DNA strand scissions cleaving N-glycosidic and phosphodiester 
bonds and in the presence of hydroxyurea a potent inhibitor of ribonucleotide reductase, 
enzyme involved in repair of endamaged DNA, unwinding of multicopy ribosomal gene 
was more frequently interrupted in the middle of the process and replaced by an 
apoptotic fragmentation of the nucleus accompanied by exclusion of UBF-rDNA 
positive bodies. In the presence of rRNA transcription suppressor actinomycin D which 
inhibits RNA polymerases by complexing with DNA via deoxyguanosine residues, in 
the presence of cisplatin which inhibits polymerases generating intrastrand d(GpG) and 
d(ApG) crosslinks and in the presence of adenylyl-imidodiphosphate AMP-PNP which 
acts as competitive inhibitor of ATP-dependent enzymes the unwinding was strictly 
repressed and nuclear fragmentation and UBF exclusion proceeded.  

Our data suggest, that the dispersion of UBF positive fibrilar centers as a 
demonstration of unwindig of multicopy ribosomal gene is associated with an 
undisturbed interaction of RNA polymerase I and associated factors with rDNA 
sequences. We speculate, that the process is induced by intermolecular forces raising as 
the consequence of the formation of initiation complex and/or the production of rRNA 
transcript. 
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Aluminum (Al) is highly cytotoxic metal to plants, but the molecular base of Al 
toxicity is still far from being understood. The most important physiological 
consequence of Al toxicity is a cessation of root growth and changes in root morphology 
suggesting a role of the root cytoskeleton as a target of Al toxicity1. A major focus of 
plant cytoskeleton research is the identification of signals and signal transduction 
cascades that regulate cytoskeleton dynamics2. The important role of phospholipid 
degrading enzymes, phospholipase C (PLC) and phospholipase D (PLD) in regulation of 
cytoskeletal dynamics in animal organisms is now evident3. The aim of work is to study 
molecular mechanism of aluminum toxicity with special respect to the role of plant 
phospholipid-cytoskeleton signalling. Here we present the first part of the work - role of 
phospholipases in aluminum toxicity.  

Fluorescently labelled substrates (BODIPY-phosphatidylcholine and BODIPY-
phosphatidic acid) were incorporated into the tobacco cell line BY-2. Labelled cells were 
then treated with AlCl3. Products of phospholipases action were analysed in different 
time intervals in methanol/chloroform cell extracts by HP-TLC and/or HPLC. 

Results show a changes of the amount of lysophosphatidylcholine (product of PLA2 
action), diacylglycerol (product of PLC) as well as phosphatidic acid (product of PLD) 
already after 30 min of aluminum (0.1 mM AlCl3) treatment. Al3+ affect level of 
phospholipase products in dose-dependent manner. Quantitative changes in unknown 
products of other members of phospholipid signalling pathway were observed as well 
and their identification is currently under investigation. 
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Diaphorase was studied as a possible oxidoreductase participating in NO production 
from some vasorelaxants. In the presence of NADH or NADPH, diaphorase can convert 
selected NO donors, glycerol trinitrate (GTN) and formaldoxime (FAL) to nitrites and 
nitrates with NO as an intermediate. This activity of diaphorase was inhibited by 
diphenyleneiodonium (DPI) (inhibitor of some NADPH-dependent flavoprotein 
oxidoreductases) while it remained not inhibited by NG-nitro-L-arginine methyl ester 
(inhibitor of NO-synthase) and 7-ethoxyresorufin (inhibitor of cytochrome P-450 1A1 
and cytochrome P-450 NADPH-dependent reductase). Existence of NO as an 
intermediate of the reaction was supported by results of electron paramagnetic resonance 
spectroscopy. In addition to ability to affect the above mentioned NO donors diaphorase 
was able to reduce 2-phenyl-4,4,5,5,-tetramethylimidazoline-1-oxyl-3-oxide (PTIO) and 
thus eliminate its NO scavenging effect. Also this activity of diaphorase was inhibitable 
by DPI. Reaction of diaphorase with GTN and PTIO were not affected by superoxide 
dismutase (SOD) or catalase. Reaction of FAL with diaphorase was lowered with SOD 
by 38% indicating the partial participation of superoxide anion probably generated by 
reaction of diaphorase with NADH or NADPH. Catalase had no effect. 
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Gene therapy based on the antigene strategy uses triplex forming oligonucleotides 
(TFO) that can bind to the target sequence of dsDNA in nucleus1,2. Short TFO are 
complementarily bound in a sequence-specific manner to the specific region of the gene 
(most often control, but also transcribed region) in order to generate triple-helical 
structure. Formation of this triple-helical complex leads to the depression of the gene 
expression. 

We prepared system for testing of fluorescence labeled TFO entering into the cells 
and into the nucleus. We have cloned an retroviral express vector encoding the gene for 
EGFP-NLS fusion protein. Enhanced green fluorescent protein (EGFP) is widely used as 
a reporter gene for its fluorescence due to the active chromofore that is formed by the 
autocatalytic cyclization of three amino acids3. Nuclear localization signal (NLS) drives 
energy-dependent nuclear transport through the nuclear pore complex. NLS sequence 
ensures in our case localization of EGFP in the nucleus due to its recognition signals and 
affinity to the nuclear import. EGFP mediates green fluorescent nuclei. 

Retroviral system was used to prepare stable cell line with EGFP expression in the 
nucleus. PT67 packaging cell line was tranfected by pLNCX2 EGFP-NLS expression 
vector. We investigated EGFP entry from cytoplasm to nucleus several hours after 
transfection. After selection in 300 µg/ml G418 for about two weeks we collected 
medium containing viral particles and infected target Hep2 cell line. After selection in 
400 µg/ml G418 we gained stable infected Hep2 cell line with EGFP in 100% nuclei.  

We tested the cytoplasmic and nuclear uptake of different modifications of triplex 
forming oligonucleotides such as phosphorothioate, cholesterol and 2´O-Me-RNA on the 
system described above. Modified TFOs were fluorescent labeled with 5´Cy5. We 
microscopically evaluated the TFO delivery into the cell compartments in the terms of 
fluorescence changes.  
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Deregulated proliferation of tumor cells and their capability to evade apoptosis are 
the major driving forces of growth and progression of malignant tumors1,2. Recent 
studies provide evidence that the intrinsic apoptosis apparatus, which plays a significant 
role in generating and amplifying cell death signals, is frequently suppressed in various 
tumor types including non-small cell lung carcinomas3,4. In order to find out whether the 
expression of apoptosome pathway-related transcripts is altered in non-small cell lung 
carcinoma (NSCLC) we investigated the levels of Apaf-1, procaspase-9, procaspase-3, 
procaspase-7, procaspase-6 and Smac mRNAs in NSCLC and lung tissue samples from 
surgically treated patients. The indicated target transcripts and beta-actin mRNA (an 
internal reference transcript) were quantitated by means of real time RT-PCR assays 
with using gene specific oligonucleotide primers and fluorogenic TaqMan probes and an 
input of 200 ng of total RNA which was isolated from the tumors and lungs by the Trizol 
method. The levels of the beta-actin mRNA-normalized expression of target mRNAs in 
NSCLCs and lungs were calculated by the 2^-deltaCT method4. It was found that the 
levels of the beta-actin mRNA-normalized expression of the apoptosome pathway-
related transcripts in NSCLCs and lungs were different for five of the six analyzed 
transcripts. The expression of Apaf-1 mRNA in NSCLCs was significantly lower as 
compared with the lungs. On the contrary, the expression of procaspase-9, procaspase-3, 
procaspase-6 and Smac mRNAs was significantly higher in NSCLCs than in the lungs 
while the expression of procaspase-7 mRNA in the tumors and lungs was not 
significantly different. With respect to NSCLC staging and in comparison with the 
lungs, the expression of Apaf-1 mRNA was significantly decreased in both stage I 
tumors and stage II+III tumors. On the other hand, the expression of procaspase-3 and 
Smac mRNAs was significantly elevated in both stage I tumors and stage II+III tumors 
whereas the expression of procaspase-9 and procaspase-6 mRNAs was significantly 
increased only in stage I tumors. Concerning the most prevalent histopathological types 
of NSCLC, i.e. SQCLC and LAC, the expression of procaspase-3, procaspase-7 and 
Smac mRNAs in these NSCLC types was not significantly different whereas the 
expression of Apaf-1, procaspase-9 and procaspase-6 mRNAs was significantly higher 
in LACs as compared with SQCLCs. The results of the present study indicate that 
transcripts encoding the main regulatory and effector components of the apoptosome 
pathway are expressed in NSCLCs and that among them only Apaf-1 mRNA is 
expressed at a reduced quantity as compared with the lungs. The latter finding would 



 
 

 113

suggest that downregulation of Apaf-1 mRNA expression in NSCLCs might contribute 
to suppression of the apoptosome pathway activation in these tumors. However, even 
though the expression of Apaf-1 mRNA in NSCLCs is reduced the tumors contain a 
significantly elevated Apaf-1 protein level as compared to the lungs and the levels of 
Apaf-1 protein in LACs and SQCLCs are comparably high4. These findings point to the 
possibility that the tumors may have an enhanced capability to set the Apaf-1 mRNA 
molecules into the translationally competent state. In this respect, there is evidence that 
the translation initiation of Apaf-1 mRNA requires sequential binding of the protein 
upstream of N-ras and polypyrimidine tract binding protein to an IRES element which is 
located in the 5’ untranslated region of Apaf-1 mRNA5,6. It remains to be determined 
whether the increased Apaf-1 protein level in the presence of reduced Apaf-1 mRNA 
expression in NSCLCs results from overexpression of the Apaf-1 mRNA IRES trans-
acting factors in the tumors.  
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Failure to activate caspase zymogens may account for resistance of tumor cells to 
apoptosis. There is evidence that the major intrinsic caspase zymogens activation 
pathway, which is triggered via the homodimerization-mediated activation of 
procaspase-9 in apoptosomes, can be disabled in tumor cells through overexpression of 
apoptosis inhibitors such as caspase-9S, XIAP and survivin1-3. Moreover, the proteolytic 
activation of caspase zymogens by granzyme B upon its perforin-assisted entry from 
cytotoxic lymphocytes into the cytoplasm of tumor cells can be suppressed through 
overexpression of the granzyme B-inactivating cytosolic proteinase inhibitor-9 in target 
tumor cells4. To find out whether transcripts encoding the above mentioned apoptosis 
inhibitors are upregulated in non-small cell lung carcinoma (NSCLC) we investigated 
their expression levels in NSCLC and lung tissue samples from surgically treated 
patients. The expression of caspase-9S, XIAP, survivin and proteinase inhibitor-9 
mRNAs (target transcripts) and beta-actin mRNA (an internal reference transcript) was 
quantitated by means of real time RT-PCR assays with using gene specific 
oligonucleotide primers and fluorogenic TaqMan probes and an input of 200 ng of total 
RNA which was isolated from the tumors and lungs by the Trizol method. The levels of 
the beta-actin mRNA-normalized expression of target mRNAs in NSCLCs and lungs 
were calculated by the 2^-deltaCT method5. It was found that the expression of caspase-
9S mRNA and XIAP mRNA in NSCLC tissues and lungs was not significantly different. 
In addition, subsequent analysis showed that the caspase-9S mRNA/procaspase-9 
mRNA expression ratio in the majority of examined tumors was lower than 0.2. The 
expression of both proteinase inhibitor-9 mRNA and survivin mRNA was significantly 
higher in NSCLC tissues than in lungs. The increase of proteinase inhibitor-9 mRNA 
expression in the tumors by more than 1.5-fold was observed in 45% of all examined 
tumor-lung matched pairs. By contrast, the expression of survivin mRNA was elevated 
in all examined NSCLC tissues and its increase ranged from 1.6-fold to 755-fold. There 
was no statistically significant difference in the expression of caspase-9S mRNA, XIAP 
mRNA or proteinase inhibitor-9 mRNA among the major histopathological types of 
NSCLC including squamous cell lung carcinoma (SQCLC), lung adenocarcinoma 
(LAC) and large cell lung carcinoma (LCLC). On the other hand, the expression of 
survivin mRNA was significantly higher in LCLC than in SQCLC and LAC and it 
tended to be higher in SQCLC than in LAC. The results of the present study provide 
evidence that survivin mRNA is overexpressed in the majority of NSCLCs while the 
expression of proteinase inhibitor-9 mRNA is heightened in a subset of NSCLCs. These 
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findings suggest that upregulated expression of both survivin and proteinase inhibitor-9 
mRNAs may be instrumental for the maintenance of apoptosis resistance in NSCLCs. 
The comparably high expression of XIAP mRNA in the majority of studied NSCLCs 
and lungs suggests that the possible involvement of XIAP in apoptosis resistance of 
NSCLCs may stem from the IRES-dependent enhancement of XIAP mRNA translation 
in the tumors (c.f. 6). The low expression ratio of caspase-9S/procaspase-9 mRNAs in 
most examined tumors indicates that the expression of caspase-9S mRNA splice variant, 
encoding a catalytically incompetent protein, should not significantly contribute to 
apoptosis resistance of NSCLCs.  
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We have recently established a method for identification of promoters recognized 
by a particular sigma factor of RNA polymerase. The method was based on the 
assumption that Escherichia coli RNA polymerase core enzyme would interact with a 
heterologous sigma factor expression of which is induced from one plasmid, and the 
resulting holoenzyme may recognize a promoter present in a library of chromosomal 
fragments cloned in the second compatible plasmid upstream of the lacZa reporter 
gene1,2. We optimized this method for identification of Staphylococcus aureus promoters 
that are recognized by the general stress response sigma factor SigB3. The method was 
optimized using the previously characterized SigB-dependent asp23p promoter and S. 
aureus sigB gene under control of arabinose-induced PBAD promoter. The asp23p 
promoter was active in the two-plasmid system only after arabinose-induced expression 
of S. aureus SigB. To confirm the transcriptional start of the promoter in E. coli two-
plasmid system, S1-nuclease mapping was performed using the RNA from the E. coli 
two-plasmid system containing S. aureus asp23p and induced S. aureus SigB. The 
transcriptional analysis revealed an identical transcription start point as in S. aureus. 
Therefore, we have used this two-plasmid system for identification of other S. aureus 
sigB-dependent promoters. We have identified 18 S. aureus SigB-dependent promoters, 
12 of which reported here for the first time to be SigB-dependent. The promoters were 
confirmed and transcriptional start points of the promoters were determined by S1-
nuclease mapping. Sequences of identified promoters exhibited high similarity and 
allowed to establish a S. aureus SigB consensus promoter (GttTaa - N12-15 - gGGTAt) 
that was highly homologues to that of SigB of B. subtilis. The promoters governed 
expression of genes encoding proteins proposed to be involved in various cellular 
functions, including the stress response genes and virulence-associated clfA gene for 
fibrinogen-binding clumping factor.  
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Gram-positive soil bacteria Streptomyces undergo a complex cycle of 
morphological differentiation resembling that of filamentous fungi. In their natural 
habitat, they are exposed to various stresses, including desiccation, cold shock and heat 
shock. In order to overcome unfavourable conditions, bacteria activate alternative sigma 
factors, which govern expression of genes having a various roles during these stress 
conditions. In Bacillus subtilis, the general stress response is governed by an alternative 
sigma factor SigB. We previously identified the sigH gene, encoding a stress-response 
sigma factor SigH in S. coelicolor A3(2) that was homologous to B. subtilis SigB. The 
gene is part of an operon ushY, ushX, sigH, and its expression is directed by four 
promoters expressed differentially during development and in response to several stress 
conditions1. Disruption of sigH in S. coelicolor affected response to salt-stress conditions 
and morphological differentiation, septation of aerial hyphae into spores2. The operon is 
autoregulated by means of salt-stress induced sigHp2 promoter that is directly 
recognized by RNA polymerase containing SigH. UshX, encoded by an upstream gene, 
has been shown to be specific anti-sigma factor for SigH. Interestingly, SigH has been 
shown to be proteolytically activated during growth and differentiation3,4. The results 
indicated that SigH has a dual role in S. coelicolor in osmotic stress response and in 
morphological differentiation, at the specific stage, aerial mycelium septation. Thus, in 
Streptomyces, the process of differentiation has been shown to be connected with the 
response to salt-stress by means of SigH. However, S. coelicolor contains nine close 
homologues of SigH, and other homologue, SigB, has been shown to have a similar 
function. S. coelicolor sigB mutant was much more sensitive to hyperosmolarity and, in 
contrast to sigH, it was impaired in aerial mycelium formation. Similarly, also sigB is 
part of an operon rsbB, rsbA, sigB, with rsbA encoding likely anti-sigma factor, and its 
expression is directed by two promoters, with one promoter dependent upon SigB and 
preferentially induced by salt-stress5. By Western blot analysis, we have shown that, in 
contrast to SigH, SigB is not proteolytically processed, and is dramatically induced after 
salt-stress conditions. This induction is mediated at transcriptional level by means of 
SigB-dependent sigBp1 promoter. Taken together, similar to SigH, also SigB has a dual 
role in stress response and morphological differentiation, though in different 
developmental stage. To clarify in more detail the in vivo function of both sigma factor, 
a stable null mutant was prepared in S. coelicolor A3(2) by replacement of a whole sigB 
operon and sigH operon with a selectable marker. Interestingly, deletion of both operons 
resulted in strong, precocious sporulation and had no obvious effect on growth of S. 
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coelicolor in the presence of high osmotic conditions. The mutants produced higher 
levels of actinorhodin. These results are in contrast with the previous disruption of sigB 
and sigH genes where the mutants were sensitive to hyperosmolarity and affected 
different stages of S. coelicolor development. The results indicated a complicated 
regulation of the both operons in relation to stress response and differentiation in S. 
coelicolor A3(2). 
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Catalases are essential components of the cellular equipment to cope with the 
oxidative stress. Bacterial isolates Comamonas terrigena N3H selected from soil 
contaminated with crude oil and Comamonas testosteroni isolated from sludge of waste 
treatment plant, exhibited much higher level in total catalase activity than the same 
species from the stock culture collections1. A gradual increase in total catalase activity 
during bacterial growth was observed in all strains. We have focused on the most 
abundant heme-containing catalase-1 from the bacterium Comamonas terrigena N3H. 
This oxidative stress-induced enzyme was isolated from exponential phase cells grown 
in the presence of peroxyacetic acid and purified to homogeneity. Main enzymatic 
characteristics of this metalloenzyme are: the specific catalytic activity of 55,900 U/mg, 
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allosteric behaviour in peroxidic reaction, a broad pH optimum and a rather atypical 
electronic spectrum. The molecular weight of the subunit of this homodimeric protein 
was determined as 55,417 Da in the mass spectrometry analysis. The Qq-TOF mass 
analysis method allowed us to sequence short tryptic fragments of this catalase. Five 
such fragments with a total length of 57 amino acids together with several enzymatic 
properties allowed the classification of this hydroperoxidase as belonging to clade III of 
monofunctional catalases2. The highest sequence similarity is with the catalase from 
Vibrio fischeri. These known sequence motifs were exploited for the construction of 
degenerated primers applied for isolation of the complete gene from the genome of this 
bacterium. The presented results imply the significance of this inducible enzyme in the 
prevention of toxic effects of oxidative stress for bacterial cells. 
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Gram-positive bacterium Corynebacterium glutamicum is widely used in industrial 
production of amino acids, mainly of lysine and threonine. In this work, production of 
valine, one of the essential amino acids, was increased by modulating the metabolic flux 
through its own and related biosynthesis pathways. In C. glutamicum, biosynthesis 
pathway of valine is partly shared with pathways of isoleucine, leucine and pantothenate. 
The process includes complex regulation at different levels, such as multivalent 
regulation of gene expression by transcriptional attenuation, multivalent inhibition of 
enzymes, homologous reactions catalysed by a single enzyme and also distinct affinity 
of key enzyme to alternative substrates. Features involved in this regulatory network 
were analysed in detail. The regulation of transcription and strength of particular 
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promoters were studied and the activity of key enzyme was determined, as well. 
Successive interventions at different selective points of pathway led gradually to the 
increased production of the desired amino acid. The first step of modulation was the 
abolishment of feedback inhibition of the key enzyme, acetohydroxy acid synthase. The 
binding site for feedback inhibitors (valine, leucine and isoleucine) was modified by site-
directed mutagenesis and the production of valine by resulting feedback-resistant mutant 
was thus increased. The competing pathways were interrupted at branching points by 
deletions of the corresponding genes (ilvA, leuA and panB for the biosynthesis of 
isoleucine, leucine and pantothenate, respectively). Although these deletions provided 
more intermediates for valine production, they caused auxotrophy of the resulting 
strains, as well. The growth medium had to be therefore supplemented with leucine, 
isoleucine and pantothenate, which might prove uneconomic in industrial usage. To 
overcome this negative effect, the transcription of respective genes was decreased by 
mutagenesis of their promoters. The acquired strains with leaky phenotype and self-
limited in growth yielded higher concentration of valine. In parallel with direct 
modifications within the C. glutamicum chromosome, the ilvBNC operon coding for the 
first two enzymes of valine and isoleucine pathway was cloned in multi-copy plasmid 
vector. Various combinations of mentioned alterations were constructed and their 
cumulative effect on valine production was analysed. Further goals of this project are 
increasing the expression of the genes ilvD and ilvE that determine the last two reactions 
of valine biosynthesis. 
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Various strains of Rhodococcus degrade a number of aromatic compounds like phenols, 
chlorobenzoates and polychlorinated biphenyls (PCB). Knowledge of their genetics and 
development of tools and methods for gene manipulations are prerequisites for 
purposeful improving the efficiency of degrading abilities of these Gram-positive 
bacteria. We have chosen the phenol-degrading strain of Rhodococcus erythropolis for 
the development of host-vector system. We constructed plasmid vectors based on the 
cryptic plasmids pSR1 (3.1 kb) and pGA1 (4.8 kb) from the related Corynebacterium 
glutamicum and optimized the electrotransformation procedure to obtain in total 7x104 
transformants using 1 mg plasmid DNA. In contrast to indigenous plasmids of 



 
 

 121

Rhodococcus strains, mechanism of replication, copy number control and stability 
determinants were studied in these small C. glutamicum plasmids. On the basis of the 
plasmid pSR1, the stable cloning shuttle vector pSRK21 (Escherichia coli – C. 
glutamicum - R. erythropolis) with wide cloning choice (6 unique cloning sites) and 
providing a positive selection of recombinant molecules based on the a-complementation 
of β-galactosidase was constructed. Based on the plasmid pSRK21, the vector 
pSRKgfpuv carrying a reliable fluorescent marker (green fluorescent protein) was 
constructed. Another marker gene successfully tested for the function in R. erythropolis 
was the cat gene coding for chloramphenicol acetyltransferase. Further vectors for 
special purposes were derived from these basic vectors. A promoter-probe vector 
pPRE11 containing the rsgfp reporter gene coding for red-shifted green florescent 
protein is based on the pSR1 replicon. Its function was tested by cloning several 
promoters and evaluating their activity in R. erythropolis and in C. glutamicum as well. 
The vector carrying the sacB gene as a counter-selectable marker allowing the unmarked 
manipulations (deletions, integrations, mutations and replacements) within the R. 
erythropolis chromosome was used, as well. The vectors were utilized for cloning of the 
genes coding for enzymes of catechol degradation pathway, of 16S rRNA gene and for 
analysis of R. erythropolis promoters. 
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Reply to bacteriophages infection reflects diversity of theirs bacterial hosts. Many 
native barriers against phages infections were detected in bacterial strains. The most 
extensively studied are those of lactococci1,2, where four different resistance mechanisms 
were identified: inhibition of bacteriophage adsorption, blocking of phage DNA 
injection, DNA restriction/modification systems and mechanisms of abortive infection.  

In case of corynephage BFK 20 infection, only one from the six investigated 
corynebacterial strains, Brevibacterium flavum CCM 251, is liable to lysis. Five other 
examined strains, Brevibacterium flavum ATCC 21127, Brevibacterium flavum ATCC 
21128, Brevibacterium flavum ATCC 21474, Brevibacterium lactofermentum BLOB 
and Corynebacterium glutamicum RM3 prevent the lysis using different defence 
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mechanisms. Inhibition of the phage adsorption seems to be the exclusive defence 
system in C. glutamicum RM3. The adsorption barrier functions as strong resistance 
mechanism also in B. lactofermentum BLOB, but seems not to be the solely defence 
system in this strain. Using Southern hybridization we detected presence of phage DNA 
in infected cells of B. lactofermentum. In all tested B. flavum strains we observed 
significant amount of phage DNA indicating an intensive BFK20 DNA replication. We 
intended to compare replication rate of BFK 20 DNA in tested strains. Replication of 
phage DNA in these strains and also in B. lactofermentum was monitored at different 
time points after BFK 20 infection. We propose presence of some abortive infection 
mechanism in non-lysed B. flavum ATCC strains and also in B. lactofermentum. Our 
results indicated action of different resistance mechanisms in examined corynebacterial 
strains against corynephage BFK 20 infection.  
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Sporulation is the one of the crucial responses of B. subtilis cells to hostile 
environment conditions. In this process the cell divides asymmetrically and thus gives 
rise to unequal sized progeny, the bigger mother cell and the smaller prespore. Since 
both daughter cells differ not only in size but also in expression of genes, they have also 
a different fate. The mother cell, that supplies and nourishes the prespore lyses in the end 
of the process, while prespore develops into the heat resistant spore. Therefore the 
process of sporulation is often taken as the simplest example of primary cellular 
differentiation.  

Differential gene expression is in both cells governed by compartment-specific s-
subunits of RNA-polymerase, so called s-factors. Differentiation of gene expression 
begins with activation of the first compartment-specific s factor, sF, which is activated in 
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the prespore. sF is synthesized in predivisional cell as SpoIIAC together with other two 
members of the spoIIA operon, SpoIIAB and SpoIIAA. Immediatelly after its synthesis 
it is bound by anti-s factor SpoIIAB, and thus it is held in an inactive state1. However, in 
the presence of dephosphorylated SpoIIAA molecules SpoIIAB binds to SpoIIAA and 
sF is released2. Since SpoIIAB is a protein-kinase, SpoIIAA gets phosphorylated and 
SpoIIAB is free again to block another sF3. In addition, there is a SpoIIE phosphatase 
that dephosphorylates SpoIIAA-P, and enables sF activation4-8 and cell survival. SpoIIE 
is a multidomain bifunctional protein with several transmembrane helices. This protein 
plays the crucial role in mediating sF activation and also it is essential for completion of 
sporulation septum. In addition, it is known to interact with important cell division 
protein, FtsZ9,10. It is proposed that SpoIIE protein is involved in the checkpoint that 
couples formation of sporulation septum to activation of the first cell-type specific s- 
factor. Although the molecular mechanism of sF activation is partially known, there are 
still several questions to ask, for example why is sF activated only after the sporulation 
septum is finalized and why it is active specifically in the prespore. The process of 
transient genetic asymmetry also contributes to compartment-specific activation of 
sF11,12, but precise mechanism of this process is still unknown.  

In order to test interactions between proteins involved in sF activation, we prepared 
strains expressing the key proteins of this process: SpoIIAA, SpoIIAB, SpoIIE, as well 
as strains expressing mutated proteins: SpoIIAAS58A , SpoIIAAS58D, SpoIIE71. All of 
mutated protein strains were subjected to genetic analysis. We were also successful in 
purifying of all proteins mentioned above together with FtsZ. We intend to test 
interactions between various combinations of these proteins using surface-plasmon 
resonance methodology. We believe that biochemical study of interactions between 
proteins that take part in the process of sF activation, as well as study of interactions 
between corresponding mutant proteins, will reveal the specific mechanism which leads 
to compartmentalization of gene expression during B. subtilis cell differentiation. 
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The spoIIS locus of Bacillus subtilis encodes two proteins, SpoIISA and SpoIISB. 
SpoIISA is a 248-residue protein containing three predicted transmembrane domains 
with the last two-thirds of protein being located in the cytoplasm. SpoIISB is a 
hydrophilic 56-residue protein, absence of which leads to strong sporulation defect, but 
which has no effect during exponential growth1.  

In this study we investigated toxic properties of heterogically expressed SpoIISA 
protein from B. subtilis in Escherichia coli cells. The spoIISA gene was inserted next to 
the tightly regulated arabinose promoter in pBAD24 plasmid2. Expression of SpoIISA 
was induced by adding arabinose in the middle of exponential phase, which led to instant 
growth arrest of Escherichia coli cells. In contrast to this observation, co-expression of 
SpoIISA and SpoIISB from the same arabinose promoter does not impair cells growth at 
all. 

In addition to this experiments, we also tested killer effect of putative SpoIISA 
protein from Bacillus cereus3. This 245-residue protein shares only 16.9% identity with 
its putative homologue from B. subtilis, however, both proteins have almost identical 
predicted topology in cell membrane. The gene coding for SpoIISA-like protein from B. 
cereus was cloned in the pBAD24 vector downstream of the arabinose promoter and its 
expression in E. coli cell was induced in the middle exponential phase by adding of 
xylose. As in case of SpoIISA from B. subtilis, we observed cells growth arrest 
immediately after addition of arabinose.  

 Altogether, these facts led us to conclusion that predicted SpoIISA protein from 
B. cereus and SpoIISA from B. subtilis are toxic for E. coli cells and could have similar 
mode of action and perhaps share common cellular targets for both E. coli and Bacilli. 
To further study the mechanism of SpoIISA function and protein-protein interaction of 
SpoIISA - SpoIISB, we analyzed biochemical properties of these proteins in vitro.  
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DNA microarray technology is a powerful high-throughput technique that was 
recently developed in order to analyze expression of thousands of genes simultaneously 
in a short time. The applications of microarrays extend beyond the boundaries of basic 
biology into diagnostics, environmental monitoring, pharmacology, toxicology and 
biotechnology. 

There are basically two types of microarrays that have been developed so far: 
complementary DNA (cDNA) microarray and oligonucleotide microarray. These DNA 
chips technologies are currently distinguished by the sizes of arrayed DNA fragments, 
the methods of arraying, the chemistries and linkers for attaching DNA to the chip and 
the hybridization and detection methods. Each microarray experiment consists of array 
fabrication, target preparation, hybridization and data analysis. During most biological 
experiments as well as microarrays there are several systematic variables that can affect 
the measurement of mRNA levels, making it difficult to compose direct comparison. 
Sources of the variations include the inherent errors from sample handling, slide-to-slide 
variation, difference in labeling or hybridization efficiency and variations during image 
analysis. Normalization is a process of minimizing these variations thus removing non-
biological influences on biological data. Microarray data need to be normalized so that 
we can compare results from different labeling dyes, different genes on the same array 
and results from different arrays. One important issue included in normalization is 
utilization of various negative and positive controls which are printed onto a microarray 
along with test genes. Negative controls are helpful to set up background, signal-to-noise 
ratio or efficiency of printing pin washing. Positive controls from genes whose 
regulation is known or stable (e.g. housekeeping genes) are useful to check on biological 
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experiment and data analysis. Positive “spiked” controls give us the most useful signals, 
which may serve to check the quality of microarray printing, efficiency of reverse 
transcription and fluorescent labeling procedure, specificity and sensitivity of 
hybridization, dynamic range of fluorescence signal and also as “landing lights” for 
analytical software. 

For this purpose we have prepared the system, which can be used to generate an 
universal exogenous positive “spiked” control. It is based on expression vector pET26b 
with insertion of red fluorescent protein DsRed coding sequence located downstream to 
T7 promoter. Desired mRNA is prepared by in vitro transcription reaction catalyzed with 
phage T7 RNA polymerase. DNA probe attached onto the microarray slide can be 
prepared by PCR amplification using commercially available T7 promoter and T7 
terminator primer pair. Except of this there are available several commercial systems 
(e.g. Spotreport-10 Array Validation System, Stratagene). The unique of our system 
relies on fact that DsRed gene is inserted in frame with pET26b initiation codon, which 
may be important point for in vitro translation. Thus generated protein may be used as a 
positive control in other microarray-related experiments: protein arrays. 
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Non-pathogenic members of the genera Corynebacterium and Brevibacterium are of 
industrial interest and have been traditionally used as industrial producers in many 
biotechnological processes. Often negative phenomenon is the presence of bacteriophage 
lytic infection in bacterial culture during fermentation. Up to now there are not known 
any universal methods to solve this problem effectively. Detail knowledge about 
bacteriophage and relation between phage and host cell on molecular level could help to 
solve this problem by finding new strategies for bacterial infection defense. 

In our laboratory we isolated and characterized the corynephage BFK20, lytic phage 
of Brevibacterium flavum CCM 251, industrial production strain. BFK20 seems to be a 
very good object for molecular biology studies in corynebacterial species. We 
determined entire nucleotide sequence of phage BFK20 genome. Its genome consists of 
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a double stranded DNA molecule 42,975 bp long. By using bioinformatics analysis and 
amino acid homology search we established assumed organization of its genome and 
identified the function of 16 ORFs, from total of 55 ORFs on BFK20 genome (EMBL, 
Acc.No: AJ278322). 

We focused our study on identification and protein expression of ORFs, which 
represent replication and lytic cassettes. We considered ORF45 (putative replication 
origin), ORF47 (putative helicase), ORF49 (putative RepA like protein) and ORF50 
(putative DNA polymerase) as genes involved in DNA replication mechanism of phage 
BFK20.  

Most phages accomplish host lysis using at least two phage encoded enzymes: 
endolysin and holin. The lytic cassette genes of BFK20 involve ORF30 as hypothetical 
lytic gene-endolysin consists of 570 bp encoding 190 amino acids. On the basis of 
structural characteristic for putative holin proteins (transmembrane domains, highly 
charged C-terminal area) we identified two ORFs 32 and 33 as those with characteristics 
of putative holins. 

By using PCR method we have amplified regions of ORFs from replication and 
lytic cassettes and have cloned these fragments separately into E. coli vector. We have 
over-expressed potential proteins in pET28a expression system and purified them with 
advantage of preparative affinity chromatography on HiTrap affinity column. 

As the in vivo complementation data available suggest that any holin will work with 
any endolysin, even when holin and endolysin pairs are chosen from phages of Gram-
positive and Gram-negative hosts we cloned and identified holin gene on the base of its 
function by in vivo complementation of mutated S holin from lambda phage with 
putative holin gene on pTH32 and pTH33 plasmids.  

In future we will characterized all purified proteins on structural, biochemical and 
functional levels.  
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Hypoxia in fetoplacental vessels is believed to be one of the most important factors 
in the pathogenesis of fetal and neonatal morbidity, such as intrauterine growth 
retardation. 

Chronic hypoxia regulates the expression of endothelial NO synthase in different 
species and tissues. Typically the expression of endothelial NO synthase (eNOS) rises 
under chronic conditions. The expression in rat placenta has never been determined in 
hypoxia. The aim of our study was to analyze the effect of chronic hypoxia on the 
expression of endothelial NO synthase (eNOS) in rat placenta.  

Female rats were exposed to hypoxia (10% O2) for the last 10 days of pregnancy. 
Control group of rats remained in normoxia. Experiments were conducted in accordance 
with the Guide for the Care and Use od Laboratory Animals as adopted and promulgated 
by U.S. National Institutes of Health (agreement number B 67 900). One day before the 
calculated day of delivery placentas were removed under thiopental anesthesia (60 
mg/kg). Placentas were rinsed in saline solution and immediately homogenized. eNOS 
expression was determined by western blot with immunodetection using rabbit anti 
eNOS (St. Cruise). The results were quantified by densitometry. 

We found significantly lower expression of eNOS in hypoxic placentas compared 
with normoxic controls. We suppose, that lower expression of eNOS could contribute to 
the lower blood flow through the hypoxic placenta and deterioration of fetal blood 
oxygenation and nutrition.  
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Gene therapy, at present a very fast evolving part of molecular biology, includes a 
number of methods. One of the most promising methods is the method of changing the 
expression of  individual genes. Triplex forming oligonucleotides (TFOs) can be used in 
order to reduce or completely prevent the expression of a given gene. TFOs are designed 
in a way that they can bind to a specific region of a gene, such as to the regulatory 
sequence or to the coding sequence thus forming triplex structures of DNA.          

 We synthesize modified TFOs that we test in human cell cultures. For this purpose 
we developed a system that enables testing of the binding affinity of individual TFOs to 
the target DNA sequences. We designed retroviral testing vectors containing triplex 
target sites (TTS) for TFOs (i.e., polypurine sequences in the coding regions of the pol 
and nef genes, regions conserved among HIV-1 isolates). TTS were cloned into the 
regulatory sequence or in frame into the coding sequence of the reporter gene encoding 
luciferase.  

We transfected packaging cell line PT67 by these retroviral vectors and selected 
stable transfected colonies in selective growth medium with blasticidin. We infected the 
human cell line Hep2 by infectious virus produced by this stable packaging cell line.  

We use the stable transfected cell line Hep2 for TFO binding affinity testing. This 
testing system is based on measuring the activity of luciferase enzyme that catalyze 
oxidation of the substrate D-luciferin into oxyluciferin in the presence of ATP. Light  
emitted during this reaction can be measured by luminometer. According to the level  of  
the luciferase gene expression we find out whether the TFO is bound to the target 
sequence or not. 
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The aim of this study was to characterize the influence of a new hydrophobic 
platinum(IV) complex on GJIC. The new platinum(IV) complex is more toxic than 
cisplatin (CDDP) against the panel of cancer cell lines1,2. The loss of intercellular 
communication (GJIC) is caused by closing of gap junction channels. This is related to 
phosphorylation of connexins cx43, which form the gap junction channel. We have 
observed that a new platinum(IV) complex LA-12 caused the rapid inhibition of GJIC in 
WBF344 cell line. The extent of inhibition GJIC was measured by Lucifer Yellow Dye 
Transfer Assay which is based on measuring of fluorescence dye distribution among 
confluent cells. Using the western blott techniques and inhibitors of signal transduction 
pathways showed linkage between phosphorylation of gap junction channels (closing the 
channels) and LA-12 pretreatment. Phosphorylation of cx43 is related to activation of 
MEK-1/2 proteinkinases. Inhibitor of MEK-1/2 (U0126) prevents the gap junction 
closing but does not influence the progress of apoptosis which is the result of DNA 
damage by platinum complexes. The hypothesis that the signal for phosphorylation of 
cx43 is transferred from MEK-1/2 to Erk-1/2 was tested using western blott and 
antibodies for activated Erk. We found that Erk kinases are not activated by MEK-1/2 as 
subsequence of LA-12 pre-treatment. Inhibition of GJIC appears sooner than 
characteristic morphological features of apoptosis. We have also determined that limit 
concentration which causes the inhibition of GJIC is similar to IC50 (LA-12) for 
WBF344 cell line. In comparison to LA-12 complex, CDDP does not inhibit GJIC and is 
less cytotoxic. In summary, platinum(IV) complex LA-12 inhibits GJIC through 
activation MEK-1/2. This complex is more toxic than CDDP, and induction of apoptosis 
is faster in comparison to CDDP.  
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Hypoxia is a key factor of tumor microenvironment that contributes to tumor 
progression and induces a number of cellular responses including metabolic shift to 
anaerobic glycolysis, cell cycle arrest, apoptosis, neoangiogenesis, and development of 
an aggressive phenotype. The primary response to the lack of oxygen at the molecular 
level is the stabilization of a subunit of HIF-1 transcriptional complex that activates the 
genes whose products are involved in adaptation to the hypoxic stress, such as vascular 
endothelial growth factor (VEGF) and glucose transporters (GLUT-1, GLUT-3). 
Carbonic anhydrase IX (CA IX) is strongly induced by hypoxia via HIF-1. Moreover, it 
is almost exclusively associated with various tumors, while being absent from the 
corresponding normal tissues. Therefore, CA IX was proposed as a promising intrinsic 
marker of tumor hypoxia with diagnostic and prognostic value. However, lack of the full 
overlap between the intratumoral distribution of CA IX and either HIF-1a or VEGF 
indicates that regulation of CA IX may differ from the regulation of other hypoxic 
markers. To explain this phenomenon, we performed in vitro study of hypoxia-mediated 
induction and reoxygenation-affected stability of CA IX mRNA and protein in 
comparison to HIF-1a, VEGF, GLUT-1 and GLUT-3. Expression of mRNA was 
analyzed in HeLa cervical carcinoma cells cultivated in a hypoxic incubator with 1% O2 
atmosphere by semi-quantitative RT PCR using hypoxia-independent b-2 microglobulin 
mRNA as an internal standard. We found that the transcriptional activation in hypoxia 
and persistence of transcripts in subsequent reoxygenation slightly differ between CA IX 
and other HIF-regulated genes with respect to the time-course and degree of induction. 
In addition, transcription as well as CA IX protein levels are further increased by 
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reduced glucose or bicarbonate concentration, which are the adverse factors of hypoxia. 
Posttranslational stability of CA IX was assessed by monitoring the quantity of 
biotinylated protein extracted in different time intervals from the cells metabolically 
labeled immediately after shift to reoxygenation. The analysis has shown that the 
stability of CA IX with the half life corresponding to about 38 hours is considerably 
higher than the stability of other hypoxic markers and is independent of the duration of 
the foregoing hypoxia. Thus, we assume that the immunohistochemical detection of CA 
IX in tumor tissues can reveal not only the areas that actually suffer from hypoxia, but 
also those tumor regions that were switched to reoxygenation. Further experiments 
revealed that CA IX can be post-translationally regulated also via shedding of its 
ectodomain to extracellular space, which can be reduced by the metalloproteinase 
inhibitor batimastat. Altogether, our results show that CA IX expression is regulated at 
several levels of the biosynthetic pathway and that understanding of this complex 
regulation may have potential implications both for basic molecular characterization of 
CA IX and for interpretation of the clinical data related to intratumoral distribution of 
CA IX. 
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Doppel (Dpl) is a recently discovered protein with homology to prion protein 
(PrPc). The Dpl protein resembles an N-terminally truncated PrPc protein lacking the 
octamer repeats. Dpl coding gene (Prnd) is located 16 kb downstream of  murine PrPc 
gene and is thought to result from the ancestral duplication of this gene. Despite the fact 
that both proteins share only about 25% sequence homology on amino acids level, their 
structural features are well preserved. Most abundant place of PrPc expression is the 
adult brain. Dpl has more restricted expression pattern with higher levels in the testis and 
heart. However, Dpl expression in the brain is neonatally regulated and restricted to the 
brain endothelial cells.  

Based on the fact that Dpl expression is tissue and developmentally regulated we 
decided to characterize Dpl promoter region and elucidate its activity in different cell 
types. For that purpose several constructs of Dpl promoter region were prepared and 
introduced into luciferase vector. After transfection of different cell lines promoter 
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activities were measured. It was found that region from –62 bp to +27 bp (with respect 
to the start of transcription), which contains putative TATA box and SP1 binding sites 
displays very low transcriptional activity in contrast to the region from – 63 bp to –188 
bp which has  shown the highest transcriptional activity especially in testicular cell line 
(GC-1spg). In this region, using the method of footprint and gelshift, we identified 
sequences for several transcription factors out of which NF-Y is seemed to be the most 
important for the expression of Dpl gene.  
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Altered phosphorylation of cellular proteins stimulated an extensive search for 
protein kinase  inhibitors as drugs. Cyclin-dependent kinases (CDKs), enzymes involved 
in diverse cellular processes, including cell division cycle, transcription, differentiation 
and apoptosis, are suitable targets of such inhibitors with potential application in cancer 
therapy1. One of the first reported specific CDK inhibitors, olomoucine, had became a 
leading compound of the development based on structure-activity relatioships, that led to 
the synthesis of roscovitine2 and olomoucine II3, respectively. Both derivatives show an 
enhanced CDK inhibitory activity, increased selectivity and antiproliferative activity. 
Moreover, roscovitine has been also shown to induce nuclear accumulation of tumour 
suppressor p53 and enhance p53-dependent transcription in human cancer cells4. The 
novel derivative olomoucine II inhibits CDKs more efficiently and causes cell cycle 
blocks at G1/S and G2/M transitions stronger than roscovitine. Also the transcriptional 
activity of p53 in cells treated with olomoucine II was substantialy higher than in cells 
treated with roscovitine. The results demonstrate our previous findings that the 
antiproliferative activity of purine CDK inhibitors is caused via inhibition of cyclin-
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dependent kinases and induction of p53 and highlight the potential application of CDK 
inhibitors in therapy of cell cycle connected diseases. 
 
References 
 

1. Meijer L. and Raymond E.: Acc. Chem. Res. 36, 417 (2003) 
2. Havlíček L., Hanuš J., Veselý J., Leclerc S., Meijer L., Shaw G. and Strnad M.: J 

Med. Chem. 40, 408 (1997) 
3. Kryštof V., Lenobel R., Havlíček L., Kuzma M. and Strnad M.: Bioorg. Med. Chem. 

Lett. 12, 3283 (2002) 
4. Kotala V., Uldrijan S., Horký M., Trbušek M., Strnad M. and Vojtěšek B.:  Cell. 

Mol. Life Sci. 58, 1333 (2001) 
 
Acknowledgement 
 

The work was supported by the GACR grant 204/03/D231. 
 
 
 
 
 
 
3P35 
 

DIFFERENTIAL SENSITIVITY OF TWO CYTOKININ RECEPTORS OF 
ARABIDOPSIS THALIANA, CRE1/AHK4 AND AHK3, TOWARDS DIFFERENT 

CYTOKININ METABOLITES 
 

Lukáš Spíchala,*, Natalia Yu. Rakovab, Michael Rieflerc, Takeshi Mizunod,  
Miroslav Strnada, Georgy A. Romanovb and Thomas Schmüllingc 

 
aLaboratory of Growth Regulators, Palacký University & Institute of Experimental 
Botany Academy of Sciences, Šlechtitelů 11, 78371 Olomouc, Czech Republic 
bInstitute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia 
cInstitute of Biology/Applied Genetics, Free University of Berlin, Berlin, Germany 
dLaboratory of Molecular Microbiology, School of Agriculture, Nagoya University, 
Chikusa-ku, Nagoya, Japan 
 

* E-mail: spichy@post.cz 
 

Strains of Escherichia coli that express two different cytokinin receptors of 
Arabidopsis thaliana, CRE1/AHK4 and AHK3, were used to study the relative 
sensitivity of these receptors to different cytokinin metabolites1-4. Both receptors were 
most sensitive to the bases trans-zeatin and isopentenyl adenine but differed 
significantly in the recognition of other cytokinin metabolites. In particular, 
CRE1/AHK4 recognized only trans-zeatin while AHK3 recognized also cis-zeatin and 
dihydrozeatin, although with a lower sensitivity. Similarly, AHK3 was activated by 
cytokinin ribosides and ribotides, which did not activate CRE1/AHK4. Comparisons 
using the ARR5::GUS fusion gene as a cytokinin reporter in Arabidopsis5 showed 
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similar relative degrees of responses in planta, with the exception that aromatic 
cytokinins showed much higher activities than in the bacterial assay. These results 
indicate that the diverse cytokinin metabolites might have specific functions in the 
numerous cytokinin-regulated processes, which may depend in turn on different 
receptors and their associated signalling pathways. The importance of a precise control 
of local concentrations of defined cytokinin metabolites to regulate the respective 
downstream event is corroborated. 
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Azurophilic granules of neutrophils (N) contain  in huge amount the heme-
containing enzyme myeloperoxidase, which is gradually released either intracellularly 
into the formed phagosomes or intra and extracellularly upon stimulation of cells. 
Together with the membraneous NADPH oxidase, myeloperoxidase is involved in the 
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formation of reactive oxygen species and oxidation of biological material. 
Myeloperoxidase also modulates a variety of aspects of the inflammatory response. 

Because virtually every disease state involves some degree of oxidative stress, we 
studied the effect of carvedilol (pharmacologically unique agent that possesses multiple 
pharmacological actions) (0.1-100 µmol/l) on respiratory burst and myeloperoxidase 
release from isolated human neutrophils stimulated by particle phagocytosis (OZ) or by 
activation with soluble stimulus (chemotactic tripeptide FMLP). Superoxide formation 
was measured in isolated human N as superoxide dismutase inhibitable reduction of 
cytochrome c, absorbance was measured at 550 nm in a spectrophotometer Hewlet 
Packard 8452 A. The activity of myeloperoxidase was assayed by determining the 
oxidation of o-dianisidine in the presence of hydrogen peroxide in a spectrophotometer 
Hewlet Packard 8452 A at 463 nm. 

Carvedilol dose dependently decreased OZ stimulated superoxide generation. 
Wortmannin, a specific inhibitor of 1-phosphatidylinositol 3-kinase, inhibited 
significantly fMLP stimulated superoxide generation only. Carvedilol (100 µmol/l) with 
wortmannin[100 nmol/l] decreased superoxide generation after both stimuli (OZ, 
FMLP).  Carvedilol decreased OZ and FMLP stimulated MPO release dose dependently 
(1, 10, 100 µmol/l), while in the lowest (0.1 µmol/l) concentration it was without effect.  
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Sporulation in Bacillus subtilis, an adaptive response to unfavorable environmental 
conditions, is controlled by an expanded two-component signal transduction system 
termed phosphorelay1. This system consisting of several sensor kinases and two 
phosphorelay proteins, Spo0B and Spo0F, ensures phosphorylation of the master 
response regulator of sporulation initiation, Spo0A2. If a threshold concentration of 
Spo0A~P is attained, sporulation commences. The importance of Spo0A as an activator 
or repressor of transcription of many stationary-phase and sporulation-specific genes is 
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highlighted by the finding that expression of more than 500 genes is dependent on 
Spo0A3.  

Transcription factor Spo0A has two domains, an N-terminal phosphoacceptor 
domain connected to a C-terminal DNA binding domain by a flexible hinge. The 
phosphoacceptor domain mediates dimerization of Spo0A on phosphorylation4. 
Phosphorylation-induced dimerization increases the affinity of Spo0A for tandemly 
repeated 0A-boxes within the promoter regions of target genes. Unphosphorylated 
Spo0A cannot bind to 0A boxes in vitro5 and thus cannot regulate transcription. It seems 
that the function of receiver domain is to inhibit the effector domain and this inhibition is 
overcome by phosphorylation.  

The crystal structures of the receiver domain (N-Spo0A) in both phosphorylated and 
unphosphorylated form6,7 as well as effector domain (C-Spo0A) have been solved 
recently8. Comparison of the structure of N-Spo0A~P with the structures of 
unphosphorylated response regulators suggested that the major structural change 
accompanying phosphorylation is the reorientation of the side chain of Thr84 which 
moves towards the phosphoryl group of phosphorylated Asp56 to make a charge-dipol 
contact to an oxygen of the phosphoryl group. This is accompanied by a structural 
rearrangement of the side chain of Phe105 from outward to an inward orientation with 
respect to the protein core. This “aromatic switch” seems to be a concerved aspect of 
signalling in majority of response regulators. Mutational analysis was used to evaluate 
the contribution of Phe105 and neighboring residue Tyr104 to signalling in Spo0A9. This 
analysis together with biochemical data suggested that dimerization and signal 
transduction between the two domains of Spo0A are mediated principally by the alfa4-
beta5-alfa5 signalling surface in the receiver domain. Despite many biochemical, 
mutational and structural data concerning the function of Spo0A, the molecular 
mechanism of transduction of the phosphorylation signal from N-Spo0A to C-Spo0A 
remains still an unanswered question. 
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Reactive oxygen species (ROS) are presently thought to play important role in an 
increasing number of physiological and pathological processes in living organisms. 

The photodynamic effect1 involves the combination of light, an organic dye – 
photosensitizer - and molecular oxygen. Upon irradiation by laser, the photosensitizer is 
excited to the first excited singlet state, which can react in two ways. Type I mechanism 
involves hydrogen-atom abstraction or electron-transfer reactions to yield free radicals 
and radicals ions. Type II results from an energy transfer and generates singlet oxygen. It 
has been observed, that some types of photosensitizers are specifically taken up tumor 
tissue. The photodynamic generation of reactive oxygen species is the base of the cancer 
treatment known as photodynamic therapy (PDT). 

Various chemiluminescent compounds (e.g. 5-amino-2,3-dihydro-1,4-phthalazine-
dione - luminol) have been studied in order to find suitable and specific probes for 
detection of ROS. Recently Cypridina luciferin analogues CLA (2-methyl-6-phenyl-3,7-
dihydroimidazo[1,2-a]pyrazin-3-one) and MCLA (2-methyl-6-(p-methoxyphenyl)-3,7-
dihydroimidazo[1,2-a]pyrazin-3-one) are thought to emit light only when reacting with 
superoxide anion and singlet oxygen2,3. 

One of the sources of singlet oxygen is chloroplast, where chlorophyll acts as a 
photosensitizer. It was shown, that minimal photon emission of singlet oxygen (1268 
nm) can be observed with illuminated isolated photosystem II reaction centers without 
secondary electron acceptors. These acceptors under physiological conditions stabilize 
charge separation of a special pair of chlorophyll molecules in the reaction center. When 
the electron transport chain is damaged or when its capacity is insufficient according to 
the high rate of excited chlorophyll formation, chloroplast is endangered by singlet 
oxygen. The absorbed energy that cannot be used for charge separation can be 
transferred by oxygen via excited triplet state of chlorophyll4. Naturally occurring 
carotenoids such as β-carotenoids are highly important for photosynthetic organisms 
because they act as protectors against photooxidative damage1.  

Luminol, CLA and MCLA chemiluminescence were studied in three ROS 
generating chemical systems in vitro (HRP - H2O2 system, CuSO4 - H2O2 system, and 
NaClO - H2O2 system). Measure-ments were carried out in phosphate buffer (pH 7.4) at 
25°C and 37°C using luminometer Fluoroscan Ascent FL. Superoxide dismutase and 
sodium azide were used as specific scavenger of superoxide anion radical and quencher 
of singlet oxygen, respectively. Their effect was compared with that of Trolox (water 
soluble analogue of vitamin E), which should scavenge all reactive species present in the 
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reaction mixture, and tryptophan. As the photodynamic systems we used e.g. 
phthalocyanines and chlorophyll a. 

The declared specifity of Cypridina luciferin analogues chemiluminescence based 
on superoxide and singlet oxygen and the suitability of this prove is discussed. Both 
MCLA and CLA are able to visualize the photodynamic effect of irradiated extract of 
chlorophyll a. β-Carotene suppressed the chemiluminescence of MCLA in the presence 
of chlorophyll a in both cases with and without laser irradiation. It can act as a quencher 
of singlet oxygen and excited triplet chlorophyll, but it can also react with ROS 
(especially singlet oxygen) forming xanthophylls1,5. All these effects combine together 
and result in strong antioxidant effect of  β-carotene and carotenoids in general. It is not 
clear whether the chemiluminescence of CLA and MCLA is initiated by the reaction 
with singlet oxygen or superoxide or other reactive oxygen species formed by the 
photodynamic effect. 
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Biotic stress caused by Potato virus YNTN (PVY) was studied in Nicotina tabacum 
L. cv. Petit Havana SR1.  Our attention was focused on activities of Rubisco (ribulose-
1,5-bisphosphate carboxylase/oxygenase, EC 4.1.1.39), PEPC (phosphoenolpyruvate 
carboxylase, EC. 4.1.1.31), and NADP-ME (NADP-malic enzyme, EC 1.1.1.40). 

While the activity of Rubisco in PVY infected tobacco plants decreased, the activity 
of PEPC increased twice. NADP-ME activity in PVY infected tobacco was five times 
higher than in control non-infected plants.  This enzyme was found to be the most 
sensitive indicator of the progress of viral infection. NADP-ME catalyses the conversion 
of malate to pyruvate and CO2 and NADP is reduced to NADPH. That was the reason to 
carry out more detailed study of this enzyme.  No new isozymes were detected in 
infected plants by non-denaturating PAGE stained for enzyme activity. To study kinetic 
parameters of NADP-ME, a thorough isolation was done. NADP-ME was purified by 
DEAE-cellulose and gel chromatography. We determined specific activity, Km for 
malate, NADP, pH optimum and effect of several metabolites. Histochemical 
localisation was done with NBT-PMS activity staining on hand cut fresh section of the 
leaf tissue. 
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  It is well established that the intracellular Ca2+ concentration regulates the different 
cell functions in mammalian cells1. In procaryotes, Ca2+ ions are also involved in various 
processes2. Intracellular free Ca2+ concentrations are generally  maintained at 
submicromolar levels (0.1-1.0 µM). The low Ca2+ level in the cell is maintained either 
by primary ATP- dependent calcium pumps or by secondary transport systems.  

  The driving force for Ca2+ ions efflux in different bacteria is a proton 
electrochemical gradient or a sodium electrochemical gradient. Only few data on Ca2+ 
cycling are available in Archaea including methanoarchaea.  

Evidence have been obtained in Halobacterium halobium and 
Methanothermobacter thermautotrophicus belonging to the Archaea that they also 
posses the systems for transport of Ca2+ ions3-5. We have suggested the model in which 
Ca2+ influx pathway is represented by a membrane potential-driven uniport,  whereas  
Ca2+  efflux is mediated by two transport systems  Na+/Ca2+  and  H+/Ca2+  antiporters 
respectively whose participation in the total efflux is dependent on the energy of 
corresponding electrochemical gradients of driving force5. This model corresponds well 
with the specific features of bioenergetic system in methanoarchaea. They create two 
electrochemical gradients (protons and sodium ions), and Na+/H+ antiport has in this 
complex bioenergetic machinery a key function6,7. Recently we have found out that 
Na+/H+ antiport activity in the cell of M. thermautotrophicus is under the control of 
calcium ions7.  

  In this work the role of Ca2+ ions in control of methanogenesis has been 
investigated. Methane formation by non-growing cells of M. thermoautotrophicus was 
strongly dependent on the Ca2+ concentration. Methanogenesis of these cells loaded with 
Ca2+ by means of calcium ionophore A23 187 exerted stimulation by 40%. The   
methanogenesis was strongly inhibited in the presence of Co2+ and Ni2+,  that are 
inorganic antagonists of Ca2+ transport in these cells. The methanogenesis was strongly 
inhibited by Co2+ and Ni2+ respectively, even in the presence of Na+ ions. On the other 
hand Na+/H+  exchange was not inhibited by these ions. The growth of these 
methanoarchaea was inhibited in the presence of calcium chelator EGTA, calcium 
ionophore A 23 187 and inhibitor of Ca2+ influx into mitochondria ruthenium red. 
Membrane potential was inhibited in the presence of EGTA only by 11%. ATP synthesis 
driven by an electrogenic potassium efflux was not inhibited in the presence of EGTA. 
ATP synthesis of these cells loaded with Ca2+ by means of  calcium ionophore A23 187 
did not exert stimulation. The results obtained show that calcium ions are a prerequisite 
for optimal methane formation in these cells.  
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 Taken together, the results obtained demonstrate that methanogenesis is under the 
simultaneous control of Ca2+ and Na+ ions. Our data are in agreement with the model in 
which Na+/Ca2+ exchange mediated by Na+/Ca2+ exchanger might be involved in the 
regulation of methanogenesis. 
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Electron transfer flavoprotein-ubiquinone oxidoreductase (ETF-QO) is a 

mitochondrial enzyme that catalyzes electron transfer from electron transfer flavoprotein 
(ETF) to coenzyme Q (CoQ) in the mitochondrial respiratory chain. It is the membrane 
protein (~ 64 kDa) containing one equivalent of FAD and a [4Fe-4S]2+/1+ cluster, and is 
one of the simplest quinone oxidoreductases in the respiratory chain1,2.   The protein 
serves as the input site to the main respiratory chain for reducing equivalents derived 
from the nine acyl-CoA dehydrogenases and two N-methyl-dehydrogenases1,2. Despite 
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its central role in the oxidation of fatty acids and some amino acids, relatively little is 
known about ETF-QO.   

Based on the redox potentials of the FAD, iron-sulfur cluster and ubiquinone 
determined by EPR-spectroelectrochemical analysis of the porcine ETF-QO3, it had been 
assumed that electrons from ETF enter ETF-QO through the flavin (E0

' = +28 mV, 
semiquinone/oxidized couple) and are transferred to the iron-sulfur cluster (E0

' = +47 
mV), which is the reductant of ubiquinone (E0

' ≈ +100 mV). However, the distance 
between the iron-sulfur cluster and the 1,4-benzoquinone head group of ubiquinone is 
19 Å, making it unlikely that the iron-sulfur cluster is the immediate reductant of 
ubiquinone4.  In contrast, the isoalloxazine-benzoquinone distance is 8.5 Å which would 
be favorable for electron transfer5.   

Ramsay et al.6 and Watmough et al.7 determined steady state kinetic constants of 
porcine ETF-QO with the water-soluble ubiquinone analogue, CoQ1 and with porcine 
ETF as varied substrates.  Beckmann and Frerman also demonstrated that porcine ETF-
QO catalyzes the equilibration of ETF redox states and determined kinetic constants for 
the disproportionation and comproportionation reactions2,8. Ramsay et al. suggested that 
the disproportionation of ETF semiquinone (eq 1) catalyzed by ETF-QO may be 
physiologically significant since it is faster than the overall rate of electron transfer from 
a primary dehydrogenase to ubiquinone6. 

 

2ETF1e-                ETFox + ETF2e-           (eq 1)   
                                                                                  

The discovery of glutaric acidemia type II, an often fatal metabolic disorder of fatty 
acids and amino acids caused by a deficiency in either ETF or ETF-QO, resulted in a 
greater interest in the human ETF-QO9. The first time a cDNA encoding the human 
protein was cloned by Goodman et al.10. Although the protein was successfully 
expressed in Saccharomyces cerevisiae, the expression gave only low yields of the 
human ETF-QO. In this study we describe an expression system for human ETF-QO in 
insect cells using a baculovirus vector11.  We report catalytic and spectral properties of 
the recombinant protein and show that the recombinant protein provides an appropriate 
system for investigating structure/function relationships in ETF-QO. Moreover, we have 
focused on the characterization of ubiquinone site, using alternate substrates and quinone 
analogs and inhibitors that could serve as useful structural and mechanistic probes12.  

  
Reference 
 

1.  Ruzicka F. J. and Beinert H.: J. Biol. Chem. 252, 8440 (1977) 
2.  Beckmann J. D. and Frerman F. E.: Biochemistry 24, 3913 (1985) 
3.  Paulsen K. E., Orville A. M., Frerman F. E., Lipscomb J. D. and Stankovich M. T.: 

Biochemistry 31, 11755 (1992) 
4.  Kim J.-J. P., Zhang J. and Frerman F. E.: In Flavins and Flavoproteins 2002 

(Chapman S., Perham R. and Scrutton N., eds.), Rudolf Weber, Berlin 2002, p. 77 
5.  Page C. C., Moser C. C., Chen X. and Dutton P. L.: Nature 402, 47 (1999) 
6.  Ramsay R. R., Steenkamp D. J. and Husain M.: Biochem. J. 241, 883 (1987) 
7.  Watmough N. J., Loehr J. P., Drake S. K. and Frerman F. E.: Biochemistry 30, 1317 

(1992) 
8.  Beckmann J. D. and Frerman F. E.: Biochemistry 24, 3922 (1985) 

→←



 
 

 146

9.  Frerman F. E. and Goodman S. I.: In The Metabolic & Molecular Bases of Inherited 
Disease, 8th ed. (Scriver C. R., Beaudet A. L., Sly W. S. and Valle D., eds.), 
McGraw-Hill, New York 2001, p. 2357   

10.  Goodman S. I., Axtell K. M., Bindoff L. A., Beard S. E., Gill R. E. and Frerman F. 
E.: Eur. J. Biochem. 219, 277 (1994) 

11.  Šimkovič M., DeGala G. D., Eaton S. S. and Frerman F. E.: Biochem. J. 364, 659 
(2002) 

12.  Šimkovič M. and Frerman F. E.: Biochem J. 378, 633 (2004) 
 
Acknowledgement 
 

This research was supported by a grant HD 08315 from the National Institutes of Health. 
 
 
 
 
 
 
4L05 
 

MODULATION OF (BASAL) CA2+ FLUXES ACROSS THE PLASMA 
MEMBRANE BY PROTONMOTIVE FORCE 

 
Ľudovít Varečkaa,*, Roman Hudeca, Boris Lakatoša, Martin Šimkoviča, Karin Kaiserováa 

and Jozef Orlickýb 
 
aDepartment of Biochemistry and Microbiology, Faculty of Chemical and Food 
Technology, Slovak University of Technology,  Radlinského 9, 81237 Bratislava, Slovak 
Republic 
bInstitute of Molecular Physiology and Genetics, Slovak Academy of Sciences, Vlárska 5, 
834 04 Bratislava,   Slovak Republic 
 

* E-mail: ludovit.varecka@stuba.sk 
 

The notion that the transport of ions across the cell plasma membranes consists of 
“leak” and “pump” is generally accepted. In the studies of Ca2+ homeostasis of 
mammalian cells, the „leak“ is represented by several sorts of Ca2+-selective ion 
channels while the „pump“ are Ca2+-ATPase(s) (PMCA) and Na+/Ca2+ exchangers 
localised in the plasma membrane and ER (Golgi)-located Ca2+-ATPases (SERCA)1. In 
microbial and plant cells, the character of channels is not yet understood but the Ca2+-
ATPases were found in several microorganisms2-5.  

 Human red blood cell (RBC) Ca2+-ATPase was found to catalyse the ATP-driven 
electroneutral (or at least partially charge-compensated) Ca2+/H+ exchange6. Due to the 
structural homology of PMCA of eucaryotic organisms2-5 it could be inferred that this is 
a general feature of PMCA. As the cyclic basal Ca2+ influx reaches values in the order of 
10-5 mol/l cells.h, concomitant changes in H+ fluxes should acidify the cytoplasm in a 
short time.  
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Effects of  uncoupler on the basal Ca2+ fluxes in human RBC7, human white blood 
cells (WBC),  in filamentous fungus Trichoderma viride (Trv)8  and in yeast 
Saccharomyces cerevisiae (Sac) were studied by means of 45Ca2+ and a repeated washing 
procedure with EDTA-containing solution. The results showed that the rate of the 45Ca2+ 
influx posesses characteristics of the carrier-mediated transport (saturation with Ca2+, 
pH- and temperature-dependence) in all cells. In human RBC, the basal 45Ca2+ transport 
is fully compensated with the activity of the Ca2+-ATPase, so that there is no net 45Ca2+ 
uptake during the experiment but other organisms could store a part of Ca2+ taken up by 
cells. Uncoupler inhibited the 45Ca2+ influx under conditions which excluded the 
involvement of anion channel activity.  In human WBC, the effect of uncoupler on the 
45Ca2+ was strongly dependent on the monovalent ion composition being slightly 
inhibitory at low K+ concentration but stimulatory at high K+ concentrations. In T. viride 
both Ca2+ influx and Ca2+ efflux are stimulated by uncoupler, whereas in S. cerevisiae, 
uncoupler stimulated only the Ca2+ efflux and the Ca2+ influx was rather inhibited or 
unaffected by this compound. Thus, the effect of uncoupler on the basal Ca2+ fluxes 
reveals the role of protonmotive force in modulation of this important cellular 
characteristics, although underlying mechanisms may be different in different cell types. 
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Mycoses have developed to one of serious health care problems due to widespread 
prevalence and increasing severity of symptoms, especially in immunocompromised 
individuals. Polyene macrolides represent an important class of clinically applied 
antimycotics. Their name reflects the presence of alternating conjugated double bonds 
that constitute a part of their macrolide ring structure. The polyene antibiotics are all 
products of Streptomyces species. 

Two dominant representatives of this group are nystatin used in combating for 
superficial fungal infections and amphotericin B applied against systemic fungal 
infections.  Their positive features include relatively broad spectrum of antifungal 
activity including dimorphic pathogens such as Coccidioides immitis, Histoplasma 
capsulatum, Blastomyces dermatitidis and Paracoccidioides brasiliensis and primary 
fungicidal mode of action. However, they bring also severe side effects (ranging from 
phlebitis at the infusion site and chills to renal toxicity) that are linked to mechanisms of 
their activity. The antifungal activity of these antimycotics is based on formation of 
aqueous pores in sterol-containing membranes that cause leak of essential ions and 
metabolites and death of fungal cells.  

Nystatin and amphotericin B are very similar in structure, however, they show 
different pattern of specificity to target pathogens and different extent of side effects in 
human organism. Detailed information about the molecular mechanisms of their activity 
might thus help to tailor the antifungal therapy of individual mycoses more efficiently.  

Although the yeast Saccharomyces cerevisiae has a low pathogenic potential in 
humans, it is often used to study various aspects of fungal pathogenicity. Resistance to 
polyene antimycotics in this yeast is reported to be based primarily on qualitative and 
quantitative changes in sterol content. In an attempt to elucidate other factors modulating 
the sensitivity to this antimycotic group we designed a specific selection scheme for 
isolation of mutants showing resistance to nystatin and amphotericin B independently on 
ergosterol content. We succeeded in isolation of two mutant clones of Saccharomyces 
cerevisiae that show selective resistance to either nystatin or amphotericin B. The 
genetic characterization of these mutants showed that they are bearing independent 
mutations with different mode of inheritance. The detailed phenotypic characterization 
indicates that the modes of resistance in mutant clones are significantly influenced by the 
properties of cell wall. Some presented data indicate that the mechanisms of activity of 
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nystatin and amphotericin B may show significant differences in spite of their structural 
similarity.   
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 Methanogens as a member of the Archaea, possessing a specialized kind of 
metabolism belong to a group of microorganisms containing H+ and Na+-cycles1.  
Methanogenesis in these microorganisms is coupled to the generation of a primary H+-
electrochemical gradient and Na+- electrochemical gradients. In some methanogens, both 
ion gradients are directly used for ATP synthesis.   

 The existence of Na+/H+ antiporter as an universal device for linking the H+ cycle 
with Na+ cycle was confirmed in some methanogens and this antiporter might be the 
basic regulatory element in the complex bioenergetic strategy of these cells2. 

 To understand the function and interrelationship of H+, Na+ energetic subsystems 
and Na+/H+ antiporter, a genetic elimination of the components of the bioenergetic 
machinery was successfully used recently3. Isolation and characterization of a mutant 
with lesion in Na+/H+ antiporter could help us to solve the problem of a function of 
Na+/H+ antiporter in this complex   bioenergetic system . 

 The intention of this work is to present the first case of an amiloride resistant 
mutant of methanoarchea with lesion in Na+/H+ antiporter.  

 The classical inhibitor of Na+/H+ antiporter amiloride in different concentrations 
completely inhibited growth and methanogenesis. To select spontaneous amiloride 
resistant mutant the cells were plated on solid medium with different amiloride 
concentrations in an anaerobic chamber. The resistant colony to 2  mM amiloride  was 
picked and purified. The growth of this mutant in both liquid and solid media with 2mM 
amiloride exerted good growth in comparison with the wild type cells which growth was 
inhibited under these conditions  completely. Mutant cells exhibited higher production of 
methane than wild-type cells. Na+/H+ antiporter activity was considerably diminished in 
the mutant cells. The ATP synthesis driven either by potassium  diffussion potential in 
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the presence of sodium ions or by methanogenesis was considerably higher  in the 
mutant cells. The results presented here strongly support the idea that in this mutant Na+-
dependent bioenergetic system(s) is modified. 
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Senescence and accompanying oxidative processes are heterogeneous within the 
plant1 and are affected by the level of cultivating light. The antioxidant enzymes 
ascorbate peroxidase (APX) and glutathion reductase (GR) are the main enzymes of the 
ascorbate-glutathione cycle that is a part of the water-water cycle in chloroplasts2 but 
also appears in other organelles3. The water-water cycle scavenges active oxygen species 
(superoxide and hydrogen peroxide) photogenerated by thylakoid membranes. Under 
high light condition the water-water cycle also dissipates the excess energy. However, 
the changes of APX activity during senescence seem to be species specific. Lascano et 
al.4 found a decrease for wheat whereas Kanazawa et al.5 found an increase for 
cucumber. Moreover, the results depend on the reference quantity6 and light conditions 
during senescence5. 

In our research the plants of spring wheat (Triticum aestivum L. cv. Saxana) were 
cultivated in pots at autumn season in a greenhouse at three light levels (unshaded and 
two shaded variants, 70 % and 40 % of incident light). In the growth phase of third to 
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fifth leaf (37 to 49 days old plants) the activities of the antioxidant enzymes APX and 
GR were followed within two weeks at three leaf levels (from the first to the third leaf 
counting in the order of emergency). The oxidative processes in plant tissue were 
documented by measurements of lipid peroxidation being mostly of non-enzymatic 
character in this case7.  

Both the effect of heterogeneous senescence and plant shading were demonstrated. 
The senescence was indicated by a decrease of chlorophyll and total protein content on 
the leaf area basis. The GR and APX activities decreased when expressed on the fresh 
weight, dry weight and leaf area basis, whereas they were constant or slightly increasing 
when related to the total protein or chlorophyll (a+b) content. The results show the 
importance of the reference quantity and lead to different physiological interpretations of 
the obtained dependencies. Whereas a decrease of activities expressed on the leaf area 
basis indicates a controlled degradation of enzymes during senescence, the stability of 
the measured activities on the protein basis reflect a protection of the remaining protein 
moiety. 

The peroxidation of lipids expressed on the fresh weight basis increased both with 
the age of leaf and upon lowering the light intensity. The course of senescence and 
oxidative processes were different in different leaf levels. A more pronounced 
senescence found in older leaves was expressed by a higher loss of pigments, by a higher 
decrease in antioxidant enzyme activities on the leaf area (and similarly also fresh 
weight and dry weight) basis, and by an increase of lipid peroxidation. The plant shading 
has enhanced the topographic gradients of different quantities1 and accelerated the 
senescence effects predominantly in the first leaf. The activities expressed on the leaf 
area basis decreased more for GR than for APX. However, as the activities of 
antioxidant enzymes did not decrease on the protein or chlorophyll basis, we suggest to 
explain this finding by a tendency to protect the remaining functional part of protein 
systems (e.g. photosynthesis) against oxidation whereas the lipidic systems are less 
protected from oxidation.  
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Heavy metals as pollutants limiting plant productivity, and their impact on growth 
processes are now intensively studied. Stresses, caused by high concentration of heavy 
metals, decrease photosynthesis as well as the activity of various enzymes. Plant protects 
itself against the stress by the specific reactions, consisting of the synthesis of special 
metabolites e.g. proline, or plant hormones. The object of our research was to evaluate 
energy distribution during the photosynthesis of barley stressed by cadmium and to 
describe the role of natural plant hormone 24-epibrassinolide (24-epi) during the stress. 
The process was monitored by the measurement of the activity of enzyme glutamate 
kinase. The enzyme catalyses the first step of proline biosynthesis. Proline is degraded 
through the glutamic acid to δ-aminolevuloinic acid, which is the main building unit of 
the porphyrine skeleton of chlorophyll. This fact illustrates the relation of proline to 
photosynthesis. 

Convenient method for the evaluation of energy balance of photosynthesis, based on 
the relation between chlorophyll fluorescence and its photosynthetic activity which 
might be changed by stresses, is well known as the method of Fast Fluorescent Induction 
(FFI)1. 

Plantlets of barley cv. Kompakt have been grown in nutritive solution (control), and 
treated with the supplement of Cd2+ ions (10-6 M) for 4 weeks. During the experiment 
FFI has been measured for three times (45% light of 6 diods saturated by 12 V batery), 
by fluorometer PEA Hansatech Instr. The activity of the enzyme glutamate kinase was 
determined by a modification of the hydroxamate method 2,3. Subsequently, 24-epi, made 
at the Institute of Organic Chemistry and Biochemistry CAS (1 ml of 10-6 M), has been 
applied. To evaluate the effect of 24-epi, FFI was measured  1, 2, 3, 4, 5, and 6 hours 
after the addition of the brassinosteroid. Plant growth analysis has been performed on 10 
plants of each variant to describe the impact of Cd2+ ions and 24-epi on growth.  

Cd2+ ions shortened stems by 45%, and roots by 65%. Dry matter decreased in 
stems but only a little in roots. Assimilative area diminished by 75%. Chlorophyll 
content fell by 85%. The treatment with 24-epi caused rapid increase of chlorophyll to a 
level measured in non-treated control plants. Cd2+ ions negatively influenced the energy 
balance of the photosynthesis. After six hours, 24-epi caused significant expansion of 
Tfm(ms), whereas Fv/Fm, Fo, Fv a Fm increased only slightly. The activity of enzyme 
glutamate kinase grew up to 138.1% in comparison with the control plants. Proline 
concentration was enhanced, which supported Cd2+ stress resistance.  
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At present the native chlorophyll-containing protein complexes (PPCs) from 
thylakoid membranes of chloroplasts are fractionalized by non-ionic glycosidic 
surfactant decylmaltoside, which preserves pigment-protein interactions in PPCs. The 
native PPCs are then partly charged by addition of the surfactant Deriphat 160 (N-lauryl-
beta-iminodipropionate) and separated by mild polyacrylamide gel electrophoresis 
(Deriphat-PAGE)1. Many green zones with PPCs accompanied by few free pigments 
(FP, complexed with surfactant in micelles) in resulting electrophoreograms indicate a 
sufficient and mild separation of PPCs. In this work we showed which gel density is 
most suitable for separation of PPCs and characterized the separated PPCs by their 
molecular weights and chlorophyll fluorescence emission and excitation spectra at 77 K. 

The best separation of PPCs – 7 green zones with PPCs and a relatively faint 
yellow-green FP zone - was performed with 7 % polyacrylamide gel (percentage of 
acrylamide). The gel with all zones was scanned by the home-made 2-D monochromatic 
gel densitometer2,3 which allows scanning of the electrophoreogram at the wavelength of 
the red absorption maximum of chlorophyll a in PPCs (670 nm). Resulting 2-D 
densitograms are of high contrast in comparison with the densitograms scanned at white 
light3,4. 

We compared our electrophoreograms with those reported by Lee and Thornber5 
who used same method and plant material. Apart from the standard zones - PSI 
(photosystem I), CCI (core complex of PSI), CCII (core complex of photosystem II), 
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LHCo (LHC oligomer) and LHCm (LHC monomers) - we observed two additional 
zones in our electrophoreograms. Comparing densities and migration distances of our 
green zones with those of the standard zones reported by Lee and Thorber5 we 
concluded that the additional zones appeared between PSI and CCI and between LHCo 
and LHCm. On the basis of molecular weights of PPCs in these new zones (determined 
by native PAGE) and their characterization by chlorophyll fluorescence emission and 
excitation spectra we attributed them to the disintegrated PSI and separated internal 
antennae of PSII (CP47 and CP43), respectively. We also characterized all other 
separated PPCs by their molecular weights (using native PAGE) and chlorophyll 
fluorescence spectra at 77 K that has not been performed yet. 
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Nuclear-encoded, mitochondrial flavoprotein-dependent glycerol-3-phosphate 
dehydrogenase (mGPDH; EC 1.1.99.5) embedded in the inner mitochondrial membrane 
catalyzes the transfer of hydrogen from glycerol-3-phosphate to coenzyme Q pool in the 
respiratory chain1,2. As a component of glycerol-3-phosphate shuttle, it plays (together 
with its cytosolic counterpart) a role in the transfer of reducing equivalents from cytosol 
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into mitochondria. High activity of mGPDH (and also of the above shuttle) was found in 
insect flight muscle where this enzyme enables the utilization of cytosolic reducing 
equivalents as supplementary respiratory substrate during flying. An active glycerol-3-
phosphate shuttle (with enough high mGPDH activity) was also described in mammalian 
brown adipose tissue where the function of this cycle is connected with the regulation of 
norepinephrine-induced thermogenesis. The amount of mGPDH can be markedly 
induced by thyroid hormones so that it can be used as a suitable marker for the 
evaluation of thyroid status both in acute or chronic experiments3,4. Recent studies also 
show the enhancement of mGPDH activity by dehydroepiandrosterone and its different 
metabolites5,6. In our previous studies it was found that the activity of mGPDH in situ in 
the mitochondrial membrane is strongly stimulated by a coenzyme Q (CoQ) homologues 
with short isoprenoids chain: CoQ3 and CoQ1

2,7,8. 
The aim of our present study was to test other different analogues of CoQ. We used 

idebenone (6-(10-hydroxydecyl)-2,3-dimethoxy-5-methyl-1,4-benzoquinone) and its two 
derivatives: methoxyidebenone and acetylidebenone and three other compounds in 
which aliphatic chain of CoQ was substituted by thiazoimidazol type groups. 

The experiments were performed on isolated mitochondria (frozen-thawed) from 
brown adipose tissue of cold-adapted male hamster (Mesocricetus auratus). The activity 
of mitochondrial glycerol-3-phosphate dehydrogenase was measured spectrophoto-
metrically at room temperature as glycerol-3-phosphate cytochrome c oxidoreductase 
(following the reduction of cytochrome c at 550 nm) or as dehydrogenase (following the 
reduction of the artificial hydrophilic electron acceptor 2,6-dichlorophenol-indophenol at 
600 nm). Reaction was started by addition of 25 mM glycerol-3-phosphate. Idebenone 
and its two derivatives were diluted in absolute ethanol, the other compounds in DMSO. 
The protein was determined using the Folin phenol reagent using bovine serum albumin 
as a standard. The data were expressed as the means + S.E.M. 

We found that the activity of mGPDH is highly stimulated by idebenone and its two 
derivatives (10 µM idebenone increases activity by 73 %). The stimulation of enzyme 
activity is not markedly affected by the modification of the end of aliphatic chain 
(hydroxyl group, methoxyl group or acetyl group). The substitution of the long aliphatic 
chain of CoQ by thiazoimidazol type groups also stimulates activity but the effect on 
mGPDH activity is lower than that of idebenone(s). On the other hand, it is known that 
idebenone has an inhibitory effects on the mitochondrial Complex I activity9. Italian 
coworkers have also found that two idebenone derivatives have a similar effect on 
NADH-CoQ1 activity. 

The present results can support our previous data8, suggesting differences between 
mGPDH and other dehydrogenases of respiratory chain in the transfer of reducing 
equivalents to the CoQ pool. 
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Psychrotrophic microorganisms are important in global ecology as a large 
proportion of our planet is cold. To retain rates of metabolic processes at low 
temperatures, psychrotrophs must contain enzymes with high specific activity in the 
cold. Such enzymes offer a great potential in biotechnology and in food processing.  

β-Galactosidase is the enzyme widely used for preparation of lactose-free milk and 
biosynthesis of galactooligosaccharides in dairy technologies. The aim of this project is 
to find β-galactosidase with high activity in the cold. 

The Antarctic bacterium Arthrobacter sp. C2-2 contains at least two cold-active 
isoenzymes of β-galactosidase. The C2-2-1 isoenzyme was cloned, purified and 
characterized. It is a homotetramer, each subunit being composed of 1023 amino acids. 
It shows greater activity towards lactose as a substrate compared with artificial 
chromogenic substrates. The C2-2-1 isoenzyme is particularly cold-active, retaining 30-
68 % of activity at 10 oC compared with maximum values. The temperature optimum of 
the purified enzyme differed for lactose (40 oC) and for the chromogenic substrate o-
nitrophenyl-β-D-galactopyranoside (20 oC). The enzyme is losing all activity within 15 
min at 50 oC. The isoelectric point of the enzyme was 5.9. Dithiotreitol and Mg2+ ions 
are strong activators, whereas Cu2+, Al3+ and Tris are strong inhibitors of the activity. 
The enzyme exhibited transglycosylation ability. The highest concentration of 
trisaccharides (34 mM) was formed after 10 hours at 15 oC. Therefore, the C2-2-1 β-
galactosidase isoenzyme of Arthrobacter sp. C2-2 could be used as a biotechnological 
tool in the production of lactose-reduced dairy products at refrigeration temperatures. 
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Atmospheric pollutants are an important source of oxidative stress to terrestrial 
plants and to animals. Reduced visibility, a yellow brown haze, and the presence of 
irritating substances in the atmosphere characterize photochemical smog. The chemical 
reactions occurring in photochemical smog are very complex.  

Oxidative stress may give a rise to many diseases dependent on damage of tissues, 
e.g. cardiovascular diseases, rheumatoid arthritis and some cancers. Amongst the oxidant 
species particular attention has focused upon free radicals, defined as any chemical 
species capable of independent existence that contains an unpaired electron. Free 
radicals are usually unstable and highly reactive, being capable of pooling electrons out 
of surrounding molecules. The levels of such harmful compounds in living organisms 
can be controlled enzymatically or by involvement of molecules known as „scavengers“. 
They include vitamins (e.g. vitamin C and E), proteins and enzymes (glutathione 
peroxidase, catalase, superoxide dismutase). Fruit and vegetables contain several classes 
of compounds that when ingested can potentially contribute to antioxidant protection. 
The previous studies demonstrated that topical application of some antioxidant in 
healthy volunteers significantly increased the antioxidative potential of skin biosurface, 
thus highlighting the effectiveness of a natural antioxidant biotechnology in the 
antiaging management of skin1. Observations on cancer causation are some 150 years 
old, but actual detailed research on elements bearing on cancer started at the beginning 
of the twentieth century. Studies in humans documented certain lifestyle-related factors 
to lead to cancer. In addition, reactive oxygen species (ROS) are involved in both the 
early steps in cancer and in developmental aspects. Thus, foods containing antioxidants 
such as vegetables, fruits, soy products, cocoa and tea that counteract ROS are protective 
in cancer causation and development2. 

The lifetime of free radicals is extremely short, and if they are not immediately 
neutralized by a physiological acceptor, they can damage biological systems to such an 
extent that a chain reaction is set off, which may even cause a variety of pathological 
conditions. All aerobic organisms have developed more or less complex systems to 
neutralize free radicals before their potentially harmful effect is activated, most of which 
derive directly or indirectly from O2. Nutritional elements are also extremely important.  

The protective effect against oxidative stress of the dietary intake of low molecular 
weight antioxidant compounds has been widely recognized3-8. A positive correlation 
between moderate consumption of red wine and beneficial effects on various 
pathological conditions is widely accepted. Foods that have potential or definite 
antioxidant capacities are mainly vegetables and fruits, as well as beverages like red 
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wine, tea and beer. Wine is well appreciated because of its organoleptic qualities and is 
also a source of antioxidant substances such as flavonoids and resveratrol. A positive 
correlation between moderate consumption of red wine and beneficial effects on various 
pathological conditions is widely accepted.  

They report several methods for the determination of the total antioxidant capacity 
(TAC), all of them based on a system to produce free radicals, coupled to the 
measurement of the sample’s capacity to inhibit this production. The antioxidant effect 
can be measured by chemiluminescence, fluorescence or CO production inhibition. A 
widely used method is TAC determination by measurement of the length of inhibition 
time of luminol radicals dependent chemiluminescence, assuming that it is directly 
proportional to the total antioxidant potential. This potential is quantified by comparison 
with a reference substance (Trolox) calibration curve.  

We have tested wines, beers, fruit and vegetable juices, and teas. They were fresh, 
stored in the fridge, and frozen. We show the brief survey of changes of their antioxidant 
capacity in dependence on type and time of the storage. 
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Among bacteria participating in polluted environment communities predominate 
bacteria of those genera which are known to be involved in biodegradation of organic 
pollutants. Often they belong to the genus Pseudomonas, Comamonas or Acinetobacter. 
However, in environments contaminated not only with organic pollutants but also with 
heavy metals, species diversity and metabolic activities of the microorganisms is 
reduced, and the metal-tolerant bacterial populations are developed1 with species of 
Pseudomonas and/or acidophylic bacteria predominating2,3. As a response to heavy 
metal challenge, multiple-metal ion-resistant bacteria evolved which contain a variety of 
plasmid-encoded metal resistance determinants, e. g. Staphylococcus aureus4 and 
Alcaligenes eutrophus (Ralstonia metallidurans) strain CH34 which is known as 
biosorbent of heavy metals5,6. The ability of metal bioaccumulation by another Gram-
negative bacterial species, such as Escherichia coli, Pseudomonas putida, Pseudomonas 
syringae, Pseudomonas aeruginosa, was established on production of intracellular 
cadmium-binding proteins. In particular, cadmium, as a toxic heavy metal, constitutes a 
major problem in industrialized nations, because the presence of this metal in 
environment mostly endangers public health. The identification of more bacterial strains 
that could uptake metals with high efficiency and specificity has attracted increasing 
attention both from a medical and from a biotechnological point of view. 

The aim of this work was to identify and characterize in physiological and 
molecular terms some cadmium-resistant bacterial strains from a culturable microbial 
community occupying a cadmium contaminated sewage sludge. In addition, the potential 
exploitation of cadmium-resistant bacterial strains in bioremediation processes aimed at 
heavy metal removal from contaminated environments is discussed in this study. 

In total, sixty-eight bacterial isolates were obtained from sewage sludge, which 
contained approximately 7.5 µg cadmium per g of dry weight. All isolates growing on 
mineral medium supplemented with cadmium ions were distinguished on the basis of 
color, size and morphology. The results revealed that fifty-four of the isolates were 
identified as Gram-negative bacteria with short rods predominating. All fifty-four Gram-
negative isolates were tested for their growth characteristics in liquid mineral medium7 

without CdCl2 treatment (control sample) or supplemented with cadmium, and according 
to growth rate and length of lag-phase, only eight isolates were chosen for further 
characterization. These eight isolates were biochemically profiled using either API 20 E, 
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API 20 NE systems or ENTERO tests, and by key conventional and confirmation tests. 
Biochemical tests assigned the eight isolates to six bacterial species, Alcaligenes 
xylosoxidans, Comamonas testosteroni, Klebsiella planticola, Pseudomonas putida, 
Pseudomonas fluorescens, and Serratia liquefaciens. However, the ARDRA analysis of 
each of the eight isolates enabled five different ARDRA patterns to be recognized. P. 
putida and P. fluorescens, identified by biochemical tests as two different species, 
ARDRA analysis clustered these two strains to the same cluster indicating only one 
species. In addition, similarly to ARDRA patterns, whole cell protein pattern analysis of 
each of the eight isolates enabled rather five as six different protein patterns to be 
recognized. These results suggesting a relatively high interspecific variability in the 
culturable cadmium-resistant microbial community. Analysis of plasmid content 
revealed that only two K. planticola strains harboured plasmids suggesting a certain 
degree of genetic variability between these two isolates. Differentiation among strains of 
the same ARDRA group was shown by analysis of whole cell protein patterns. 
Furthermore, cadmium-resistant bacterial isolates were able to remove cadmium from 
solution and the efficiency of cadmium removal correlated with the amount of 
additionaly synthesized proteins in the cell fractions. 

Perhaps bacterial strains described here could be used in bioremediation processes 
aimed at heavy metal removal from contaminated environments. 
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Arsenic ions are released in the environment during bacterial arsenopyrite oxidation 
in sulfide wastes or biohydrometallurgy. Elemental sulfur can be formed as an 
intermediate during arsenopyrite oxidation. Its further biooxidation to sulfuric acid is 
inhibited by arsenic ions. Therefore this study investigated the inhibitory effects of 
arsenic on the oxidation of elemental sulfur by Acidithiobacillus ferrooxidans. The 
arsenic effects on bacterial iron oxidation have been previously described1. 

The kinetic analysis of the inhibition of sulfur biooxidation by both As(III) and 
As(V) in bacterial suspension demonstrated a non-competitive type of inhibition. The 
inhibition constants (Ki) were 1.3 and 46.8 mM for As(III) and As(V), respectively. 
Inhibitory effects of arsenic on sulfur oxidation were much higher than on iron oxidation 
based on the above Ki values and those for iron oxidation1. Considering the observation 
of the defined kinetics of enzyme inhibition, a specific enzyme inhibition can be 
assumed at a level of one component of the electron transport. This qualitative 
characteristic was the same for both sulfur and iron oxidation. The Michaelis constant 
for sulfur changed, probably due to changes in physiological state of bacteria. 

We observed an As(V)-reductase activity which could increase the inhibitory effect 
of As(V). As(V) was reduced to As(III) in the growing culture after a lag phase in the 
reduction rate. The activity was directly connected with the living cells and could have a 
negative effect due to production of the more toxic As(III). However, the low rate of 
As(V) reduction indicated the low concentration of sulfur metabolites or the low rate 
constant of reduction reaction. To explain the As(V)-reductase activity, different 
chemical As(V) reductions were investigated using  possible sulfur metabolites. We 
assume that the As(V)-reductase activity is probably due to the effect of thiosulfate or 
sulfite which can be produced in the sulfur-oxidizing cultures2. In addition to these 
metabolites, there is another possibility of As(V) reduction by a metabolic pigment 
iodinin3.  
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Magnetic adsorbents can be used for the separation of various types of compounds 
both from solutions and suspensions. Saccharomyces cerevisiae cells interact with some 
types of water based magnetic fluids (MF), leading to the formation of magnetically 
labeled cells which could be easily manipulated in an external magnetic field1,2. This 
material is a promising adsorbent for various xenobiotics present in water.  

Six different procedures have been used to study the processes of magnetic 
modification of Saccharomyces cerevisiae cells (1 - cultured and incubated with MF; 2 - 
cultured, incubated with MF and heated; 3 – no cultivation and incubated with MF;  4 – 
no cultivation, incubated with MF and heated; 5 - cultured, heated and incubated with 
MF; 6 – no cultivation, heated and incubated with MF). After the treatment cells were 
analyzed with scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM). Our results indicated, as observed by a smooth surface in the SEM, 
that only group 1 and group 2 cells (i.e., actively growing cells) are able to uptake MF. 
The results were confirmed by TEM analysis that showed particles between the cellular 
wall and plasma membrane, i.e. in the periplasmic space, and even some particles within 
the cytoplasm of those cells, despite the presence of some aggregated particles on their 
surface. A higher number of particles were observed inside group 2 cells when compared 
to group 1. In all the other groups, SEM and TEM analysis showed that most MF were 
attached to the surface of the cells, and just a few inside them. 

Cell modified with perchloric acid stabilized MF (according to the procedure No. 2) 
were used for the adsorption of various triphenylmethane and heteropolyaromatic dyes. 
Maximum adsorption capacities were relatively high (20 – 430 mg dye/g adsorbent) 
although they significantly differed according to the dyes structures. 
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Pyrite biooxidation is an important process in sulfide wastes and 
biohydrometallurgy resulting in environmental acidification. Induction of iron-oxidizing 
system in bacteria grown on sulfur seems to be an essential factor for pyrite oxidation. 
Electrochemical, proteomic and kinetic differences during bacterial pyrite oxidation by 
cultures of Acidithiobacillus ferrooxidans grown on sulfur or iron were investigated. 
Based on electrochemical parameters of pyrite electrode, which was described for 
arsenopyrite oxidation studies1, iron-oxidizing bacteria were able to oxidize pyrite since 
the beginning. Sulfur-oxidizing A. ferrooxidans provided rather reductive conditions at 
the beginning and was not able to oxidize pyrite immediately. Kinetic observations with 
pyrite concentrate demonstrated a lag phase in the ability of pyrite oxidation. Induction 
of iron-oxidizing system during the lag phase is assumed.  

Systematic evaluation of A. ferrooxidans two-dimensional proteome maps was 
performed in order to investigate the differences in protein composition of bacteria 
oxidizing iron or sulfur. Number of up- or down-regulated proteins was detected. 
Successful identification of some protein spots affected by the growth changes was 
performed by peptide mass fingerprinting via MALDI-TOF MS. 

Sequencing of amplified 16S RNA gene, 1.4 kb pairs, confirmed the homogeneity 
of each investigated population. These data indicate that the substrate-dependent 
alterations of proteomic properties are the result of differences in oxidation metabolism 
of both populations. 
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The lifetime of free radicals is extremely short, and if a physiological acceptor does 
not immediately neutralize them, they can damage biological systems. All aerobic 
organisms have developed more or less complex systems to neutralize free radicals 
before their potentially harmful effect is activated. Nutritional elements are also 
extremely important. Foods that have potential or definite antioxidant capacities are 
mainly vegetables and fruits, as well as beverages like red wine, tea and beer. 

Tea is a source of epigallocatechin gallate in green tea, and theaflavin and the 
associated thearubigins, in black tea. Cancer in the colon, breast, prostate and pancreas 
may be caused by a new class of carcinogens - the heterocyclic amines, formed during 
the broiling or frying of creatinine-containing foods, including fish and meats. Their 
formation and action can be inhibited by antioxidants such as those in soy and tea. Black 
tea is a powerful chemopreventor of reactive oxygen species and was found to be more 
efficient than green tea1. 

A sensitive and simple chemiluminescent (CL) method for measuring antioxidant 
activity was developed. The determination of TEAC (Trolox equivalent antioxidant 
capacity) is based on the inhibition of CL intensity of luminol by an antioxidant. The 
system is based on the oxidation reaction of luminol catalysed by the peroxidase. 
Luminol occurs in an alkaline environment by means of oxidizing agents like hydrogen 
peroxide and in the presence of peroxidase as catalyst. A generally accepted scheme 
envisages the oxidation of luminol by formation of a complex between oxidant and 
peroxidase to produce a luminol radical. These radicals then react in further reactions 
giving rise to an endoperoxide which is subsequently decomposed into the dianion 3-
aminophthalate, in an electronically excited state which, as previously reported, emits 
light returning to its basic state. Consequently, in the luminol-peroxidase system, light is 
emitted after oxidation of the luminol catalysed by the enzyme using hydrogen 
peroxidase in a highly specific fashion as a proton acceptor. To develop an inhibition 
assay, emission needs to be constant for the time required to measure such effect, so as 
to attribute the changes in light emission solely to the sample. If the production of 
radical intermediates is constant, emission will be inhibited for a period directly 
correlated to the amount of antioxidants present. The time obtained is fitted to the 
relative calibration curve and will yield the antioxidant capacity of the sample. The value 
obtained (in seconds) was a function of the antioxidant capacity of the sample examined. 
This antioxidant capacity was expressed, fitting the times obtained on the relative 
calibration curve, in concentration of Trolox (mM). 

Antimicrobial activity was tested as a minimum inhibitory concentration (MIC) by 
broth microdilution method on Gram-positive (Enterococcus faecalis, Staphylococcus 
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aureus) and Gram-negative (Pseudomonas aeruginosa, Escherichia coli) bacterial 
strains. The minimum bactericidal concentration (MBC) is determined by plating out 
standard aliquots of the supernatant from each well that shows no visible bacterial 
growth. The MBC is then defined as the lowest concentration of each antibiotic that kills 
99.9% of the bacteria in the original inoculum. In many cases, the MIC and MBC of 
antibiotics are equivalent - that is, as wells that shows no growth do so because all the 
bacteria in the well have been killed. 

The microdilution method is the most commonly used method to test the sensitivity 
of bacteria. Microtiter wells containing serial twofold dilutions of samples are 
incolulated with a standard inoculum of the bacterium in question, the plates are 
incubated overnight, and the wells are then examined for the presence of bacterial 
growth. The lowest concentration of each sample dilution series that prevents bacterial 
growth is considered to be the minimum inhibitory concentration of the sample. We 
compared MIC of the different types of black and green tea (34 samples; they were 
obtained from the common tea-rooms). Preparation of tea solution: leaves were 
dissolved in hot water (under 100 °C) for 3 min (2 g/100 ml). The extracted solutions 
were filtered and allowed to cool at room temperature. The tea solutions were made 
fresh. 

The results are preliminary only. The relationship between antioxidant capacity and 
antimicrobial activity was confirmed but cannot be generalize yet. We cannot verify 
generally accepted theory that the green tea is more powerful. 
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Trichothecenes are produced by several genera of fungi; especially by the genus 
Fusarium, which is known to attack various cereals. They are found to inhibit protein 
synthesis, DNA and RNA synthesis, and have immunosuppressive and haemorrhaging 
effects. Acute and sub acute toxicity is characterized by feed refusal and weight loss, and 
increased susceptibility to infectious diseases1.  

A model set of 9 wheat samples was sown in three replicates into plots 3 m2. The 
first variant of the trial (I - Infection) was inoculated with spore suspension of F. 
culmorum (isolate B). The fungicide Horizon 250 EW was applied (by the methodology) 
to the second variant of the trial (IF – Infection + fungicide) before the inoculation. The 
rest of variants were controls (K – spraying with water) and (KF- K + fungicide).  

DON, ZEA and T-2 toxin content was determined by using two methods. The first 
one was enzyme quantitative immunoassay technique (ELISA) and commercial kits 
Ridascreen FAST DON, Ridascreen FAST ZEA and Ridascreen FAST T-2 Toxin 
manufactured by R-Biopharm, Germany. As the second method was used analytical 
method employing extraction acetonitrile:water (84:16, v:v) and clean-up procedure 
using column MycoSep 225. The determination of DON and ZEA was performed by 
liquid chromatography with UV or FL detection. The results of both methods correlated 
for DON content significantly (r = 0.935).  

The concentrations of DON and ZEA of the variant I were several time higher than 
the concentrations of the variant IF. The content of tested mycotoxins in the control 
samples were found below LOD.  

Last year our laboratory participated in laboratory proficiency testing FAPAS for 
determination of DON in wheat flour. Our result carried out by ELISA was satisfactory. 
The standard deviation in z-score was 0.5. In laboratories which participated in this 
testing outweighed quantification of DON by HPLC, then GC, ELISA and the least used 
method was TLC/HPLTC. The highest number of results lying in z-score outside |z| ± 2 
(unsatisfactory) had TLC/HPTLC and the lowest number had ELISA.  
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Organisms are characterized by variants differing in the contents of storage proteins 
and enzymes. The phenomenon of protein polymorphism enables the utilization of 
proteins as genetic markers. Protein genetic markers of barley, i.e. hordein proteins of 
barley grain as well as certain enzymes  of germinating seed, can be used not only for 
marking of some commercial  characteristics but especially for the identification of the 
barley varieties.  

We used electrophoretic methods for the analysis of hordein coming from standard 
seed samples  of spring and winter barley varieties registered in the Czech Republic in 
2003 and  received from the Division of Plant Variety Testing of the Central Institute for 
Supervising and Testing in Agriculture (CISTA). 

Four procedures for the  electrophoretic separation were used and  compared, 
namely a) starch gel electrophoresis (SGE) according to the Czech State Standard (ČSN 
46 1085-1)1; b) polyacrylamide gel electrophoresis recommended by the International 
Seed Testing Association (PAGE ISTA) and cited  in  ČSN 46 1085-22; c) SDS-PAGE 
for hordeins recommended by the Union for the Protection of New Varieties of Plants 
(UPOV)3; and d) PAGE for the determination of alleles of esterase loci Est 1, Est 2, Est 
4 and Est 5 using  Tris-glycine buffer, pH 8,34. 

The signal hordein genes are used for the evaluation of the genetic structure of 
barley varieties. The varieties can be evaluated as pure lines – homogeneous (one-line) 
in the hordein composition, or as hordein polymorphic populations (multi-line). 

The number of hordein lines and their relative frequency in a variety population, as 
determined by the electrophoretic analysis of hordeins, are important for the 
identification of the variety. This results from the fact that some varieties do not differ 
from others by the pattern of the hordein lines but by the proportion of the hordein lines 
in the respective variety. 

Grains of 44 spring varieties and of 26 winter varieties of common barley were used 
for the electrophoretic analysis of hordeins while their seven-day-old leaves were used 
for the analysis of esterase. The patterns obtained were compared to detect the intra- and 
intervarietal polymorphism. Out of the total number of 44 varieties of spring habit, 24 % 
varieties were found to be polymorphic by hordein composition and 9 % by the esterase 
composition. All varieties of the winter barley assortment were homogeneous in view of 
both hordein and esterase; they can be characterized, consequently, as pure lines. 

As the hordein polymorphism is lower than that of wheat gliadins, it is more 
difficult to determine the genuineness of the barley varieties of which many have 
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identical hordein patterns. Therefore, the varieties identical in hordein, as determined by 
SGE, were further evaluated by PAGE ISTA, SDS -PAGE, and by means of the esterase 
markers. To evaluate the possibility of differentiation between identical varieties on the 
basis of the methods given above, the varieties have been included in the identity classes 
of the hordein and esterase patterns5.  

The differentiation between the hordein-identical varieties Camera, Monaco, and 
Tiffany can be used as an example. The variety of the winter malting barley Tiffany has 
the hordein electrophoretic pattern (HRD A3 - HRD B3 - HRD F2) identical with that of 
the fodder-type varieties Camera and Monaco. However, Tiffany differs from Camera 
and Monaco in the alleles of the hordein loci as found by SDS PAGE (Tifanny:  HRD 
D1 - HRD C10 - HRD B6; Camera, Monaco: HRD D1 - HRD C8 - HRD B6). 
Furthermore, it is possible to distinguish the varieties Camera and Monaco by means of 
the esterase loci (Camera:  Est1 Ca – Est2 Fr – Est4 At – Est5 Pi; Monaco: Est1 Ca – 
Est2 Dr – Est4 Su – Est5 Pi ). 
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Plant cultivars belong among the most important factors in the process of the 
agricultural development. Potatoes represent a very fundamental and irreplaceable crop 
and food for which the importance of cultivar as a quality carrier is implicit. Potatoes 
enter the food chain as soon as they are put into circulation through the sale to 
consumers; they are subject to the Food Law of the Czech Republic (No. 110/1997). In 
connection with these facts, the cultivar verification and identification as well as the 
possibility of the cultivar genuineness control have become an obvious necessity. The 
methods of the cultivar identification based on the morphological characteristics are not 
too reliable on account of their dependence on the environmental conditions. On the 
other hand, the stable characteristics of tubers (e.g. soluble tuber proteins and enzymes) 
are considered as the most appropriate for the cultivar identification. 

Potato tubers constitute a relatively homogeneous tissue out of which the soluble 
tuber proteins can be easily extracted. The soluble proteins obtained from freshly 
harvested mature tubers consist predominantly of albumins (60 %) and globulins (20 %). 
A glycoprotein of M.w. 45 kD – patatin - constitutes up to 20% of the soluble proteins; 
the main protein of the albumin fraction, tuberin, is a dimer of M.w. 66 kD possessing 
esterase activity1. Electrophoresis on starch (SGE) or polyacrylamide gel (PAGE) in 
alkaline or acid buffer is regarded as an appropriate and effective method for the 
separation of the tuber proteins. The advantage of this approach resides in the fact that 
the electrophoretic patterns of the tuber proteins do not depend on the environmental 
conditions (year, locality, fertilization, term of storage in the cold stock)1. Stegemann 
and Loeschcke2 worked up a catalogue of the European potato cultivars based on the 
variability of the protein and esterase electrophoretic patterns. Also UPOV (International 
Union for the Protection of New Varieties of Plants) recommended the utilization of the 
tuber protein and enzyme polymorphism for the control of distinctness, uniformity, and 
stability (DUS-tests)3,4. 

In the Research Institute of Crop Production in Prague, two methods of PAGE - 
UPOV were used for the characterization and identification of the registered potato 
cultivars. Extracts of sap were first prepared from tubers (freshly harvested proved to be 
optimal) which were deep-frozen at -20 °C and then allowed to thaw at room 
temperature; the sap could be subsequently easily squeezed out into centrifuge tubes. 
The first of the  recommended methods  for the tuber protein and esterase 
electrophoresis is based on the system of only one polyacrylamide gel and Tris-borate 
buffer (pH 7.9)3, while the second one, used mainly for patatin electrophoresis, utilizes 
the system of stacking and resolving gels and Tris-glycine buffer (pH 8.9)4. The 
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electrophoretic patterns obtained were compared with cultivar etalons, the values of 
REM (relative electrophoretic mobility) of the individual bands were counted and the 
matrix of the identity index was constructed.  

Potato cultivars were found by both methods used to be distinguishable and 
identifiable.  Our results prove that a reliable identification of potato cultivars is feasible 
by means of tuber protein electrophoresis. The electrophoretic patterns of the tuber 
proteins and enzymes are considerably specific for individual cultivars and genetically 
conditioned, independent on the year and locality; they remain unchanged in dormant 
tubers for several months of storage in the cold. The methods of the cultivar 
identification and verification given above can be successfully utilized both in the plant 
breeding and for the control of the cultivar genuineness, e.g. on the potato market. 
 
References 
 

1. Desborough S. L.: Potato (Solanum Tuberosum L.). Isozymes in Plant genetics and 
breeding, Part B (Tanksley S. D. and Orton T. J., eds.), Elsevier, Amsterdam 1983, 
p. 167 

2.  Stegemann H. and Loeschcke V.: Potato Res. 20, 101 (1977) 
3.  Bundessortenamt – Anlage zur Richtlinie zur Prüfung der Unterscheidbarkeit, 

Homogenität und Beständigkeit von Kortoffel (April 1996) 
4.  UPOV TWA 31/6 Draft test guedelines for potato, document TG/23/6 (Proj.1) (Rio 

de Janeiro 23.-27.9.2002) 
 
Acknowledgement 
 

This project was supported by the grants QF3050 and 1B44011 from the Ministry of 
Agriculture, Czech Republic. 
 
 
 
 
 
 
 
5P08 
 

THE IMPACT OF BRASSINOSTEROIDS ON THE QUALITY OF FOOD 
WHEAT 

 
Dana Hradeckáa,*, Alena Hejtmánkováb, Ludmila Staszkováb and Milan, Kroutilb 

 
aDepartment of Crop Production and bDepartment of Chemistry, Czech University of 
Agriculture, 16521 Praha 6, Kamýcká 957, Czech Republic 
 

* E-mail: hradecka@af.czu.cz 
 

Wheat grain quality is determined by genotype, weather conditions and farming 
methods. Stress conditions can force a plant to induce biochemical adaptive responses 
which could also be controlled by exogenous application of phytohormons e.g. 
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brassinosteroids. Brassinosteroids are defined as polyhydroxy steroids based on 5α-
cholestane skeleton. They are active during organogenesis, stimulate germinability and 
root formation, retard ageing, etc1-4. They can also support plant resistance to certain 
pathogens. Long-term stress conditions, especially in post-floral period, destroy the 
baking quality of grains. Temperature and the duration of maturation period influence 
certain enzyme activities as well as the content of Ca2+, Mg2+, and K+. The amount of 
mineral ions subsequently influences baking parameters such as wet gluten content, 
gluten extensibility, activity of α-amylase and proteolytic enzymes etc. The impact of 
brassinosteroids on these parameters has been studied for three years (2001-2003) at 
CAU experimental fields in Prague. 

During heading (49DC), the wheat experimental plots (10 m2, variety Sandra) were 
treated by 1 litre of 1.10-6 M solution of the following tested compounds: 4154BR, 
48911A-Olefin, 4861 salt LEV, A-BOC-Gly, BOC-Gly-CHOL-4872 and 4831CYKlO. 
The effect was compared with the activity of naturally occurring steroid phytohormone, 
24-epibrassinolide (24-epi), used as a standard.   

Ca2+, K+, Mg2+, Cu2+ and Zn2+ contents were determined by Varian SpectrAA 400. 
Wet gluten content, extensibility and falling number were specified by standard methods 
(No 461011-9, No ISO 712 and No ISO 3093 respectively). 

The amount of the Ca2+ and Zn2+ in grains increased after they were treated by 
majority of the tested brassinosteroids. The differences in weather conditions between 
the particular years also influenced the grain quality parameters. The accumulation of 
Mg2+ and Zn2+ ions correlated positively with the temperature. Negative correlation 
between the rainfall and Ca2+, K+, and Cu2+ contents was also found; high temperatures 
decreased the amount of Cu2+ ions. Falling number, wet gluten content and gluten 
extensibility are determined by weather conditions during post-floral period and by the 
duration of this period. Brassinosteroids could improve these quality parameters and 
could be suggested for good farming practices to ensure the grain quality. 
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Listeria are gram-positive, non-spore-forming, rod-shaped bacteria. Of the six 
known species of the Listeria genus, Listeria monocytogenes deserves particular mention 
as a human and animal pathogen, while L. ivanovii is pathogenic only in animals and L. 
innocua, L. seeligeri, L. grayi, and L. welshimeri are mostly considered harmless 
environmental bacteria. Severe disease listeriosis caused by pathogenic bacteria from 
genus Listeria is one of the most deadly bacterial infections currently known. These 
bacteria are well equipped to survive food processing technologies. For example, they 
tolerate high concentrations of salt and relatively low pHs, and worst of all, they are able 
to multiply at refrigeration temperatures. This makes Listeria microorganisms a serious 
threat to food safety and ranks them among the microorganisms that most concern the 
food industry. The foods most frequently implicated are raw milk, soft cheeses 
(particularly those made from unpasteurized milk), ice cream, raw vegetables, fermented 
raw-meat sausages, raw and cooked poultry and raw and smoked fish.  

 The main goal of our project was to develop rapid and specific method for 
detection of Listeria contamination in food. Two polyclonal antisera had previously been 
developed. With these antisera ELISAs in microtitrate plates had been set up, one 
specific for Listeria spp., and the other specific for L. monocytogenes. In the present 
study optimized method was transformed into dipstick format of ELISA. We tested 
different kinds of artificially contaminated food samples (milk, ice-cream, salad-
dressing…). Achieved results were compared with the developed ELISA in microtitrate 
plates.  
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The bacteria Erwinia carotovora is gram-negative epiphytic non-photosynthetic 
bacterium with aerobic metabolism, which produces carotenoids (phytoene, lycopene, β-
carotene, β-cryptoxanthin, zeaxanthin, zeaxanthin glucosides) and pectinolytic, 
cellulolytic and proteolytic enzymes. Carotenoids are industrially significant pigments 
with antioxidant activity, which act as protective agents against reactive oxygen species 
and UV irradiation. Carotenoid production in E. carotovora is encoded by crt gene 
cluster containing 6 genes localized on dsDNA.  

In this work possibility of cloning and expression of crt gene cluster isolated from 
Erwinia carotovora in recipient strain E. coli DH5α, Erwinia carotovora and 
Saccharomyces cerevisiae was tested. Isolation of crt genes was proved using  XbaI, 
EcoRI and HindIII restriction endonucleases. Plasmid  vector  pHSG298 and shuttle 
vector pAUR135 with insert on size about 1200 bp was used for transformation of 
chemically competent cells. Transformants were selected based on genotype as well as 
fenotype changes: a) resistance of transformants to kanamycin encoded by pHSG298 or 
to aureobasidin A encoded by pAUR135, b) formation of  orange-coloured  E. coli 
colonies, c) isolation and analysis of size of recombinant plasmid, d) HPLC analysis  of 
carotenoids produced  by recombinant cells. In individual transformants lutein, lycopene, 
β-carotene and phytoene were demonstrated. Amount of carotenoids isolated from E. 
coli cells transformed by pHSG298/crt was higher than those from E. carotovora cells. 
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DNA of the thermophilic microorganisms1, which are very interesting from the 
general biological point of view because they are able to live and reproduce themselves 
in the range of the temperature which is lethal for other microorganisms, was isolated 
every time from the same amount of the liquid culture of Bacillus acidocaldarius (CCM 
2855) and Thermus sp. (CCM 4199)2 cultivated at 65°C for 24 h on the shaking 
machines in the LB medium. 

There were used 6 different methods for isolation and purification of genomic 
DNA3. In three cases it was used enzymatic extraction of DNA by using different 
concentration of enzymes, time and temperature of incubation followed by different 
procedures of precipitation and purification of DNA. In two cases it was dealt with 
chemical extraction by a combination of phenol and chloroform, which were used in 
different amounts, number of steps but also in the mixture and finally it was used the 
commerce kit HIGHT PURE PCR Templetate preparation Kit (Roche, USA) for 
isolation of nucleic acids from bacteria or yeast.  

Obtained DNA was visualized by horizontal electrophoresis on 1% agarose gel 
containing ethidium bromide (1x TBE buffer, 75 V, constant current, 150 min) and 
quantified by spectrophotometric measurements using wavelengths 260 and 280 nm. 
Gained values enabled us to count the yield of DNA and the purity quotient of isolated 
DNA.  

The best results were obtained by using commerce kit ROCHE when the 
concentration of 600 µg/ml of DNA with relative small impurities of proteins was 
achieved. Other methods gave also sufficient amount of yield but the big difference was 
noted in the purity value of isolated DNA (by other methods) which fluctuated in the 
ratio A260/A280 between 0.4 – 2.8 in comparison with 3.9 by using kit. 
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Polyamines are widely present in bacteria, plants and animal tissues and play an 
important role in growth processes. Biogenic amines are formed upon degradation of 
proteins and amino acids by decarboxylase-positive microorganisms and thereby present 
a good index of food decomposition. The determination of amines and polyamines in the 
flow system was enabled by the application of a dual peroxide electrode equipped with 
enzyme membranes. The membranes were obtained by immobilisation of pea seedling 
amine oxidase or oat polyamine oxidase on a cellophane, co-crosslinked by gelatin-
glutaraldehyde together with bovine serum albumine1. We have assembled a biosensor 
using amine oxidase (AO) to measure the total amine content and polyamine oxidase 
(PAO) for specific determination of spermidine and spermine. The direct 
electrochemical oxidation of the produced hydrogen peroxide occurs at high positive 
potentials, which exposes the biosensor to interference from other easily oxidisable 
substances like ascorbate, urate or paracetamol. A cellulose acetate membrane covering 
the Pt-Yr electrode was used  to eliminate almost completely interfering effects2. 

The new biosensor has the limit of detection 10 nmol.l-1 putrescine and 20 nmol.l-1 
spermidine (determined with respect to a signal-to-noise ratio 3:1). A linear range of 
current response were 0.05 – 10 mmol.l-1 putrescine and 0.1 – 5 mmol.l-1 spermidine, 
with a response time of 10 s (for putrescine) and 20 s (for spermidine). The 
determination of biogenic amines in food samples by the use of biosensor was compared 
to established HPLC method using benzoyl derivatives of polyamines. The biosensor 
was stable at least three months and retained 80 % of its original activity. The lifetime of 
dry enzyme membranes stored at 4°C in a refrigerator was approximately one year. 
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Number of pathogenic tick-borne bacteria cause diseases in humans and animals. 
Wide range of conventional methods as PCR, immunodetection, cultivation, reverse line 
blot or microscopy is available for identification of bacterial pathogens. Although these 
methods are used for many years, they do not allow simultaneous detection of wide 
spectrums of bacteria. DNA chips represent robust technology for fast, sensitive, 
relatively cheap and simultaneous detection of microorganisms in biological samples. 

 We have developed oligonucleotide-chip for detection of selected tick-borne 
bacteria as Borreliae, Rickettsiae, Anaplasmae and Ehrlichiae. The chip contains 
oligonucleotide probes targeting variable fragments of 16S rRNA. Oligonucleotide 
probes were designed by use of PRIMROSE software1 or manually, their specificity was 
checked by BLAST software2, and cross-reactive probes were excluded. Oligo-chip was 
manufactured by immobilization of specific probes on a chemically modified surface of 
glass slide. Fluorescently labeled fragments of 16S rRNA were amplified by PCR, using 
kingdom specific universal primers designed for convenient amplification of target 16S 
rDNA from any bacteria. Using universal primers, we have been able to obtain PCR 
product from 1 pg of bacterial DNA and genomic DNA isolated from tick infected by 
selected bacteria. Hybridization signals obtained after hybridization of oligo-chip with 
PCR amplified, fluorescently labeled 16S rDNA fragment allowed us to discriminate 
between tick-borne bacteria specified above. Use of universal primers for target DNA 
amplification in combination with probes designed from variable regions of 16S rRNA 
genes and possibility to include other probes to our oligo-chip is making our assay 
universally applicable for identification of any bacteria with known sequence of 16S 
rRNA gene. Apply of our method together with existing methods can increase accuracy 
of methods currently used in clinical laboratories by overcoming some of their 
limitations. 
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Microsatellite typing is an indespensible tool for human identification in natural and 
human catastrophes. However, highly fragmented DNA in degraded forensic samples 
presents a challenge for current commercial STR typing kits. The longest amplicons in 
the PowerPlex 16 from Promega and in the AmpFLSTR Identifiler from Applied 
Biosystems exceed 350 bp while the average lengths of a degraded DNA length may be 
well under these sizes. A series of redesigned primer kits with shorter amplicons have 
been recently developed to address this issue1. These primer sets, known as Miniplexes, 
contain 3 or 6 multiplexed STR loci with the primer binding sites located as close as 
possible to the polymorphic region. Five different miniplexes cover the entire set of 13 
Combined DNA Index System STRs. The initial results demonstrated that all Miniplex 
primer sets performed satisfactorily on a fragmented DNA template with the exception 
of Penta E locus. In this study we discuss results obtained in experiments performed to 
partially satisfy developmental validation requirements of Scientific Working Group on 
DNA Analysis Methods for Miniplex 2 (D5S818, D8S1179, and D16S539), Miniplex 4 
(vWA, D18S51, and D13S317), and BigMini (TH01, TPOX, CSF1PO, D7S820, FGA, 
and D21S11). Namely, we examined the effect of template size on the efficiency of 
amplification, concordance with established commercial systems, and detection 
sensitivity in ABI310 capillary electrophoresis. 

Degraded DNA was prepared by digesting a series of samples with DNase I as well 
as obtained from collaborative arrangements with the Anthropology Departments of 
Ohio University and the University of Tennessee Forensic Anthropology Center. A 
concordance study was undertaken to examine 500+ samples in order to address 
potential primer binding site mutations. Discrepant samples were reamplified by 
Miniplexes, PowerPlex 16 and Identifiler to check for clerical errors and then sequenced. 
The sensitivity was assessed as the minimum DNA template amount correctly typable 
using peak height ratios of 60% as an objective criterion. 

The loss of the peak intensity as the amplicon sizes became larger was clearly 
evident for the PowerPlex 16 system; on the other hand, the Miniplex primer sets were 
capable of producing complete profiles for all tested samples even at template fragment 
lengths below 222 base pairs. For DNA extracts from environmentally exposed bone 
samples, the Miniplex sets yielded higher allele peaks than a commercial kits and in one 
case provided a full STR profile where only partial sets had been obtained previously2.  
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Full concordance was observed in 99.77% (6369 out of 6384) STR allele calls 
compared3. In discrepant samples, four types of deletions (TGTC, TATC, AGAG, and 
CCATCCAT) and one type of mutation (TG to CA) were discovered. 

Miniplexes successfully amplified DNA at concentrations well below recommended 
values for commercial systems. Typical results showed sensitivities below 100 pg of 
template. However, we found that amplification efficiency was affected when more than 
3 loci were included in the multiplex reaction.  
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Carvedilol is a unique cardiovascular drug with multiple therapeutic potential. 
While membrane adrenoreceptor blockage as well as the effects of carvedilol on 
endothelial and smooth muscle cells are relatively well described, the antioxidative 
properties of carvedilol and the influence of carvedilol on blood leukocytes are not 
completely documented. The major aim of the study was to provide new information on 
the effects of carvedilol on the oxidative burst of leukocytes. 

Leukocyte rich plasma was prepared using dextran sedimentation of heparinized rat 
whole blood. Then the leukocyte rich plasma was washed and isolated leukocytes were 
resuspended in HBSS. Leukocyte-derived free radical production activated with 
different kinds of stimuli (opsonized zymosan particles - OZP, bacterial polypeptide 
FMLP, calcium ionophore - CaI, phorbol myristate acetate - PMA) was measured in the 
absence or in the presence of carvedilol using luminol-enhanced chemiluminescence 
(CL). CL activity was detected in microtitre plate luminometer Immunotech LM-O1T 
(Czech Republic) and analysed for its kinetics within 1 h after the activation.  

Carvedilol in a concentration of 100 µmol/l completely inhibited CL activity 
originated from cells activated by any of the activators tested. FMLP- and CaI-activated 
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CL was significantly inhibited also with 10 and 1 µmol/l carvedilol while OZP-activated 
CL was inhibited only sligtly with 10 µmol/l. PMA-activated CL was not decreased by 
carvedilol in a concentration of 10 µmol/l. Concentrations of carvedilol lower than 1 
µmol/l had no effect on the CL of leukocytes.  

The antioxidative properties of carvedilol were confirmed in following experiments. 
The antioxidative potential to individual reactive oxygen metabolites decreased in the 
following order: hydroxyl radicals > hydrogen peroxide > superoxide radicals > peroxyl 
radicals. These antioxidative properties of carvedilol can explain the decreased cell-
derived CL only partially. The question what is the reason of different effect of 
carvedilol on cells activated by different types of stimuli remains to be elucidated.   
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New developing approach to the cancer treatment is a photodynamic therapy (PDT). 
PDT is based on the application of a photosensitive compound. Subsequent irradiation 
with visible light leads to energy-transfer processes and induces activation of oxygen 
molecules present in tissues. Highly reactive singlet oxygen molecules are formed. 
These cause oxidation of cellular compounds (proteins, lipids) leading to the cell death. 

In this work a variation of PDT was used, based on the administration of 5-
aminolevulinic acid (ALA), the distant precursor of heme in biosynthetic pathway. 
Protoporphyrin IX, the compound with excellent photosensitizing properties, is 
accumulated in cancer cells due to defective heme biosynthesis in most cancer cell types.   

Promyelocytic leukemia cell line HL60 and chronic myelogenous leukemia cell line 
K562 were employed to reveal the specific cancer cell response to ALA-PDT. Apoptosis 
was induced in HL60 cells due to ALA-PDT treatment. Some specific signs of the 
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induction of apoptotis were also detected in K562 cells; however the process was 
interrupted before the execution phase of apoptosis.  

The effects of ALA-PDT on the proteome of HL60 and K562 cells were examined 
by two-dimensional electrophoresis (2D-PAGE). The 2D-peptide or phosphopeptide 
maps of ALA-induced cells (treatment with 1 mM ALA for 4 h) as well as cells 
subjected to ALA-PDT (irradiation of ALA-induced cells with blue light dose of 18 
J/cm2) were obtained and compared by image analysis. Protein spots that differed in the 
position, density or fluorescence intensity were subjected to mass spectromery analysis 
(MALDI-TOF) and identified by bioinformatics means. Among these the molecular 
chaperons were also identified. Subsequent study was focused on the responsibility of 
molecular chaperons in the regulation of different cell response to ALA-PDT. Both pro- 
and anti-apoptotic responses of several heat shock proteins were determined.  

Molecular chaperon Hsp60 is a mitochondrial heat shock protein, which is 
important for the folding of nascent proteins, for a protein function and a proteolytic 
degradation of incorrectly folded proteins. Hsp60 was affected in response to ALA-PDT 
in HL60 cells as uncovered by proteomic analysis. Protein level of Hsp60 increased by 
over 40 % in HL60 cells, while it remained unchanged in K562 cells. In this case the 
increased expression of Hsp60 was in accordance with the execution of apoptosis in 
leukemic cells.  

Cytoplasmic protein heat shock 90 (Hsp90) is an essential molecular chaperone that 
is found even in unstressed eukaryotic cells in the abundance level (1 – 2 %). Hsp90 
associates with client proteins and its role appears to be particulary in activation or 
maturation of client proteins rather than their folding de novo. Several important proteins 
that are key components of signal tranduction pathways belong to Hsp90 client proteins. 
However Hsp90 association is also required for the stability and function of multiple 
mutated and over-expressed signaling proteins that promote growth and/or survival of 
cancer cells. Hsp90 client proteins include mutated p53, Bcr-Abl, Raf-1, Akt or ErbB2.  

Oncogene Bcr-Abl tyrosine kinase was determined as the primary molecular cause 
of the chronic myelogenous leukemia disease. Association of Bcr-Abl with Hsp90 was 
found to be necessary for its stability. Phosphorylation of Hsp90 causes dissociation 
from its client protein, which is than more sensitive to proteasome degradation targeting.  

The number of Hsp90 spots on protein and phosphoprotein maps increased in 
response to ALA-PDT whereas the protein level of Hsp90 remained unchanged. ALA-
PDT induced phosphorylation of Hsp90, which led to its dissociation from the client 
proteins and the protein level of oncogene Bcr-Abl decreased in K562 cells to 30 % in 
three hours after treatment. The apoptotis- inducing signal was determined due to ALA-
PDT in K562 cells. Cytochrome c was released to cytosol and might induce the 
execution phase of apoptosis as in HL60 cells. However, any signs of execution process 
were not detected in K562 cells in comparison with HL60 cells.  

Protein expression level of another molecular chaperone - Hsp27 was found much 
higher in K562 cells in HL60 cells. Hsp27 inhibits cytochrome c-dependent activation of 
procaspase-9. High protein level of Hsp27 disables the execution of apoptosis in K562 
cells. Any alternative apoptotic pathway was not induced. 
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The aim of this work was to study influence of Chlorella pyrenoidosa intake on 
lipid metabolism in hyperlipidemic subjects. A total of 30 subjects enrolled in a 7-month 
study were divided into 2 groups: A - 11 controls, B - 19 subjects with hyperlipidaemia. 
During the 1st period of experiment (3 months) took all groups normal diet. During 
consecutive 90 days (2nd period) both groups A and B were treated by Chlorella 
pyrenoidosa supplement (2 g daily). During the 3rd period (1 month) rate of antioxidants 
utilization in tested organisms was followed. Some metabolic parameters, serum 
carotenoids, tocopherols, flavonoids and total antioxidant status (TAS) were measured in 
each subject regularly in 60-day intervals. Additionally, antioxidant (TAS kit, Randox) 
and antimutagenic (test strain S. cerevisiae D7) effects of Chlorella pyrenoidosa were 
analysed.  

Levels of antioxidants and TAS in the control group exhibited typical seasonal 
decrease in the 2nd period. After 90-day of Chlorella treatment statistically significant 
changes in some parameters of lipid metabolism were observed in group B (total 
cholesterol 6.08±1.26 vs 5.88±1.03 mM,; LDL-cholesterol 3.89±0.68 vs 3.66±0.81 mM,; 
TAG 2.08±0.78 vs 1.72±0.84 mM; AI 3.58±1.14 vs 3.34±0.84), while in group A no 
significant changes were observed (except 1.2 x decrease of TAG level). Both groups A 
and B exhibited significant increase in levels of some antioxidants: 1.7 x retinol, 1.6 x 
lutein, 2.3 x lycopene, 1.4 x β-carotene and 1.7 x rutin. Chlorella exhibited high 
antimutagenic effect due probably by presence of chlorophyll and other antioxidants. 

Chlorella pyrenoidosa intake can positively influence lipid metabolism, but 
supplementation will be proved for long time.  
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The piezoelectric transducer – quartz crystal microbalance - represents an affordable 
tool for direct and real-time monitoring of immunoaffinity interactions. The measuring 
set-up suitable for convenient measurement in a flow-through arrangement was 
developed and applied for bioaffinity studies as well as for immunoassays. For clinical 
applications, the piezoelectric immunosensor for rapid determination of albuminuria was 
developed using competitive assay with antibody in solution. Another studies involved 
interactions of the tumour suppressor protein p53 with antibodies corresponding to 
several regulatory regions of p53. The covalently immobilised protein p53 retained its 
activity and it was able to interact with antibodies as well as with several protein kinases 
resulting in modulation of the physiological activity. The interactions of osteoprotegerin 
(OPG) with several antibodies were studied. Monoclonal anti-OPG antibodies (5H3, 
4E6H9 and HU-OPG1.3) were immobilized on the sensing surface modified with 
covalently attached monolayer of protein A. Binding of both OPG standard and 
recombinant OPG-Fc chimeric protein was followed in real time. All antibodies were 
able to bind OPG and OPG-Fc, though in the case of MAb 4E6H9 the 
immunocomplexes dissociated quickly in the absence of OPG. In all cases, the 
dissociation of MAb-OPG complexes was faster compared to MAb-OPGFc complexes. 
For the developed OPG immunosensor, the lowest detectable concentration of OPG was 
60 ng/ml. The assays of OPG in serum samples were performed using both piezoelectric 
immunosensors and compared with assays carried out using the standard ELISA 
procedure. The developed immunosensors seem promising for rapid determination of 
different markers in real clinical samples. Additional examples of piezoelectric 
immunosensors will include determination of pesticides in water, immunosensing of 
polychlorinated biphenyls in organic solvents and rapid detection of bacteria. 
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Biotransformation of catechols in the human body depends on catalytic activity of 
catechol-O-methyltransferase (COMT; EC 2.1.1.6). This enzyme exists as membrane-
bound (MB) and soluble (S) isoforms differing by 50 amino acid residues. The COMT 
gene maps to chromosome 22q11.2. Biallelic genetic polymorphism at codon 108/158 
(S-/MB-COMT) influences thermostability and consequently enzyme activity of COMT. 
Slower biodegradation of catecholamine neurotransmitters in the organism could 
contribute to the etiology of mental disorders (velo-cardio-facial syndrome, rapid cycling 
bipolar disorder, obsessive-compulsive disorder, type 1 alcoholism, schizophrenia) and 
breast cancer. The aim of this study was to develop a rapid real-time PCR method for 
COMT genotyping via melting point analysis with hybridization probes. Primers and 
fluorescent hybridization probes were designed using Roche LightCycler Probe Design 
Software. Amplification was carried out in a final volume of 10 µl in disposable glass 
capillaries (Roche Diagnostics, Mannheim, Germany). Each reaction contained 1 µl of 
LightCycler FastStart DNA Master Hybridization Probes (Roche), 2 mmol/l MgCl2, 5 
pmol of primers, 1 pmol each of hybridization probes, and 50–100 ng of genomic DNA. 
The thermocycling conditions were: 95 oC for 10 min (initial denaturation and activation 
of Taq polymerase) and 45 cycles of 95 oC for 2 s, 55 oC for 5 s, and 72 oC for 5 s. After 
amplification, melting analysis was performed by denaturation at 95 oC for 30 s, 
annealing at 40 oC for 90 s, and slow heating to 75 oC with a ramp rate of 0.1 oC/s.  

The genotyping was performed on DNA samples of 118 volunteers with their 
informed consent. 58 subjects (49%) were heterozygous Met/Val, 25 subjects (21%) 
were homozygous Met/Met, and 35 subjects (30%) were homozygous Val/Val. The 
reliability of the results was confirmed by a PCR/RFLP method. Both techniques gave 
identical results. The estimation of Val-108/158 allele frequency was about 54%, and 
Met-108/158 allele about 46%. Real-time PCR is a rapid and accurate approach to 
detection of a single-nucleotide polymorphism at COMT codon 108/158. 
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Specific uptake of serotonin by macrophages may regulate various constituents of 
the immune system and immune functions. Serotonin, the major secretory product of 
activated platelets, was also widely reported to modulate the function of PMNLs. This 
modulation is complex and data available are rather controversial. Serotonin could act as 
a true scavenger of reactive oxygen species generated during the respiratory burst of 
stimulated phagocytes, caused aggregation and degranulation of PMNLs, inhibited the 
migration of mononuclear leucocytes. The aim of the present study was to clarify the 
mechanisms of serotonin action on neutrophils and monocytes/macrophages. The effect 
of serotonin in a concentration range of 10-2 - 10-7 M on various parameters of oxidative 
burst of phagocytes was studied using various luminol-enhanced chemiluminescence 
(CL) methods . 

The oxidative burst of opsonized zymosan-activated neutrophils in human whole 
blood was assessed using Luminometer 1251 (BioOrbit, Finland). CL values were 
expressed as maxima of the curves obtained during 60 min measurements. Serotonin 
inhibited the CL response of the cells in a dose dependent manner: by 95% 
(concentration 10-3 M), 88% (10-4 M), and 57% (10-5 M). Lower concentrations of 
serotonin were ineffective. 

Since luminol-enhanced CL of phagocytes is widely considered to be dependent on 
a reaction of the myeloperoxidase (MPO) system, the effect of serotonin on the activity 
of MPO was studied in further experiments. Lysed HL-60 cells were used as a source of 
MPO and the activity of the enzyme was evaluated using bromide-dependent CL 
reaction. In this case, serotonin again exerted a dose dependent inhibition of the MPO 
activity: 99% inhibition (10-3 M serotonin), 95% inhibition (10-4 M serotonin), 27% 
inhibition (10-5 M serotonin) and 17%  inhibition (10-6 M serotonin). The lowest 
concentration of serotonin (10-7 M) did not inhibit the activity of MPO at all. 

The CL was used to follow up the total peroxyl-radical antioxidative parameter 
(TRAP) of serotonin. Peroxyl radicals were generated at a constant rate by thermal 
decomposition of ABAP. These peroxyl radicals were scavenged when antioxidants 
were present and the TRAP value (expressed as mmol of peroxyl radicals scavenged by 
1 l of the sample) was proportional to the period when the CL signal was diminished. 
Only the two highest concentrations of serotonin showed a peroxyl radical-scavenging 
effect: 4959 mmol/l and 410 mmol/l at concentrations of 10-3 M and 10-4 M, 
respectively. 
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Antioxidant properties of serotonin were further studied in various chemical systems 
producing individual ROS: hypoxanthine/xanthine oxidase system (produced superoxide 
anion), hydrogen peroxide/ferrous sulphate system (produced hydroxyl radical) and 
hydrogen peroxide itself. ROS production was measured in a microtitre plate 
luminometer LM-01T (Immunotech, Czech Republic). Serotonin exerted the strongest 
antioxidant potential against hydroxyl radical and the weakest antioxidant potential 
against hydrogen peroxide. The percentage of inhibition was as follows for individual 
serotonin concentrations: 10-3 M – 100%, 98%, and 96% (CL driven by superoxide 
anion, hydroxyl radical and hydrogen peroxide, respectively); 10-4 M - 97%, 82%, and 
63%; 10-5 M - 69%, 34%, 0%; 10-6 M - 22%, 0%, and 0%. Serotonin at the concentration 
of 10-7 M did not inhibit CL in any of the chemical systems mentioned above. 

It can be concluded that serotonin could affect the oxidative burst of phagocytes. 
Both decreasing the generation of ROS and direct scavenging of ROS were responsible 
for its inhibitory effects. 
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Previous analyses of pleural exudates revealed high levels of gelatinases, a subclass 

of matrix metalloproteinases (MMPs), associated with invasive processes during cancer 
progression and inflammatory reactions. Whereas the expression of major gelatinase A 
(MMP-2) seems to be constitutive, the expression of gelatinase B (MMP-9) is apparently 
inducible under pathological conditions. However, reports on the degree of expression of 
MMP-9 among clinically relevant effusion types have so far been contradictory. To 
elucidate expression of MMP-9 in pleural effusions of paraneoplastic origin, we 
analyzed pleural fluids of  lung cancer patients (n=130) by substrate zymography and 
enzyme-linked immunosorbent assay, and compared proMMP-9 levels with 
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parainfectious effusions (n=33), and transudates (n=12). We found significant 
differences among the three groups, with the highest concentrations in parainfectious 
exudates, and the lowest in transudates. However, data analysis of  paraneoplastic 
exudates revealed many patients, expressing considerably higher amounts of proMMP-9 
then the major paraneoplastic subgroup around a relatively low median value. A 
subsequent sorting based on histological origin of malignancies showed significantly 
higher values in exudates associated with metastatic tumors (n=26), when compared to 
primary tumor effusions. No significant differences were found between metastase 
associated effusions and parainfectious exudates. Values of proMMP-9 correlated 
significantly with  levels of C-reactive protein, a systemic marker of inflammation. 
These observations are discussed with respect to a possible contribution of inflammation 
onto the neoplastic process. 
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Mannans, yeast surface polysaccharide antigens (Candida spp.) were partially 
oxidized and conjugated to protein carrier. Prepared conjugates were immunogenic in 
mice and re-injection elicited significant increase of specific serum antibody levels. The 
results obtained by ELISA method indicate that the yeast mannan conjugates prepared 
by the simple scheme could be considered as candidate for preventive treatment in the 
some potentially risk population (cellular and humoral immune deficiences). 
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The MHC Class I molecules present endogenously synthetized peptides to CD8+ 
cytotoxic T cells1 and these molecules (MHC I) are also recognized by inhibitory 
receptors of natural killer cells2. The MHC I class molecules of man and other studied 
species are expressed on most nucleated cells1. They consist of heterodimers of highly 
polymorphic α chains (Mr 44 kDa) non-covalently associated with the invariant β2-
microglobulin subunit (Mr 12 kDa)3. Knowledge about MHC class I structure and their 
biological function has been advanced by the extensive development of monoclonal 
antibody (mAb) reagents. In cattle, most of the MHC class molecule (denoted BoLA) 
analyses were performed by cross-reactive mAb W6/324,5 commonly used for human 
MHC study. Only a few mouse mAb generated against bovine cells were reported6. 

This paper describes the antibody IVA-26 formed against bovine cells detecting 
MHC class I molecule of several species and showing analogical features with mAb 
MEM-1477 that recognizes MHC class I on human cells. The indirect 
immunofluorescent analysis revealed that mAb IVA-26 gave positive reaction with 
whole population of bovine, ovine, pig and human lymphocytes. The IVA-26 was also 
bound to some population of bovine, pig and human granulocytes and weak fluorescence 
was found on thrombocytes of the same species. IVA-26 immunoprecipitated proteins 
with molecular weight of 45 kDa (α chain), 14 kDa (β2m) and 58 kDa (α + β2m) from 
lyzates of detergent-solubilized, surface-biotinylated bovine lymphocytes. IVA-26 also 
reacted with β2m molecules of human lymphocyte lysates.  
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CD9 is a widely expressed transmembrane protein of the tetraspanin superfamily 
(also known as TM4SF) with a broad tissue distribution. The tetraspanins are involved in 
many cellular functions as adhesion, migration, co-stimulation, signal transduction, and 
differentiation1. The wide diversity of functions attributed to tetraspanins is probably 
related to the association of these molecules with a wide variety of partner proteins in 
tetraspanin web. Not only tetraspanins are associated with each other, but they also 
associate with many Ig superfamily proteins, proteoglycans, complement regulatory 
proteins, integrins, growth factors and signalling enzymes2. CD9 forms complexes with 
CD81 or CD63 molecules which associate with αvβ1 or α6β1 integrins1. In platelets 
CD9 is associated with the integrin αIIbβ3 (CD41/61)3. In order to establish the complex 
of CD9 with another proteins in bovine platelet membranes we solubilized the platelets 
with non-ionic detergent Brij 35. We found that the integrin CD41/61 and the tetraspanin 
CD9 can associate in a protein complex that is present in resting untreated bovine 
platelets. Both antibodies anti CD41/61 (IVA 38) and anti CD9 (IVA50) 
immunoprecipitated similar pattern of protein bands including the co-precipitation of 
CD41/61 and CD9. Western blot and reimmunoprecipitation confirmed the presence of 
β3 subunit in mAb IVA50  immunoprecipitates. In addition CD9 was detected in IVA 38 
immunoprecipitates by Western blotting and reimmunoprecipitation. The depletion 
experiment indicated that CD9 is completely associated with CD41/61 in bovine platelet 
membranes. 
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K-ras (Kirsten) onkogen belongs to the supra-family of ras onkogens. K-RAS 
protein is located on the cytoplasmic side of cell membrane and functions as a signal 
transducer that promotes cell growth and cell division. In the active state, K-RAS binds 
and cleaves GTP. A defective K-RAS releases GTPase activity, becomes continuously 
activated and promotes unregulated, proliferative cell growth1. Mutation in K-ras so lead 
toward uncontrolled growth and cell division. Since K-ras is a signal transducer, only 
one copy of K-ras is sufficient to be inappropriately activated for unregulated cell 
growth to occur. High frequency of K-ras point mutations used to be detected in several 
malignances like pancreatic cancer (at 75-100% patients), colorectal cancer (40-50%), 
lung carcinoma (15-40%). There is mainly 3 exactly defined mutations of first exon 12 
codon of these gene. 

Various methods have been described for detecting mutant K-ras alleles in the 
presence of excess healthy alleles. All methods are established on utilization of PCR 
amplification. Detection of mutations on the cloned PCR products by the allel-specific 
hybridization was one of the first laboratory techniques in this area, but for technical 
severity showed as unsuitable for routine exploitation. One of utilizable methods is 
"mutant-enriched" PCR2,3. Disadvantage of this method is low reproducibility and a lot 
of false-positive results. Detection of rare mutant alleles can be achieved using enriched 
PCR, which requires multiple rounds of PCR, or using restriction endonuclease-
mediated selective (REMS)-PCR, which achieves the same result in single round of 
PCR4,5.  

Fischer at al.6 developed method to achieve an enrichment of mutant allels by the 
removing of wild-type alleles by differential hybridization to complementary 
oligonucleotides. The nonbound fraction is reamplified by PCR and submited to a 
second round of absorption. The technique, termed subtractive interactive PCR (siPCR) 
allows the detection of K-ras mutations in pancreatic juice with high sensitivity and 
reliability. Rapid method for detection of K-ras mutations in bile by peptide nucleic 
acid-mediated PCR was developed by Chen et al.7. Authors used RT PCR with a 
cysteine-specific (TGT) sensor probe, what can rapidly detect K-ras gene mutations in 
bile and diagnose malignant biliary obstruction with high specificity. Various authors 
have described methods like PCR-SSCP, "dot blot" hybridization and 
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immunohistochemical analysis1,8. For complexity and cost-noneffective severity of these 
methods, their use for current screening is not suitable. 

Recent years research brings diagnostics of K-ras onkogen by exploitation "biochip 
array" methods9. High effort of researches is to develope methods using DNA and 
protein microarray10,11.  

Current methods for detection of K-ras gene mutations are time-consuming. We 
aimed to develop a one-step PCR technique to detect K-ras mutations in diferent samples 
of tissue. We work for development of clinical and laboratory method that can detect 
presence of even small amounts of mutated K-ras gene in biological sample at reliable 
sensitivity and specificity and prove that this method is useful for diagnosis of pancreatic 
cancer.   
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We have designed and synthesized new types of analogues with changes in both the 
sugar and the peptide parts of the molecule that now induce a high level of 
immunostimulation and adjuvant activity but with adverse side effects suppressed. There 
are several important groups of such compounds including muramylglycopeptides, 
analogues of muramyldipeptide (MDP), glucosaminyl-muramyldipeptide (GMDP), and 
desmuramylpeptides. Lipophilic residues have also been introduced to improve adjuvant 
incorporation into liposomes, which themselves represent suitable and versatile carriers 
for lipophilic drugs or antigens and are useful potential vehicles for the construction of 
vaccines. We designed and constructed a stirred thermostated cell which was connected 
to a liquid delivery system for the rapid production of multilamellar liposomes by the 
proliposome-liposome method. This method is based on the conversion of the initial 
proliposome preparation into a liposome dispersion by dilution under strictly controlled 
conditions. Liposomal preparations of immunomodulators were characterized by 
electron microscopy and dynamic light scattering instrument. Biological activity of 
liposomal preparations was tested on mice infection model. Liposomal 
immunomodulators N-L18-norAbu-GMDP and B30-norAbu-MDP were very effective 
at modulating innate immunity against salmonelosis in mice (within the range of 3 - 50 
µg per mouse) by intranasal/peroral application. Both liposomal preparations stimulated 
innate immunity and radioprotective effects in sublethally irradiated mice.  
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There is a considerable progress last five years in knowledge of the P450 (CYP) 
structures which allows to draw out at least some conclusions important for function of 
the respective enzymes. First, the structure of mammalian (rabbit) liver microsomal 
CYP2C5 was published in 2000 which allowed for detailed comparisons of all important 
human liver microsomal P450s. The next milestone was the structure of CYP2C9 
presented in full in 2003 showing the first human liver microsomal P450 in the absence 
as well as in the presence of substrate. Third success was the resolution of the CYP3A4 
structure presented this year. 

The structures show that although the overall „P450 fold“ is preserved, there are 
considerable differences in the ways the substrates approach the active site and in the 
properties of the active site itself. Relative flexibility and openness of the CYP3A4 
active site was expected by the modeling as well as by the spectroscopic approaches. 
The CYP2C9 structure opens a possibility to study in more detail the modes by which 
the mutations in the protein structure are reflected in altered enzyme activities. CYP2E1 
structure has been predicted from data known for CYP2C9; here, interesting conclusions 
based on interspecies (human, pig, minipig, rat) differences are possible based on 
variability of amino acid sequence in discrete sites in the primary structure. 
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The significantly increased level of drug metabolizing enzymes due to presence of 
xenobiotic in organism is commonly termed induction and this phenomenon has been 
studied for decades. Previously, induction seemed to be unique property of special 
isoforms of cytochrome P450. Nowadays, induction is considered as common feature of 
the most of biotransformation enzymes and drug transporters. It represents one of the 
adaptive response of organism on chemical stress1,2. 

In pharmacotherapy induction of drug metabolizing enzymes may cause the 
undesired drug-drug interactions and adverse drug reactions. Lack of knowledge of the 
inductive capability of drug can result in therapeutic failure or toxicity due to increased 
formation of inactive or active drug metabolites3. In case of antibiotic or antiparasitic 
treatment the decrease of plasma levels of active compound due to induction of 
biotransformation enzymes may contribute to development of bacteria or parasites 
resistance.  

The mechanisms of induction are primarily based on activation of special 
intracellular receptors which act as ligand-dependent transcription factors. They regulate 
the expression of a battery of genes depending on species and tissues. The most 
important receptors involved in induction of drug metabolizing enzymes are aryl 
hydrocarbon receptor (AhR), constitutive androstane receptor (CAR), pregnane X 
receptor (PXR), glucocorticoid receptor (GR) and peroxisome proliferator activated 
receptor (PPAR). Their ligand-mediated activation may lead not only to induction of 
phase I and phase II biotransformation enzymes and ATP-dependent transporters but 
also to alteration of endogenous metabolism and cell cycle. Thus the consequences of 
xenobiotic interaction with these receptors are believed to be more complex and serious 
then was considered previously4.  
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The cytochromes P450 are located in membrane of endoplasmic reticulum. The 
membrane topology of the mammalian P450 cytochromes has been studied intensively 
by computational approaches, proteolysis, chemical modification, genetic engineering, 
and immunochemistry. Recent results show that cytochrome P450 core is anchored in 
membrane by one or two transmembrane helixes, located at the NH2- terminal end. Most 
likely, an additional parts of the enzyme macromolecule might be inserted into 
membrane. 

We are going to approach this topic by using of photoaffinity labeling, which is a 
chemical modification technique employed in study protein structure and interactions. 
Highly reactive species, which is able to modify amino acid residues of a protein, is 
generated by UV-light irradiation at certain place and exact time.  

For phenobarbital-inducible cytochrome P450 2B4 diamantane like probe 3-
azidiamantane [spiro-(diazirine-3,3’-diamantane)] was designed. The probe is deuterized 
to make it easier for identification by mass spectroscopy. 

Specific deuterization of diamantane molecule is carried out by reduction of 
diamantane thioacetal in presence of Raney nickel saturated with deuterium.  

To examine topology of cytochrome P450 membrane embedding we use bilayer of 
phosphatidylcholine as an artificial membrane. The hydrophobicity of this membrane 
assured high solubility of our hydrophobic label in the enzyme environment. Upon 
photolysis (366 nm) deuterized 3-azidiamantane gives highly reactive carbene 
intermediate, which modifies amino acid residues, contained in transmembrane peptides 
or in other parts of the enzyme that might be submerged into the bilayer.  

Modified enzyme is cleaved by proteases and peptides are separated on HPLC RP-
C18. Separated peptides are analyzed on MALDI TOF and MS-DECA for the presence 
of the deuterized probe. Labeled peptides should show a peak doublet (shift m/z=2), 
because our photolabile probe was used as an eqiumolar mixture (1:1) of deuterized and 
non-deuterized 3-azidiamantane during our experiment.  
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In a large epidemiological study, over 2000 human blood samples were collected 
from two differently polluted areas in the Eastern Slovakia in order to investigate 
whether the frequences of specific disease conditions, such as diabetes and cancer, 
modulations of steroid hormone levels, neurobehavioral perturbations, and other adverse 
effects could be potentially associated with a long-term exposure to polychlorinated 
biphenyls (PCBs) and other persistent organochlorine polutants. In this study, 150 male 
serum samples were extracted by hexane/diethyl ether and the total extracts were tested 
for the overall estrogen receptor (ER)-mediated activity, using human breast carcinoma 
T47D.Luc cells, stably transfected with a luciferase reporter gene under the control of 
estrogen responsive elements (ER-CALUX assay1). The ER activation was determined 
both in the total extract-treated samples and in cells treated with fraction of persistent 
organic pollutants (POPs), obtained by H2SO4/silica fractionation. Antiestrogenicity of 
the fraction of POPs (i.e. decrease in 17β-estradiol response) was determined as well. 
The estrogenic and antiestrogenic activities were compared with the data on serum 
concentrations of 17β-estradiol, p,p’-DDE, prevalent PCB congeners and with 2,3,7,8-
tetrachlorodibenzo-p-dioxin equivalents (TEQs) determined in serum samples by the 
DR-CALUX assay. 

 The total extracts of human male serum samples, containing both non-persistent 
compounds (hormones and xenoestrogens) and POPs, elicited an estrogenic response. 
The overall estrogenic responses were marginally repressed in the serum samples 
collected from the polluted region and their levels corresponded with serum 
concentrations of estradiol. Contrary to that, no correlations were found with a sum of 
PCBs, TEQ values on dioxin-like activity or concentrations of p,p’-DDE. 

 Both estrogenic and antiestrogenic activites of the fractions of POPs present in the 
blood were identified in several of samples. However, the POPs fractions from the less-
polluted background area elicited ER-mediated activity with higher incidence, than the 
samples from the region contaminated with PCBs and other POPs. In contrast, the 
antiestrogenic activity was found more frequently in the samples from the PCB-
contaminated region. Principle component analysis (PCA) revealed potential association 
between antiestrogenicity and sum of PCBs or TEQ values. 

 For this reason, relative in vitro potencies of individual 18 prevalent and indicator 
PCB congeners to either induce estrogenic activity or to decrease the 17β-estradiol 
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response were evaluated in the ER-CALUX assay. Low-molecular-weight indicator 
PCBs 28 and 52, present in the serum only at low concentrations, induced relatively 
strongly the ER-dependent reporter construct activity; a partial estrogenicity was found 
also for PCBs 74, 66, 99 and 105. On the other hand, the prevalent PCB congeners Nos. 
138, 153, 180, 187, 199, and 203 significantly inhibited 17β-estradiol-induced luciferase 
activity. A significant, albeit only partial, antiestrogenic activities were induced by 
additional prevalently occuring congeners 156, 170, 194 and by PCB 101. Reconstituted 
mixture of prevalent PCBs elicited a strong dose-dependent antiestrogenicity. Mono-
ortho-chlorinated PCB 118 and coplanar PCB 126 showed no type of activity in the 
assay. The results of in vitro evaluation of activity of individual PCB congeners suggest 
that the prevalent higher-molecular-weight congeners might contribute to the 
antiestrogenic activity observed in the samples from the polluted area. However, the 
antiestrogenicity of individual PCBs was apparently not associated with coplanarity of 
PCB molecule and aryl hydrocarbon receptor activation. 

 In summary, persistent organic pollutants, especially PCBs, might contribute to 
decrease in overall estrogenic activity in human male serum and they may cause a weak 
antiestrogenic effect. Prevalent PCB congeners showed antiestrogenic activity in vitro 
and it seems reasonable to conclude that these compounds were responsible for the weak 
antiestrogenic effects observed in serum samples. Nevertheless, a major part of total 
estrogenic activity determined in serum samples was elicited by endogenous hormone 
17β-estradiol. These results might suggest that modulations of levels of estradiol (e.g. by 
perturbations in its biosynthesis or catabolism) could present more significant endocrine-
disrupting effects of POPs than the direct modulations of ER-mediated activity. 
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The maintenance of a balance between cell gain and cell loss is essential for proper 
liver function. It is now generally accepted that progenitor cells exist in liver, are 
activated in various liver diseases and can form a potential target cell population for both 
tumor initiating and tumor promoting chemicals in mammalian liver1. This presentation 
summarizes the results of our recent studies of effects of various types of aryl 
hydrocarbon receptor (AhR) ligands, including both persistent and non-persistent 
environmental contaminants such as polycyclic aromatic hydrocarbons (PAHs) and 
polychlorinated biphenyls (PCBs), hydroxylated PCBs, and model flavonoids on the 
release of rat liver epithelial stem-like WB-F344 cells from contact inhibition, which is 
supposed to be an significant mode of action of tumor promoters. 

The exact role of AhR in regulating cell proliferation and apoptosis remains unclear, 
since ligand-dependent activation of AhR has been shown to induce cell cycle arrest, 
proliferation, differentiation or apoptosis, depending on the cellular model used2. AhR 
can directly interact with retinoblastoma protein in hepatic cells, forming protein 
complexes that can efficiently block cell cycle progression by inducing G1 arrest, or to 
induce the expression of inhibitors of cyclin-dependent kinases, such as p27Kip12. On 
the other hand, it has been suggested that AhR could play a stimulatory role in cell 
proliferation, either directly or by mediating a release from contact inhibition3,4. It has 
been reported that 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) can release rat liver 
epithelial cells from contact inhibition by upregulating cyclin A expression and cyclin 
A/cdk2 activity4.  

We found that the PAHs that are both AhR ligands and only weak mutagens5, 
several dioxin-like PCBs or their derivatives are able to release WB-F344 cells from 
contact inhibition. Furthermore, we investigated the effects of model flavonoid 
compounds, beta-naphthoflavone (AhR agonist), alpha-naphthoflavone (both agonist and 
antagonist of AhR) and 3'-methoxy-4'-nitroflavone (a weak agonist or antagonist of 
AhR) on contact inhibition and cytochrome P450 1A1 (CYP1A1) mRNA expression. 
All three compounds released WB-F344 cells from contact inhibition, again suggesting 
that various types of AhR ligands might produce a similar effect. 

All active compounds induced both an increase of percentage of cells in S-phase of 
cell cycle and cell proliferation. The release from contact inhibition corresponded with 
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induction of CYP1A1 mRNA levels, suggesting that the AhR activation might play a 
role in the observed effects on cell cycle an cell proliferation. Using two model 
compounds, PCB 126 (a strong AhR ligand) and PCB 153 (di-ortho PCB congener 
which does not activate AhR), we studied their effects on proteins controlling G0/G1-S-
phase transition and early S-phase progression. PCB 126 and not PCB 153 was found to 
strongly upregulate cyclin A expression. PCB 126 also induced a significant increase of 
cyclin D2 protein levels. Contrary to that, the levels of p27Kip1, a major cdk2 inhibitor 
known to be involved in contact inhibition of cell growth and S-phase entry, remained 
unaffected by either PCB 153 or PCB 126. Cdk2 activity is strongly inhibited in 
confluent WB-F344 cell population. Both total cdk2 and cyclin A/cdk2 complex 
activities were significantly increased by PCB 126 treatment. The expression of cyclin 
E, another cdk2 partner, was not affected by PCB 126. Despite the observed 
upregulation of cyclin D2, no increase of cdk4 activity was observed. 

Taken together, our data support the hypothesis suggesting that various AhR ligands 
can release rat liver epithelial cells from contact inhibition by increasing cyclin A protein 
levels, which in turn leads to upregulation of cyclin A/cdk2 activity and initiation of 
DNA replication. This mechanism could play a role in tumor promoting effects of AhR-
activating compounds in hepatocarcinogenesis. 
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Mouse leukemic cell line L1210/VCR used in our studies was prepared by 
adaptation of parental sensitive L1210 cell line to vincristine1. In L1210/VCR cells was 
observed also increased cross-resistance to other cytostatics such as vinblastine, 
doxorubicin, mitomycin C, and actinomycin D2. Important factors influencing the 
realization of MDR in L1210/VCR cells are flexibility of structure, lipophilicity and 
molecular weight of used cytostatics2. Multidrug resistant cell line L1210/VCR is 
characterized by over expression of PGP3 but not by over-expression of other ATP 
dependent drug-efflux pump called “multidrug resistance protein” – MRP. Activities of 
glutathione S-transferase in L1210/VCR cells were not differing with activity of this 
enzyme in parental L1210 cells4. Extrusions of calcein AM or Fluo 3 (fluorescent PGP 
and MRP substrates) from L1210/VCR cells may be inhibited by PGP antagonizing 
agents (verapamil and cyclosporine) but not by inhibitors of MRP – probenecid. 
Inhibitors p38 and ERK mitogen activated protein kinase cascades were found to 
influence the MDR of our cells5,6. Derivatives of pentoxifylline represents potent 
inhibitors of PGP mediated MDR of L1210/VCR cells7. 
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Anthracycline antibiotics are among the most effective chemotherapeutics of cancer. 
However, their clinical use is limited by cardiotoxic side effects which are most 
seriously manifested by a development of cardiomyopathy upon chronic administration 
of cumulative doses of anthracyclines. Pathophysiology of anthracycline-induced 
myocardial damage is obviously complex. In addition to generally accepted theory of 
oxidative damage by reactive oxygen species formed by metabolization of 
anthracyclines via cytochomes P4501 the formation of C13-hydroxymetabolites (C13-
OL) has been considered as a potential culprit of chronic anthracycline toxicity2. Even 
though these metabolites affect mostly cardiac cells, their major amount is produced by 
liver3. Three cytosolic reductases have been described to form C13-OL: aldehyde 
reductase (ALR1, 1.1.1.2), carbonyl reductase (CR, 1.1.1.184) and dihydrodiol 
dehydrogenase (AKR1C2, 1.3.1.20)4. The aim of this work was to evaluate and compare 
the activities of these enzymes in a model daunorubicin-induced cardiomyopathy in 
rabbit in vivo and in isolated intact rabbit hepatocytes incubated with daunorubicin in 
vitro. Enzyme activities were determined spectrophotometrically at pH 6.0 and 8.5 
which are the optimal pH of CR, AKR1C2 and ALR1 respectively. The second aim of 
the study was to evaluate the contribution of CR and AKR1C2 to reductase activity at 
pH 6.0. For in vivo study we used the well established model of experimental 
cardiomyopathy in rabbit5. There were three different groups of animals in the 
experiment. In experimental group (n=9) the animals were treated by daunorubicin 50 
mg/m2 once a week and the animals´ heart functions were monitored by invasive and 
noninvasive methods during the whole experiment. The animals of control group (n=10) 
were under shame operations. In both groups the animals were repeatedly anaesthetized 
with ketamin and once with pentobarbital (before sacrificing them). Intact group animals 
did not receive neither any medications nor other manipulations. This group served us 
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for evaluation of potential influence of anaesthesia and/or heart functions measurements 
on enzyme acitivities. Comparing experimental and control groups we assumed that 
repeated administration of daunorubicin to rabbits led to statistically significant (p<0.05) 
increase of reductase activity at pH 6.0 (CR+AKR1C2) to 140% of control. On the other 
hand the reductase activity at pH 8.5 remained unaffected. Comparing control and intact 
groups we found out that neither anaesthesia nor heart functions examination had effect 
on reductase activity. In the experiment in vitro we observed enzyme activities in 
isolated intact rabbit hepatocytes after their incubation with 2 µM and 10 µM 
daunorubicin or with cultivation media only (control). The time of incubation was 24 
hours. We concluded that the presence of daunorubicin in cultivation media in both 
concentrations of the drug provoked significant (p<0.05) increase of reductase activities 
at pH 6.0 (CR+AKR1C2). In 2 µM concentration of daunorubicin the increase of 
activity was about 150% of control, while in 10 µM concentration of daunorubicin the 
increase was slighter – only about 120% of control. The activity at pH 8.5 remained on 
control levels. Which of those two enzymes was really responsible for the increase of 
activity after daunorubicin remained unknown. We performed one pilot inhibition study 
on subcellular fractions of liver homogenate of intact animals using specific inhibitors – 
quercitrin for CR and flufenamic acid (NSAID) for AKR1C2. By evaluation of 
inhibition curves we found out that AKR1C2 participated on the total acitivity at pH 6.0 
of 15-25% so in this condition the major enzyme seemed to be CR. Nevertheless, at the 
time we were not competent to claim that it was CR which was responsible for an 
increase of reductase activity after daunorubicin treatment. Further studies are necessary. 
However, we found the „induction“ effect of daunorubicin potentially serious and worth 
of further investigations. 
 
References 
 

1.  Keizer H.G., Pinedo H. M., Schuurhuis G. J. and Joenje H.: Pharmac. Ther. 47, 219 
(1990) 

2.  Cusack B. J., Mushlin P. S., Voulelis L. D., Li X., Boucek R. J. Jr. and Olson R. D.: 
Toxicol. Appl. Pharm. 118, 177 (1993) 

3.  Pröpper D. and Maser E.: Pharmacol. Toxicol. 80, 240 (1997) 
4.  Ax W., Soldan M., Koch L. and Maser E.: Biochem. Pharmacol. 59, 293 (2000) 
5.  Klimtová I., Šimůnek T., Mazurová Y., Hrdina R., Geršl V. and Adamcová M.: 

Hum. Exp. Toxicol. 21, 649 (2002)  
 
Acknowledgement 
 

This work was supported by grant 305/03/1511 from the Grant Agency, Czech Republic, 
and Research Centre LNB0125. 
 
 
 



 
 

 208

7L08 
 

IDENTIFICATION OF GENOTOXICITY OF o-ANISIDINE AND ITS 
CARCINOGENIC POTENTIAL FOR HUMANS: EVIDENCE FOR o -

ANISIDINE-DERIVED DNA ADDUCT FORMATION IN RATS AND IN VITRO 
AFTER ITS METABOLIC ACTIVATION BY HUMAN CYTOCHROMES P450 

 
Marie Stiborováa,*, Markéta Mikšanováa, Miroslav Šulca, Heinz H. Schmeiserb  

and Eva Freib 
 
aDepartment of Biochemistry, Faculty of Science, Charles University, Albertov 2030, 
128 40 Praha 2, Czech Republic 
bDepartment of Molecular Toxicology, German Cancer Research Center, In 
Neuenheimer Feld 280, 69120 Heidelberg, Germany 
 

* E-mail: stiborov@natur.cuni.cz 
 

2-Methoxyaniline (o-anisidine) is an important pollutant and a potent carcinogen for 
rodents. The mechanism of its carcinogenicity was investigated in this study. Here, we 
used two direct independent methods, namely 32P postlabelling and 14C-labeled o-
anisidine to show that o-anisidine binds covalently to DNA in vitro after its activation by 
human hepatic microsomes. We also investigated the capacity of o-anisidine to form 
DNA adducts in vivo. Male Wistar rats, used as animal models, were i.p. treated with o-
anisidine, and DNA samples from various organs were analyzed by 32P-postlabeling. 
Two o-anisidine-specific DNA adducts, identical to those found in vitro, were detected 
in urinary bladder, and to a lesser extent, in liver, kidney and spleen. The highest level of 
DNA adducts was found in the target organ of the o-anisidine carcinogenicity, the 
urinary bladder (4.1 adducts per 107 nucleotides). These results, demonstrating o-
anisidine covalent binding to DNA after metabolic activation in vitro and in vivo, 
indicate a genotoxic mechanism of o-anisidine carcinogenicity. To provide information 
on the nature of the adducts formed in vivo, they were co-chromatographed in two 
independent systems with standardized deoxyguanosine adducts produced by reaction of 
an o-anisidine metabolite, N-(2-methoxyphenyl)hydroxylamine, with deoxyguanosine 
3’-monophosphate in vitro. Based on this analysis, two DNA adducts found in rats were 
identified to be deoxyguanosine adducts derived from this o-anisidine metabolite. 
Formation of o-anisidine-DNA adducts during the o-anisidine oxidation by human 
hepatic microsomes, identical with those formed in rat in vivo indicates a potential of 
human hepatic microsomal enzymes to activate this carcinogen in human. Indeed, the 
proximate carcinogenic metabolite of o-anisidine, N-(2-methoxyphenyl)hydroxylamine, 
is produced by oxidation catalyzed with human hepatic microsomes. Understanding 
which human enzymes are involved in such metabolic activation is useful in evaluating 
individual susceptibility to this environmental carcinogen. We compared the ability of 
nine human hepatic microsome samples to catalyze o-anisidine oxidation. The role of 
specific cytochrome P450 (CYP) enzymes in the human hepatic microsomal metabolism 
of o-anisidine was investigated by correlating the CYP-dependent catalytic activities in 
each microsomal sample with the levels of individual metabolites formed by the same 
microsomes and by examining the effects of agents that can inhibit specific CYP 



 
 

 209

enzymes in o-anisidine metabolism. Based on these studies, we attribute most of o-
anisidine oxidation in human microsomes to CYP2E1. Using microsomes from 
Baculovirus transfected insect cells expressing recombinant human CYP enzymes and 
purified CYP enzymes, the participation of this enzyme in o-anisidine oxidation was 
confirmed. The results of our study, the first report on the potential of the human 
microsomal CYP enzymes to contribute to the activation of o-anisidine, strongly suggest 
a carcinogenic potency of this rodent carcinogen for humans. 
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Oracin, 6-[2-(2-hydroxyethyl)aminoethyl]-5,11-dioxo-5,6-dihydro-11H-indenol-
[1,2-c] isoquinoline, is a potential cytostatic drug for oral use and presently in phase II of 
clinical trials. Major advantages of this novel chemotherapeutic are the posibility of oral 
administration, its negative results in the Ames test on mutagenity, and the lack of 
cardiotoxicity. Metabolic studies on oracin have revealed that the principal metabolite in 
all laboratory animals is 11-dihydrooracin (DHO), which is produced by carbonyl 
reduction of the parent compound1. The aim of the present study was to study the 
cytotoxicity and mode of action of DHO. The degree of inhibition of 14C-adenine and 
14C-valine incorporation into TCA-insoluble fraction of Ehrlich ascites carcinoma (EAC) 
cells was used to measure the cytotoxic activity (screening). The inhibitory effect was 
characterized by IC50 values (molar concentration of compound reguired for 50% 
reduction of the incorporation rate). The IC50 for adenine was 475.0 (DHO) and 66.0 
mmol/l (oracin). Similar results were obtained with IC50 valine more than 600 (DHO) 
and 196 mmol/l (oracin). As is evident cytotoxic activity of DHO is much lower than 
that of the parent compound. In a first approach to determine the mode of action of the 
cytotoxicaly active DHO, the kinetics of DNA, RNA and protein synthesis inhibition 
were examined using isotope incorporation. This method has been described in detail2. 
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Only when the time course is known it is possible to state at what time and concentration 
the inhibitory effect appears. Therefore we followed inhibitory effects of DHO upon 
biosynthesis of macromolecules, indicated by incorporation of 14C-adenine and 14C-
valine into TCA-insoluble material of Ehrlich ascites cells. DHO inhibited incorporation 
of both precursors into appropriate macromolecules of EAC cells, the extent of 
inhibition being dependent on both time and concentration of DHO in the incubation 
medium. Incorporation of 14C-adenine is more inhibited than incorporation of 14C-valine 
as was shown already in screening. 

 As 14C-adenine is incorporated into both DNA and RNA, we determined which 
of these nucleic acids was more sensitive. Biosynthesis of RNA, indicated by 
incorporation of 14C-uridine was more inhibited than biosynthesis of DNA indicated by 
incorporation of 14C-thymidine. Since the biosynthesis of macromolecules is a process 
requiring energy, we studied effect of DHO on energy-producing processes, i.e. on 
aerobic glycolysis and endogenous respiration of EAC cells. DHO stimulated aerobic 
glucose concentration and lactic acid formation in Ehrlich cells at all tested 
concentrations in little measure only. Inhibition of endogenous respiration of EAC cells 
was observed only at higher concentrations of DHO (more than 180 mmol/l). Exogenous 
respiration of EAC cells with succinate as substrate was decreased by concentrations of 
DHB higher than 700 mmol/l. As on of probable mode of action we studied membrane 
effect of DHO after 120 min incubation. DHO released intracellular proteins from 
Ehrlich cells and increased the activity of „marker“ enzyme lactate dehydrogenase in 
incubation medium in the highest concentrations only. It is necessary to take in mind 
also DHO intercalation properties for interpretation of its inhibition effects. Further, only 
recently topoisomerase II has been identified as the site of oracin action3. The effect of 
the drug on activity of topoisomerase II (EC 5.99.1.3) which was isolated from nuclei of 
EAC cells was examined by the relaxation and decantation assays. Oracin has been 
shown to be an inhibitor of topoisomerase II, and may represent a novel class of 
inhibitor for this enzyme. 
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Grape products contain polyphenols, including flavonoids, which can inhibit low 
density lipoproteins (LDL) oxidation, reduce platelet aggregation and have been 
associated with lower rates of cardivascular desease1-4. These polyphenols are: 

1.  Flavonols (quercetin and quercetin glycosides, myricetin and myricetin 
glycosides) 

2.  Flavanols (catechin and epicatechin) 
3.  Phenolics (caftaric acid, caffeic acid, coutaric acid, coumaric acid, gallic acid) 
4.  Stylbenes (trans-, cis-resveratrol, astringin, astringinin) 
5.  Monomeric anthocyanins (delphinidin glucoside, cyanidin glucoside, penidin 

glucoside, petunidin glucoside, malvidin glucoside) 
6.  Polymeric phenols (procyanidin dimmers, polymeric anthocyanins, tannins)5. 
 
There are 7-10 times more total flavonoids in red wine compared to white wine6,7. 

Thus red wine polyphenolic compounds attracted considerable interest in many research 
works. The underlying pathogenesis of cardiovascular desease is atherosclerotic vascular 
desease. The etiology of atherosclerosis is very complicated and includes the interaction 
among four cell systems, such as endothelial cells, platelets, vascular smooth muscle 
cells and monocytes/macrophages8-9. Recent researches show that grape products, such 
as red wine, dealcoholized red wine and purple grape juice possess three properties 
unrelated to alcohol content that may reduce the rate of development of atherosclerotic 
narrowing of arteries. These properties are antiplatelet, antioxidant and improvement in 
endothelial cell function6,8. 

Human studies suggest that protective antioxidant effect of red wine is related to 
phenolic compounds including procyanidins by their direct action on peroxyl radicals, 
formed by oxidative attack on lipid membranes and lipoproteins, a potential mechanism 
for their protection of LDL in vivo2,10,11. Red wine polyphenols can make LDL-
cholesterol less susceptible to ex vivo oxidation12. 

Red wine also improves endotelial function by enhancing platelet and endothelial 
production of nitric oxide (NO), then platelets and monocytes are less likely to stick on 
the wall and release their growth factors and initiate vascular smooth muscle cells 
(VSMC) proliferation and migration8,13. This migration of VSMC produces intimal 
thickening and causes narrowing of the arterial lumen8,9,14. 

This suggests that the polyphenols in red wine and other grape products inhibit the 
initiation of atherosclerosis by different mechanisms. 
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Flavonoids represent a group of phytochemicals exhibiting a wide range of 
biological activities. Owing to the structural similarity with the estrogen skeleton 
flavonoids show an estrogenic or anti-estrogenic activity. They also inhibit enzyme 
activity of cytochrome P450 CYP19, aromatase, catalyzing aromatization of the A ring 
of male sex steroids resulting in estrogens. Since flavonoids in human diet may reduce 
the risk of hormone-dependent breast and prostate cancers, their structure–function 
relationship is extensively studied. 

The most effective aromatase flavonoid inhibitor is synthetic 7,8-benzoflavone 
(ANF). As the presence of C4 oxo-group of the flavonoid skeleton (likely approaching 
the heme iron) seems to be crucial for the CYP19 inhibition, the substitution of oxygen 
atom for sulphur in this position was undertaken to increase the inhibition capability. 
Resulting thio-analogue of ANF (SANF), however, stimulated CYP19-dependent 
formation of estrone from androstendione (160% of control) and dibenzylfluoresceine 
metabolism (200% of control). To examine in details this unique flavonoid behavior, 
series of flavonoids (5,6-benzoflavone, flavone, 7-hydroxyflavone, 5,7-
dihydroxyflavone) and their thio-analogues were examined for the modulation of the 
enzymatic activity of a steroidogenic CYP19. From all flavonoids (including their thio-
analogues) tested in this study only thio-analogue of 5,6-benzoflavone exerted the 
stimulatory effect similar to SANF, the other compounds were only inhibitors of CYP19. 
For example, IC50 determined for flavone was 5 times lowered by sulphur substitution 
as originally expected for flavonoid thio-analogues. Flavonoid structural requirements 
for CYP19 activity stimulation and inhibition are discussed in the context of CYP19 
homology model.  
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Cytochrome P450 (CYP) is a superfamily of enzymes, some of them participating in 
the phase I of biotransformation of xenobiotics. Two members of this family, CYP1A1 
and CYP1A2, are involved in the metabolism of dioxins, nitrosamines and polycyclic 
aromatic hydrocarbons (PAHs). These compounds are transformed into reactive 
metabolites, which in turn modify the nucleotides and form adducts with the DNA. In 
addition, expression of CYP1A enzymes is highly inducible by dioxins and PAHs. The 
whole process induction-increased reactive metabolites production – DNA damage leads 
to carcinogenesis. 

It is well known that some inflammatory cytokines like tumor necrosis factor alpha 
(TNFα) or interleukine 6 (IL-6), suppress the expression of P450 enzymes, including 
1A1/2 isoforms. Since pro-inflammatory factors are involved in CYP1A regulation, the 
question “How can anti-inflammatory agents affect CYP1A expression?” arises. 

In this study the effect of four structurally different alkaloids with anti-inflammatory 
activity i.e. colchicine (COL), sanguinarine (SA), chelerythrine (CHE), berberine (BE) 
on cytochrome P450 CYP1A1/2 activity is presented. Specific CYP1A enzyme activity 
was assessed as 7-ethoxyresorufine-O-deethylase activity (EROD) in human hepatoma 
cell line - HepG2. 

Cells were treated for 48 h with tested compounds and in parallel with DMSO 
and/or TCDD (2 nM final) for negative and/or positive control, respectively. Colchicine 
(COL) in 1 µM concentration decreased CYP1A activity (15% inhibition), while other 
compounds (SA, CHE, BE) did not display any significant effect on CYP1A basal 
activity, assessed as EROD activity. In TCDD treated cells, the EROD activity raised 
cca 20 fold as compared with DMSO. Dioxin dependent CYP1A expression was 
strongly impaired in COL treated cell, in concentration dependent manner (98% 
inhibition for COL 1 µM). A bit milder inhibition was reached in BE treated cells (57% 
inhibition for BE 1 µM). SA and CHE did not affect CYP1A inducible expression, 
however, in 1 µM concentration significantly decreased EROD activity (30% and 19%, 
resp.). In case of SA, the decrease of EROD activity could be due to enzyme activity 
inhibition, when IC50 value of 16 µM was described1. 

In further experiments, the enzyme kinetic studies in human liver microsomes 
together with CYP1A protein content determination by western blot will be performed 
using tested compounds, to elucidate the cause for CYP1A inducible activity by tested 
compounds.  
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Isoflavones (3-phenyl chromones) are phytoalexins abundant in the Fabaceae, 
however their biosynthesis was described in over 20 other families, e.g. Rosaceae, 
Iridaceae, Asteraceae, Poaceae. Molecular biology data indicate occurrence of genes for 
isoflavonoid metabolic pathway even in higher number of families1, although it is 
difficult to obtain the evidence of their biochemical activity. Recently, we have found 
isoflavonoids in the Rutaceae family1. In our recent research, we combine 
immunochemical approaches and HPLC-MS.  

Five immunoassays for early products of the isoflavonoid pathway (i.e. daidzein, 
formononetin, genistein and biochanin A and their glycosides) were adapted for 
phytochemical studies. Tested plant material (leaves from apical branches) was frozen 
immediately after collecting and kept in –20 °C until lyophilized. A limited number of 
samples were divided to two aliquots of which one was dried in laboratory temperature 
in shadow. Dry samples were pulverized and extracted using methanol/water 7:3 (v/v) as 
the extraction solvent. 

Immunoanalysis of crude extracts possesses semi-quantitative data, enabling to 
exclude negative samples and to optimize the amount of material for further analysis. 
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Pre-selected samples were fractionated by HPLC, analyzed again and the retention times 
of immunoreactive fractions were compared to those of authentic standards. 
Immunochemically positive samples were evaluated by HPLC-MS-SIM in order to 
confirm the identity of individual compounds (unpublished data). 

Isoflavonoids were detected in all plants under study, belonging to the Rutaceae 
family (60 species from 7 genera). The samples dried in the laboratory temperature 
displayed by 50-150% higher content of isoflavonoid immunoreactivity than the freeze-
dried samples. Three Ruta and six Citrus species were selected for detailed analysis. All 
Ruta and Citrus plants contained numerous isoflavonoids, aglycones as well as 
glycosides in a mg/kg level. The 4´-methoxyisoflavones (i.e. biochanin and 
formononetin) were more abundant than 4´-hydroxyisoflavones (i.e. genistein and 
daidzein). The Ruta species were relatively rich in sissotrin (i.e. 7-glucoside of biochanin 
A) while all Citrus species contained by several orders of magnitude lower levels of this 
substance.  
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Berberine, an isoquinoline alkaloid, is an active component of Berberis aquifolium 
(Oregon grape), Berberis aristata (tree tumeric), Berberis vulgaris (barberry), Coptis 
chinensis (coptis or goldenthread) and Hydrastis canadensis (goldenseal). It occurs in 
the rhizomes, outer bark of stems and roots of the plants. Berberine has a wide range of 
pharmacological and biochemical effects1. It has demonstrated significant antimicrobial 
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activity against a variety of microorganisms including bacteria, fungi, protozoans, 
viruses, chlamydia, and helminths. It can also be used as an antidiarrhes, 
antihypertension, antiarrhytmias and antiinflamantory agent. Berberine is demonstrated 
to possess antitumor activity2. 

In our previous experiments we have investigated the effect of berberine on 
proliferation, cell cycle profile and apoptosis in human tumour HeLa and murine 
leukemia L1210 cell lines. We have shown that berberine induces apoptosis in L1210 
cells3. In this study, the growth inhibition assay was used for another human cancer and 
mouse non-cancer cell lines. Furthermore, cell cycle effects and apoptosis/necrosis in 
human promonocytic U937 and in mouse fibroblast 3T3 cell lines treated with berberine 
were monitored. 

Cytotoxicity was measured by direct counting of cells in Burker chamber. Berberine 
acted cytotoxically on both cell lines. The mouse fibroblast 3T3 cells were much more 
sensitive to berberine treatment than U937 cells. The highest tested concentrations had 
an acute cytotoxic effect manifested by degeneration of cell population. The value of 
IC100 was below 100 µg ml-1 for U937 cells and 50 µg ml-1 for 3T3 cells. For cancer 
cell line after the long-term influence the value of IC50 was found to be less than 4 µg 
ml-1. It corresponds with the criterion of the National Cancer Institute, that if the IC50 
value is less than 4 µg ml-1, the compound can be classified as a potential anticancer 
drug. The cell cycle profile was measured by flow cytometry. DNA was stained by 
propidium iodide. No effect of berberine on cell cycle profile of U937 and 3T3 cells was 
detected, however, berberine induced apoptosis of U937 cells. The apoptotic DNA 
fragmentation – apoptosis was measured by electrophoresis in agarose gel 
complemented with ethidium bromide. Analysis showed berberine induced apoptosis of 
cancer U937 cell line but did not induce apoptosis of non-cancer 3T3 cell line. On the 
other hand, at the highest concentrations cell lysis/necrosis of berberine-treated 3T3 cells 
was observed. The mutagenic potentiator effect of berberine was determined by the 
hypoxanthin – guanine – phosphoribosyl transferase (HGPRT) assay. The results 
obtained suggest that berberine is not mutagenic compound.  
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Midazolam, CAS [59467-70-8] is a short-acting benzodiazepine, commonly used in 
intravenous anesthesia induction, short-term sedation and oral hypnotic medication1.  

Hydroxylation of midazolam is used as a valuable tool for measurement of 
metabolic activity of the 3A1/2 isoform of cytochrome P-450 in rats (CYP3A1/2)2. 

There is an orthologue CYP3A4/5 isoform in humans, which shows 78% similarity 
to CYP3A1/2 in amino acid sequence. Due to this similarity it is possible to predict the 
metabolic activity of human CYP3A4/5 by the measurement of rat CYP3A1/2 activity3. 

CYP3A4/5 is the most abundant CYP enzyme expressed in human liver and small 
intestine4 and plays a pivot role in the metabolism of almost half of commonly used 
drugs including nifedipine, felodipine, cyclosporine, erythromycine, midazolam, 
triazolam, alprazolam, statins, verapamil, dilthiazem, testosteron, etc.5. 

We describe a new, simple, rapid, sensitive and reproducible HPLC method for 
determination of midazolam and its three metabolites, 1'- and 4'-hydroxymidazolam and 
1',4'-dihydroxymidazolam from perfuse rat liver medium. After simple one step 
extraction, the samples were analyzed on C18 column (150 x 4.6 mm, 5µm) using UV 
detection. The mobile phase consisted of 10 mM acetate buffer, pH 4.7 and acetonitrile, 
the flow rate was 1 ml/min. The retention times of all compounds including diazepam as 
an internal standard were up to 11 minutes.  

This method is applicable for modeling and description of possible pharmacological 
interactions on rat CYP3A1/2 or human CYP3A4/5, respectively. 
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The bisquaternary ammonium salts (BQAS) belong to the group of cationic surface 
active compounds. Due to their surface activity they were succesfully used for the 
elimination of plasmids, mainly of resistance plasmid1. These compounds represent a 
pharmaceutically interesting substances with surfactant, solubilizing and antimicrobial 
properties and they represent promissing components of disinfectants. Bacterial short-
term tests are widely used to detect potential carcinogens and mutagens, at least the large 
fraction of these agents which are genotoxic, i.e. which act directly or indirectly on the 
genome. Efforts have been made to develop test systems relying on a single strain. 
Phage induction assay2 is based on the ability of chemicals to induce prophage of a 
lysogenic strain, i.e. to induce a vegetative evolution of temperate phage. SOS 
chromotest3 is a colorimetric assay which measures the expression of genes induced by 
genotoxic agents in Escherichia coli PQ37, by means of a fusion with the structural gene 
for β-galactosidase. Applicability of both tests is to detect DNA damaging agents which 
induce SOS response. We report here about the genotoxic activity of 5 newly-
synthesized BQAS derived from L-tartaric acid in both prophage induction test and SOS 
chromotest. In the prophage induction assay BQAS were used at their subinhibitory 
concentrations. The evaluation of results showed that the strongest induction of a 
prophage of the lysogenic Salmonella typhimurium strain was caused by the compounds 
with decyl and dodecyl at 1/2 of the MIC. In the SOS chromotest, which was done in 
absence of metabolizing mixture S9, we found no genotoxic activity of BQAS tested 
independently of long of alkyl chain. The main advantage of these tests is that they 
require only one tester strain and response is obtained within a few hours. 
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Screening of cytotoxic activity of 29 novel derivatives of halogenosalicylate 
copper(II) complexes (HSCC) using Ehrlich ascites carcinoma (EAC) cells has been 
carried out in vitro. Derivatives of salicylic acid (4-Cl, 5-Cl, 3,5-Cl2, 5-Br, 3,5-Br2, 5-I 
and 3,5-I2) were somewhat more active than salicylic acid. Copper(II) complexes of the 
respective acids are even more active than only single acids. 

On the basis of primary screening one of the most active compound, namely 
dihydrate of bis(3,5-diiodosalicylato)copper(II) complex (compound 7.2) was chosen for 
further detail biochemical studies. To define further the mechanism of action of selected 
drug, the kinetics of DNA, RNA and protein synthesis were examined using isotope 
incorporation. This method has been described in detail1. Biosynthesis of nucleic acids 
in EAC cells was followed using 14C-adenine and 14C-valine into acid-insoluble fractions 
of the cells. Compound 7.2 inhibited incorporation of both precursors into appropriate 
macromolecules of Ehrlich cells, the extent of inhibition being dependent on both time 
and concentration of the drug in the incubation medium. At the highest concentration 
tested nearly complete inhibition of incorporation of both precursors occured in cancer 
cells. The results appear to indicate that the inhibition takes place immediately on 
addition of the drug in the cancer cell suspension, i. e. without the appearance of a lag 
phase. Biosynthesis of proteins, indicated by incorporation of 14C-valine, is more 
sensitive than the biosynthesis of nucleic acids.  

As 14C-adenine is incorporated into both DNA and RNA, we determined which of 
these nucleic acids was more sensitive. We observed similar effects as in the case of 14C-
adenine and 14C-valine. The complete inhibition of thymidine and uridine incorporation 
was reached at the highest concentration of the drug (75 and 150 µmol/l). The lowest 
concetration of the drug inhibited incorporation of both precursors in proportion to the 
tested concentrations. The incorporation of all precursors was followed in the incubation 
medium containing glucose as a sole energy source. 

Since as macromolecule biosynthesis is an energy-requiring process, we followed 
the effects of the drug (7.2) on energy-producing processes, i. e. on aerobic glucose 
consumption, lactic acid formation, content of total (T-SH) and non-protein (NP-SH) 
thiol groups, endogenous as well as exogenous respiration in Ehrlich ascites carcinoma 
cells. Ehrlich cells consumed glucose from the medium linearly with the time, even if its 
concentration fell by more than 50 % of its original value. A likewise proportional 
increase in lactate concentration in the medium was seen in control cells. Drug in the 
concentration range from 18.75 to 150 µmol/l inhibited aerobic glycolysis of EAC cells 
proportionally to the tested concentrations. Inhibition of glycolysis is the consequence of 
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decreased level of both thiol groups in Ehrlich cells. At the same time all 29 compounds 
stimulated endogenous respiration of cancer cells. On the other hand, drug 7.2 inhibited 
exogenous respiration with succinate as substrate in the concentration range from 6 to 35 
µmol/l.  
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Ellipticine is a potent antineoplastic agent, whose mode of action is considered to be 
based mainly on DNA intercalation and/or inhibition of topoisomerase II. We found that 
ellipticine also forms covalent DNA adducts in vitro and that the formation of DNA 
adducts is dependent on the activation of ellipticine by cytochrome P450 (CYP)1. This 
implicates the potential importance of several CYPs in producing more active ellipticine 
metabolite(s). Here, we investigated the capacity of ellipticine to form DNA adducts in 
vivo. Male Wistar rats were treated with ellipticine, and DNA from various organs was 
analyzed by 32P-postlabeling. Ellipticine-specific DNA adduct patterns, similar to those 
found in vitro, were detected in most test organs. The highest level of DNA adducts was 
found in liver, followed by spleen, lung, kidney, heart and brain. One major and one 
minor ellipticine-DNA adducts were found in DNA of all these organs of rats exposed to 
ellipticine. Besides these, two or three additional adducts were detected in DNA of liver, 
kidney, lung and heart. The predominant adduct formed in rat tissues in vivo was 
identical to the deoxyguanosine adduct generated in DNA by ellipticine in vitro. 
Correlation studies showed that the formation of this major DNA adduct in vivo is 
mediated by CYP3A1- and CYP1A-dependent reactions. The additional aim of the 
present work was to study whether ellipticine could influence the expression of the 
major CYPs participating in its metabolism. An expression of CYP1A1/2 proteins in 
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liver of rats of both sexes is strongly induced by treatment of animals with ellipticine. 
The expression levels of CYP1A1/2 in treated rats are one order of magnitude higher 
than those in control animals. The CYP1A1/2 induction is strongly dependent on 
concentration of ellipticine applied to experimental animals and on the time of their 
exposition. The induction of other isoforms of cytochromes P450 (CYP2B, 2E1, 3A) 
was negligible. The results presented here are the first report showing the formation of 
CYP-mediated covalent DNA adducts by ellipticine in vivo, and confirm the formation 
of covalent DNA adducts as a new mode of ellipticine action. In addition, they indicate 
that a long-term treatment of humans with ellipticine might stimulate its 
pharmacological efficiency against cancer diseases. 
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Determining the capability of humans to metabolize the potent mutagen 3-NBA and 
understanding which human enzymes are involved in its activation are important in the 
assessment of individual susceptibility to this environmental contaminant found in diesel 
exhaust and ambient air pollution1. We compared the ability of human hepatic 
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microsomal and cytosolic samples to catalyze DNA adduct formation by 3-NBA. Using 
the 32P-postlabelling method we found that both hepatic subcellular fractions were 
competent to mediate formation of DNA adducts qualitatively similar to those found in 
vivo in rats. To define the role of human microsomal and cytosolic reductases in the 
activation of 3-NBA, we investigated the modulation of 3-NBA-DNA adduct formation 
by cofactors or selective inhibitors of the reductases present in both subcellular fractions. 
Most of the activation of 3-NBA in human hepatic microsomes is mediated by 
NADPH:CYP reductase, but participation of CYP1A1/2, 2B6 and 2D6 cannot be 
excluded. In cytosols, NAD(P)H:quinone oxidoreductase (NQO1) is the major enzyme 
involved in 3-NBA activation. With human recombinant enzymes the role of these 
enzymes in the formation of 3-NBA-DNA adducts was confirmed. The role of 
conjugation enzymes (sulfotransferases, SULTs, and N-acetyltransferases, NATs) was 
also examined. We found the major and minor role of hepatic SULTs and NATs in 
activation of 3-NBA, respectively. Using cytosols containing individual human 
recombinant SULTs, participation of SULT1A1 and, to a lesser extent, SULT1A2 in 3-
NBA activation was corroborated.  

Another target of the study was to evaluate the effect of 3-NBA on the expression of 
major enzymes activating this pollutant. Utilizing Western blotting and consecutive 
immunoquantification employing chicken polyclonal antibodies raised against various 
CYPs, the expression of CYP1A1/2 was found to be strongly induced in rats treated with 
the compound. Furthermore, EROD (7-ethoxyresorufin O-deethylation) activity, 
corresponding to both CYP1A1 and 1A2, was significantly increased in the pre-treated 
rats. The activity of NQO1 was also enhanced in these rats. The results demonstrate the 
potential of human NADPH:CYP reductase, CYP1A1/2, 2B6 and 2D6 as well as NQO1 
and SULT1A1/2 to contribute to the metabolic activation of 3-NBA and imply the 
potency of this chemical to generate precarcinogenic lesions in humans. 
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The primary aim of our group is the identification and evaluation of potencial 
anticancer agents. A new class of nitrobenzoatecopper(II) complexes has been 
synthesized and studied on energy-requiring and energy-producing processes in Ehrlich 
ascites carcinoma (EAC) cells in vitro. 

The first step in our program is primary biochemical screening of cytotoxic activity 
in vitro. On the basis of primary screening, one of the most active compound, namely 
monohydrate of diethanol-tetrakis(4-nitrobenzoate)copper(II) complex (compound 
number 4.4.) was chosen for further detailed studies. As an energy-requiring process, we 
followed biosynthesis of macromolecules (DNA, RNA and proteins) in time and 
concentration dependence. 

Effect of the compound on the kinetics of DNA, RNA and protein synthesis 
inhibition were examined using isotope incorporation. At the highest concentration (100 
µmol/l), biosynthesis of proteins indicated by the incorporation of 14C-valine into TCA 
insoluble fraction of EAC cells was fully inhibited immediately after addition of the drug 
to the suspension of the cells. Biosynthesis of nucleic acids indicated by incorporation of 
14C-adenine was also inhibited, however the degree of inhibition was about 90 %. The 
lower concentration of the drug decreased the incorporation of 14C-valine by higher 
degree than incorporation of 14C-adenine.  

As 14C-adenine is incorporated into both DNA and RNA, we determined which of 
these nucleic acids were more sensitive. The highest concentrations of the drug (100 and 
50 µmol/l) inhibited biosynthesis of DNA (incorporation of 14C-thymidine) and RNA 
(incorporation of 14C-uridine) approximately at the same degree (80-90 %). The lowest 
concentration (12.5 µmol/l) of the compound no. 4.4. also inhibited incorporation of 
both precursors, however incorporation of 14C-thymidine was more sensitive. The 
incorporation of all precursors was followed in the medium containing glucose as sole 
energy source. 

Since biosynthesis of macromolecules is an energy-requiring process, therefore we 
followed effect of compound no 4.4. on energy-yielding processes in EAC cells. We 
studied effect of the drug on aerobic glycolysis of EAC cells after two hour incubation. 
Glycolysis was studied by measuring of glucose consumption and lactate formation. All 
tested concentrations inhibited aerobic glycolysis in concentration and time dependence. 
In order to outline the possible mechanism of inhibition of aerobic glycolysis, levels of 
total (T-SH) and non-protein (NP-SH) thiol groups were investigated. The concentration 
of both thiol groups was decreased in concentration dependence. The decrease of T-SH 
groups was higher than NP-SH groups. 
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At the same time, we studied effect of the selected drug on endogenous as well as 
exogenous respiration of EAC cells with succinate as substrate. All tested concentrations 
(45 – 230 µmol/l) stimulated endogenous respiration. The maximum of stimulation of 
endogenous respiration was induced by concentrations 90 to 140 µmol/l. The drug is 
able released the endogenous respiration previously inhibited by oligomycine. Therefore, 
the mode of action of the drug is similar to the uncoupler of oxidative phosphorylation.  

The observed inhibition of macromolecular biosynthesis can be the consequence of 
the direct drug interference with energy-producing processes in tumour cells, or 
interaction of the drug with the biological membranes of the cells.  
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Glycosylation is one of the major naturally occurring modifications of the covalent 
structure of proteins. Although much is known about the structure and biosynthesis of 
oligosaccharides in glycoproteins, the central question of how glycosylation contributes 
to the glycoprotein structure and function is not entirely clear. Many specific effects 
have been observed, such as regulation of intracellular traffic and localization of 
proteins, modulation of their immunological properties, participation in cell-cell 
interactions, stabilization of protein conformation, protection of proteins from 
proteolysis, enhancement in their solubility, and many others1. In the present work, we 
show another role of carbohydrate moiety of glycoproteins; it might also contribute to 
protect proteins from covalent modification of their molecules by radicals. 

To study this subject, several model proteins with different degree of glycosylation 
were examined for their modification by radicals generated from two xenobiotics, 1-
phenylazo-2-hydroxynaphthalene (Sudan I) and ellipticine. Both these chemicals form 
radicals during their oxidation by peroxidases. Sudan I is a liver and urinary bladder 
carcinogen in mammals. This carcinogen is metabolically activated by cytochromes 
P450 and peroxidases to reactive species binding covalently to nucleic acids and 
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proteins2,3. Ellipticine is an alkaloid exhibiting significant antineoplastic and anti-HIV 
activities. This anticancer agent is oxidized by peroxidases via a radical mechanism and 
this reaction might participate in enhancing its pharmacological efficiencies4. The levels 
of binding of radicals generated from both xenobiotics by peroxidases are dependent on 
degree of protein glycosylation, being highest for non-glycosylated proteins: human 
serum albumin, bovine serum albumin and lysozyme, and followed by asilofetuin > calf 
fetuin > chicken ovomucoid > Tamm-Horsfall glycoprotein and a1-acid glycoprotein. 
The results showed in the study demonstrate for the first time a novel role of 
carbohydrate parts of glycoprotein molecules, namely, their protective effects against 
modification by xenobiotic-derived radicals.  
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Pollution with chloroaromatic compounds is a serious problem. Several bacterial 
strains that degrade chloroaromatics under aerobic or anaerobic conditions have been 
isolated from contaminated sites. It was shown that often the modified ortho-cleavage 
pathway (MOCP) is involved in the degradation process under aerobic conditions. In 
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MOCP are degraded chlorocatechols that are generated from various chlorinated 
aromatics throughout convergent pathways. 

Chlorocatechols are mainly catabolized by MOCP that involves four enzymes, 
namely chlorocatechol-1,2-dioxygenase, chloromuconate cycloisomerase, dienelactone 
hydrolase and maleylacetate reductase and by that chlorocatechols are demineralized to 
the β-ketoadipate, that is intermediate for the TCA cycle. The chlorocatechol 
degradation genes are worldwide distributed and the frequent location of these genes on 
conjugative plasmids indicates that their transfer can explain the widespread distribution. 
Moreover, some chlorocatechol catabolic genes are the part of IS elements or in their 
proximity are genes encoding transposases. This also suggests the possibility of a 
horizontal transfer. 

This work is focused on characterisation of genes of modified ortho-cleavage 
pathway from the Achromobacter xylosoxidans A8 (mocpR-ABCD). The A. 
xylosoxidans strain A8 was isolated in the Czech Republic from PCB contaminated soil. 
It is able to use 2-chlorobenzoate (2-CB) and 2,5-dichlorobenzoate (2,5-DCB) as sole 
sources of carbon and energy. The genome of this strain contains two large conjugative 
plasmids pA81 and pA82. A cluster of genes homologous to genes of a modified ortho-
cleavage pathway was identified during the sequence analysis of pA81. Hybridization 
analysis confirmed that mocp genes are located only on pA81, which is thereby essential 
for the degradation of CBs by this strain.  

Individual genes were cloned and expressed in Escherichia coli BL21(DE3). 
Proteins of chlorocatechol-1,2-dioxygenase (Mocp A), chloromuconate cycloisomerase 
(Mocp B), dienelactone hydrolase (Mocp C) and maleylacetate reductase (Mocp D) were 
purified to a homogenicity suitable for enzyme assays. Basic characteristics were 
accomplished: molecule weighs, subunit composition and isoelectric point were 
described. Optimum conditions (temperature, pH and ionic strength) of reaction were 
defined and kinetic parameters were confirmed by reactions with suitable substrates. 
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The Achromobacter xylosoxidans strain A8 was isolated in the Czech Republic from 
PCB contaminated soil. It is able to use 2-clorobenzoate (2-CB) and 2,5-
dichlorobenzoate (2,5-DCB) as sole sources of carbon and energy. We analyzed the A. 
xylosoxidans A8 with the aim to characterize genes involved in the degradation of CBs. 

The genome of this strain contains two large conjugative plasmids pA81 (~ 100 
kbp) and pA82 (~ 250 kbp). The genes encoding enzymes involved in the degradation 
pathway were found to be situated directly on the plasmid pA81. On the basis of the 
pA81 sequence analysis we identified clusters responsible for the plasmid replication, 
conjugative transfer, stable inheritance, degradation of xenobiotics and transposition. 
Comparison of the plasmid „backbone“ constituted by regions of replication control and 
stability and two Tra1/Tra2 regions responsible for conjugative transfer shows the 
highest similarity to the backbone of IncPß plasmids. Members of this plasmid group 
can replicate in broad-host spectra of organisms and usually carry multi-antibiotic 
resistance determinants and degradative cassettes. Concerning degradation genes of 
pA81, we identified ortho-halobenzoate dioxygenase responsible for the initial aromatic 
ring hydroxylation, cluster of modified ortho-cleavage pathway responsible for 
following chlorocatechol degradation and cluster encoding salicilate hydroxylase 
allowing salicylate degradation by this strain. These catabolic genes are either the part of 
IS elements or in their proximity are located genes encoding transposases. Sequence 
comparison of these determinants shows very high identity to clusters identified in 
organisms from the very different part of the world.  

The similarity of pA81 identified clusters to those identified in organisms from 
widely varying points on the globe underscores the importance of horizontal gene 
transfer in the global evolution of microbial communities. In this regard, pA81 and other 
related mobile elements may play central roles 
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Ellipticine and its more soluble derivatives exhibit promising results in the treatment 
of breast cancer and acute myeloblastic leukemia. The CYP-dependent activation 
leading to DNA adduct formation, we found to be generated in vitro, is a novel 
mechanism for the ellipticine pharmacological action1. Target tumor cells express, 
beside several CYPs also peroxidases (myeloperoxidase, MPO or lactoperoxidase, LP) 
in higher levels than cells of peritumoral tissues. Since the participation of peroxidases 
in metabolism of ellipticine has not been identified yet, the aim of the present work is to 
extend our knowledge on this issue. Ellipticine is oxidized by LP and MPO via a radical 
mechanism. Using mass spectrometry (MALDI-TOF, EI) and NMR we identify that 
ellipticine is primarily oxidized to a one-electron reaction product (radical) producing a 
dimer as the major metabolite. Peroxidase attacks a nitrogen atom of a pyrrole ring of 
the ellipticine skeleton to form a radical, which is subsequently bound to carbon C9 in 
the second molecule of ellipticine. Its formation is inhibited by radical trapping agents 
(glutathione, NADH) and by DNA. Another ellipticine metabolite formed by 
peroxidases is N(2)-oxide of ellipticine. The same metabolite is formed also by CYP-
mediated reactions. During oxidation of ellipticine by peroxidases, two ellipticine-DNA 
adducts, which were generated by CYP-mediated reaction1, are also formed. Identities of 
adducts formed by CYPs and peroxidases were confirmed by co-chromatography on 
HPLC. Deoxyguanosine was determined as a target deoxynucleoside for ellipticine 
covalent binding in DNA. The involvement of myeloperoxidase and lactoperoxidase in 
an increase of ellipticine pharmacological efficiency in the target tumor tissue is 
discussed.  
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Atherosclerosis is very common disease affecting vascular cell wall and causing 
disturbances in vessel functions. During progression of atherosclerosis, lipids and 
monocytes accumulate in the intima of arteries and form atheromatous plaque. 
Subsequent decreased blood flow caused by constriction of vessels and other factors 
(e.g. fatty streak formation, plaque rupture, inflammation process) potentially damage 
the endothelial cell layer. Under physiological conditions platelets circulate in close 
contact with endothelial cells lining of the vessel wall without adhering to it. Alteration 
of endothelium caused by inflammation or plaque rupture and exposure of 
subendothelial structures activate platelets and triggers their aggregation and thrombus 
formation, which is usually associated with ischemic events. Administration of inhibitors 
of platelet function is one of the possible ways to reduce the risk of blood vessel 
occlusion induced by intravascular coagulation. 

Clopidogrel is antiplatelet drug, which is indicated for the prevention of vascular 
thrombotic events in patients at risk. It is a thienopyridine derivative that comprises a 
class of ADP receptor antagonists. Clopidogrel is inactive prodrug. Very reactive and 
unstable active metabolite is produced in the liver and subsequently binds by covalent 
bond to ADP receptor1. Irreversible inactivation of ADP receptor on the surface of 
platelets discontinues cascade of events leading to figrinogen cleavage and fibrin strands 
formation. 

Clopidogrel is pure S enantiomer. The R enantiomer devoids of antithrombotic 
activity and can provoke side events not observed with clopidogrel. Clopidogrel is 
rapidly and extensively metabolised by hepatic cytochromes to form both active and 
inactive metabolites. Clopidogrel is changed to the active metabolite via intermediates, 
all of which keep one chiral centre. During last step when the active clopidogrel 
metabolite is created, a new chiral centre is formed. Active metabolite is one of eight 
stereoisomers with identical primary chemical structure2.  

The goal of our work was to develop chromatographic method that can be used for 
separation of main clopidogrel metabolites produced by incubation of parent substance 
with hepatic microsomal fraction.  

The metabolites were isolated from the incubation mixture with the use of the 
liquid-liquid extraction to lipophilic organic solvent. Extraction was performed to 
ethylacetate at neutral pH. Separation was performed on Discovery C18 column (150×4 
mm i.d., 5 µm particle size), the mobile phase consisted of a mixture of methanol and 20 
mM butylamine phosphate buffer of pH 6.6 in ratio 60:40 pumped at flow rate 0.8 
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ml/min. The UV detector was operated at 230 nm. The retention times for clopidogrel 
and its main metabolite SR26334 were 26.1 and 5.7 min, respectively. 
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Fresh suspension of pig hepatocytes as well as pig hepatocytes in culture was used 
for modeling of metabolism of selected CYP forms. Substrate of CYP3A, nifedipine, of 
CYP2E1, chlorzoxazone, of CYP2A, coumarin, and of CYP2D, propafenone were 
selected. Metabolites were in all cases found in higher concentrations in the medium 
than in the cells apparently due to their higher polarity than polarity of the parent 
compounds. In suspension of freshly prepared hepatocytes, the activities of all four CYP 
forms are functional documenting their applicability to metabolic studies. The results 
with the cultured cells show that the activity of CYP2E1 and CYP2A forms declines to 
zero to 30% of the values found in the suspension. This is not the case of CYP3A and 
CYP2D activities. Cultured pig hepatocytes may be probably suitable for studies of 
processes mediated by CYP3A and CYP2D forms. Freshly prepared suspensions of pig 
hepatocytes apparently have the advantage of reliable expression of the most important 
liver microsomal CYP activities. Another advantage of the use of pig hepatocytes is their 
practically unlimited availability.  
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Presence and activity of cytochromes P450 was investigated in pig heart 
microsomes, in newborn rat cardiomyocytes and in the pig pancreas. In all tissues, the 
CYP2E1 form was found by immunoblotting with chemiluminiscence detection and its 
presence was confirmed by determination of the specific activity (chlorzoxazone 6-
hydroxylation or p-nitrophenol hydroxylation). Presence and activity of another 
cytochrome P450, the CYP2C9 form, was found only in the fresh cardiomyocytes by 
both the Western blotting as well as by the determination of the CYP2C9 specific 
activity (diclofenac 4´-hydroxylation). The fact that cytochromes P450 are fully 
functional in the heart may have serious consequences e.g. for the metabolism of 
cardioactive drugs as well as for biosynthesis of endogenous regulators in this tissue.  
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 Classical taxanes paclitaxel (Taxol) and docetaxel (Taxotere) are among the most 
important anticancer drugs used in breast, ovarian and lung cancer therapy. Although 
both paclitaxel and docetaxel possess potent antitumor activity, treatment with these 
drugs often results in a number of undesirable side effects and suffers from multidrug 
resistance (MDR). That is why the second generation of taxanes with better 
pharmacological properties and anticancer activity are synthesized1.  

 We have investigated so far unreported metabolism of three novel taxanes 
described SB-T-1214, SB-T-1216 and SB-T-1103. The drugs exhibit excellent 
cytotoxicity against several human cancer cell lines (breast, ovarian, non-small lung and 
colon) and extremely high potency against the drug resistant breast cancer cell lines2. In 
vitro systems of human, rat, minipig and pig liver microsomes or human cDNA-
expressed P450 enzymes (CYP1A2, 1B1, 2A6, 2C9, 2E1 and 3A4) were incubated with 
either of the novel taxanes to study metabolic pathways. HPLC and MS/MS analysis 
were used to analyze and identify their metabolites. We have found nine metabolites of 
SB-T-1214, eight metabolites of SB-T-1216 and eleven metabolites of SB-T-1103 in 
liver microsomes from different species. Some of those metabolites were formed in all 
species. Six, seven and five main metabolites of SB-T-1214, SB-T-1216 and SB-T-1103, 
respectively, were identified by MS/MS.  

 In view of the fact that treatment with classical taxanes leads to development of 
MDR, we also compared transport of the novel taxanes with classical taxanes in 
adriamycin-sensitive (MDA-MB-435) and resistant (NCI/ADR-RES) human breast 
cancer cells. Our results suggest that both examined cell lines absorbed similar amounts 
of the novel taxanes. In contrast, accumulation of paclitaxel by NCI/ADR-RES cells was 
10-fold lower than in MDA-MB-435 cells. Likewise, the efflux of paclitaxel from 
NCI/ADR-RES cells was 2.5-fold higher than in the sensitive MDA-MB-435 cells. 

 This study describes metabolic profile and interspecies variability in the 
metabolism of three novel taxanes and also their transport in human breast cancer cells 
in comparison with classical taxanes. All three novel taxanes exert substantially higher 
activity toward resistant tumor cells than classical taxanes. Thus, they seem to be 
potential drugs for more succesful cancer therapy. 
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L1210/VCR cell line was obtained by adaptation of the L1210 mouse leukaemic 
cells to vincristine and showed an over-expression of P-glycoprotein (P-gp) 
accompanied with multidrug resistance (MDR). Substances influencing calcium 
homeostasis could effectively reverse MDR of these cells. Therefore in the present study 
we have compared the parental L1210 and MDR L1210/VCR cells in respect to their 
sensitivity to high extracellular calcium concentration. MDR cells were observed to be 
more sensitive to high extracellular calcium as parental cells. This effect could not be 
antagonised by calcium blockers verapamil and flunarizine. More pronounced calcium 
uptake was observed for MDR cells. High extracellular calcium did not influence the P-
gp mediated extrusion of Calcein AM as P-gp substrate. These results indicate that 
calcium enters and consequently damages the MDR cells to a higher extent than parental 
cells. 
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 Our previous results show that rat is not suitable as a model species to study CYP 
destruction and oxidative stress resulting from CYP interaction with xenobiotics. 
Minipigs on the other hand contain main biotransformation enzymes in amounts and 
activities comparable to humans and are considered to be suitable as model animals for 
the study of some human biotransformation pathways. The aim of our present study was 
to evaluate the properties of minipig liver microsomes as a model system for in vitro 
testing of interactions between biotransformational enzymes and xenobiotics, especially 
with respect to oxidative stress.  

 We incubated minipig liver microsomes in the presence of different concentrations 
of NADPH and substrates (catechol, benzoquinone, hydroquinone) and determined CYP 
content spectrophotometrically. We assayed lipid peroxidation (spectrophotometrically) 
and the formation of hydroxyl radicals (both spectrophotometrically and by ESR). 

 The extent of CYP destruction by NADPH-mediated futile cycle was similar as has 
been reported for human microsomes, the observed CYP destruction caused by 
metabolites of benzene on the other hand differed from values found for majority of 
human samples. The detected values of lipid peroxidation were very low and it was 
impossible to observe the effect of NADPH and substrates. The formation of hydroxyl 
radicals by NADPH was concentration-dependent and did not correlate with CYP 
destruction.  

Our results further support the use of minipigs rather than rats as a model species for 
the study of interactions between human biotransformational enzymes and xenobiotics. 
However, no ideal species exists for this purpose. One of the reasons for the difficulties 
in obtaining a model system is high interindividual variability of human liver samples.  
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The in vitro antibacterial effect of 14 commercially manufactured disinfectants on a 
nosocomial pathogen Stenotrophomonas maltophilia was studied. The substances tested 
represented 5 quaternary ammonium substances (QAS) and 9 QAS combinated with 
other ingredients. The antimicrobial efficacy was characterized by influencing the 
growth of bacterial cells expressed by MIC and ED50 values as well as by the inhibition 
of the incorporation rate of [14C] adenine and [14C] leucine. The disinfectants were 
divided into four groups according to their efficacy. The first group comprised 
substances with strong inhibitory effect (MIC 0.045-0.09 µg/ml) where belonged 
Benzalkonium chloride and Triquart. The second group represented substances with 
good antibacterial efficacy (MIC 0.19-0.78 µg/ml), the third group comprised substances 
with MIC values up to 1.56-25 µg/ml. Cetrimide with very low activity (MIC 50-100 
µg/ml) belonged to fourth group. The effect of substances studied on the biosynthetic 
processes expressed by R values (IC50 Ade : IC50 Leu) showed that those values were < 
1 only after treatment with Hexaquart plus, Diesen forte, Sokrena, Forten, ID 212 and 
Cetrimide. Much lower IC50 Ade, IC50 Leu values of the disinfectants studied 
suggested interference with nucleic acid synthesis and protein synthesis which was 
expressed by inhibition of both precursors. The most effective in inhibition of 
endogenous respiration were Cetrimide and Microbac forte, which its inhibited nearly to 
50% at 0.78 µg/ml concentration against control. The respiration was totaly inhibited by 
Almyrol, Diesen forte, Microbac forte at 6.25 µg/ml concentration and by substances 
FD312, Triquart, Hexaquart plus, Hexaqurt S, ID212, TPH 5225 at 12.5 µg/ml 
concentration. The tested substances suppressed the growth of Stenotrophomonas 
maltophilia probably through interference with energy-yielding and energy-requiring 
processes of the cells. 
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Many derivatives of quinazoline (benzopyrimidine; 1,3-benzodiazine) are used in 
the pharmaceutical industry, in medicine and in agriculture due to their antimicrobial, 
antiinflammatory, diuretic, anticonvulsant, antiallergic, antihypertensive, and 
antiparkinsonian effects. As documented in the literature, many quinazolines act as 
anticancer active agents1-3 and they also act as antimetabolites from the group of folic 
acid analogues. They are antifolate thymidylate synthase inhibitors and some of these are 
now in clinical development4. 

In view of the above mentioned wide-ranging effect of quinazolines, a series of 
substituted triazolo[1,5-c]quinazoline derivatives was prepared5. The primary screening 
of the fifteen above mentioned quinazoline derivatives on human tumor HeLa cells 
showed that 5-morpholin-4-yl-3-(5-nitrothien-2-yl)[1,2,4]triazolo[4,3-c] quinazoline 
(MNTQ) was the most cytotoxic active compound.  

In this study, the growth inhibition assay was used for human cancer HeLa cells and 
mouse cancer cell line L1210. Furthermore, apoptosis/necrosis in L1210 cells treated 
with MNTQ were monitored. Cytotoxicity was measured by direct counting of cells in 
Burker chamber. MNTQ acted cytotoxically on both cell lines. We found the highest 
concentrations of MNTQ (100, 75, 50, 10, 5, 1 µg.ml-1) induced acute cytotoxic effect, 
however other tested concentrations (1 µg.ml-1) manifested a concentration/dependent 
cytotoxic effect. The mouse leukemic cells L1210 were much more sensitive to MNTQ 
treatment than HeLa cells. The value of IC100 was below 10 µg ml-1 for HeLa cells and 
1 µg ml-1 for L1210 cells. For both cancer cell lines after the long-term influence the 
value of IC50 was found to be less than 4 µg.ml-1. It corresponds with the criterion of the 
National Cancer Institute, that if the IC50 value is less than 4 µg.ml-1, the compound can 
be classified as a potential anticancer drug. The apoptotic DNA fragmentation was 
measured by electrophoresis in agarose gel complemented with ethidium bromide. DNA 
fragmentation was detected in L1210 cells treated with 5, 1, 0.5, 0.1, 0.01, 0.001 and 
0.0001 µg.ml-1 of MNTQ after 24, 48 and 72 h of treatment. Analysis showed that 
MNTQ induced apoptosis of cancer cell line L1210 after 48 and 72 h of treatment, but 
didn‘t induce apoptosis after 24 h of influence. MNTQ demonstrated a 
concentration/dependent increase of apoptotic DNA fragmentation. On the other hand, at 
the concentrations 100, 75, 50 and 10 µg.ml-1 cell lysis/necrosis of MNTQ-treated HeLa 
and L1210 cells was observed.  
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Mouflon (Ovis musimon) is a wild form of domestic sheep (Ovis ammon f. aries). 
Formerly they were classified as a cloven-hoofed game only, but later (in 1990s) they 
became an important farm animal, too. However, they have always been considered as a 
species very sensitive to parasitic diseases. Infections with Fasciola hepatica and 
Dicrocoelium dendriticum can be acquired on some pastures in Europe and in Czech 
Republic by cattle, sheep or mouflon as intermediate hosts of these parasites may find 
suitable habitats in these regions1,2. Therefore, breeding of mouflon in free grounds, 
game enclosures as well as in farms necessitates regular administration of 
anthelmintics3. With regard to the broad spectrum of helminths, which infect mouflons, 
wide-spectrum anthelmintics are appropriate to use. Benzimidazole derivative 
albendazole (ABZ, methyl-5-propylthio-1H-benzimidazol-2-yl-carbamate) represents 
available and commonly administered drug for mouflon helminthoses treatment.  

Dicroceliosis was characterized by bile ductular proliferation and enlargement of the 
bile duct surface area caused by hyperplastic cholangitis in septal bile ducts. The aim of 
the study was to investigate the changes in biotransformation enzyme activities caused 
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by dicroceliosis in mouflon and to find out if dicroceliosis affect metabolism of 
anthelmintic ABZ.  

Adult male healthy mouflons (5 animals) were from game enclosure Janovice and 
adult male dicroceliosis infected mouflons (5 animals) were from game enclosure Vlkov. 
Activities of several biotransformation enzymes toward their specific substrates were 
measured in hepatic microsomal and cytosolic fractions. Significant increase in activity 
of flavine monooxygenases (FMO) and significant decrease in activity of glutathione-S-
transferase was observed in ill mouflons comparing to healthy animals. No other 
biotransformation enzymes tested were affected by dicroceliosis.  

In vitro metabolism of ABZ in microsomes from healthy and ill mouflons was also 
investigated. Concentrations of two main ABZ metabolites – pharmacologically active 
ABZ sulfoxide enantiomers and pharmacologically inactive ABZ sulfon were analysed 
using HPLC. Significant increase of velocity of formation of (+)-ABZ sulphoxide 
enantiomer (which is catalysed by FMO4) was observed in hepatic microsomes from ill 
animals.  
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Nowadays the obesity represents serious problem especially in European and 
American populations. Sibutramine hydrochloride monohydrate represents one of the 
few established and well-proven agents available for obesity treatment1. Sibutramine (N-
{1-[1-(4-chlorophenyl)cyclobutyl]-3-methylbutyl}-N,N-dimethyl amine) is a terciary 
amine with one chiral centre. It is sold as racemic mixture under the trademark Meridia 
or Reductil. The weight loss of patient produced by sibutramine is thought to be due to 
combination of serotonine- and norepinephrine-mediated mechanisms that increase both 
satiety and energy expenditure1. 

In organism sibutramine is rapidly demethylated to form active metabolites M1 and 
M2. These metabolites undergo further biotransformation to form inactive metabolites 
and conjugates. Sibutramine and both M1 and M2 metabolites are chiral compounds. 
Enantioselective pharmacodynamic profile of these enantiomers was reported. The (R)-
enantiomers acted as more potent monoamine reuptake inhibitors than the (S)-
enantiomers2.  

Presented study was designed to evaluate the stereoselectivity in phase I of 
sibutramine biotransformation in rat. Primary cultures of rat hepatocytes were used as in 
vitro model systems. Rac-sibutramine or individual R-sibutramine and S-sibutramine 
enantiomers served as substrates. Aliquots of culture medium were collected during 24-
hour incubation. Time-dependent and concentration-dependent consumption of 
substrates and formation of metabolites in hepatocytes were measured. Novel analytical 
method for the determination of sibutramine and its phase I metabolites in culture 
medium using isocratic reversed phase high performance liquid chromatography with 
UV detection was developed.  

When R-sibutramine was used as a substrate, M1 and M2 represented the only 
metabolites in culture medium. In addition to M1 and M2, other metabolite denoted as 
M3 was found as a biotransformation product of S- and rac-sibutramine. Using LC-MS 
metabolite M3 was identified as hydroxy-derivative of M2. When S-sibutramine was 
used as a substrate the concentration of active metabolites M1 and M2 after 8-hour 
incubation was significantly lower comparing to R- and rac-sibutramine. With respect to 
these results, faster deactivation of S-enantiomer in organism may be expected. As S-
sibutramine also displays lower biological activity, the use of R-enantiomer instead of 
racemic mixture would be reasonable in obesity treatment.  
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Mebendazole and flubendazole are members of benzimidazole anthelmintics family 
that are often used in veterinary medicine for treatment and prevention of parasital 
diseases. 

It is well known fact that administration of some substances may lead to changes of 
biotransformation enzymes activities, which can result in unexpected alterations of drug 
biotransformation velocity1. Changes in plasmatic concentrations of drugs have more or 
less serious consequences and can decrease efficiency of therapy or cause its failure. In 
case of antiparasital treatment drug resistance of helminthes can be facilitated.  

Many of benzimidazole anthelmintics were proven to be modulators of cytochrome 
P450 activities in laboratory animals as well as in farm animals2,3. Nevertheless, very 
little studies were performed on a pheasant. Inter-species diversities of biotransformation 
enzymes encourage scientists to perform studies on target animals. Additionally, since 
pheasants are food-producing animals, influence of changed metabolism velocity on 
occurrence of drug residues in animal products has to be considered. 

Primary cultures of pheasant hepatocytes have been used as a model system in order 
to investigate possible influence of flubendazole and mebendazole on P450 1A 
activities. After 48 hours of incubation of cells with tested substances (0.1 – 5 mM), 
enzyme activities were measured. Ethoxyresorufin O-deethylation (EROD) and 
methoxyresorufin O-deethylation (MROD) served as a marker of CYP1A activities. 
CYP1A protein content in microsomal fraction of treated cells was determined by 
Western blotting. 
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We observed moderate changes in P450 activities depending on concentration of 
tested drugs and on the way in which the hepatocytes were treated. Our results did not 
show significant effect of flubendazole or mebendazole on CYP1A activities in in vitro 
study on pheasant hepatocytes. No changes of CYP1A protein content were detected. 
Observed slight induction at low concentrations of flubendazole is not 
pharmacologically important. Decreased viability of the cells probably contributed to 
enzyme activity inhibition found at higher concentrations of both drugs. Plasmatic 
concentrations in real organism do not reach levels necessary for observed inhibition 
effect therefore above mentioned decrease of enzyme activities probably do not have 
relevant clinical consequences.  

In conclusion, the treatment of pheasant by both anthelmintics tested seems to be 
safe in a view of CYP1A induction or inhibition. 
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The methylated derivatives of polycyclic aromatic hydrocarbons are important 
environmental pollutants that are also found at high levels in cigarette smoke. 
Methylated anthracenes are present in cigarette smoke in concentration 60-fold higher 
than benzo(a)pyrene1. It has been hypothesized that they could play a role in tumor 
promoting effects of cigarette smoke condesates, such as inhibition of gap junctional 
intercellular communication (GJIC), an epigenetic event involved in the removal of an 
initiated cell from growth suppression. The position of methyl group has been shown to 
significantly affect the biological effects of methylated anthracenes on GJIC inhibition in 
rat liver epithelial cells, as the compounds with substitution forming bay-like region 
have been shown to inhibit GJIC and activate mitogen-activated protein kinases2. 
Moreover, it has been recently shown that 1-methylanthracene (1-MeA) can induce a 
release of 3H-arachidonate and apoptosis in endothelial cells by a mechanism that 
involves activation of phospholipase A23. Arachidonic acid (AA)-induced cell death is 
often associated with oxidative stress, although a causal relationship has not yet been 
made.  

In the present study, we investigated effects of methylated anthracenes on the 
release of AA, formation of reactive oxygen species (ROS), GJIC inhibition, induction 
of aryl hydrocarbon receptor (AhR)-mediated activity and cytokinetics in rat liver 
epithelial WB-F344 cells, a cellular model used for studies on tumor promoting effects 
of xenobiotics. Moreover, we have studied effects of arachidonic acid itself on cell 
proliferation and cell death in WB-F344 cells. We found that 1-MeA and 9-MeA, both 
carrying methyl substitution forming a bay-like region, inhibited GJIC in concentration-
dependent manner and stimulated a rapid and transient ROS formation, detected by 
lucigenin-dependent chemiluminescence. Contrary to that, 2-MeA failed to inhibit GJIC 
and induce ROS production. Also, 1-MeA and not 2-MeA induced a release of AA from 
WB-F344 cells assessed by HPLC. Neither compound was cytotoxic at the range up to 
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100 µM concentration and they did not affect cell proliferation in confluent WB-F344 
cells. All three compounds induced only a weak AhR-mediated activity. Unlike in 
endothelial cells, arachidonic acid had no direct apoptotic effect on WB-F344 cells and it 
did not inhibit their proliferation at concentrations up to 20 µM. 

Taken together, our data seem to suggest that bay-like methylated anthracenes can 
inhibit GJIC and induce AA release, but also stimulate ROS formation. These rapid 
effects were not associated with modulation of cell proliferation and cell death, however 
they might be associated with GJIC inhibition, an important tumor-promoting process, 
and/or perturbation of intracellular lipid signaling. Future studies should investigate the 
exact mechanisms of ROS formation and AA release control, as both ROS and AA can 
play a significant role in modulation of cell signaling and cytokinetics. 
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N-methylcarbamate pesticides were introduced worldwide as substituents of 
persistent organochlorine compounds, due to their broad spectrum of activity and their 
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low bioaccumulation potentials. Though pesticides are indispensable chemicals in 
modern civilization, the exposure to their residues poses a potential hazard for humans, 
especially for children. 

Traditional methods of analysis (e.g. HPLC/MS), although sensitive, are expensive 
and time-consuming and require specialized instrumentation. Because pesticide residues 
occur in water, soil and food crop, there is a growing demand for increased analytical 
capability and capacity of the laboratories involved in pollution monitoring. In this 
respect, immunochemical methods are gaining importance as analytical techniques in the 
agrochemical field, since they provide the analytical chemists with a rapid, sensitive and 
cost-effective alternative to chromatographic methods. 

The aim of the present work was the development of new rapid and simple 
immunochemical method for the determination of carbofuran, carbaryl and methiocarb 
pesticides in environmental samples. For experiments were chosen enzyme-linked 
immunosorbent assays (ELISA) and lateral flow immunoassays (LFIA). During the 
experiments the indirect ELISA formats were optimized, using monoclonal and 
polyclonal antibodies and the corresponding hapten-ovalbumin conjugates, with 
chemiluminescent and colorimetric detection. The advantages of the chemiluminescent 
assay over the colorimetric one are the detection of pesticides in a wider range of 
concentrations and lower consumption of immunoreagents.  
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most widely used 
drugs. Although being a heterogeneous group of compounds, all of them have in 
common, to a certain extent, the therapeutic properties as well as the side effects. Their 
mechanism of action consists predominantly of the inhibition of both forms of 
cyclooxygenase (COX) - COX-1, constitutive and COX-2, induced during inflammation 
– and, therefore, they inhibit the synthesis of prostaglandins and tromboxanes1. 

Flobufen (F), 4-(2´,4´-difluorobiphenyl-4-yl)-2-methyl-4-oxobutanoic acid, is an 
aryloxoalkanoic acid derivative which mainly inhibits 5-lipoxygenase, even though 
inhibition of COX and antagonist effects on LTB4 receptors may also be observed2. Due 
to this fact, F is considered to be an anti-rheumatic drug. It displays intermediate to 
strong efficacy and lengthened effect, which enables a single daily administration. F 
exhibits excellent gastric tolerance when compared with other NSAIDs.  
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Metabolism of F has been studied in different species. The main phase I metabolite 
arising is 4-dihydroflobufen, 4-(2´,4´-difluorobiphenyl-4-yl)-2-methyl-4-hydroxy-
butanoic acid (DHF)3,4. Studies performed in rats revealed yet another metabolite arising 
in hepatocytes4 and urine and faeces4,5, 2-(2´,4´-difluorobiphenyl-4-yl)-acetic acid (M 
17203). In rat, DHF is converted into M-17203 by a process similar to the β-oxidation of 
fatty acids6. F and DHF are both chiral molecules, with one and two stereogenic centres, 
respectively. Studies concerning chiral point of view were already undertaken4,6-9.  

Concerning phase II biotransformation of F, recently concluded studies in rats 
showed that the main metabolite formed in vivo in this species was a conjugate of M-
17203 with the amino acid taurine. The same result was obtained in incubations with 
primary culture of hepatocytes. Other in vitro experiments, namely microsomal, 
cytosolic and mitochondrial incubations gave rise to other metabolites such as F-
glucuronide, M-17203-glucuronide and a conjugate of DHF with glutathione.  

This study focused the metabolism of F in Man. Preliminary in vitro experiments 
established DHF as the major phase I metabolite. M-17203 is not formed, however a 
new unknown metabolite has arisen. Moreover, results from primary culture of 
hepatocytes revealed a phase II metabolite. The structure of this metabolite was 
determined by online LC-MS (electrospray ionization, ion trap detector) and it was 
identified as DHF-glucuronide. Further assays are being performed in order to determine 
the structure of the unknown metabolite as well as to verify whether other conjugates 
may be formed. 
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Important factors in the induction of mutagenesis and carcinogenesis are oxygen 
free radicals. The diet contains a wide variety of compound appear to act as antioxidants 
and antimutagens. Thus, the possibility to alter cell response to mutagen by dietary 
factors has opened a new frontier for cancer control. Short-time mutagenicity assays 
have been used effectively to screen for mutagens and potential carcinogens in the 
human environment. The same procedures are increasingly being used to identify 
antimutagens and potential anticarcinogens. In this work antimutgenic effects of some of 
plant extracts with high content of flavonoids and carotenoids and their active 
components were analyzed using Saccharomyces cerevisiae D7 strain. This test is 
commonly used to evaluate genotoxicity of various substances. The frequency of 
spontaneous convertants at the tryptophan locus trp5-12/trp5-27 and revertants at the 
isoleucine locus ilv1-92/ilv1-92 was tested using extracts from several fruit, vegetables, 
food additives, “green foods” - Chlorella, green barley and some standard antioxidants – 
carotenoids, tocopherols, ascorbate and flavonoids. In each assay positive and negative 
controls were included. For positive controls 4-nitroquinoline-1-oxide was used as 
standard mutagen. Content of antioxidants in natural extracts was analysed by high-
performance liquid chromatography. Simultaneously, antioxidant activity of all tested 
extracts and standards was determined using Randox “Total antioxidant status” kit. Most 
of plant foods exhibited positive (20 - 40% of inhibition) or high positive (more than 
40%) antimutagenic activity. High positive antimutagenicity exhibited extracts of 
spinach (65%), broccoli (58%) and Chlorella (54%). Positive antimutagenicity was 
observed using extracts from paprika, carrot and most of standard antioxidants. Some 
kinds of vegetables as beet-root, cabbage, cauliflower and green barley exhibited mild 
mutagenic effect in S. cerevisiae D7 test. No correlation between total antioxidant status 
of plant extracts and their antimutagenic activity was found, although foods with high 
antioxidant potential obviously act as positive antimutagens. According to our results, 
high content of antioxidants could not in several cases lead to benefical biological effect 
of complex foods. The chemical properties of antioxidants in vivo may be modified by 
interactions with other molecules in the food and may be significantly different from 
those of standard solutions. 
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Oxygen free radicals and lipid peroxidation processes are important factors in the 
induction of mutagenesis and carcinogenesis, and are considered to be major 
contributors to DNA damage. The powerful reactivity of active oxygen species can 
cause functional damage to man, triggering mutagenesis, carcinogenesis, circulatory 
disturbances and aging. In this work biological effects of some sorts of tea were analysed 
using test with Euglena gracilis and the test with yeast strain Saccharomyces cerevisiae 
D7 cells as relative test. The tea extracts were allowed to be positive antimutagens based 
on their ability to inhibit the mutagenic effects of standard mutagens (aminofluorene and 
nitropyrene in the Ames test, 4-nitroquinoline-1-oxide in S. cerevisiae D7 test and 
ofloxacin in E. gracilis test). Five sorts of green tea, one sort of white tea, two sorts of 
rooibos tea and two sorts of fermented black tea were extracted by hot water. Content of 
tea catechins in tested extracts was determined by RP-HPLC. Total antioxidant capacity 
of tea extracts was analyzed using the Randox kit as well as by TRAP method. Content 
of tea catechins in tested samples ranged in 500 – 2000 mg/100 g of dry tea and 2000 – 
3000 mg/100 g of (-)catechin and (-)catechin gallate, respectively. All tested extracts 
exhibited high antioxidant capacity and high positive antimutagenicity. The highest 
antimutagenic effect exhibited most of green tea extracts, mild antimutagenic effect was 
observed using white tea and rooibos. No antimutagenic effect exhibited totally 
fermented tea. In most samples significant dependence of antimutagenic effect on extract 
concentration was observed. Catechin standards did not show so high antimutagenic 
effects as green tea extracts, so, catechins probably are not major component responsible 
for complex antigenotoxic effects of tea extracts. Many plant foods and beverages 
exhibited some antimutagenic and antioxidant activity. Green tea belong to the most 
active as well as popular dietary factors. Consumption of these substances in diet could 
be one of the most practical method for prevention of degenerative diseases (cancer, 
atherosclerosis, diabetes etc.) avaliable to the general public. 
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Methylchrysenes belong to a large class of polycyclic aromatic hydrocarbons 
(PAHs) that exert their mutagenic and/or carcinogenic activities after metabolic 
activation1. Similarly to other PAHs, the not yet investigated nongenotoxic effects of 
methylchrysenes might contribute significantly to their carcinogenicity, tumor promoting 
activity, as well as to various endocrine disrupting processes.  

The aim of this study was to assess aryl hydrocarbon receptor (AhR)-inducing 
activity of methylchrysenes, which may lead both to induction of expression of 
CYP1A1, a major bioactivating enzyme, and to an increased proliferation of confluent 
cells, a possible tumor-promoting event2. The AhR activation was determined in the DR-
CALUX bioassay using rat hepatoma H4IIEGud.Luc1.1 cells, stably transfected with a 
luciferase reporter gene. Cell numbers and modulation of cell cycle were determined by 
cell counting and flow cytometry, respectively. The genotoxic events, possibly 
associated with induction of apoptosis, were investigated by detection of Ser15 
phosphorylation of p53 tumor suppressor protein and evaluation of fragmentation of 
nuclei in rat liver epithelial WB-F344 cell line2. Moreover, the inhibition of gap 
junctional intercellular communication, which is considered to be a complementary 
event associated with tumor promotion, was determined in WB-F344 cells following an 
acute exposure to PAHs under study4. 

All methylchrysene derivatives elicited the AhR-mediated activity at nanomolar 
concentrations; their relative potencies were comparable with the most potent PAHs. In 
accordance with this finding, a percentage of cells entering S phase and total number of 
cells increased at similar concentration range. On the other hand, methylchrysenes did 
not induce p53 phosphorylation or an excessive amount of apoptosis in rat liver 
epithelial cells. Both 5-methyl- and 6-methylchrysene inhibited significantly GJIC, while 
other test compounds were inactive. In summary, monomethylated chrysenes can induce 
in vitro effects associated with tumor promotion in model liver cells, while they do not 
act as strong genotoxins comparable to benzo[a]pyrene or dibenzo[a,l]pyrene. Therefore, 
the nongenotoxic modes of action could play a significant role in carcinogenicity of 
methylated chrysenes.  
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Multidrug resistance (MDR) phenotype of L1210/Vcr cell line, acquired by selection for 
vincristine, is predominantly mediated by P-glycoprotein (Pgp). Eneroth et al.1 have 
shown that calcein AM (Cal), a fluorescent substrate for Pgp, is suitable for measuring 
of transport activity of Pgp. Expression of Pgp in the cells prevents them to be filled with 
the fluorescent marker. To detect the activity of Pgp, verapamil (Ver) or cyclosporin A 
(CsA) has to be used as known Pgp inhibitors. Multidrug resistance protein (MRP), 
another drug efflux pump, may be inhibited by probenecid (Pro), i.e. the inhibitor of 
wide variety of anion transporters. Ver, but not Pro, is able to induce the loading of 
L1210/Vcr cells by Cal that is measurable by FACS. Another dye, Fluo-3, AM (Fluo), 
has a similar behaviour like Cal. Using confocal microscopy we have proved that 
L1210/Vcr cells, in contrast to parental sensitive cells, are not filled with Fluo. Marking 
cells with the dye can be achieved using inhibitors of Pgp like Ver or CsA but not by 
Pro. These results indicate that Fluo is usable for detection of Pgp function in various 
MDR tissue cells. 
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α-Amylase enzyme family was established more than 10 years ago. In general, the 
members of the family should: (i) hydrolyse or form by transglycosylation the α-
glucosidic bonds; (ii) have four to seven conserved sequence regions in their amino acid 
sequences; and (iii) contain three catalytic residues Asp, Glu and Asp corresponding to 
Asp206, Glu230 and Asp297 of Taka-amylase A. The scope of the α-amylase family is 
enormous: more than one thousand known amino acid sequences cover about 30 various 
enzyme specificities from hydrolases, transferases and isomerases that, in the sequence-
based classification system of glycoside hydrolases (GH), form the clan GH-H 
containing the families GH-13, GH-70 and GH-77. The real diversity of the α-amylase 
family can also be documented by the extreme sequence divergence, since there are only 
3 invariantly conserved amino acid residues within the entire family: just the above-
mentioned catalytic triad. The attractiveness of the family is strengthened by the 
existence of the other amylolytic family, the family GH-57, containing the amylase, 
amylopullulanase, 4-α-glucanotransferase and α-galactosidase specificities, the 
sequences of which are different from those of the members of the clan GH-H. 

Bioinformatics analysis of the α-amylase family members has revealed several 
evolutionary relationships that could serve as ideas for future protein engineering and 
design, such as: (i) the existence of subfamilies based on the subtle sequence differences; 
(ii) evolutionary relatedness of taxonomically distantly related producers (archaeons and 
plants); (iii) eventuality of the horizontal gene transfer (e.g., in the genome of 
Microbulbifer degradans); (iv) similarity of non-amylolytic proteins to the α-amylase 
family enzymes (e.g., the proteins involved in cystinuria in mammals); and many others. 
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Amylolytic enzymes forms a large group of enzymes acting on starch and related 
oligo- and polysaccharides. The majority of these enzymes have been grouped into the 
α-amylase family that, in the sequence-based classification of glycoside hydrolases, 
constitutes the clan GH-H covering the three glycoside hydrolase families (GHs) 13, 70, 
and 77. All members of GH-H clan are multidomain proteins with catalytic (β/α)8-barrel 
fold (TIM-barrel) employing a common catalytic machinery and retaining mechanism of 
glycosidic bond cleavage. The GH-13 is the main family containing almost 30 various 
enzyme specificities, such as cyclodextrin glucanotransferase, oligo-1,6-glucosidase, 
neopullulanase, amylosucrase, etc., in addition to the α-amylase. Recently the closely 
related members of GH-13 were grouped into subfamilies. The GH-70 consists of glucan 
synthesising glucosyltransferases with circularly permuted form of catalytic (β/α)8-
barrel. The GH-77 covers 4-α-glucanotransferases that lack the domain C positioned C-
terminally to catalytic (β/α)8-barrel in the GH-13. The characteristic feature joining the 
entire clan GH-H is the existence of 4 up to 7 conserved sequence regions common for 
all members. 

More than 16 years ago a sequence of a heat stable α-amylase from a thermophilic 
bacterium Dictyoglomus thermophilum was published. Despite the fact that the sequence 
has coded for an α-amylase, it did not exhibit any detectable similarities with known 
sequences of GH-13. Later a similar sequence of the α-amylase from the 
hyperthermophilic archaeon Pyrococcus furiosus was determined. These two sequences 
became the basis for a new amylolytic family GH-57. The main reason for establishing 
GH-57 was the fact that the two α-amylases lack the conserved sequence regions 
characteristic for the GH-13 α-amylases. 

Very recently the structure of 4-α-glucanotransferase from Thermococcus litoralis 
as a (β/α)7-barrel fold, i.e. an incomplete TIM barrel, with the two catalytic residues, 
Glu123 and Asp214, has became available. However, the detailed alignment of the GH-
57 complete sequences has not been done yet. Until now only either partial or selected 
sequences were compared. 

This study brings the first detailed comparison and alignment of all available and 
complete amino acid sequences of GH-57 members. It is focused also on the 
evolutionary characterization of the N- and C-terminal parts of Thermococcus 
hydrothermalis amylopullulanase (Thchy.apu) subfamily. 

To collect the sequences, the CAZy server (http://afmb.cnrs-mrs.fr/CAZY/; 
November 2003) and Pfam database (http://www.sanger.ac.uk/Software/Pfam/; July 
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2003; entry PF03065) were used. The sequences were retrieved from GenBank and 
SwissProt. Owing to the sequence diversity problem, alignment of the GH-57 family 
was done manually. Partial and pair-wise alignments were performed using the program 
CLUSTALW. The method used for building the evolutionary trees was the neighbour-
joining method. The trees were drawn with the TreeView program. In order to detect 
raw data about similarities between sequences from the GH-57 family, the BLAST tools 
were used. 

In our work we prepared the set of 59 amino acid sequences of the GH-57 (α-
amylases, 4-α-glucanotransferases, α-galactosidases, amylopullulanases, hypotetical 
proteins) with extreme sequence diversity, illustrated especially by the sequence lengths, 
which vary from 346 to 1641 amino acid residues. Based on the sequence alignment and 
detailed study of primary structures we built the evolutionary trees and all GH-57 
members were classified into the subfamilies. We also identified 5 conserved sequence 
regions (15 HQP, 246 GNVEVT, 288 WAAESA, 392 TLDGENPVEN, 539 
AEASDWFWW; Thchy.apu numbering), which are valid for the whole GH-57 family. 
We also suggested the amino acid residues potentially important for the entire GH-57: 
His15, Glu249, Glu291, Asp394, Glu396, Asp543 (Thchy.apu numbering), which will 
be experimentally verified by site-directed mutagenesis. Two of the residues, Glu291 
and Asp394, have already been experimentally confirmed as catalytic nucleophile and 
the proton donor, respectively. 

Based on sequence similarities and known three-dimensional structure of 
Thermococcus litoralis 4-α-glucanotransferase we suggested β-strands creating the 
catalytic TIM-barrel and succeeding β-sandwich domain in Thchy.apu (cca 900 residues 
from the N-terminal end). In an effort to evolutionary characterise the subfamily around 
the Thchy.apu we also found that the N-terminal parts exhibit closer evolutionary 
relationships in comparison with the C-terminal parts. 
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The adhesion of parasitic organisms at different developmental stages to the surface 
of the host cell is the first step for invasion and infectivity. Based on the enormous 
potential of sugar structures to code biological information and on presence of lectins 
(carbohydrate-binding proteins) as receptor for such structures both in host tissue and 
parasites, lectin – carbohydrate interactions should play a crucial role in many 
recognition events. 

 Ralstonia solanacearum is a plant pathogenic bacterium commonly found in the 
soils of tropical and subtropical countries where it devastates cultures of many crop 
plants. Certain strains are adapted to milder environmental conditions and have recently 
been isolated in northern European countries. This organism, responsible for bacterial 
wilts, can infect over 200 plants species belonging to over 28 botanical families. Major 
agricultural hosts include tobacco, tomato, potato, eggplant, pepper and banana. Since 
there are no known treatments or resistant species, identifying targets for the bacterium 
in host plants could help develop strategy against it. 

 The contribution describes three R. solanacearum lectins that have been discovered 
in bacterium extract - RSL (9.9 kDa), RS-IIL (11.6 kDa) and RS20L (20 kDa) using 
mannose affinity chromatography. RSL exhibits high specificity to fucose and mannose 
and partial sequence homology to mushroom Aleuria aurantia lectin AAL1. RS-IIL 
lectin has high sequence similarity with the fucose binding lectin PA-IIL from the 
phylogenetically related animal pathogen Pseudomonas solanacearum2. Their 3D 
structures are also similar but they differ in sugar specifity3. RS20L binds mannose and 
has no sequence similarity to any known lectin amino acid sequence. 
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Level of growth regulators - cytokinins is mainly controlled by catabolic enzyme 
cytokinin oxidase/dehydrogenase (CKX, EC 1.5.12.99) in plants1. CKX proteins are 
encoded by a small gene family fully described in rice and Arabidopsis2. Several CKX 
genes were cloned and their function was studied by overexpression in Arabidopsis and 
tobacco plants. Most of them cause cytokinin-deficiency and various phenotypic 
alterations3. Genetic manipulation of CKX activity holds the promise in improving 
agricultural traits of crop plants in near future.  

The cloning of two novel genes that encode cytokinin oxidase/dehydrogenase in 
barley was accomplished. Transformation of both genes into Arabidopsis and tobacco 
shows that at least one of the genes codes for a functional enzyme, as its expression 
caused a cytokinin-deficient phenotype in the heterologous host plants. Additional 
cloning of two gene fragments and an in silico search in the public EST clone databases 
revealed the presence of at least thirteen more members of the cytokinin 
oxidase/dehydrogenase gene family in barley and wheat. The expression of three 
selected barley genes was analyzed by RT-PCR and found to be tissue-specific with 
peak expression during kernel development. One barley CKX was characterized in detail 
after heterologous expression in Arabidopsis. Interestingly, this enzyme shows pH 
optimum at 4.5 and a preference for cytokinin ribosides as substrates, which may 
indicate its vacuolar targeting. Biochemical properties of cytokinin degradation enzymes 
extracted from different barley tissue will be also presented. 
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Cell division, shoot development, growth of lateral buds, photosynthesis, 
chloroplast development, and delay of leaf senescence1 are processes in plants that are 
regulated by hormones cytokinins. A level of these hormones is regulated by their 
natural degradation catalyzed by the enzyme cytokinin dehydrogenase (CKX; EC 
1.5.99.12). N6-chain cleavage of cytokinins2 occurs by a dehydrogenation mechanism in 
the active site of the CKX enzyme. Biochemical experiments show that the enzyme 
mediates this reaction by means of the covalently bound FAD cofactor that forms ternary 
complex with cytokinin substrate and electron acceptor3,4. In a majority of plants, 
cytokinin dehydrogenase is present in several gene forms. Multiple sequence alignment 
of all known CKXs reveals that they share high sequence homology in the FAD-binding 
and the C-terminal domains.  FAD binding domain contains highly conserved N-
terminal motif GHS where His is the FAD-binding residue. C-terminus of CKXs 
contains the motifs PHPW, HFG and DP. Cytokinin dehydrogenases have been found to 
have common sequence characteristic with some other covalent flavoproteins such as 
berberine bridge enzyme, 6-hydroxy-D-nicotine oxidase, D-arabino-1,4-lactone oxidase, 
L-gulono-γ-lactone oxidase, and hexose oxidase. These flavoproteins bind covalently 
FAD cofactor through His residue in the same N-terminal GHS motif as that found in 
CKXs. Multiple sequence alignment of CKXs with these flavoproteins5 has revealed 
that, besides GHS motif, all mentioned proteins share 100 % homology in DP pair of 
residues. This indicates that GHS and DP motifs are sequence characteristics of a certain 
subgroup of covalent flavoproteins6. On the other hand, the PHPW and HFG motifs 
seem to be specific for CKX. Homological model of CKX, generated using flavoproteins 
vanillyl-alcohol oxidase, and p-cresol methylhydroxylase5, has shown that protein C-
terminus plugs the FAD-containing cavity to keep FAD molecule in a hydrophobic 
environment.  To explore an importance of the CKX C-terminus in a more detail, site-
directed mutagenesis was employed on the one gene form of the Arabidopsis thaliana 
CKX (AtCKX2). The cDNA of AtCKX2 has been previously cloned into pYES2 
plasmid7 and subsequently subcloned into the pDR197 yeast expression vector. In this 
work, two mutants of AtCKX2 were produced; the truncated mutant (D489@) having a 
shorter amino acid sequence by 13 residues and thus lacking the DPKKLLSPGQDIF 
domain with the highly homological DP motif, and the point mutant (DP489,490AA) 
having the DP motif replaced by alanines in the amino acid sequence otherwise same as 
that of the wild type enzyme. The cDNA of mutants was synthesized using specific 
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oligonucleotides, and cloned into the pDR197 expression vector. The wild type and 
mutant AtCKX2-pDR197 constructs were used to transform the yeast Saccharomyces 
cerevisiae. The CKX proteins overexpressed in yeast were secreted into the growth 
medium. The medium was afterwards concentrated by ultrafiltration to obtain a higher 
concentration of the CKX protein. Expression yield of the wild type and mutant enzymes 
were biochemically tested using SDS-PAGE and 4-aminophenol activity assay4. Gel 
bands corresponding to CKX were identified using a hybride mass analyser quadrupole-
time-of-flight (Q-TOF Micro, Micromass-Waters, UK). Data will be discussed in 
relation to knowledge available on the CKX protein as well as on other covalent 
flavoproteins. 
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Cells evolved several types of membrane transporters, but mechanism of their 
function is not completely understood yet. The aim of our study was the transporter of 
sodium and potassium ions, Na+/K+-ATPase, often called sodium pump. Na+/K+-ATPase 
is a member of P-type ATPases family that contains enzymes with similar structural and 
functional features. A significant progress to understanding of the structure of these 
enzymes brought recent studies of crystal structure of Ca2+-ATPase in both 
conformations of this enzyme1,2. 

Under ideal physiological conditions, the concentration of sodium ions is about 30 
times lower in the cytoplasm than in the extracellular milieu, the proportion for 
potassium ions is reverse. However, the integrity of cytoplasmic membrane, which is a 
natural barrier impermeable for ions, can be affected by several physiological processes, 
typically e.g. by nervous impulse. Then the concentrations of ions can shift toward 
equilibrium. The gradient in concentrations must be restored and this process requires 
energy. The energy for the transport is provided by the hydrolysis of ATP. Na+/K+-
ATPase has high affinity for sodium ions (KD = 0.6 mM) and low affinity for potassium 
ions (10 mM) on the cytoplasmic side. On the extracellular side the affinities are reverse, 
the dissociation constant for sodium ions is 600 mM and for potassium ions only 0.2 
mM3. It has been found that hydrolysis of one molecule of ATP results in an outlet of 3 
Na+ ions and an uptake of only 2 K+ ions. 

The single ATP binding site was identified on the major cytoplasmic loop 
connecting transmembrane helices 4 and 5 (H4-H5-loop) of the catalytic subunit, which 
can be expressed and isolated from bacteria retaining its native three-dimensional 
structure. We tested influence of point mutations on the ATP-binding affinity using the 
fluorescence analog 2’(or 3’)-trinitrophenyl adenosine-5’-triphosphate (TNP-ATP) and a 
part of the H4-H5-loop (Leu354-Ile604) of Na+/K+-ATPase4,5. We found that besides the 
previously reported amino acid residues Lys480, Lys501, Gly502 and Arg544, further 
four amino acid residues, Asp443, Glu446, Phe475 and Gln482, contribute to the 
enzyme-ATP interaction6-8. This set of amino acids forming the ATP-binding pocket of 
Na+/K+-ATPase is complete, as deduced from our computer model9. This model is based 
on the crystal structure of Ca2+-ATPase from sarco(endo)plasmic reticulum (SERCA), 
which is a close relative of Na+/K+-ATPase in the P-type ATPases superfamily. On the 
other hand, only some minor effects were caused by mutations of Ile417, Asn422, 
Ser445, Ser477 and Glu505. Moreover, we found that the hydrogen bond between 
Arg423 and Glu472 is essential for the proper connection of the opposite halves of the 
ATP-binding pocket8. 
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The cyclin-dependent kinase-2, CDK2, controls the eukaryotic cell cycle at the G1 – 
S boundary. CDK2 catalyzes the phosphoryl transfer of the adenosine-5´-triphosphate 
(ATP) α-phosphate to serine or threonine hydroxyl in the protein substrate. The CDK2 
activity is regulated by complex mechanism including binding to positive regulatory 
subunit (Cyclin A or Cyclin E) and phosphorylation at positive regulatory site in the 
activation segment (T-loop)1. The CDK2 activity is inhibited in several ways, for 
example, by (de)phosphorylation, interaction with various artificial and natural protein 
inhibitors2,3, etc. The CDK2 can be also negatively regulated by phosphorylation at Y15 
and, to a lesser extent, at T14 residue in the inhibition segment (G-loop)4. Mechanism of 
the CDK2 inhibition by phosphorylation is known from the kinetics experiments but the 
structural aspects of inhibition remains unclear. The first attempt to explain the 
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mechanism of inhibition by phosphorylation came from molecular dynamics simulations 
on the fully active CDK2 but without any peptide substrate5. 

This work broadens the previous study describing behavior of the fully active CDK2 
(pT160-CDK2/Cyclin A/ATP complex) with bound the substrate peptide (HHASPRK) 
and CDK2 inhibited by phosphorylation at T14, Y15, and T14/Y15 residues in the G-
loop using molecular dynamics simulations with the Cornell et al. force field as 
implemented in the AMBER 6.0 software package. The inhibited complexes of CDK2 
were prepared from X-ray structure of the pT160-CDK2/Cyclin A/HHASPRK/ATP 
complex (1QMZ PDB ID code) by “in silico” phosphorylation of the T14 and/or Y15 
residues. Enzyme dynamics was studied during 15 ns long trajectory for the fully active 
CDK2 and 10 ns long trajectories for all inhibited CDK2. Differences in conformational 
behavior of key residues for substrate binding and phosphoryl transfer of fully active vs. 
inhibited CDK2 will be presented and compared to the previous work5. 
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1,2-Dichloroethane (DCE) and 1,2-dibromoethane (DBE) are toxic and mutagenic 
halogenated compounds.  As many other synthetic halogenated aliphatic compounds, 
both are rather resistant to biodegradation and persist in the environment1. Nevertheless, 
several bacterial cultures that are able to use DCE as the only carbon and halogen source 
have been isolated. The most efficient catalysis has been observed with the haloalkane 
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dehalogenase DhlA from Xanthobacter autotrophicus GJ10 and substantially low 
activity with haloalkane dehalogenase LinB from Sphingomonas paucimobilis UT262. A 
crystallographic analysis of LinB-DCE complex showed non-productive binding of DCE 
to the enzyme active site, while molecular docking suggested that DCE molecule can 
possibly bind to the active site but is prevented by chloride ion and/or water molecules3. 

The different reactivity of DCE and DBE was examined by quantum mechanical 
calculations as well as by molecular dynamics simulations of enzyme-substrate 
complexes The calculations showed that the difference in DCE and DBE reactivity 
cannot be simply explained by the difference in the activation barriers of  respective 
reactions, but the active site flexibility, solvation effects and solvent dynamics must also 
be taken into account. 
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Enzymes from cold adapted species (cold-active enzymes) remain active at low 
temperatures. Therefore, they are promising catalysts for modern biotechnologies. 
Rationale of this adaptation is complex and is not completely understood. The idea of 
relationship between flexibility of an enzyme and its catalytic activity at low temperature 
is often proposed. We simulated molecular dynamics of five pairs of enzymes – one 
cold-active enzyme and one counterpart from mesophilic or thermophilic species in each 
pair. Enzymes involved in this study were α-amylases, citrate synthases, malate 
dehydrogenases, alkaline proteases and xylanases. For each enzyme we obtained 1 ns 
trajectory in NPT ensemble at constant temperature of 300 K with explicit solvent. 
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Comparison of flexibility profiles (expressed as root-mean-square fluctuations) showed 
that highly flexible parts of protein are located into loop regions. Citrate synthase, malate 
dehydrogenase and alkaline protease from cold adapted sources were more flexible 
compared to their meso- or thermophilic counterparts. Site with elevated flexibility were 
located into loops that are possibly involved in opening and closing of active site pocket. 
In a dynamics of cold adapted xylanase we observed higher flexibility in active site 
region. Protein - water interactions were also studied. We observed that these 
interactions are enhanced in enzymes from thermophilic species. Results indicate, that 
protein dynamics plays an important role in catalytic processes where structural 
rearrangements take place.  
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Structures determined by X-ray diffraction methods are generaly considered as rigid 
folds. In spite of that one can observe substantial flexibility in some regions of the 
protein molecules which are comparable to that suggested by NMR. 

In past two decades we have solved, among others, 23 structures of three 
ribonucleases from Streptomyces aureofaciens, RNase Sa, Sa2 and Sa3, including their 
mutants and complexes with inhibitors. All structures were solved at high resolution 
ranging from 1.8 – 0.85 Å at room as well as at cryogenic temperatures. Coordinate 
accuracy of these structures varies from 0.05 Å in the atomic resolution structures to 
around 0.12 Å in structures at lower resolutions.  

S. aureofaciens ribonucleases are guanylate endoribonucleases which highly 
specifically hydrolyse the phosphodiester bonds of RNA at the 3'-side of guanosine 
nucleotides. These enzymes belong to the prokaryotic subgroup of microbial 
ribonucleases. In spite of relatively high identity of primary sequence, and apparently 
identical specificity and function, several physico-chemical properties (isoelectric point, 
activity, thermal stability) differ substantially between the three proteins. In addition, 
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RNase Sa3 possesses cytotoxic activity against human erythroleukemia cells, not 
observed for the other two enzymes.  

Structures of the three ribonucleases were used in the study of the mechanism of 
catalysis, conformational stability of proteins, protein-protein and protein-nucleic acid 
recognition. Besides that structures of ribonucleases identified a number of flexible 
segments in their molecules. Several examples can be quoted, as the mobility of the loop 
around a tyrosine residue which forms the bottom of the active site, two main-chain 
conformations observed in several parts of the structure, the flexibility of the surface 
loops due to crystal contacts, and the flexibility of the segments showing open and 
closed conformations of the active site.  

The structures of RNase Sa, Sa2 and Sa3 are closely similar. Superposition of 41 
molecules taken from 23 structures (34 molecules of RNase Sa, five of RNase Sa2 and 
two of Sa3) at first sight might be viewed as having some similarity to an ensemble of 
NMR structures. Each of the structures in this superposition is derived directly from 
experimental X-ray data, thus there is an intrinsic error in the coordinates and one would 
expect some variation between the 41 molecules. The variation evident in superposition 
has four major components: the intrinsic experimental error, which should have a normal 
distribution with r.m.s. differences around 0.1 Å, differences caused by the various 
crystallization conditions and the packing in the various crystal forms, differences 
caused by the formation of complexes with inhibitors and differences due to the amino 
acid substitutions between the three enzymes. 

Based on a relatively large number of structures, it can be concluded that the 
structures of Streptomycete ribonucleases possess substantial flexibility which might be 
related to their function. It is believed that these observations are not related to 
ribonucleases only but under favourable circumstances could be observed for most of 
proteins.  
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Ribonucleases Sa2 and Sa are extracellular guanylspecific ribonucleases isolated 
from Streptomyces aureofaciens, strains BMK and R8/26, respectively. Both enzymes 
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specifically hydrolyse the phosphodiester bond of RNA at the 3´-side of guanosine 
nucleotides1,2. The identity of the primary structures of RNase Sa2 and Sa is 65% and 
tertiary structures of these proteins are almost identical. The amino acids Glu56 and 
His86 (RNase Sa2 numbering), which are involved in catalytic reaction, are conserved in 
both enzymes. In spite of that, the kinetic parameters of the two enzymes significantly 
differ. For better understanding the structure-function relationship of RNase Sa2, we 
have solved four structures of the complexes of the enzyme with mononucleotides 
guanosine-3'-monofosfate (3´-GMP) and guanosine-2'-monofosfate (2´-GMP), which act 
as inhibitors of the enzyme (complexes 1, 2 and 3) and exo-guanosine-2´,3´-
cyclophosphorothioate (2´,3´-GCPT), representing the analogue of the reaction 
intermediate (complex 4). Crystals of the complexes were prepared by diffusion of the 
ligands into the drops containing crystals of RNase Sa23. The structures were solved 
with the program MOLREP4 and refined with the program REFMAC55 against data 
around 2.0 Å to final crystallographic R-factors in the range of 20-23%.  

In the asymmetric unit of the complex 1 there are four molecules of the RNase 
Sa2/3' GMP complexes. The base of 3'-GMP forms three hydrogen bonds with the amide 
groups of Glu40, Asn41, Arg42 and two hydrogen bonds with carboxyl group of Glu43. 
The base is stabilised also by hydrophobic interactions with the aromatic rings of Phe39 
and Tyr87, which form the bottom of the active site. The phosphate group of 3´-GMP 
forms several hydrogen bonds with Arg67, Arg71, His86 and Tyr87.  

The asymmetric unit of the complexes 2, 3 and 4 contains three protein molecules 
(A, B, C). In all complexes, the mononucleotides (3´-GMP, 2´-GMP and 2´,3´-GCPT) 
are bound to the active site of molecule B because it is the only one which is not blocked 
by the neighbor molecules in the crystal. In molecule A there is a sulfate anion bound to 
the phosphate-binding site. The active site of molecule C is filled only with water 
molecules. By comparison of the active sites of all three molecules the conformational 
changes of several amino acids were observed due to different occupation 
(mononucleotide, sulfate anion, water molecules) of the active sites. Observed 
conformational changes of important amino acids in the active site show their flexibility 
which can be related to the substrate binding and cleaving. 

As the active site amino acids are conserved in ribonucleases Sa2 and Sa and the 
structures of the active sites are nearly identical, mononucleotides are bound in a similar 
way6,7. Comparison of the active sites shows that the main difference is in substitution of 
Arg34 and Arg45 in RNase Sa2 by Gln32 and Val43 in Sa. None of these residues is 
directly involved in catalytic reaction. In spite of that it is expected, that these residues 
play an important role in the function of the enzyme as it was shown by site directed 
mutagenesis in ribonuclease Bi (Bacillus intermedius). Mutation of the arginine to valine 
increased kcat seven fold8. To explain differences in enzymatic activity between RNase 
Sa2 and Sa, besides observed differences in the structures, which partially clarified the 
problem, experiments with site-directed mutagenesis are also planned. 
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Preparation of highly ordered protein crystals is essential for using X-ray 
crystallography technique, which is still the most powerfull tool for determining the 
three-dimensional structure. At high technical level of data collection at synchrotron 
sources and software developments for data processing and structure determination and 
refinement, protein crystallization still remains more art than science and has become the 
major limiting step. Structural genomics projects show that only 10-30 % of proteins of 
crystallographic purity yield high quality crystals necessary for data collection and 
structure determination. Conditions at which protein might produce highly ordered 
crystals cannot be computed, they must be identified empirically. Crystallization is 
influenced by extremely large number of parameters from which the most important is 
protein itself. It is well known that protein modifications may have a dramatic effect on 
crystallization behavior.  

We have crystallized a number of proteins and determined their tertiary structures. 
As far as the effect of protein modification on crystal formation is concerned, the most 
relevant results were obtained in crystallization of ribonucleases Sa and Sa3 produced by 
Streptomyces aureofaciens and actin-binding domain of cytoskeletal protein plectin from 
Mus musculus.  

We have observed that some point mutations of RNase Sa surface amino acids 
introduced changes in the number and arrangement of molecules in the asymmetric unit 
and the ability of the protein to form crystal. Several mutants of RNase Sa crystallized 
more easily in comparison with the wild-type, some failed to crystallized or crystals 
were unstable or of poor quality not suitable for data collection.  
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All RNase Sa mutants were crystallized under similar conditions. Most mutations of 
surface residues (Ser›Ala, Thr›Ala, Tyr›Phe) had no effect on crystal packing or quality. 
Mutation Gln›Lys caused changes in the crystal packing. Introduction of five lysines 
significantly decreased stability and quality of obtained crystals.  

RNase Sa3 crystallized under different conditions in two crystal forms with 
completely different crystal packing1. In spite of that, tryptophan residue formed 
intermolecular contacts in both cases. RNase Sa does not contain any tryptophan residue. 
Introduction of tryptophan into RNase Sa at equivalent position as in RNase Sa3 
changed the crystal packing and tryptophan was again involved in formation of crystal 
contacts. 

For crystallization of actin–binding domain of plectin two isoforms differing in the 
presence/absence of an additional exon consisting of five amino acids (His-Trp-Arg-Ala-
Glu) were used. The exon-containing isoform yielded two crystal forms under different 
conditions2,3. In spite of different crystal symmetry and arrangement of molecules in the 
two crystal forms, tryptophan residue from the exon always formed contacts with the 
neighbor molecules. The exon-free isoform failed to crystallize.  

Results of our experiments concerning importance of some amino-acids for 
formation of intermolecular contacts in crystal was supported also by systematic analysis 
of structures in PDB. We believe that our findings could be useful for prediction of 
mutations which might improve crystallizability of proteins and optimize crystal 
packing. 
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Retroviruses are subject of intensive studies not only in context with AIDS 
pandemia and oncogenic effect on several organisms including human. The 
understanding of retroviral capsid assembly mechanisms and nucleic acids incorporation 
could significantly contribute to further use of these systems for therapeutic purposes. 
Our research is focused on study of forming of Mason-Pfizer monkey virus (M-PMV) 
immature capsids in vitro. M-PMV as the prototype of D-type retrovirus is an excellent 
model for assembly studies. These retroviruses are characterized by the assembly of 
intracytoplasmic capsids, which make their way to the plasma membrane and are 
released by budding. Gag polyproteins of all retroviruses contain domains corresponding 
to the structural proteins which are important for driving the assembly process, namely 
matrix (MA), capsid (CA) and nucleocapsid (NC) proteins. 

We have found specific conditions under which we can prepare properly assembled 
capsids in vitro from structural polyprotein Gag and his deletion mutants. Our interest 
has been focused on minimized Gag domain, namely fused capsid and nucleocapsid 
proteins, which contain domains responsible for interactions during capsid assembly 
process. Due to the fact that N-terminal proline of CA has significant effect on the shape 
of formed capsids we studied both CANC and CANC lacking this N-terminal proline. 
We determined the influence of different conditions on capsid assembly process; namely 
concentration of zinc ions, concentration of salts, pH, temperature and presence of 
oligonucleotides or RNA. Formed capsids were analysed using sucrose gradient 
ultracentrifugation and by electron microscopy. We confirmed that presence of 
oligonucleotides or RNA facilitated particle assembly. 

The system described here might contribute to understanding of capsid assembly 
mechanism and to a development of inhibitors of capsid assembly. Moreover the in vitro 
incorporation of specific genes represents a promising system for construction of gene 
therapy vectors. 
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Royal jelly (RJ) is a natural food rich in numerous nutritive substances, high in 
protein content (12-15 %). The proteins have an irreplaceable role in nutrition and 
protection of the honeybee brood against pathogens. They occur in largest amounts in RJ 
which contains as much as 40 % proteins per dry matter. Sequential analysis showed that 
almost 90 % of RJ proteins form one protein family with 70 % identity  with high 
content of Arg, Leu a Ile1. Previously, we have expressed apalbumin-1 and apalbumin-2 
(previously named as MRJP1 or MRJP2 respectively) using pQE32 system in E. coli 
M15 [pREP4], however without achieving a sufficient expression level 2,3. 

Although E. coli has a remarkable capacity to produce large quantities of protein, 
there are limits when the codon usage in the mRNA of the recombinant gene differs 
from the E. coli host cells. A subset of codons, namely AGG/AGA (arginine), AUA 
(isoleucine), CUA (leucine), CGA (arginine), and CCC (proline), are the least used 
codons in E. coli that correspond to rare tRNAs. In order to obtain large amounts of the 
(His)6-tagged fusion recombinant apalbumin-1, we subcloned cDNA encoding 
apalbumin-1 without signal peptide sequence into pET28 system. We investigated level 
of expression of recombinant aplabumin-1 in conventional E. coli BL-21(DE3) and 
modified E. coli BL-21-Codon plus(DE3)-RIL with extra copies of E. coli argU, ileY 
and leuW tRNA genes. The cells were induced by addition of IPTG into culture 
medium. 

Exprimed protein was produced in insoluble form as inclusion bodies in both types 
of E. coli cells. The inclusion bodies were solubilized effectively with denaturing buffer 
(8 M urea, 100 mM NaH2PO4, 10 mM Tris-HCl, pH 8.0). Level of expression of 
recombinant apalbumin-1 in modified E. coli BL-21-Codon plus(DE3)-RIL was 
significantly higher compared to the expression level achieved by conventional E. coli 
BL-21(DE3) cells and the expression level of apalbumin-1 in pQE32 system in E. coli 
M15 [pREP4]. We isolated and purified recombinant protein by nickel affinity 
chromatography4. Pure recombinant apalbumin-1 was obtained by electroelution from 
the polyacrylamide gel in electroelution buffer (200 mM glycine, 25 mM Tris-HCl, pH 
8.3). 

Apalbumin-1 is the most abundant glycoprotein of royal jelly, which creates free 
assembling of regular filamentous structure5. We have found that  apalbumin-1 is a 
regular component of honeybee products and thus is a suitable marker tool for proving 
adulteration of honey by means of  immunochemical detection. Its presence in all tested 
samples of honeys and honeybee pollen was confirmed by Western-blot analysis using 
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polyclonal antibodies raised against recombinant apalbumin-1. It has been found that 
major RJ-proteins, apalbumin-1 and apalbumin-2  stimulate mouse macrophages to 
release TNF-α, which demonstrates that physiologically active proteins of honey could 
be used for its biological valuation6. The recombinant apalbumin-1 is used to like marker 
tool for proving adulteration of honey by imunochemical detection7 and for  study if the 
stimulating effect of apalbumin-1 on production of TNF-α is derived from their specific 
amino acids sequentional domains or from sugar moieties.  
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Amylolytic enzymes are multidomain proteins. The three best-known amylases, the 
α-amylase, β-amylase and glucoamylase, differ structurally and functionally from each 
other. In the sequence-based classification of glycoside hydrolases (GH) they form their 
own independent enzyme families without mutual sequence similarities: GH-13, GH-14 
and GH-15, respectively. 

The family GH-13 covers about 30 various enzyme specificities. It forms, together 
with the families GH-70 and GH-77, the clan GH-H. Sequentially not similar α-amylases 
and related amylolytic enzymes were grouped into the family GH-57, some amylolytic 
enzymes being also found in the family GH-31. The amylolytic enzymes belonging to 
the clan GH-H (GH-13, GH-70 and GH-77) can be discriminated from those belonging 
to families GH-14, GH-15, GH-31 and GH-57 by their amino acid sequences and three-
dimensional structures. The families moreover employ different reaction mechanisms 
and catalytic machineries. The members of the families GH-13 (α-amylases) and GH-14 
(β-amylases) adopt the structure of a parallel (β/α)8-barrel catalytic domain, while the 
catalytic domain of the GH-15 members (glucoamylases) is the helical (α/α)6-barrel. 
Concerning the reaction mechanism, α-amylases and related enzymes employ the 
retaining mechanism whereas the β-amylases and glucoamylases use the inverting 
mechanism. 

Approximately 10% of amylolytic enzymes are able to bind and degrade the raw 
starch. Usually a distinct domain or a module is responsible for this property. Based on 
their sequences the starch-binding domains (SBD) have been classified into the families 
of carbohydrate-binding modules (CBM). At present, there are five SBD families: CBM-
20, CBM-21, CBM-25, CBM-26 and CBM-34. 

This work has been focused on the families CBM-20 and CBM-21 of SBDs. The 
CBM-20 motif belongs to the most deeply studied SBD families. It is positioned almost 
exclusively at the C-terminal end of amylolytic enzymes from the families GH-13, GH-
14 and GH-15. Its three-dimensional structure has already been determined. On the other 
hand, there is a lack of information on structure-function relationships of CBM-21 motif. 
It has been known as the N-terminally positioned SBD. Nowadays many non-amylolytic 
proteins (especially from sequenced genomes) have been recognised to possess the 
segments in their amino acid sequences that exhibit the unambiguous similarities with 
the real SBD of CBM-20 and CBM-21, e.g. laforin, genethonin and protein 
phosphatases. These facts have evoked the interest aimed at the rigorous bioinformatics 
analysis of the two CBM families. 
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The eventual relatedness between the C-terminally positioned (CBM-20) and the N-
terminally positioned (CBM-21) SBDs was indicated 15 years ago. We therefore, in the 
first step, analysed the sequences of both families separately taking into account the 
above-mentioned lack of information concerning the family CBM-21. Then the CBM-20 
sequence-structural features were tried to being identified in the sequences of CBM-21 
in an effort to reveal the amino acid residues corresponding each other in both families. 
For this reason the HCA method, a sensitive method for finding the correspondences at 
high sequence divergence, was used. Finally a sequence alignment was prepared that 
served for calculation of the common CBM-20-CBM-21 evolutionary tree. Based on the 
results of this work it has been proposed that these two SBD families could constitute a 
CBM clan. 
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